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Design of Final Year Capstone Project Course to Maximise Student 
Learning Experience and Outcomes

Shanmuganathan Gunalan, Hong Guan, Benoit Gilbert and Hassan Karampour
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Structured Abstract
BACKGROUND OR CONTEXT
“Integrated Design Project” is a final year capstone course as part of the civil engineering 
program offered by the Griffith School of Engineering, which integrates and builds on several 
other courses covered in preceding years. The main focus of this course is to encourage 
students to reflect and apply the knowledge and concepts learned in their previous years to 
solve real world structural and civil engineering problems through a major design project. The 
course convenor represented by a Griffith University academic staff appoints and 
coordinates the industry engineers and works closely with them to create the best possible 
student learning environment to achieve the critical learning outcomes. 

By nature, this course is fundamentally challenging. A number of issues have become 
evident over the last few years of offering.  The students are not exposed enough to real life 
design project through the first few years of their degree and may face difficulties in project 
when more than one solution is correct. Their performance and the learning experience in 
this course are also affected by their prior knowledge on the fundamental courses covered in 
the previous years. Even though the course is taught by very experienced practising 
engineers, their teaching approach is understandably not compatible with that of academic 
staff. The overall organisation of this course is also somewhat less effective due to the 
involvement of the external lecturers. Due to these reasons, the students were usually not 
appreciating the course and the way it was delivered.

PURPOSE OR GOAL
Recently, the course has been redesigned to improve its quality and delivery. It is expected 
that the students’ learning experience will improve with this redesign while achieving the 
critical learning outcomes. The purpose of this study is to collect evidence on the redesign of 
this course in improving students’ learning experience and overall performance in the course.

APPROACH
The strategies used to redesign this course are,

1) Identify and develop the best teaching team with industry engineers who can encourage
students to take the deeper learning approach; 

2) Convenor to help students with technical questions when the students are extrinsically
motivated during submission weeks; 

3) Intrinsically motivate students with challenging design projects;

4) Emphasize on application of knowledge rather than knowledge gathering and maintain the
optimum level of work load; 

5) Reduce the class size and encourage active learning;

6) Understand the students’ prior knowledge, eliminate the fear of failure and encourage
them to learn (reflect) from mistakes; 

7) Encourage collaboration and active learning through group work and



8) Maintain optimum level of stress with quality assessment techniques.

DISCUSSION
The outcome of the redesign has been evaluated using PMI survey in Week 5 and regular 
discussions with students during the semester. The results are promising which will be 
further validated by an extended survey, formal student evaluation and qualitative feedback 
at the end of semester. This paper will discuss the proposed redesign strategies based on 
education theories, principles and concepts available in the literature. It will also present the 
outcome, student feedback and the future recommendations to continuously improve the 
course for the next offering.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Integrated Design Project is a final year capstone course, which integrates and builds on 
several other courses covered in preceding years, as part of the civil engineering program 
offered by the Griffith School of Engineering. On average there are about 150 students 
enrolled in the course. The course is taught by industry engineers as primary lecturers, guest 
lecturers and tutors. By nature, this course is fundamentally challenging and the students 
were usually not appreciating the course and the way it was delivered. This led to poor 
student learning experience and hence low course evaluation scores in the past. Recently, 
the course has been redesigned to improve its quality and delivery. It is expected that the 
students’ learning experience will improve with this redesign while achieving the critical 
learning outcomes. The initial survey results are promising which will be further validated by 
an extended survey, formal student evaluation and qualitative feedback at the end of 
semester.
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Filling in Cultural Awareness Gaps for International Senior 
Capstone Projects

Phillip Sanger  
Purdue University

Structured Abstract
BACKGROUND OR CONTEXT
Most undergraduate students do not have the opportunity to travel abroad and experience 
and develop communication skills with others cultures. However in this global world, today's 
engineer is likely to have to work in global international teams with colleagues from other 
nationalities. The challenge for many engineering curricula is how to include, in a realistic 
way, this global dimension and deal with the unfamiliarity with other cultures.

In the Purdue University engineering technology program an international capstone project 
was created to fill this need. This international capstone project builds on the existing, 
industry sponsored, multi-disciplinary capstone team project that is required of all students. 
In the international project, half of the team members are students from a non-US university. 
The full team works on a project proposed by companies with a global footprint in both the 
U.S. and in proximity to the foreign institution. Most of the global project is carried out using 
the full range of electronic communication tools such as email, skype, and blogs. In addition 
two exchange trips are made with team members traveling to their opposite foreign location. 
Ideally the first trip occurs near the initiation of the project for planning, organizing and 
conceptualization and the second at the end for final integration and demonstration for the 
sponsor. 

PURPOSE OR GOAL
One of the challenges in this course is to provide cultural awareness training so that the 
students are aware of both the cultural differences and similarities across the cultures in the 
team.  Since the teams cross several national  cultures including Germany, Poland, Finland, 
UAE, and Russia, a survey was taken using the MGUDS-S cross cultural diversity survey to 
measure what the initial differences might be between the cultures in which international 
teams were being created [1].

APPROACH
The modified Miville-Guzman Universality-Diversity Scale (M-GUDS-s) is a 15-item 
instrument designed to measure an individual’s Universal-Diverse Orientation (UDO),. In this 
compressed tool, groups of questions are used to create three subscales to assess 
behavioral, cognitive and emotional dimensions of UDO. The subscales and questions are 
shown as follows:  

1) Diversity of Contact  – the students' broad interest in participating in diverse social and
cultural activities such as music, dance, celebrations and organization which focus on 
behavior,

2) Relative Appreciation – the extent that diversity could have on self-understanding and
personal growth which is a cognitive element,

3) Comfort With Differences – the degree of emotional comfort with individuals of a
different culture,

Data using the MGUDS-S survey was collected from several populations [3]: 

• the senior engineering technology capstone class (109) at Purdue University



• the third year electrical engineering class (42) at Leibniz University of Hannover

• the third year mechanical engineering class (117) at Gdansk University of Technology

• final year engineering students in Tambov State Technical University, Russia,

• final year engineering students in Kazan National Research Technological University,
Russia

DISCUSSION
When viewed as a whole population relative to the three subscales, it appears that this 
generation of students are generally not interested in engaging in cross cultural behavior 
such festivals, dance, and music. In this regard, Americans are much less interested while 
the Russian students are much more engaged in music and dance.  In addition this 
generation does not appear to appreciate the benefits that can be derived from engaging 
with other cultures. Despite this lack of interest and appreciation, this generation of students 
is emotionally comfortable with different cultures. In this subscale of emotional comfort, the 
Russian students are less comfortable with the American being much more comfortable.  
Even within these general conclusions, there are significant differences between American, 
German, Polish and Russian students which are discussed in the paper and are consistent 
with [2].  

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
As a result of this survey, a curriculum has been developed to focus on increasing general 
interest in and knowledge of the team culture. For American students, this includes history, 
language, national events and celebrations, and traditional music.  Pre-visit education and 
discussion on learning styles is used to increase awareness.  Written observation and 
reflection are asked from the students especially regarding communication styles and 
chromaticity.  The M-GUDS-s survey will be re-taken to measure any change in awareness 
regarding cultural diversity (results not yet available but should be available for the 
presentation)



Most undergraduate students do not have the opportunity to travel abroad and experience 
and develop communication skills with other cultures. However, in this global world, today's 
engineer is likely to have to work in global international teams with colleagues from other 
nationalities. The challenge for many engineering curricula is how to include, in a realistic 
way, this global dimension and to deal with the unfamiliarity with other cultures. 

As a baseline, in the School of Engineering Technology (SoET) at Purdue Polytechnic 
Institute (PPI) of Purdue University, electrical, computer and mechanical students are 
expected to complete an integrative capstone project addressing real world, significant 
problems.  The projects typically have the following characteristics: 

• Be open ended requiring evaluation of multiple solutions

• Be complex and challenging requiring innovation, out of the box thinking,

• Be on subjects just beyond the student’s present courses requiring self-directed
learning

• Have sufficient scope that would require a team approach

• Be multi-disciplinary—requiring students from more than one discipline for successful
completion.

The needs of the project drives the type of skills and talents needed to be successful. All 
degree disciplines in the SoET are possible resources for projects while students from other 
areas of the PPI are invited and include engineering industrial design and business 
particularly marketing. In 2014-2015 teams of mechanical engineering technology and 
electrical and computer engineering technology students addressed 32 projects on a broad 
range of topics. Some representative and typical projects that can be accomplished are listed 
in Sanger (2011).   

 Even though these projects are very challenging, these projects do not give the students the 
opportunity to understand the complexity of working with people from a different culture, i.e. 
performing in the global community. 

To fill this additional need, the engineering technology program created an international 
capstone experience. For the international capstone project, the resources and course 
content is expanded to include history, languages, psychology and many of the social 
sciences that naturally fit in and are important for the success of the project.  

This international capstone project builds on the existing, industry sponsored, multi-
disciplinary capstone team project program but differs in several ways. In the international 
project, half of the team members are students from a non-US university. The full team works 
on a project proposed by companies with a global footprint in both the U.S. and in proximity 
to the foreign institution. Most of the global project is carried out using the full range of 



electronic communication tools such as email, skype, and blogs. Communicating using these 
tools can be challenging when dealing with different cultures. The overall plan includes at 
least two trips in opposite direction by the teams accompanied by their mentors. These trips 
are approximately ten days long including both weekends. Most of the week involves intense 
project work.  Ideally the first of these trips occurs early in the project and allows for solution 
conceptualization and for the forming of work assignment and responsibilities. The second 
trip is usually the integration phase of the final deliverables. Each of the trips has a cultural 
element—activities that are typical of the host culture. For instance, in the U.S. it has 
included a football game and visit to local tourist attractions or activities such as skiing, 
hiking, museums etc. depending on the location. To increase the development of solid 
relationships, the students of the host teams are responsible for the logistics and housing of 
the visiting team.  Visiting team members live with the host students instead of hotels or with 
faculty. This latter feature does not work for all cultures. However, where this hosting feature 
has been used, the feature is highly popular with the students, reduces the cost to the 
sponsoring company but most importantly gives the visitors an authentic real cultural 
experience and improves the building of personal relationships across cultures.  

In initiating this program and developing the supplemental course content, a survey of the 
cross cultural diversity and attitudes was taken from all the students in the senior class. The 
Miville-Guzman Universality-Diversity Scale (M-GUDS)-S in its trimmed version was selected 
for this broad survey because this tool focuses on areas that would be relevant to measure a 
change in attitude as a result of curriculum changes ( Fuertes, 2000).  In the compressed 
tool, groups of questions are used to create three subscales to assess behavioural, cognitive 
and emotional dimensions of UDO. The subscales and the questions used to form the 
subscales are shown below.   

This subscale explores what is the students' level of broad interest in participating in diverse 
social and cultural activities such as music, dance, celebrations and organization and 
focuses on behaviour.  

• I would like to join an organization that emphasizes getting to know people from
different countries.

• I would like to go to dances that feature music from other countries.

• I often listen to music from other cultures.

• I am interested in learning about the many cultures that have existed in this world.

• I attend events where I might get to know people from different cultural backgrounds.

This subscale explores the extent that diversity has on a person’s self-understanding 
and personal growth and is a cognitive, reflective element 

• Persons with disabilities can teach me things I could not learn elsewhere.

• I can best understand someone after I get to know how he/she is both similar to and
different from me.

• Knowing how a person differs from me greatly enhances our friendship.

• In getting to know someone, I like knowing both how he/she differs from me and is
similar to me.



• Knowing about the different experiences of other people helps me understand my
own problems better.

This subscale explores the degree of emotional comfort the person has with individuals of 
a different culture  (Note that, in the tool, these items are reverse scored) 

• Getting to know someone of another culture is generally an uncomfortable experience
for me.

• I am only at ease with people of my culture.

• It’s really hard for me to feel close to a person of another culture.

• It is very important that a friend agrees with me on most issues.

• I often feel irritated with persons of a different culture.

The MGDUS-s survey uses a six-point Likert scale ranging from strongly disagree to strongly 
agree and was found to be a good fit with the study.   

Sanger (2015) presents the results of this survey shown in Table 1 given to engineering 
students from the U.S., Germany, Poland and Russia.  The demographics of the populations 
was predominantly traditional student ages and gave a good representation of the 
differences in attitude toward cultural diversity in these four countries and fully described in 
Sanger (2015). In Figure 1 the data is reduced into the three subscales which facilitates 
some of the conclusions. In table 1 the data for each nationality are presented for each 
question of the survey. In this section, the discussion is also centered on detailed responses 
that are significantly different than the other responses and could be useful in the creating of 
curricular enhancements to the international experience. The observations are as follows: 

Generally Americans standout from the other cultures as being more at ease with a diversity 
of cultures.  Perhaps that situation stems not only from the diversity of cultures in America 
but also from the melting pot effect that exists in America. The Russian students stand out 
relative to the other cultures as having a heightened interest in learning more about different 
cultures.  Their interest is clearly above all the other cultures surveyed. 

As seen in question 5, all the students survey seem to have uniform openness to being 
aware of differences and similarities across cultures.  This result is very encouraging and
indicates that pedagogical approaches to increase cultural awareness could be successful.  

Figure 1: Composite Data on the five populations according to the three major 
subscales.( Sanger 2015)



• From questions 6 and 9, American students are much more open to closeness than the
other four populations. Americans and Russians are at two extremes very far apart 
regarding closeness to people of another culture.  This result is surprising from the 
authors personal experience when in their experience the opposite it more the case. 

• Music seems to be particularly important to both the Polish and Russian cultures.

• Dance is of great interest to Russians

• Americans according to this survey seems to tolerate disagreement among friends more
than the other three nationalities. 

• Americans and Russians seem to be less irritated by other cultures than the Polish and
the Germans. 

As can be seen in the responses to question 12, there is a large variation among the cultures 
surrounding disagreement. Thus additional training has been added to the course in the area 
of conflict resolution. 

Table 1 Detailed responses to the MGUDS-s survey from students from the U.S, 
Germany, Poland, and Russia.(Sanger 2015) 

American Polish German
Russian 
Tambov

Russ ian
Kazan

1. I would like to join an organization that emphas izes  getting
to know people from different countries

4.46 4.09 4.12 4.34 4.5

2. Persons  with disabilities  can teach me things I could not
learn elsewhere

4.63 4.47 4.17 4.14 4.6

3. Getting to know someone of another culture is  generally an
uncomfortable experience to me

1.75 1.97 2.02 2.04 2.2

4. I would like to go to dances that feature music from other 
countries

3.50 3.74 3.29 4.46 4.3

5. I can best understand someone after I get to know how
he/she is  both s imilar to and different from me

4.60 4.32 4.35 4.28 4.4

6. I am only at ease with people of my culture. 1.63 2.34 2.85 3.04 3.

7. I often lis ten to music of other cultures 3.45 4.15 3.76 4.82 4.7

8. Knowing how a person differs  from me greatly enhances our
friendship

4.04 4.1 3.8 3.38 3.9

9. It's  really hard for me to feel close to a person from another 
culture.

1.63 2.25 2.43 3.12 3.0

10. I am interes ted in learning about the many cultures  that
have exis ted in this  world

4.48 4.41 4.31 5.06 4.7

11. In getting to know someone, I like knowing both how
he/she differs  from me and is  s imilar to me

4.56 4.37 4.07 4.42 4.1

12. It is  very important that a friend agrees  with me on mos t
issues

2.73 3.62 3.55 4.02 4.4

13. I attend events  where I might get to know people from 
different cultural backgrounds

3.88 3.72 3.9 3 3.4

14. Knowing about the different experiences  of other people
helps me unders tand my own problems  better

4.27 4.46 4.1 4.22 4.4

15. I often feel irritated by persons of a different culture. 1.89 2.35 2.57 1.98 2.1



Since the survey points out that American students have a low interest in learning about new 
cultures, the course has added discussions on regional history, language, celebrations and 
holidays and other aspects of the culture that they will be visiting. Much of this learning is 
done by self-study reporting back to the class in a discussion format. 

Finally the music seems to be an area where American students have much less interest 
than Polish and Russian students. Improving American awareness in the music area could 
result in fertile ground for relationship building. 

Two international senior capstone projects were launched in August 2014 and completed in 
June 2015. 

The Lenze project: four technology students from SoET (3 electrical and one mechanical) 
joined four students from Leibniz University of Hannover (with similar disciplines) on a project 
sponsored by Lenze Corporation in Hameln, Germany to fully integrate the power electronics 
and controls of a 1.2 Hp motor into the cylindrical form factor of the motor. 

The Eaton project: three electrical technology students from SoET joined three mechanical 
students from Gdansk University of Technology on a project sponsored by Eaton Corp in 
Auburn, IN and Tczew, Polmerania, Poland to develop, build and test a technique to inspect 



clutch assemblies for properly installed and compressed rivets 

Each of these projects resulted in final presentation of results in both countries and delivery 
of process/product.  Besides project completion the final two week trip abroad included visits 
to local cultural venues including Berlin and Hamburg in Germany and Krakow and Malbork 
Castle in Poland. 

Upon return from abroad the MGUDS-s was readministered to the students and a before and 
after comparison was made as well as an evaluation of the reflection paper written by each 
student. 

In the subscale “diversity of contact”, the answers to the questions reflected a 70% 
improvement and over half of those responses (35%) were two points or more increase on 
the six point Likert scale.  Only two of the 20 responses regressed and that was in the area 
of music appreciation clearly indicating that more work from an instruction point of view might 
be useful. In the cognitive subscale of “relative appreciation”, 100% of the responses showed 
no change or improvement (65% same, 35% improved) with no regression.  Finally in the 
subscale of “emotional comfort with differences”, only one regression with 50% remained the 
same and 45% improved.  The only regression was to the issue of agreement with self.  The 
two areas where regression was seen confirms the need for good training in the following 
two areas: conflict management and the arts. 

The student reflections reflected growth in cultural awareness.  It must be said that none of 
these students had worked with a foreign student before while only one of them had been to 
Europe prior to this experience. An interesting observation follows which is relevant to the 
students reflection of a specific difference in approach to the engineering task at hand: 

“One of the most memorable moments in this project was when the Purdue team introduced the German 
team to the idea of ball parking a number. In other words using the information already at hand, as well 
as engineering intuition to predict a result, or an acceptable range for that result. This notion went 
counter to our German colleagues’ desire for high precision. The principal lesson from this project 
however is, that by leveraging the differences in both cultures’ engineer styles, the team balanced cost, 
time, and quality. All in all I regard this project and the opportunities it has given me as the single most 
defining aspect of my college career.” 

As far as the structure of the course, with unanimity, all the students (foreign and 
American) thought the full immersion during their visits was outstanding.  They were 
able to experience the country the way people their own age lived and worked. 
During their visit and in their reflections, many observations revealed increased 
awareness and a deliberate effort to understand the culture. As an example, here is 
the following: 

“One of my favorites was something I discussed with _____ and with ____: many Polish are very 
honest.  She explained this by saying if you say “The weather is lovely today!” to someone of Polish 
descent, they would likely respond with something along the lines of “It is nice weather now, but it is 
supposed to rain later.”  She explained that they try to be honest in how they reply, and it sometimes 
makes them appear to foreigners as a bit standoffish or even rude.” 

Overall the model that has been implemented in these international capstone 
projects has been shown, at least in the initial trials, to be quite effective to increase 
cultural awareness in a positive way and it is being extended to other countries 
including Peru, Netherlands, Australia and Dubai. Cultural, historic, and geographical 
research plus group discussion has been added to the course to expand awareness 
and increase empathy with their non-US teammates.  Finally it is recognized that this 



course should not be first encounter of engineering technology students with different 
cultures or with the subject of cultural diversity.  The on-going transformation of the 
Purdue Polytechnic Institute where global awareness is one of key learning 
objectives is pulling this aspect of the curriculum earlier in the program but in smaller 
doses.
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Structured Abstract
BACKGROUND OR CONTEXT
Due to the increasing demand for Computational Fluid Dynamics (CFD) in a range of 
industries (mining, oil and gas, automotive, manufacturing) combined with the availability of 
‘user friendly’ commercial CFD packages, the demand for engineers trained in CFD has 
dramatically risen. More engineering companies are now using CFD in house and it is likely 
that engineering graduates will, at some stage of their career, be required to either perform 
modelling tasks or at least be able to interpret the results of a simulation. The demand for 
students to receive a higher level of exposure to CFD has been evidenced by employer 
expectations, engineering education literature (Adair & Jaeger, 2011; Barber & Timchenko, 
2011; Stern, et al., 2006; Hung, Wang, Tai, & Hung, 2005) and even student feedback. CFD 
is a multi-disciplinary field which requires a large amount of fundamental knowledge in 
mathematics, fluid mechanics, fluid dynamics and thermodynamics. Due to this complexity, 
some questioning remains in regards to how avoid the student perception of CFD as a black 
box, and promote the understanding of detailed CFD methodology and procedures (Stern, et 
al., 2006). As suggested by Darmofal (Darmofal, 2006), the application of active learning will 
contribute to enhance the conceptual understanding in conjunction with the integration of 
theoretical, experimental and computational techniques. This project is implemented in the 
Fluid Mechanics unit of the Mechanical Engineering degree at the Queensland University of 
Technology to introduce students in a better engaging way with the concept, terminology and 
process of CFD.

PURPOSE OR GOAL
This paper presents the design, implementation and evaluation of a collaborative learning 
activity designed to replace traditional face-to-face lectures in a large classroom. This activity 
aims to better engage the students with their learning and improve the students’ experience 
and outcomes. This project will evaluate the benefits of collaborative learning activities to 
introduce CFD in 2nd Year Mechanical Engineering degree.

APPROACH
This paper addresses the issue of CFD perception and students' engagement by replacing 
traditional face-to-face CFD lectures by collaborative learning activities with an assessment 
as the central part of this pilot project. A complete survey will be proposed to the students 
and analysed to identify both the positive and negative outcomes of collaborative active 
learning on the students’ learning and experience compared to traditional lectures. 

DISCUSSION
This paper detailed the design, implementation and evaluation of a collaborative learning 
activity to replace traditional face-to-face CFD introduction lectures in second year of the 
Mechanical Engineering degree. The teaching design for this group work activity embedded 
an assignment which was fully-integrated into the learning and teaching process. The project 
was overall well perceived by the students who performed well in the assessment. The group 
work helped students to better engage in their learning and the collaborative space 
environment improved the group relationships both inside the group and with the facilitator. 
However, this doesn’t reflect on the marks and the expectations’ gap between students and 
teacher in terms of content, assignment and activities is thought to be the main reason to 
explain this.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Despite the overall positive feedback from the students, the expectations’ gap between 
students and teacher in terms of content, assignment and activities is thought to be the main 
reason to explain a lower percentage of students intending to recommend this CFD 
introduction, indicating that expectations (both from students and teachers) must be clearly 
set at the beginning of the teaching period, no matter the teaching method. Also, practical 
activities should be added to the collaborative approach to make students more engaged 
with the theory and concepts introduced. 

Based on a thorough reflection, the designed activity will be modified and a second cycle will 
be implemented and evaluated next year. Additional data will be collected from the students 
who followed this year project once attending their 3rd year Fluid Dynamics unit next year.



Due to the increasing demand for Computational Fluid Dynamics (CFD) in a range of 
industries (mining, oil and gas, automotive) combined with the availability of ‘user friendly’ 
commercial packages, the demand for engineers trained in CFD has dramatically risen. More 
engineering companies are now using CFD in house and it is likely that engineering 
graduates will, at some stage of their career, be required to either perform modelling tasks or 
at least be able to interpret the simulation results. The demand for students to receive a 
higher level of exposure to CFD has been evidenced by employer expectations, engineering 
education literature (Adair & Jaeger, 2011; Barber & Timchenko, 2011; Stern, et al., 2006)
and even student feedback. CFD is a multi-disciplinary field which requires a large amount of 
fundamental knowledge in mathematics, fluid mechanics, fluid dynamics and 
thermodynamics. Due to this complexity, some questioning remains on how to avoid the 
student perception of CFD as a black box, and promote the understanding of detailed CFD 
methodology and procedures (Stern, et al., 2006). As suggested by Darmofal (2006), the 
application of active learning will contribute to enhance the conceptual understanding in 
conjunction with the integration of theoretical, experimental and computational techniques. 
This paper will thus address this issue by replacing traditional face-to-face CFD lectures by 
collaborative learning activities.

A new Engineering course at Queensland University of Technology (QUT) was developed, 
which started in 2015. Focusing on the Mechanical Engineering degree, the CFD content 
was designed based on a whole of course approach. Thus, in second year, the students will 
receive a CFD introduction included in their Fluid Mechanics unit; while in third year, they will 
gain practical skills through solving problems using commercial software. In addition, a new 
minor will be proposed to students, which will include an advanced CFD unit allowing 
students to further deepen their knowledge and skills in CFD. 

This paper focuses on the CFD introduction in second year which already exists in the 
current Engineering degree in the Fluid Mechanics unit. This unit has approximately 300 
students enrolled. The aim of this unit is to introduce the fundamental concepts and 
principles of fluid mechanics that are applied by engineers to understand and characterise 
mechanical systems using simple examples of the application of the relevant principles. This 
year, in conjunction with the unit coordinator, it was decided to:

1. Replace face-to-face lectures by a collaborative and interactive learning approach.
2. Create an assignment for this part of the unit fully-integrated with the collaborative

and interactive learning approach.

The issue of the students’ engagement in traditional face-to-face large class lectures is thus 
addressed in order to improve the students’ learning experiences and outcomes by using 
more collaborative and interactive learning spaces and activities. This paper discusses the 
details of the development and implementation of the collaborative learning activity, 
integrating a constructive assignment which is a key element in the overall quality of teaching 
and learning, and an integral component of the students’ experience (Brown, Bull, & 
Pendlebury, 1997; Hunt & Chalmers, 2012). 

Traditional lectures are still currently the most common instructional method in higher
education. However, according to Bligh (2000), they are ineffective to maintain students’



attention, which starts to decline after only 10-15 minutes (Hartley & Davies, 1978). Lectures 
are effective to transfer knowledge but not to actively engage students. The Confucius’ 
aphorism: `I hear and I forget, I see and I remember, I do and I understand’ summarizes the 
justification that traditional face-to-face lectures do not promote active learning and thus by 
disengaging students limit their learning and outcomes. To engage students at the six levels 
of the cognitive domain of the Bloom’s taxonomy, Remember, Understand, Apply, Analyse, 
Evaluate, and Create (Anderson, et al., 2000), interactive learning methods are critical.

Hake (1998) published an extensive survey over 6500 students showing that conceptual and 
problem-solving skills of students are significantly improved by using interactive-engagement 
methods compared to traditional approaches. In engineering, Prince (2004) found that all 
forms of active learning provide positive outcomes to the students’ engagement and 
outcomes over traditional methods where the students passively get information. However, 
the positive outcomes differ according to the method applied. Prince (2004) identified four 
different methods. 

Active learning consists of activities introduced in traditional classrooms to engage the 
students to think about what they are doing. This is particularly effective for students’ 
attention which thus improves their retention of information (Hartley & Davies, 1978).

Collaborative learning, in contrast to individual work has been extensively studied. Three 
important studies (Johnson, Johnson, & Smith, 1998a; Johnson, Johnson, & Smith, 1998b; 
Springer, Stanne, & Donovan, 1999) showed that collaboration at different education levels 
and for different disciplines, contributes to significantly improve academic achievement, self-
esteem, interpersonal interactions, and perceptions of greater social support of the students.

Cooperative learning slightly differs from collaborative work in the sense that students are 
working in teams but are individually assessed. This promotes individual accountability and 
mutual interdependence. This also requires the students to periodically self-assess the group 
using their own relevant criteria. The main studies in engineering from Johnson et al. (1998a; 
1998b) showed similar improvements as with collaborative learning, i.e. improved academic 
achievements and social skills. Panitz (1999) also identified improvements in four categories: 
academic, social, psychological, and interpersonal skills required for effective team work. 

Finally, problem-based learning (PBL) is a method that promotes lifelong learning through 
the process of questioning and constructivist learning which generates knowledge and 
meaning from interactions between experiences and ideas. Problems introduced to the 
students at the beginning of the teaching period provide the motivation for learning by giving 
the context. This is a student-centred, directed pedagogy in which students learn about a 
subject through the experience of solving a problem. PBL is usually a collaborative or 
cooperative work. Many different practices in PBL were identified (Prince, 2004) making the 
analysis of its effectiveness on the learning outcomes complex. However, one accepted 
conclusion is that it provides positive outcomes in student attitudes. Also, it was evidenced 
(Schmidt, Rotgans, & Yew, 2011) that PBL enhances long-term retention of knowledge and 
provides students with better habits, i.e. class attendance, library use and textbook reading 
(Schmidt, Rotgans, & Yew, 2011). Improved comprehension of new information especially 
when supported by collaborative or cooperative learning was also reported. PBL provides 
opportunities to develop further that knowledge, the extent of learning resulting from both 
group collaboration and individual knowledge acquisition (Schmidt, Rotgans, & Yew, 2011).
Finally, as outlined by Norman and Schmidt (2000), the positive outcomes from PBL rely 
heavily on the teacher’s ability to provide direction. Indeed, they have identified that self-
direction and self-pacing of PBL have detrimental effects on the learning outcomes. 

Exeter et al. (2010) listed several approaches that enhance student engagement in different 
disciplines. For example, Clark et al. (2008) found that team-based learning is efficient to 
engage students in large groups. Students feeling connectedness within a large class will 
show better outcomes and engagement (Bilgin, Bulger, Robertson, & Gudlaugsdottir, 2012).
Biggs (2011) highlighted that a constructive alignment of the assessment also helps active 



learning and improves students’ achievements. The use of technologies also appears to 
positively engage the students with the learning context (Poirier & Feldman, 2007).

In the particular field of CFD, the demand for trained students has been evidenced by 
employer expectations, engineering education literature (Adair & Jaeger, 2011; Barber & 
Timchenko, 2011) and even student feedback. However, CFD is a multi-disciplinary field 
requiring fundamental knowledge in different areas. Due to this complexity, there’s a lack of 
highly-trained users (Stern, et al., 2006) and still some questioning in regards how to avoid 
the student perception of CFD as a black box, and promote the understanding of  detailed 
CFD methodology. Adair and Jaeger (2011) also outlined that the amount of required 
knowledge in CFD leads to a steep learning curve for students. As suggested by Darmofal 
(2006), the application of active learning will contribute to enhance the conceptual 
understanding in conjunction with the integration of theoretical, experimental and 
computational techniques as the benefits of integrating computer-assisted learning are 
multiple, from increased understanding to students’ satisfaction (Stern, et al., 2006). 

This pilot project is designed based on the revised version of the Bloom’s taxonomy for the 
cognitive domain: Remember, Understand, Apply, Analyse, Evaluate, and Create (Anderson, 
et al., 2000). As such, this project was expecting students to engage at different levels. To 
achieve this, face-to-face lectures were replaced by a CFD project using collaborative 
spaces and technologies in which students engage through researching the CFD process 
and some specific aspect of it through its theory.  This required them to familiarize
themselves with the terminology, understand the fundamentals of the discipline and orally 
present their learning. This activity also contributed to the graduate attribute to work in 
teams. This activity was expected to help building a culture of connectedness promoting 
positive staff-student communication, and active and collaborative peer learning. The 
assessment was the central part of the teaching design for the group work activity and fully-
integrated into the learning and teaching process. This is one of the seven recommendations 
from the “Assessment 2020” (Boud, 2010) which encourage the students to learn rather than 
making them stressed about their assignment as mentioned by Race (2010).

The project used different active learning approaches including technologies such as 
GoSoapBox. The class was split into two treatment groups, one using only a collaborative 
space while the other was in traditional rooms in order to evaluate the influence of the 
environment on the students’ engagement. Students were assessed by an oral presentation. 

Due to the large number of students, groups of 5-6 were formed arbitrarily, with moderation if 
required, leading to 56 groups in total. The topics covered the CFD process and thus allowed
students to learn one specific area in their own group. By attending the oral presentations of 
the other groups they got an understanding of the other topics, and to experience the other 
presentations in context and delivery. Four different topics were assigned to the groups and 
selected in order to cover the general CFD process: Mesh, Discretisation, Turbulence 
Modelling and Validation & Verification. A 2-hour introduction lecture was given and a final 
lecture summed up the project and gave overall feedback to the students.

Assessment is a key element in the overall quality of teaching and learning and an integral
component of the students’ experience (Brown, Bull, & Pendlebury, 1997) (Hunt & Chalmers,



2012). Summative assessments provide both the students and teachers with an updated 
status of the knowledge learned on the subject while formative assessments with 
constructive feedback provide the students with the opportunity to better engage with their
learning. However, these positive outcomes depend on how well the assessment was 
designed. Thus, a constructive assessment was developed in order to contribute to i) 
develop the graduate capabilities as defined by the University Manual of Policies and
Procedures and to ii) constructively align with the objectives of the Engineering course. For 
example, after completing the assessment, the students should:

be able to communicate effectively and appropriately with engineering discipline
specialists and non-specialists in professional contexts;

clearly report principles and concepts in a professionally oral manner (communication)

acquire the capacity for life-long learning in context of the engineering profession;

be able to work independently and collaboratively in a multi-disciplinary context.

Based on Prince’s study (Prince, 2004), as a first implementation of this project, an active 
collaborative approach, was chosen so that all students in a group get the same grade. Due 
to the large number of groups, the assessment was an 8-minute oral presentation with 2 
minutes for questions. Marking criteria included presentation structure and clarity, quality of 
the visuals, language and timing, understanding and discussion quality. 

The project implementation was evaluated based on the 4Rs: Reporting, Relating, 
Reasoning, Reconstructing (Ryan, 2011). Peer-review, students’ feedback and self-reflection 
were used to qualitatively and quantitatively evaluate the project in terms of student 
satisfaction. The students’ outcomes were evaluated through the assignment marks.

A questionnaire including 32 questions related to the facilities and learning and teaching 
environment, the assessment, the teaching quality and the collaborative work, was given to 
the students at the end of the activity. Possible responses were: SD=Strongly Disagree, 
S=Disagree, A=Agree, SA=Strongly Agree. Selected questions are listed in Table 1. 

Table 1: Sample questions from the students’ survey
Q13. The activities supported my learning
Q15. The facilitator built a good relationship with the group
Q17. The environment was helpful to my learning
Q19. The assignment activities met my expectations
Q20. The group activities improved my learning engagement compared to traditional lectures
Q22. The assignment and group work aided in my learning
Q23. I was given adequate opportunity to demonstrate what I was learning
Q27. The lectures, activities and assignment met my expectations
Q31. The group work helped me better engaging with my learning
Q32. The CFD introduction was excellent overall



85% of students responded to the survey; responses are presented in Figure 1. The overall 
satisfaction was good with nearly 76% of respondents finding the CFD introduction excellent 
(Q32) and nearly 85% estimated that the group activities helped them better engaging with 
their learning (Q31). However, only 75.2% found that the group activities improved their 
learning engagement compared to traditional lectures (Q20). This contrasts with the students 
in the collaborative space who responded positively to this aspect at 81.5% (Figure 2).   

Figure 1: Overall ratings from the students’ survey

Figure 2: Results Comparison between collaborative space (a) and traditional room (b)

Common recurrent feedback received included the learning about CFD without using 
software was challenging and didn’t meet students’ expectations. Also, the group size was 
too large and the time during the presentation for each student to demonstrate their
understanding was too short. In addition, few students struggled with their groups, while most 
of them were fine. However, some highlighted that managing a group of people was one 
thing they learnt during the process.  

Overall the students performed very well with an average mark of 15 out of 20 with marks 
spread between 12/20 and 19/20. 
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Students in the collaborative space had higher positive perception of both the facilities 
(environment and atmosphere) and the delivery by the facilitators (Figure 2). Over 96% of 
students in collaborative spaces agreed that the environment was helpful for their learning 
(Q17) compared to 84.6% for the students in the traditional rooms. More than 92.5% of 
students in the collaborative space found that the facilitator helped building good 
relationships in the group (Q15) compared to only 79.9% for the other students.

It is clear that collaborative spaces improved building good relationships between students in 
the group and with the facilitator. This helped students with their learning engagement as 
shown in Q15, Q17 and Q20. However, these benefits did not necessarily imply better 
assignment results and satisfaction. The students in the collaborative space better perceived 
the concept than the ones in the traditional room thanks to improved interactions. However, 
this did not reflect in their grades with an average mark of 14 compared to 15 for the whole 
group which wasn’t an expected outcome. However, this relates to the lower score in Q22 for 
the students in the collaborative space where only 77.8% agreed that the assignment and 
group work aided their learning against 82.5% for the students in the traditional rooms. This 
can be explained by the assignment perception not the group work in itself. Also, a surprising 
result is that only 59% of the students in the collaborative space found the CFD introduction 
excellent. However, only 39.5% of these students responded to this question compared to 
63% respondents for the other students. These results correlate with the assignment and 
activities expectations from the students (Q19). The results highlight the gap between 
students’ expectations both for content and assignment and teacher expectations. This 
expectations’ gap thus creates a gap in the respective perceptions of content and 
assignment. The students’ expectation to use CFD software instead of going through some 
theory is most likely the main reason for their responses in Q19. Finally, the students felt that 
they didn’t get enough opportunities to demonstrate their knowledge as reflected in Q23. 
They also felt that the presentation time was too short compared to the 20% contribution of 
the assignment to the overall grade of the unit.

Based on this reflective approach, the proposed modifications of the project are as follows:

Define a real CFD application as the basis for the project for all groups.

Groups will still be assigned but reduced to 3-4 students

Each group will still be assigned a topic. They will write a report on the theory, apply their
knowledge to a practical case given and critically discuss their findings.

In order to improve engagement, all activities will be in collaborative spaces and
computer labs.

A short oral progress update from each group will be shared at the start of the activity.

Supporting slides will be developed for the group activities to help students engaging
and clearly define the objectives of the sessions.

The marking criteria will be re-defined as: 10% attendance and update progress, 20%
internal peer-review, 20% oral presentation, 50% report.

Re-develop the survey to be more explicit.



Options to run 2 parallel sessions to halve the presentation time (over 16 hours due to
group size reduction) will be investigated. Each presentation will be recorded and a copy
of the visuals provided. This is important for transparency and verifiability of the marking
and also for students to have access to all the topics. A criterion-referenced assessment
(CRA) sheet will be developed for peer-review. Each student attending the presentations
will mark the groups based on the CRA. The final grade would be the average given by
students and lecturer. Based on the literature, involving students in the marking process
appears to be an essential tool for effective learning (O'Donovan, Price, & Rust, 2004)
(Elwood & Klenowski, 2002).

Finally in order to refine the survey, another survey will be developed and given to the 
students enrolled in the following year Fluid Dynamics unit where they will apply the 
knowledge gained in this unit. This survey will focus on the students’ perceptions of the 
outcomes and impact of the CFD introduction to their learning experience and outcomes in 
the following unit. 

This paper detailed the design, implementation and evaluation of a collaborative learning 
activity to replace traditional face-to-face CFD introduction lectures. The teaching design for 
the group activity embedded an assignment which was fully-integrated into the learning and 
teaching process. The project was overall well perceived by the students who performed well 
in the assessment. The group work helped students to better engage in their learning and the 
collaborative space environment improved the group relationships both inside the group and 
with the facilitator. However, this doesn’t reflect on the marks. The expectations’ gap for 
content, assignment and activities between students and teacher is thought to be the main
reason to explain this. Based on this reflection, the designed activity will be modified and a 
second cycle will be implemented and evaluated next year. Additional data will be collected 
from students who followed this year project once attending their 3rd year Fluid Dynamics. 
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Structured Abstract
BACKGROUND OR CONTEXT
The transition from school to university can be extremely difficult for many students. 
Traditional first year programmes, based around taught content, may have helped with a 
student’s introduction to university life but lacked the engagement and autonomy needed to 
stimulate effective engineering education. While the new project-based-learning paradigm 
gives students the contextual elements needed for more relevant project experience it may 
also ask too much of students in the early years of study. Increased support during early 
project based learning activities may well provide the answer to improving student project 
outputs while fostering an empathetic, user-centred design mind-set.

During 2015 we had an opportunity to involve two senior (i.e. third year) students in this 
programme as student-student mentors supporting the first year students in a first semester 
design project. Here students worked in teams of four or five on humanitarian engineering 
projects for the Engineers Without Borders (EWB) Challenge to develop innovative new 
concepts to solve specific issues faced by a particular community.

Lack of sufficient information gathering and poor problem definition are key features of 
conceptual design processes in the freshman year. These are greatly enhanced when new 
engineering students are faced with solving a problem that is remote from their physical, 
cultural and social identity. This initial part of the project (i.e. conceptual design) was 
identified by the senior students as a particular problem they experienced when they went 
through the process two years earlier.

PURPOSE OR GOAL
This study examines the influence of presenting a structured set of user-centred-design 
resources, in addition to taught content and presented by student mentors, on creating 
unique concepts for a EWB project. The study focuses on how needs analysis techniques 
were introduced to the students through student-student mentoring and puts emphasis on its 
application within their projects.

This paper investigates whether the approach of additional design techniques being 
presented through student-student mentoring improves first year engineering students’ 
performance in the process of conceptual design (i.e. identifying the problem, design thinking 
and practices). It shows how this approach can potentially improve student engagement; 
provide a better understanding of the context to an engineering problem, and lead students 
into asking the right questions. The study was carried out in hope that it would enlighten the 
students to think in a more innovative and user-centred manner.

APPROACH
Conceptual design is a complex process meaning students have to apply various methods to 
obtain information to help them define the problem. Typical methods include library and 
internet searches. Based on feedback from senior students, that found this particular part of 
the process extremely difficult, work was carried out by the student mentors, with guidance 
from staff, to provide support material to help first year students. This material allowed 
students to understand the context of the problem, which included developing personas 
typifying how people live in the community of the EWB Challenge. This support material was 



shared through an online platform so that all students have access to it and was termed the 
“Needs Analysis (NA) Toolkit”.

To gauge the effectiveness of both the content presented, and the delivery style (student-
student) a number of research activities were undertaken. These included an end of 
semester survey, detailed project output analysis (based on team reports and individual log 
books), performed by research staff and interviews with each group to gain in-depth 
knowledge of their projects and design process.

DISCUSSION
Results from this study show subtle, but positive, trends that student engagement with the 
NA toolkit improved the quality of student project output. This was investigated through nine 
criteria which looked at how well student projects had considered environmental, societal, 
economic and logistic issues around their chosen areas.

Close links between the utilization of the NA toolkit and consideration for environmental 
issues associated with the project were found as well as an increased effort to utilize locally 
available materials.

From interviewing each team it was found that the content presented was helpful but that the
delivery mode did not highlight the importance, and effectiveness, of using the toolkit. This is 
an area that will be address in the future.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results show that engagement with the tools provided yielded a positive effect on overall 
project quality, as well as ethical areas of the project. This formative research did not show 
any negative effects on the presentation of additional NA resources but suggested 
presenting this information in a compulsory lecture session may be more effective at 
communicating the content and importance of utilization.

Further research looking at the effect of early exposure to user-centred-design techniques, 
on an undergraduate’s ability to complete projects throughout their degree, should be looked 
at to understand whether there are long term benefits to this change in teaching curriculum.
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Teaching engineering research skills in a flipped classroom
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Structured Abstract
BACKGROUND OR CONTEXT
Engineering education literature is increasingly laden with discussion of the outdated nature 
of the traditional lecturing style. Felder (in McCabe et. al. eds. 'Shaking the Foundations of 
Geo-engineering Education', CRC Press, 2012) nicely summarises the motivation for reform 
– steadily declining interest in engineering among high school students and chronic
complaints from employers of graduates about deficiencies in critical thinking, teamwork and 
communication skills – and outlines some characteristics of what he calls the ‘emerging 
paradigm’, including curricula focused on skills as well as content, teaching styles to address 
a variety of learning styles and teaching dominated by active learning whereby students are 
actively involved.

Specifically with regard to teaching soft skills, Woods et el. (Chem. Engr. Ed. 2000) states 
process skills are “hard to define explicitly, let alone develop and assess”. The article 
stresses that skills should be developed via practice, that the process must be assessed as 
well as, or instead of, the product, and that monitoring and reflection of mental processes are 
key for understanding. A comparison of problem-based learning (PBL) versus traditional 
lecturing in an electrical engineering course demonstrated doubled learning gains from the 
PBL method (Yadov, J. Eng. Ed. 2011). A comprehensive review of active learning literature 
showed consistent improved learning outcomes across all studies of collaborative learning 
when compared with independent learning (Prince, J. Eng. Ed. 2004).

Given this backdrop, we prioritised student-centred learning in designing our new research 
skills course, using teaching methods focused on active, collaborative, project-based 
learning.

PURPOSE OR GOAL
In UNSW’s Master of Engineering Science program, a new compulsory research skills 
course was introduced in first semester 2015 for postgraduate coursework students. The 
motivation is to prepare the students for their two-semester (12 units of credit) research 
project because experience in recent years has been that many students are inadequately 
developed in key ‘soft’ skills such as writing, literature search, experimental design, etc. 
Given a tendency for students to view generic compulsory courses as less interesting and 
less important, and in the current context of dropping attendance at lectures across many 
types of courses, we were faced with a challenge to succeed in engaging students with this 
content.

For the university, for the industry and for the students themselves, it is critical that we do get 
better at teaching skills. While this course is nominally teaching ‘research’ skills, the content 
is equally valuable for graduates moving into industry or other roles. At the very least, within 
the 12-month research project in our masters program, both the students and their 
supervisors should directly benefit from the skills preparation in this course.

We set out to develop a course that would actively engage students in the practical 
application of research skills including teamwork, writing, presenting, literature search, 
referencing, statistics and experimental design. Additionally, the course should expose 
students to some real-world research problems and a somewhat realistic experience of 
working in a research team.



APPROACH
We designated 8 of the 12 two-hour ‘lectures’ (class size 120) to be taught in flipped 
classroom mode. In these weeks, students watched three 5-minute videos of the lecturer 
before class, then spent the first hour of class in large group discussion/Q&A with the lecturer 
followed by small Collaborative Research Group (CRG) workshops in the second hour 
(group size <16 students). The CRGs were formed around various engineering future 
challenges such as energy storage, new materials, etc. The CRGs collaborated throughout 
semester to produce a wiki on their topic (for assessment). The 8 in-class CRG workshops 
were facilitated by pairs of students from within the CRG. The student facilitators prepared 
the workshop based on a plan provided and the facilitation task was assessed. The 
workshops included activities such as discussion, brainstorming and direct practice of skills. 
Each CRG applied the activities to their wiki topic such that the workshops guided them 
through the project. Additionally, students wrote individual research proposal reports and 
engaged in peer review of others reports.

In the tutorials (class size <20), three weeks were used to administer quizzes. In the weeks 
preceding each quiz, we ran quiz preparation tutorials designed around student-centred 
learning. Each student produced a one-page ‘cheat sheet’ of notes on one topic for the quiz. 
The students presented their cheat sheets to each other and voted on the best ones, which 
received a bonus mark and were provided to all students for use during the quiz.

DISCUSSION
This discussion aims to evaluate what did and did not work well in the first semester of this 
new course. The evaluation is based on three sources of information: two anonymous 
feedback surveys completed by ~80% of students in week 4 and in week 13; feedback from 
the 8 tutors about the course structure and how the tutorials ran; and the perceptions of the 2 
course coordinators.

In general, the anonymous student feedback was very positive. At the end of the course, 
75% of respondents (104 students completed the questionnaire) agreed they preferred the 
flipped classroom mode over a traditional lecture format. When asked which part or parts of 
the teaching provided the most useful learning experience, 56 of 104 students selected the 
CRG workshops, 52 selected the pre-class videos and 33 selected the Q&A/discussion with 
the lecturer. This confirms that it is beneficial to teach via a range of styles to accommodate 
a range of learning styles. When asked which assessment tasks were useful to meet the 
course learning outcomes and which were challenging and interesting, the highest ranking 
task was the workshop facilitation, with 80% of students answering yes for both questions. 
This indicates that the focus on active learning via the CRG workshops was well received, 
both by the participants and the facilitators.

The quizzes were the least well reviewed of the assessment tasks, and the quiz preparation 
tutorials did not work well for a number of reasons, which will be discussed in the full paper.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This paper presents an implementation of a flipped classroom research skills course for 
engineering science masters students. The increased fraction of active learning components 
was largely well received by the students. On this basis, and given the prior work 
demonstrating improved learning outcomes from active learning, we recommend increased 
use of active learning methods across a range of courses within engineering education.

One important lesson learnt in this new course is that the flipped classroom structure needs 
to be as simple as possible. In our implementation, it seems there were too many 
components, which led to confusion and weakened the overall effectiveness. Each student 
was in a CRG and also in a tutorial group. The students built good working relationships in 
the CRGs via the workshop activities but we did not manage to develop an atmosphere of 
open discussion in tutorials. In future we need to overcome timetabling difficulties to ensure 



that the CRGs and the tutorial groups are the same, as well as to further develop the tutorial 
activities.

In the context of the focus on student-centred learning, a question that arose relates to 
finding the balance between allowing student autonomy and providing incentives. We 
designed the quiz ‘cheat sheet’ process to put students in charge of their own preparation for 
the quizzes, however, voluntary participation was very poor. The incentive for students to be 
able to produce their reference materials for the quiz was not enough to motivate 
engagement with the process.
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Structured Abstract
BACKGROUND OR CONTEXT
Engineering employers continue to report dissatisfaction with the skills of new graduates at 
the same time as employment outcomes continue to fall.  Work experience is generally 
considered the best way to develop employability, but there are too few work placements to 
meet demand. Non-placement authentic work integrated learning (WIL) is an alternative but 
there is very little research to show if learning outcomes are equivalent.  This paper 
compares student outcomes from placement and non-placement authentic WIL.

PURPOSE OR GOAL
The aims of this paper are to:

• Describe the design of a non-placement authentic WIL module

• Compare the effectiveness of placement and non-placement WIL  in developing
students’ employability

• Recommend areas for improvement in context, approach, curriculum and assessment

APPROACH
The non-placement WIL module used a real project from a local engineering company, jointly 
scoped, developed, supervised and assessed by engineers from the company and the 
author. Students also participated in a series of skill based workshops developed and
facilitated by the author. 

DISCUSSION
At the start of semester non-placement students rated themselves significantly lower than 
their peers who had completed a 12 weeks of engineering work experience on a number of 
employability skills. The students also struggled to engage with the WIL project initially. 
However attendance, participation, and individual assignment submission rates improved 
with consistent implementation of classroom conditions that simulated the workplace.  After 
completing the WIL module, the gap between non-placement and placement students had all 
but disappeared.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This paper shows that working closely with an industry partner to jointly design, supervise 
and assess students undertaking an authentic project is effective in increasing students’ 
confidence in their work readiness, to a level similar to students who had work experience. 
The survey used to assess student perceptions of work readiness and graduate 
employability is a useful tool for curriculum development.



Full Paper

Engineering employers continue to report dissatisfaction with the skills of new graduates at 
the same time as employment outcomes continue to fall.  Work experience is generally 
considered the best way to develop employability, but there are too few work placements to 
meet demand. Non-placement authentic work integrated learning (WIL) is an alternative but 
there is very little research to show if learning outcomes are equivalent.  This paper 
compares student outcomes from placement and non-placement authentic WIL.  

The non-placement WIL module used a real project from a local engineering company, jointly 
scoped, developed, supervised and assessed by engineers from the company and the 
author. Students also participated in a series of skill based workshops developed and 
facilitated by the author. 

At the start of semester non-placement students rated themselves significantly lower than 
their peers who had completed a 12 weeks of engineering work experience on a number of 
employability skills. The students also struggled to engage with the WIL project initially. 
However attendance, participation, and individual assignment submission rates improved 
with consistent implementation of classroom conditions that simulated the workplace.  After 
completing the WIL module, the gap between non-placement and placement students had all 
but disappeared.

This paper shows that working closely with an industry partner to jointly design, supervise 
and assess students undertaking an authentic project is effective in increasing students’ 
confidence in their work readiness, to a level similar to students who had work experience. 
The survey used to assess student perceptions of work readiness and graduate 
employability is a useful tool for curriculum development.

Engineering employers continue to report dissatisfaction with the skills of new graduates 
(GCA 2015a, p.20), at the same time as employment outcomes continue to fall (GCA 2015b,
p.7). Employment outcomes reflect availability of jobs and demand from employers, and is
sometimes used as a proxy measure of employability (Bridgstock 2009), perhaps reflecting 
the difficulty associated with measuring ‘employability’ (Oliver 2011).

Graduate employability is a contested concept, but generally it is considered to encompass 
the discipline knowledge, skills and personal attributes that give an individual graduate the 
ability to gain and maintain work or employment (Hillage & Pollard, 1998). It is a narrower set 
of skills than covered by graduate attributes, which includes skills for employment and life
(Barrie et al. 2009).  

Although the concept is contested, there is broad consensus that work experience is the best 
way to develop employability (Orrell 2011; Male and King, 2013; Smith, Ferns, Russell and
Cretchley, 2014). However there is insufficient provision of work placements to meet demand
of the one million students in Australian universities (Australian Workforce and Productivity 
Agency 2013, Australian Education Network 2014).

An alternative to work placement is to bring authentic projects into the classroom in the guise 
of WIL (Orrell 2011). However, to date very little research has been done to compare the 
outcomes of placement and non-placement WIL. One study found that high-quality and 
above average placements were better than simulated non-placement WIL, but interestingly, 
sub-median and low-quality placements were not (Smith et al. 2014). In a study of 
stakeholder perceptions of employability, Jollands, Clarke, Grando, Hamilton, Smith, Xenos,  



Carbone, Burton, Brodie and Pocknee (2015) found that students with work experience as 
well as students from programs with high levels of authentic project work demonstrated a 
more sophisticated understanding of employability than peers. This suggests that non-
placement WIL can develop employability in graduates, but to what extent is unknown.

This paper discusses design of a non-placement authentic WIL module and compares 
student learning outcomes from placement with non-placement WIL.  

The aims of this paper are to: 

Describe the design of a non-placement authentic WIL module

Compare the effectiveness of placement and non-placement WIL  in developing
students’ employability

Recommend areas for improvement in context, approach, curriculum and assessment

A non-placement authentic WIL module was developed and run at RMIT in 2015. The WIL 
module was designed to cover a broad range of skills and attitudes identified by Australian 
employers (GCA 2015a, Jollands et al 2015). These were categorised using the 
CareerEDGE framework (Dacre Pool and Sewell, 2007). Employers identified that current 
graduates have gaps in employability across a wide range of employability categories. 

A reflection model was used to enhance student learning as reflection has been identified as 
the key to learning from experience (Moore 1999). Students discussed their experiences in 
workshops, as well as  submitting reflections on critical incidents from their week. The aim 
was to develop the habit of reflecting on their experience and learning from their peers. An 
overview of the semester structure is given in Table 1.

Table 1: Non-placement WIL semester overview
Wk Guest speakers Focus for the 

week
Assessment

1 Meet the staff Self awareness Self assessment  (Pre-skills survey), Skills card, 
Letter to self 

2 No class Career planning Cover letter/CV/5 companies 
3 Library Research Reflective journal 
4 Industry 

Partner
Scoping Project scope 

5 Alumni Team work Reflective journal 
6 Careers, 

graduate coach
Career Planning Group project statement of work

7 Industry 
Partner

Managing self 
and others

Reflective journal 

8 Alumni Leadership Mid semester peer feedback 
9 Industry 

Partner
Communication Reflective journal 

10 No class Experience Video of roleplay interview 
11 Industry 

Partner
Work readiness Self assessment (Post-skills survey) 

12 Industry 
Partner

Communication Group project presentation 

13 Communication Group project final report, Final peer review 



This non-placement WIL module is part of a core chemical engineering final year course, 
PROC2114 Research Project. PROC2114 is a 24 CP course that runs for 12 weeks with 3 
hours of classes and 9 hours of self-directed learning per week. At RMIT University there are 
two semesters per year and students take 48 to 60 CP of courses per semester. Students 
with industry work experience of 12 weeks or more are ‘accredited’ and do not need to 
undertake the WIL module to pass the course. The cohort of accredited students formed the 
‘control’ group in this study. 

The non-placement WIL module was run on the university campus using a real project from a 
local engineering company run by their engineers. The author and the company’s senior 
process engineer worked together to develop the project scope, group assessments,
supervision and marking of the group work. The author also developed a series of skill based 
workshops in selected areas with individual student assessments. Three of the company 
engineers visited campus regularly to supervise the students, and made one visit to assess 
group presentations. 

To simulate a work environment special classroom conditions were implemented. High 
expectations for attendance and behaviour were set and enforced. Students were expected 
to attend all classes and to participate (as in a workplace). If they could not attend they had 
to email the lecturer prior to class and explain why. Attendance was encouraged by use of a 
signed attendance sheet, and the consequence of non-attendance was that the lecturer 
followed up immediately with any student who failed to attend or email an apology, with a 
request for an explanation. Participation was encouraged by using a facilitated workshop 
format, with short lectures interspersed with self-reflection or group exercises. Students were 
asked to report back on group exercises on a voluntary basis. Later they were asked by 
name (from the attendance sheet) to report back on self-reflection exercises. 

Special conditions for quality and timeliness of assignment submissions were also 
implemented. Electronic submission and feedback in Blackboard was used to manage the 
multiple assignments efficiently. Every assignment was a hurdle, so students had to pass 
every assignment to pass the course. The aim was to ensure every piece of work achieved a 
high standard, as in a workplace. Students were allowed to resubmit up to two times, within 
strict time-frames.  

The first activity in Week 1 was undertaken by all students in the course. Each student 
completed a survey of their perceived employability skills, and indicated on their survey if 
they had done engineering work experience or not (discussed in more detail in Evaluation 
methodology). This survey was then used to separate the students into the group who 
needed to do the non-placement WIL module (28 students), and those in the placement 
(control) group (35 students). The non-placement WIL students also completed the same 
survey again at the end of semester.

The initial survey results of the two students groups (placement and non-placement) were 
compared. The differences were used to inform the content of skills workshops. For example, 
an additional focus on professional learning opportunities was added to workshops.

Workshops were developed by the author on career planning, experience, generic skills 
(communication, critical analysis, leadership, life long learning, networking, research, team 
work) and emotional intelligence (self awareness, managing self and others). These 
categories reflect the CareerEDGE framework (Table 2). Those workshop topics were 
selected by reviewing which skills are ranked most highly by Australian engineering
employers as well as where current graduates have the biggest skill gap (GCA 2015a).
These were compared with the skills the non-placement cohort identified as significantly 
weaker than the placement cohort. Any that were missing were then included in the 
curriculum.



Table 2: CareerEDGE framework (Dacre Pool and Sewell, 2007)
Category Sub-categories

Career development learning career decisions, knowledge of job market, networking, 
passion and interests, recruitment processes and 
preparation

Experience (E) – work and 
life

none provided

Degree subject knowledge, 
understanding and skills (D)

grades

Generic skills (G) adaptability, communication, critical thinking, 
entrepreneurship, imagination & creativity, lifelong 
learning, managing others, numeracy, planning, problem 
solving, teamwork, time management, using ICT, work 
ethic, working under pressure

Emotional intelligence (E) self-awareness, self-management, awareness of others, 
managing others, motivation (Goleman 1998)

Workshops on employability topics were developed using the following format:

Review key outcomes from previous workshops

Locate the new topic within the overarching framework of employers’ desired skills
and attitudes.

Review professional media resources on the topic.

Discuss where students develop this skill and use it.

Self-evaluation of current skill level.

Group discussion on strategies to develop the skill.

Lastly, reflection was built into the semester at a number of points, following the approach of 
Moore (1999) and Eyler (2001). First, students reflected on their strengths and weaknesses. 
Then they submitted fortnightly reflection assessments that analysed a critical incident of the 
previous week and identified areas where the student made choices that could brought about 
good outcomes or could bring about better outcomes in future (Eyler 2001). Finally, they
reflected on their contribution to their group report and what they had learned from the WIL 
project. Reflection promotes learning from experience, promoting development of the generic 
skills of critical analysis as well as lifelong learning.  

The use of a real project and supervision by practicing engineers – including one who had 
worked on the project – made a very significant contribution to the students’ perception of the 
authenticity of the project. The students had access to a very large volume of genuine 
documents, including site phots, P&IDS, plot plans, piping isometrics. They experienced the 
genuine challenge of how to deal with the huge sheer volume of documents, as well as real 
errors and omissions in the documents. They faced the need to make assumptions to run 
flow simulation packages. All groups produced passable quality reports, with feasible 
designs. 

The students had lower attendance early on in semester, and submission rates and quality of 
weekly individual assignments were initially lower than later. Attendance improved markedly 
with consistent implementation of ‘work-like’ classroom conditions and consequences, with 



attendance of around 85% for the final 6 weeks of semester. Timeliness of submission of the 
weekly assignment improved to around 95%, after an initial poor rate of around 75%. Each 
late assignment received a prompt fail grade with feedback that it was late, and would need 
to be resubmitted within a strict time limit and with justification. Quality of some submitted
work was initially poor. The author grabbed student attention from the outset as one of the 
first assignments had a 20% failure rate. Some students found it very difficult to follow the 
directive to format their resume according to Careers department guidelines. Their focus 
increased when they received a series of NX grades. Each submission received feedback 
similar to the following: 

You have failed this assessment task because your resume has poor formatting and misses 
several important sections and has too much detail in others. You need to use the RMIT Toolkit 
advice on how to write a resume, what to include, what order, how to format, what font to use etc 
etc. Please use that resource and resubmit by [date] for another opportunity to get a PX grade for
this assessment.

Students readily participated in group and class discussion, quizzes and activities. Self-
reflection quiz hand-outs were a useful resource. Students responded well to being each 
asked to contribute individually, and listened attentively to each other. It may be important to 
encourage participation of introverted or minority students by giving them permission to 
speak. 

The student reflections showed increasing quality in their increasingly mature analysis on 
how to handle critical incidents, as well as increasing length of submissions beyond the 
minimum requirement of 300 words. A sample of lecturer feedback on a reflection that 
received a fail grade was:

The incident is relevant to research. You describe the incident logically and succinctly. You link 
evidence with processes and events, organizational structure and work group practices. You show 
some links with larger issues. However I am unclear on what strategies you plan to bring about a 
better outcome next time. Please add some reflection on that - it will all happen again otherwise. 
Please resubmit by [date] for another opportunity for a PX grade.

The feedback from the local company was very positive. The process manager wrote:
In our initial conversations I understood the intent of the course was to replicate the experience the 
students would receive from an industry placement. Personally I think this course has given the 
students much more that will benefit them both in the completion of their degree and gaining their 
first role in industry. This is an interesting incident but lacks reflection on the origin of the problem, 
so please submit again by Thurs 2 April 5 pm for another opportunity for a PX grade. 

Anonymous feedback from the students was too scarce to be representative. Students are 
surveyed on every teacher in  every course every semester at RMIT University. 
Unfortunately, this leads to extreme survey fatigue, and survey participation rates are 
corresponding very low (2 respondents out of 28 for this module).

An employability survey was developed, based on that of Smith and coworkers (2014), who 
used it to survey 3282 students from multiple disciplines. Self-reporting tools tend to have 
self-interest bias, but this tool was validated by cross-checking with employer studies and 
alumni interviews so is considered to have adequate reliability.

The survey measured students’ self-reported perceived sense of employability against a 
range of employability dimensions using a quasi-experimental pre-test and post-test design. 
Pre- and post-testing is common in education research (Dugard & Todman 1995).

The perceptions of the two cohorts of students (placement and non-placement) were 
compared. Significant differences were identified using a one tailed T test. 



The non-placement WIL students completed the survey twice, first at the beginning (a pre-
test) and then again at the end of semester (a post-test). A statistical analysis was carried
out to determine if there were significant changes in perceptions of the students (p<0.05). 
The survey validity is acceptable as the sample size was adequate (>20) and participation 
rate was high (>70%)

Initially, non-placement students rated themselves lower on many employability questions 
compared to the placement (control) cohort: 

Overall I am confident I am work ready.

I am able to obtain work relevant to studies.

I weigh up risks, evaluate alternatives, make predictions from data and apply
evaluation criteria to options.

I seek out opportunities for further learning to develop my workplace or professional
skills and/or knowledge.

I identify the standards of performance or practice expected in the workplace / my
profession.

I apply knowledge and skills gained in my studies to the workplace.

After completing the module, the gap between the two cohorts had all but disappeared. By 
the end of semester the non-placement students rated themselves equally work ready, and 
no longer rated themselves significantly lower on any of the targeted skills areas. In addition, 
pleasingly, they now rated themselves significantly higher than placement students on the 
following four questions:

I recognise the "politics" of a workplace environment.

I interact effectively and respectfully with people from other cultures.

I learn from and collaborate with people representing diverse backgrounds or
viewpoints.

I listen empathetically, sympathetically and with compassion to colleagues in the
workplace.

These questions reflect student learning on communication and teamwork through 
workshops, group work and reflection. 

Interestingly there were no significant changes in answers to two questions: 

I am able to obtain work relevant to studies.

I develop a personal code of values and ethics.

No change was expected in these questions unless there were confounding factors (impact 
of learning outside the module). So this supports the validity of the survey results. 

This paper shows that working closely with an industry partner to jointly design, supervise 
and assess students undertaking an authentic project is effective in increasing confidence in 
work readiness to a level similar to students who had work experience. The students’ 
perceptions of their employability was assessed with a survey instrument that can be used to 
scope curriculum development to enhance student employability.  



The overall structure of the project and type of project will be retained. Some changes are 
planned as follows:

The local company engineers will play the team leader (rather than client)

They local company will provide examples of workplace standards for reports of
different types (scope, plan, report to client).

An EA pilot work standards framework will be trialled.

Program advisory committee members from industry will be used to form an interview
panel to lend authenticity to the students’ interviews.

A longitudinal research study is planned to compare student conceptions and perceptions of 
graduate employability and their self-reported employability skills with employment 
outcomes. Unfortunately there is a considerable lag in employment outcome data: this will be 
available for this cohort around March 2017. 
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I'll believe it when I see it

Nicholas Haritos  
Strucomp P/L; Engineers Australia

Structured Abstract
BACKGROUND OR CONTEXT
Subjects concerned with the teaching of basic statics and mechanics at tertiary level 
institutions have seen a progressive decrease, and in some cases, the total elimination of 
"hands on opportunities" for students to perform experimental work in support of material 
presented in the lectures and in tutorials. 

The principal reasons offered for this trend is a blend of one or more of the following inter-
related circumstances:

1. Increasingly large class sizes making it difficult to timetable and resource such activities

2. Competition for dedicated shared laboratory space from research needs

3. The commercially available teaching apparatus from the major vendors remains expensive

4. The availability/development of cheaper technology that "simulates" experimentation
experience through videos and animation

The author has had 40 years involvement with the teaching of such material and has 
witnessed this progressive trend to the point where he has seen its effects on a large number 
of students as being nothing short of detrimental to their effective learning and better 
understanding of this material. 

The pendulum has swung too far away from "hands-on" opportunities for performing 
experimentation by students in support of inferior learning mechanisms. Technology itself 
must come to the rescue to swing back the pendulum to "hands on" resource-affordable 
experimentation opportunities to students thus improving their engagement and interest in 
this style of material and bringing back the fun in their learning experience.

PURPOSE OR GOAL
With this premise in mind, the author has developed a series of teaching products in Basic 
Mechanics that goes a long way towards mitigating the shortcomings of the status quo in this 
area, bringing “stimulation” back to these topic areas in lieu of inferior “simulation”.

He has gone to some effort to introduce innovations in his TechnoLab™ series of products 
that make visibly clear the objective of the particular experimentally based exercise in a 
“seeing is believing” context. Whilst it is possible to satisfy the requirements of the learning 
exercises for students with what can plainly and directly be observed by them in performing 
these experiments, further enhancement in this learning experience is offered through the 
use of Photogrammetry and/or direct visual comparison with predicted/simulated results for 
the exercises concerned.

The approach adopted by the author is one where deflections/deformations in the elements 
subjected to test loading (eg the deflected shape of a rectangular cantilever beam to a point 
load part-way along its span) is clearly visible as the test element is quite flexible to low level 
loading.



This philosophy of clearly visible deformations to applied actions is a common thread 
throughout the development of a wide range of experiments that students can perform on a 
versatile test frame trademarked as the Pixi Frame. Further enhancement in the identification 
of the deformation response of elements under test is afforded through the use of 
Photogrammetry.

APPROACH 
The Basic TechnoLab bundle is aimed at a group of 24 to 26 students in a Tutorial 
environment. The typical bundle consists of 12 pairs of Pixi Frames with its accompanying 
Window Frame.  A 13th pair is provided for the Tutor/Teaching assistant which can be used 
to provide a summary demonstration of the experiment being addressed for that particular 
scheduled time-slot in the Subject program at the beginning of the session. This pair can be 
released to the classroom for student use after the initial demonstration.

Two students one in front of the teaching frame and the other behind this where the 
transparent “Window” frame is positioned would work in pairs to perform the experiment. The 
window frame can have a graphical graticule where deformed shapes/new positioning of the 
experiment elements can be recorded by hand for subsequent investigation. Otherwise a 
transparency (to scale) of the predicted theoretical results can be depicted for direct “eye-
ball” comparison.  The screen of a suitable laptop/notebook computer or a 2nd stand-alone 
screen can replace the Window frame in lieu of a transparency of the predicted results if so 
desired.

The TechnoLab bundle of experiment hardware for each Pixi Frame/Window Frame fits into 
a robust Aluminium case of approx. A3 proportions, so is manageable to store and can be 
easily assembled.

DISCUSSION
The list of experiments being considered for these bundles and at various stages of 
development is reasonably comprehensive, and includes:

(i) The load/deflection characteristics of close-coiled helical springs (a) individual, two springs 
(b) in parallel and (c) in series.

(ii) Equilibrium of in-plane forces acting (a) at a single point (b) on a 2-dimensional body

(iii) Strain field in a 2-dimensional linear elastic body subjected to direct stresses

(iv) Longitudinal strain distribution in a simply supported beam 

(v) Reactions and deflections of simple beams/cantilevers (point and distributed loads)

(vi) Shear force and Bending moment in a simply supported beam 

(vii) Member forces in statically determinate truss systems

(viii) Statically indeterminate systems: (a) two span beam, (b) Propped cantilever, (c) Truss 
with a single redundant reaction and (d) Single bay Portal frame, etc

The principal multi-objective goal in developing the TechnoLab teaching platform is to 
enhance the learning experience of large cohorts of students in Mechanics through the 
innovative design  of "hands-on" engaging experimentation that is:

(i) portable, easy to assemble

(ii) does not require special  facilities or 



(iii) instrumentation

(iv) is versatile and easily expandable

(v) reduces/eliminates opportunities for plagiarism in experiment reports 

(vi) offers a large number of experiment options, fully supported by the developer with 
material including: experiment description sheets; pro-forma reporting sheets; support Excel 
spreadsheets and software that is experiment dependent; tutor support material

(vii) offers distance learning opportunities

(viii) is still affordable in the current financial climate of tertiary institutions in Australia and 
Internationally

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The TechnoLab philosophy of producing a teaching platform that is versatile, expandable, 
can cover a broad range of Mechanics topics, is attractive and engaging to students, 
affordable to tertiary institutions, is resource averse in terms of technical support required 
and physical accommodation needed to run and house the equipment, has all the hallmarks 
of providing a "turnaround" in the often reported negative student experience in Mechanics 
style subjects at tertiary level institutions that these students attribute to lack of "hands on" 
experiment opportunities.

Developments to include experiments in Dynamics using the Pixi-Frame of the TechnoLab 
teaching platform, and a controlled linear actuator shaker system, are currently underway. 
The philosophy of using images, in this case video frames, is being maintained for the 
metrological aspects associated with performing these experiments.

Too good to be true ?

I guess "you'll believe when you see it".



IIntroduction 

“Putting your money where your mouth is” 



DDescription of the TechnoLab bundle concept in brief 





TTechnoLab experiment kits – packaging 



TTechnoLab experiment kits – developed, being prototyped and being planned 
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Engaging First Year Engineering Design Students with 3D Printers -
A Pilot Trial and Evaluation

David Hobbs, Tenzin Crouch and Lisa Schmidt
Flinders University

Structured Abstract
BACKGROUND OR CONTEXT
Design and the application of the design process is a fundamental learning objective that all 
engineering students must demonstrate during their undergraduate engineering education. 
Engineers Australia’s Stage 1 Competency Standards make explicit mention of design and 
the design process in two of the sixteen mandatory ‘Elements of Competency’ (Items 1.5 & 
2.3).

At Flinders University engineering students are taught and exposed to design during every 
year of their undergraduate education. ‘ENGR1711 Engineering Design’ is part of the 
common first year and introduces students to an engineering design process coupled with 
hand drawing/Computer Aided Drawing (CAD) laboratories and a semester long group 
Design Challenge. The topic is structured such that theoretical learning is coupled with 
active, assessed tutorials that complement the material required for the Challenge. Student 
groups are encouraged to prototype their solution to a given design problem as part of the 
Challenge. 

In 2013 a Flinders University ‘Embedding Transition Pedagogy Principles Across the First 
Year Curriculum’ internal competitive grants program was initiated, offering $4000 to topic 
coordinators who could demonstrate how one or more of the six curriculum principles could 
be embedded into their first year topic. The Topic Coordinator and lead author was 
successful in securing a grant to purchase a 3D printer and to develop educational resources 
(a 3D Printing Handbook and a 50-minute lecture) to support its use, to target the principles 
of ‘transition’, ‘curriculum design’ and ‘engagement’. The 3D printer and accompanying 
resources were used in Semester 1 of 2014 for the first time. 

PURPOSE OR GOAL
The aim of the exercise was to determine if having access to a dedicated 3D printer for the 
topic would encourage engineering students to engage in the topic and to put their CAD 
modelling studies into practice to produce rapid prototypes of the designs they create. 
Prototyping is an important aspect of the design process that can provide valuable insight in 
terms of human factors and fit. This is especially so if a particular design and subsequent 
modelling is limited to the virtual CAD environment. A physical model, even though it may be 
scaled down, can highlight potential issues with tolerances, fits and assembly processes that 
are not readily identifiable on screen. 

Rapid prototyping in the form of 3D printing has become significantly cheaper and accessible 
in recent years. Desktop printers are now within financial reach of the ‘home hobbyist’, and if 
not, ‘Fab Labs’ and some city councils are establishing community areas that encourage the 
‘maker movement’. Engagement with industry partners and colleagues has highlighted the 
value of producing engineering graduates who are experienced and knowledgeable when it 
comes to 3D printing for design and prototyping purposes. 

APPROACH
Students were exposed to the theory and practice of 3D printing in the form of a 50-minute 
lecture in week 5 of the topic, and a 3D printing assignment was due 5 weeks later, at the 
end of week 8 of the semester (after the mid-semester break). The assignment required 



students to design, model and 3D print a stand for their smartphone device. Students were 
encouraged to be creative with their design (form) as long as it supported their phone in 
portrait or landscape mode (function) and printed in less than 60 minutes (design constraint). 
A 13-page 3D Printing Handbook was distributed electronically, which provided further 
information on 3D printing along with additional internet links. 

Leading up to the assignment the 2-hour weekly CAD class was used as an opportunity for 
students to refine their design and seek assistance from their Instructor if required. Students 
were required to submit a .thing file for their design as well as an accompanying document 
that indicated the specifications for their design (such as the number of shells, the amount of 
infill used, and the layer height for their model). Both files were submitted electronically via 
the online learning platform. Students were also required to state the estimated print time for 
their design, as indicated by the 3D printing software. The 3D printer that was used was a 
Replicator 2 from MakerBot® Industries (Brooklyn, NY, USA). 

At the conclusion of the assignment an evaluation survey of the 3D printing phone stand 
assignment was conducted. 

DISCUSSION
92% (n=132) of students completed the 3D printing assignment and 59% (n=78) of those that 
completed the assignment also responded to the survey. 

Only 6 students had used a 3D printer before, with all responders indicating they enjoyed 
making their own phone stand. The most valuable resources for students to complete the 
assignment, in order of importance, were their CAD Instructor, the 3D printing lecture, and 
the 3D Printing Handbook (the latter two were both produced specifically for the topic as part 
of the grant funding). 73% of students believed that having access to a 3D printer made them 
more inclined to create a prototype for their group Design Challenge, yet only 40% of groups 
made a prototype of some sort. However, this was an increased amount of prototypes 
compared to previous years, when access to a 3D printer wasn’t available. 

90% of respondents felt that the 3D printing assignment 'really improved' or 'improved' their 
understanding of the topic; 91% said it 'really improved' or 'improved' their understanding of 
Autodesk Inventor; and 96% reported that they were ‘a lot more engaged’ or 'more engaged' 
with the topic due to the assignment.  

A CAD modelling test using Autodesk Inventor is the last assessable item in week 14 of the 
topic. In 2014 the percentage of students who did not sit this test decreased to 8.4% of the 
cohort (n=143), compared to 10.4% in 2013 and 9.6% in 2012, indicating a higher first year 
retention rate compared to previous years.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
A 3D printing assignment that encouraged students to make a stand for their smartphone 
device as part of a design topic was shown to engage, motivate and improve the retention of 
a cohort of first year engineering design students. 

Key learning outcomes from this exercise were that it used 'current' and modern technology 
that is still in the headlines on a regular basis, and that the personification of the assignment 
made the students put in more effort. As one student noted in the survey "I enjoyed it as it 
didn't feel like an assignment, it felt more like I was designing a tool for myself. The fact that I 
was able to print it and get it back, meant I wanted to put in extra effort to make sure it would 
look good on my desk, and work well for my phone". Many students commented that it was 
fun, and that "…it made the learning experience feel more 'real' and the effort/time taken to 
figure out the CAD program, worthwhile". 



The exercise has been repeated in Semester 1 of 2015, with a larger cohort (n=206 
students), for which the results are pending. There was more interest in the assignment this 
year, with more advanced CAD models being designed, particularly multi-component designs 
that require minor assembly after being printed. The same evaluation survey will be 
conducted for comparison purposes.
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Teaching for Understanding in Engineering Mathematics

Nigel Shepstone
Manukau Institute of Technology

Structured Abstract
BACKGROUND OR CONTEXT
Students entering tertiary institutions are often not well prepared mathematically for tertiary 
study. In addition, many students attempt to learn engineering mathematics by rote and 
never fully understand the mathematical concepts required in engineering studies.   An 
approach to the teaching of mathematics is needed so that students can learn complex 
mathematical concepts with more understanding, i.e. achieve an "aha" moment with complex 
mathematical concepts.

PURPOSE OR GOAL
The purpose of this paper is to show that the above statement is true and to provide an 
approach to overcoming this problem. 

APPROACH
This paper describes the methods used at the Manukau Institute of Technology to improve 
the bachelor of engineering technology students' basic mathematical knowledge. It begins by 
presenting data from two perspectives in order to support the claim that students are not 
prepared for tertiary study.  Firstly, the results of a diagnostic test in the first week of study for 
first year students is given.  Secondly, the results of a survey of the students perceptions of 
their ability compared to their actual ability in mathematics is given.  These two sets of data 
show that the students knowledge of mathematics is poor and that they have false ideas of 
their own mathematical ability.

The paper then continues by describing an online computer package that was used to enable 
the students to practice basic mathematical procedures.  The package included various help 
routines to assist the students' to complete the exercises and the students received 
immediate feedback on their solutions.  An important aspect of this package was this 
feedback given to the students to help them learn and to measure their performance.

As described above, students were tested before they started using the package to 
determine their initial mathematical knowledge and then they were retested after using the 
package for 12 weeks.

The before and after tests were statistically analysed to determine whether the students had 
made a statistically significant improvement.  The results were then further analysed to 
determine the effect size of the students' improvement.

DISCUSSION
The above analyses showed that, over the 12 week period, the students made a statistically 
significant improvement in their Engineering Mathematics results and that the effect size over 
the 12 weeks exceeded 0.7 standard deviations. (An improvement of 0.4 standard deviations 
is generally recognized as good.)

This improved basic mathematical ability should enable the students to understand advanced 
mathematical concepts more easily.  In addition, it should help the students understand other 
subjects which use mathematics as a language for explaining difficult concepts.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The online practice/feedback package significantly improved the students mathematical 
knowledge which will in turn give them a solid foundation for further mathematical study and 
for studying other engineering subjects.

A limitation of this study is that it has been done at only one institution and therefore needs to 
be independently verified by other institutions.  In addition, further research needs to be 
carried out to determine whether there has been an improvement in the ability of students to 
use their mathematics in other engineering subjects.

Note that extensive references are given in the main paper supporting the above approach to 
teaching mathematics.
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Renewable Energy in the Digital Domain: Authentic Laboratory 
Learning Activities and Assessment

Sumedha Rajakaruna
Curtin University

Structured Abstract
BACKGROUND OR CONTEXT
Green Electric Energy Park (GEEP) is a custom-designed state of the art laboratory for 
teaching and research commissioned in 2013. Along with the new technical capabilities 
introduced by new facilities, there was a need and an opportunity to redesign the entire 
process of conducting laboratory classes at GEEP. Due to the unique design of the 
laboratory much of the challenges were to be addressed in a novel approach however there 
are many valuable experiences to be shared with academics in all engineering disciplines.

PURPOSE OR GOAL
The project aims to build the necessary processes for students to maximize gaining the 
benefit of an expensive and unique hardware laboratory in a safe, efficient and user friendly 
manner through the adoption of online technologies of Blackboard. The collaboration among 
lab group partners in conducting the experiments, analysing data and report preparation is 
aimed to be promoted while eliminating the potential plagiarism of using data from previous 
years. Furthermore, faster and effective assessment of lab reports and providing feedback in 
a consistent manner among different graders are also to be facilitated through this process.  
The techniques and processes developed needs to be easily adoptable by academics in 
most engineering disciplines.

APPROACH
During the concept design of the laboratory, it was ensured that all the measured data will be 
available in digital form. This included both power data and weather data. This was 
accomplished with the view of building a paperless laboratory where students can record 
data, analyse and share work, submit reports and assess all in a digital domain. The 
objectives of this project were achieved in the following manner.(a) Documenting manual for 
custom-designed GEEP data display software on how to capture and store data for report 
preparation(b) Develop an array of new laboratory experiments each with a lab manual, 
safety guidelines, instructions for pre-lab report, in-class submission and final lab report (c) 
Design and development of online marking rubrics for all three types of lab reports using 
Blackboard (d) Facilitate online submission of all reports to Blackboard (e) Establishment of 
groups within Blackboard for group submissions and group assessments (f) Inclusion of 
Group Journal of Blackboard as a mechanism through which students report data captured 
on the day of the class to the instructor, share data by all group partners, collaborate among 
group partners for report preparation (g) Up-skill lab supervisors on using online rubrics, 
group submissions, group journals, assessing and providing feedback . The new laboratory 
classes were introduced in two renewable energy units in 2013 and 2014 and feedback were 
collected through a paper based questionnaire, an online survey and through university 
conducted unit surveys.

DISCUSSION
Student satisfaction is clearly evident from responses received through the online 
questionnaire and the university conducted eVALUate unit surveys. With a 30% response 
rate in the eVALUate unit survey, 100% satisfaction was reported in one of the units in the 
areas of ‘Learning Experience’, ‘Assessment Tasks’ and ‘Feedback’. A student survey 
received 84 responses with a response percentage of 79% reveals very high satisfaction with 
the developed processes and documents. Near 100% agreement was reported for the 



effectiveness of online submissions and the online rubrics. While group Journal was 
appreciated as a way of sharing data and reporting the work to the supervisor, it was not 
valued as a medium for collaboration. Steps were taken to reduce the wokload and to 
increase the marks percentage given to the laboratory classes.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The project successfully built an environment where the entire process of teaching, learning 
and assessment of laboratory classes is made paperless, user-friendly, efficient and 
enriching. Highly positive feedback received from students and staff alike demonstrates the 
effectiveness of the developed processes.



IIntroduction

Background 



RReal-Scale Hardware Laboratory 

Custom Designed Software 



Detailed Teaching Station Views 



AApproach 
Pre-Laboratory Preparation 



Performing the Experiments 

In-Class Submission 

Data Analysis and Final Report 

Online Submission of Reports 

Online Assessments and Feedback 



Satisfaction of Students 

Lab Manuals and Other Documents 

Online Submissions and Assessments 

 



Group Journal 

Workload 

Overall Experience 

LLessons Learnt and Conclusions 



RReferences 

Acknowledgements 

Copyright 



The use of auto-tracking camera in iLectures for effective learning

Faisal Anwar  
Curtin University

Structured Abstract
BACKGROUND OR CONTEXT
Most higher education institutions use online flexible learning management system that 
supports the online delivery and administration of resources, communication, collaboration 
and assessment. One of the main objectives of online delivery of a face-to-face unit is to 
embed iLecture in the learning management system. The iLectures contain the audio and the 
PowerPoint which enable students to learn in a mobile environment and combine working 
part-time with university study. But the traditional iLectures do not capture any physical 
demonstration of lecturer and thus students face difficulties in revision. A tablet or document 
camera may be used to capture the hand-writing demonstration  (Derting and Cox, 2008) but 
it looses the PowerPoint. This causes another problem of having only one in the screen while 
both are needed at the same time for better demonstration of the engineering concepts. In 
order to solve these issues, an auto-tracking camera may be used in the lecture theatre that 
captures white board demonstration and at the same time it embeds with the PowerPoint in 
iLecture. It has been reported that many students found recorded lectures as a useful 
learning tool because they can use it to catch up the missed lectures and also as a revision 
tool for exams and assessments (Karnad, 2013).

PURPOSE OR GOAL
The use of auto-tracking camera in iLecture is important especially for a particular group of 
students who might have a clash of timetable with other units, overloaded with assignments, 
or because they are ill or working or having personal issues for not being able to attend a 
particular lecture. The main purpose of this paper is to investigate how the use of auto-
tracking camera helps student for effective learning in a Civil Engineering unit at Curtin 
University.

APPROACH
The effect of auto-tracking camera on student learning is investigated considering a case 
study on Water Engineering 361, a core unit for 3rd year Civil Engineering students at Curtin 
University. The unit is simultaneously taught at Curtin Bentley, Perth in Western Australia 
and Curtin offshore campus at Miri, Sarawak in Malaysia  respectively. The lecture materials 
are prepared by Bentley lecturer and they are uploaded onto the Blackboard in PowerPoint. 
Though the iLectures are made available for the students of both campuses but this study is 
being undertaken only for Curtin Bentley students. The student performance data were 
analyzed for two consecutive years; one before and one after auto-tracking camera was 
installed. An anonymous questionnaire survey (n=23) was conducted with nine questions 
among the students who went through both the systems of iLectures. The data were 
analyzed for student learning and compared with that of student performances.

DISCUSSION
The results of survey data show that the item “student can access to iLecture anytime from 
anywhere” received most agreement of 95% followed by a “video recorded iLecture provides 
better learning opportunities than PowerPoint-audio iLecture only” (77%) and “getting same 
learning outcomes even after attending other commitments” (73%). The lowest agreement 
was 42% for the item “iLecture provides face-to-face learning experiences using online 
resources”. This indicates attending physical lecture still provides better learning experiences 
because students have the option to ask multiple questions. The major limitation was found 
“auto-tracking camera focuses other moving elements in the lecture theatre and it does not 
capture lecturer’s full demonstration” (69% agreement). 



The student performance data shows that the percentage of student getting >80% marks has 
increased from 24 to 66 and average mark increased from 69 to 82 when auto-tracking 
camera was introduced for this unit because it provides multiple delivery modes and access 
to physical lecture that is more useful for revision to support students.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The use of auto-tracking camera in iLecture (audio-vga-streamable) was found effective for 
student learning that also enhanced student performance. It is a very useful tool but it needs 
further development in terms of resolution and not capturing other moving elements. The 
students should consider it as supplement to the original lecture only otherwise it may affect 
the lecture attendance.
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Effective Technology for a Calculus Bridge Program: Bringing 
Education Home

Sandra B. Nitea, Jim Morganb, G. Donald Allena, Robert Capraroa and Mary Capraroa

Aggie STEM, Texas A&M Universitya and Charles Sturt Universityb

Structured Abstract
BACKGROUND OR CONTEXT
The need for engineers world-wide can only be met if sufficient numbers of students of 
diverse ethnicity, both male and female are successfully recruited and retained in 
engineering fields. Engineering majors understand that calculus skills are essential for 
success. The Department of Mathematics at Texas A&M University implemented bridge 
programs to support students in their engineering calculus sequence. The program was 
initially offered to students who earned a B or C in the first or second engineering calculus 
course to strengthen their mathematical understanding and skills before they progressed to 
the next course. The bridge programs were one week in length, occurred just before the fall 
and spring semesters, and consisted of 15 hours of instruction with an online tutor. Students 
reported that they understood the mathematics better and felt more confident in their abilities 
to succeed in the next course. This success ultimately allowed them to continue in their path 
to engineering degrees and careers.

PURPOSE OR GOAL
The Department of Mathematics initiated one-week bridge programs for courses in the 
engineering calculus sequence to better prepare students at risk for success in the next 
course in the sequence because they lacked sufficient knowledge and skills in mathematics. 
Topics that were important in calculus applications were selected for each bridge program. 
Data were examined from both student responses to a survey about improved skills and 
confidence and grades in the subsequent calculus course for students in the bridge to 
engineering calculus II for Spring 2014.

APPROACH
The new bridge programs were developed to support at-risk students throughout the 
engineering calculus sequence. They were off-shoots of a summer precalculus review 
program for incoming freshmen. Based on weaknesses reported by instructors of 
engineering calculus courses, topics were chosen for the bridge programs to increase 
student knowledge and skills. Students who earned a D or F in a calculus course were not 
allowed to take the next course. However, students who earned B or C were still considered 
at-risk for the subsequent course. These particular students were invited to participate in the 
bridge program schedule just prior to the next fall or spring semester.

DISCUSSION
It was anticipated that students who participated in the bridge programs will increase their 
knowledge and skills in mathematics and their confidence in their abilities to succeed in 
mathematics. In addition, it was expected that grades of students who earned a B or C in the 
engineering calculus course and participated in the bridge program for the subsequent 
course will earn higher grades than students who earned B or C and did not participate in the 
program. Survey results revealed that students in the bridge program believed it helped them 
and that the online format was effective. Students in the bridge program were successful at a 
higher rate (earned A, B,  or C) and a higher percentage of A’s in engineering calculus II.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Bridge programs have most typically involved either face-to-face instruction or asynchronous 
online instruction. However, an online bridge program with a live tutor can be successful in 



remediating mathematics skills in order to reduce attrition in engineering majors as a result of 
difficulties in mathematics.
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Laboratories transformation

Gary Rasmussen, Dawes Les and Jonathan James
Queensland University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
Laboratories provide the physical spaces for engineering students to connect with theory and 
have a personal hands-on learning experience. Learning space design and development is 
well established in many universities however laboratories are often not part of that 
movement. While active, collaborative and group learning pedagogies are all key words in 
relation to these new spaces the concepts have always been central to laboratory based 
learning. The opportunity to build on and strengthen good practice in laboratories is 
immense.  

In the 2001 review “Universities in Crisis” many references are made to the decline of 
laboratories. One such comment in the review was made by Professor Ian Chubb (AVCC), 
who in 2013, as Chief Scientist for Australia, identifies the national concern about STEM 
education and presents a strategic plan to address the challenges ahead. What has been 
achieved and changed in engineering teaching and research laboratories in this time? 

PURPOSE OR GOAL
A large number of universities in Australia and New Zealand own laboratory and other 
infrastructure designed well for the era they were built but now showing signs of their age, 
unable to meet the needs of today’s students, limiting the effectiveness of learning outcomes 
and presenting very low utilisation rates.

This paper will present a model for new learning space design that improves student 
experience and engagement, supporting academic aims and significantly raising the space 
utilisation rate.

APPROACH
A new approach in laboratory teaching and research including new management has been 
adopted by the engineering disciplines at QUT. Flexibility is an underpinning principle along 
with the modularisation of fixed teaching and learning equipment, high utilisation of spaces 
and dynamic pedagogical approaches.  The revitalised laboratories and workshop facilities 
are used primarily for the engineering disciplines and increasingly for integrated use across 
many disciplines in the STEM context. The new approach was built upon a base of an 
integrated faculty structure from 2005 and realised in 2010 as an associated development 
with the new Science and Engineering Centre (SEC).

Evaluation through student feedback surveys for practical activities, utilisation rate statistics 
and uptake by academic and technical staff indicate a very positive outcome. 

DISCUSSION
Resulting from this implementation has been increased satisfaction by students, creation of 
social learning and connecting space and an environment that meets the needs and 
challenges of active, collaborative and group learning pedagogies.

Academic staff are supported, technical operations are efficient and laboratories are 
effectively utilised. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Future opportunities for continuous improvement are evident in using the student feedback to 
rectify faults and improve equipment, environment and process. The model is easily 



articulated and visible to other interested parties to contribute to sector wide development of 
learning spaces.



 









 



 



 



Student Project Development based on Industry Oriented Learning: 
Design of a Sustainable Standalone House

Tom Qi and John Findlay
Otago Polytechnic

Structured Abstract
BACKGROUND OR CONTEXT
Sustainable buildings (or eco-buildings) should be equipped to harvest energy and water, 
and include systems that provide information about supply and usage of energy and water, 
so that solar energy harvest systems, wind turbines and rainwater collection system are 
specifically designed for such a sustainable building. The system design aims for a 
standalone house, which includes smart grid, electric vehicles, rainwater quality control, wind 
power hot water system control, solar hot water system control. Most of the design and 
prototyping developments suit students from undergraduate and trade programs. To enable 
post-graduate student projects, the research goal is set to use the built-in sensors e.g. 
temperature sensors, humility sensors, gas meter sensors, water meter sensors, electric 
power meter sensors to provide local information.  Geographic information and weather 
forecasting information is also collected. Finally a system controller is designed in order to 
optimize the use of the energy sources in different conditions e.g. where, when and cost.

Purpose or Goal

A large-scale multi-disciplinary student project has been developed to suit post-graduate and 
undergraduate students as well as students from Trade Certificates programs.

The proposed project required the knowledge and skill from below specializations.

• Architecture and design – to design and modify the house

• Construction – to build the house

• civil engineering – to build the environment for the house

• mechanical engineering – to design and build the mechanical devices e.g. the built-in
PV panels, wind turbines and water tanks.

• electrical engineering – to design and build the electrical cabling and control systems

• horticulture – to design and optimise an environment including local waste water
treatment.

Above is a primary list of the major tasks of the specializations. However, the reality is that 
the students from different specializations have to work in a team which is a Multidisciplinary 
project team.

APPROACH
The design aim is to suit the students from undergraduate and trade programs, and post-
graduate student projects.  This research is to build a sustainable standalone house 
however, it is able to extend the environmental data collection and operational control from 
an individual build to a social network to share the energy and resource. For example, there
are 12 buildings in a village. As the buildings are in varying locations, the quantity of solar 
energy and rainwater harvest are different. The individual buildings have varied demands of 
energy and water. The social network is able to share the resource.



Otago Polytechnic has built a prototype of 10 square meter house. The students are to install 
the temperature sensors, humidity sensors, gas meter sensors, water meter sensors, electric 
power meter sensors in the building. The data is collected in real-time from these sensors 
and fed into the processors. The processors are also collecting the geographic information 
and weather forecasting information. 

Finally a mathematical model of control is established and improved in real-time testing. The 
control is to activate the solar and wind harvest and rainwater collection in an optimized 
usage. 

The socio-economic objective is to build a renewable energy efficient and sustainable 
building and society.

DISCUSSION
Otago Polytechnic offers a wide range of programs from trade certificates, diplomas, 
undergraduate to post-graduate level. All programs selected to this proposed project offer 
industry oriented project based learning e.g. Master of Design Enterprise, Bachelor of 
Engineering Technology, New Zealand Diploma in Engineering, Diploma in Architectural 
Draughting, National Diploma in Construction Management, National Diploma in Quantity 
Surveying, Certificate in Carpentry, and National Certificate in Horticulture  Landscape 
Construction or Sustainable Horticulture.

Based on an existing student project of a relocatable house at Otago Polytechnic, the project 
development is established. An existing student project of a relocatable house at Otago 
Polytechnic, as showed in Figure 2, for an example, was designed and built by students from 
Architecture, Carpentry and Construction Management under supervisions. Multi-size of 
relocatable houses are now available at the Otago Polytechnic campus. the electrical and 
plumbing systems were designed and installed by students from trade certificate programs. 
The advanced design and test of the control systems were completed by Bachelor of 
Engineering Technology students, e.g. the rain water harvest control, wind turbine, solar hot 
water system, PV panel, battery for smart grid, Vehicles to Grid unit with EV.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
A student project design of a sustainable standalone house is developed based on Industry 
Oriented Learning to enable a multi-disciplinary team and work environment. It provides a 
platform to enable wide range academic programs with the industry oriented project based 
learning. 

The further research is gaining the ethic approval to collect the student feedback, interview 
the academic and industry staff members, and then improve the design of sustainable 
standalone house, which is believed to be an on-going commercialised product.
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Novel Design of a Renewable Energy Remote Laboratory

Liam Lyons and Matthew Joordens
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
Current work in remote laboratories focuses on student interaction in a setting that can be at 
times disconnected from real world systems. Laboratories have been developed that show 
models of a working system, focusing on a single aspect, but very few laboratories allow the 
user to see the outputs of a working system that interacts with the real world as would be 
expected outside of a laboratory setting. It was aimed with this paper to show a design of a 
novel approach to building a remote laboratory that would be able to interact with a fully 
functional renewable energy system, and to show the students the outputs of such a system 
in real time. It allows for the user to be presented with information in a new context.

PURPOSE OR GOAL
With this research it is hoped to achieve a remote laboratory that will be able to present 
students with the data from a renewable energy system live, as it is generated as well as all 
the logged date generated. It is aimed with this novel approach to building a remote 
laboratory to assist the students in learning about renewable energy systems while allowing 
the student to access real data, instead of simulated data. Links to increased motivation due 
to realism in data given as well as change in student perception on learning in remote 
laboratories mean that a system such as this could change the way students approach 
learning about renewable energy generation systems. This will require further research 
however. 

APPROACH
This remote laboratory required gathering data from an already established system. The live 
results were not recorded, and a log file was generated daily, however this was not fast 
enough to give to students as it was generated, so a system that could maintain 
communication between all systems, while also polling for data itself was required. 

In addition to this, the system had to communicate to a server that would give students 
access to the live data. The server was set up in such a way that students were not required 
to install any programs on their computer, multiple students could access the data at any 
given time, and a wide range of devices, including mobile devices, could all access the 
remote laboratory. 

DISCUSSION
Key outcomes include the design of the remote laboratory, including screenshots of data 
acquisition from the renewable energy system from different devices. The design is split into 
two sections, one covering the server side architecture while another covers the data 
acquisition architecture. A very brief discussion on students’ initial interaction is also 
undertaken. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Research has shown that the degree of realism in remote education can have an effect on 
students’ behaviors/motivation in a remote laboratory. By allowing students to knowingly 
access a real system that is currently being used to generate power from renewable energy 
sources, the methods and motivations that students use when approaching renewable 
energy systems may change.



A few updates to the laboratory have been suggested in order to increase students 
engagement, such as the addition of a web camera on the solar panels to show the lighting 
condition to reflect the data being generated are also discussed, as well as a few user 
friendly changes such as hosting the server off site to allow for easier access without the 
Deakin VPN. 



IIntroduction 



AAims and Challenges of the Remote Laboratory 

Overview of the Remote Laboratory Architecture 



IInverter communication Architecture 



Thread Thread Thread 



SServer Side Architecture 



WWeb Layout 





IInitial Student Feedback 

Future additions and Improvements 

Implications of this Remote Laboratory and Conclusion 



RReferences 

Copyright 



Improving Student Satisfaction Improves Learning – A Case Study 
in the Scholarship of Teaching

Nirmal Mandal
CQUniversity

Structured Abstract
BACKGROUND OR CONTEXT
Many learning and teaching institutions use benchmarks to evaluate performance of faculty 
members.  Three of these benchmarks are: 1) student feedback, 2) student grades, and 3) 
student attrition rates.  This paper describes the teaching enhancements the author used to 
improve the student satisfaction ratings in three higher year Mechanical Engineering 
courses: Statics & Dynamics, Solid Mechanics & Computational Analysis, and Capstone 
Thermofluid Engineering.  Improvements to student satisfaction and feedback rates were 
obtained by applying the Central Queensland University 7 principles of good teaching and 
other innovative practices such as the four-point strategy developed by the author.

PURPOSE OR GOAL
The purpose of the changes in teaching practice over the past five years is threefold: 1) to 
improve student learning, 2) to increase student satisfaction in their learning journey, and 3) 
to reduce student attrition.

APPROACH
After each term during which the courses were taught, the author reflected upon student 
feedback comments, their learning needs and resources and considered the Central 
Queensland University 7 principles of good teaching to decide what teaching interventions to 
implement for the next term. A new innovative teaching approach, called the four-point 
teaching and learning strategy to make red courses green and good courses excellent, was 
developed and employed. The following teaching interventions were implemented over five 
terms the courses were taught: 1) using tag questions, 2) integrating physical models relating 
to lecture contents, 3) linking the content to the context, and 4) introducing animations 
relating to contents, including class tests in project based learning (PBL) courses.  Student 
satisfaction ratings and attrition rates, as well as student grades over five terms, are 
compared to identify trends.

DISCUSSION
Over the five terms, both the student feedback rates and the student satisfaction ratings 
improved.  In addition, student attrition rates fell over that period of study and remains far 
below the university’s average attrition rate.  Lastly, overall course grades improved and the 
percentage of students achieving high distinction (HD) increased. The approaches were 
presented to other engineering colleagues, and some of my peers employed these and an 
overall improvement in course delivery and students’ learning are noticed in recent terms.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This paper provides an example of the Scholarship of Teaching where an instructor uses a 
systematic approach and a rational framework to make changes to course delivery to 
improve the students’ learning and satisfaction, as well as to reduce attrition.



Full Paper

Central Queensland University (CQU) offers two unique degree pathways in engineering – one
requiring Co-op experience (the dual award program Bachelor of Engineering (Co- operative
Education)/Diploma of Professional Practice (Engineering) (Jorgensen and Howard, 2005a)) and
one with a Distance Education option, but no Co-op option (Bachelor of Engineering).
Approximately 27% of the CQU enrolled engineering students (19% EFTSL) take their courses as
part of the distance education program. Both of the degree options
integrate Project Based Learning (PBL) in all years of the degree program (Howard and
Jorgensen, 2006).

While the learning benefits of cooperative learning and teamwork are well documented (Springer 
et al., 1999), assessing the learning of individuals that contribute to a team project remains a 
challenge. As described in Eliot et al. (2012), students, instructors and accrediting bodies are still
grappling with determining which assessment tools are most appropriate to determine an
individual grade in a team setting.

Portfolios are one approach used to assess student learning outcomes in PBL team-based
courses (Jorgensen and Howard, 2005b). The goal of portfolio assessment is to appropriately
assess students’ individual contributions to team efforts and verify that students have achieved
stated learning outcomes. While using portfolios to assess student work in PBL courses has
become standard practice at CQU, portfolio assessment is difficult (Jorgensen and Senini, 2005).

At CQU, students are required to submit a portfolio of their work in some courses such as
Capstone Thermofluid Engineering that demonstrates the achievement of required learning
outcomes as well as the degree to which each learning outcome was achieved. Students are
also required to complete examination based courses such as Statics and Dynamics. In portfolio
based courses, students are invited to include a subset of the following as part of their portfolio: 
technical workbooks, design journals, project reports, audio visual presentations, skills audit 
tests, peer evaluations and reflective journals (Jorgensen and Senini, 2005). Students are then
required to self-assess the degree to which they have met each required learning outcome.  
Students nominate a grade for the course based on published criteria. Students then come to a 
final interview where they are expected to defend their grade with the evidence presented in their 
portfolios.

CQU has adopted Seven Principles for Good Learning and Teaching (Table 1) based on
Chickering and Gamson’s (1987) review of 50 years of research on good teaching practice in
undergraduate education. CQU encourages all academic staff to adopt these approaches to
improve the learning journey of each student. According to the CQU website (CQU 2013a),
potential benefits of implementing these approaches may include:

Engagement with students by creating an environment of co-operation and collaboration,
thereby enhancing the learning relationship

Focuses all stakeholders on the learning journey and puts the student at the centre Illustrates

respect for differences and ensures the student is informed about their progress

If utilised correctly, maximises the value of the learning experience, subsequently becoming a 
showcase of best practice in learning and teaching, as it is used as an authentic and holistic
approach to learning and teaching.

The university also provides a handbook of readings to support the work of Chickering & Gamson
(1987) as well as advice on how to use the Learning Management System to support each of the
principles.
Through discussion with a few Learning and Teaching (L&T) experts and also reading quality
teaching and reflection books, I formulated a few outstanding L&T practices. Some of my excellent
L&T practices are quick detailed feedback on assignments, quick and continuous engagement with



students through e-mails, telephone calls, Moodle forums, interactive- classroom discussion, 
reflection on and the continuous improvement of my practices, etc. I introduced innovative 
practices in my Solid Mechanics and Computational Analysis (ENEM14012) course from 2011 to
address identified shortfalls in meeting the student evaluation targets and improving students’ 
learning outcomes. My student cohort consists of school leavers, mature age students and 
students from diverse cultural backgrounds in distance and multi-campus modes. As discipline 
leader of Mechanical Engineering, I developed a creative 4-point strategy using my innovative 
teaching practices to make ‘red’ courses ‘green’ and ‘good’ courses ‘excellent’. I work closely with 
discipline colleagues and program committee members to promote this strategy to enhance the 
learning environment throughout the School of Engineering & Technology. My KPI data was 
benchmarked within CQU to verify its effectiveness. Although the students’ attrition rates were low, 
student satisfaction and response rates were initially very low (2.0/5.0 and 26%) in 2010; but, 
through the introduction of innovative L&T practices under my 4-point strategy, these soon 
exceeded the corporate targets in 2013 (4.1/5.0 and 67%) and have remained around this level in
subsequent years. This improvement is significant and it is indicative of a healthy and sustainable
learning environment where students learn and apply skills and knowledge in solving problems in
context. The outstanding 4-point L&T strategy not only fosters a better learning journey for
students, but also stimulates their curiosity and independence in learning.

Table 1: CQU’s Seven
Principles for Good Learning
and Teaching

Table 2: 4-point strategy

Key aspects

a) Encourage contact
b) Develop

cooperation
c) Encourage active

learning
d) Provide prompt

feedback
e) Emphasise time-on-

task
f) Communicate high

expectations
g) Respect diversity

This paper describes gains in learning effectiveness from three different courses taught since 
2007. The courses are Statics and Dynamics (ENEM12007), Solid Mechanics and
Computational Analysis (ENEM14012), and the PBL Capstone Thermofluid Engineering
(ENEM14014). All of these courses are offered in three different modes: 1) face to face (F2F),
2) Integrated System-wide Learning (ISL) and 3) Distance Education (DE).  F2F         students
are on campus, ISL students are students that can attend lectures in real time on another 
campus via videoconferencing, and DE students access course materials asynchronously.  
The Moodle Learning management system (LMS) is used to promote the delivery of lectures
and tutorials. The lectures are recorded and posted into the Moodle site of the courses on a 
weekly basis. Sometimes Blackboard Collaborate (BC) in Moodle is used for additional 
support to ISL and DE students. Figure 1 summarises the number of students enrolled in the
three courses in different years. The student numbers range from 14 to 47 in a course. The
course ENEM14012 was developed and delivered from 2008. The course ENEM14014 was
only taught by me for five years; from 2012, another lecturer at this university has delivered
that course.

Red courses to green courses Good courses to
excellent courses

Regular communication: to build
strong relationships through
regular e-mails, phone calls,
Blackboard Collaborate, etc.
Simple/consistent Moodle site: 
site should be easy to navigate,
coordinator’s smiling photo with
brief message about you to
students. All assignments should
be in the same place, its format
and outlook should be good.
Feedback: should be within two
weeks - the sooner the better.
Contextual feedback: very good
detailed feedback with contextual
marks such as ticks, underlines,
circles, etc.

Enthusiasm: showing
care about students.
Knowledgeable to
core things: putting
examples of technical
issues, answering
questions accurately,
etc.
Regular quick
communication: 
instantaneously or
within two hours.
Go over and above: 
doing things exceeding
students’ expectations.



Figure 1: Number of students in each of the three courses (ENEM14014, ENEM14012 and
ENEM12007)

CQU has a corporate target for student satisfaction of an average rating of 4.0 on a 5 point
scale.  In addition, CQU has a corporate target of at least 50% of students providing
feedback in any single semester. Lastly, CQU has an attrition target of less than 30% of
students not passing a course. The purpose of the changes in teaching practice over the
past five years is to meet and exceed the CQU corporate targets. The metrics of the
approach are threefold: 1) to improve student learning, 2) to increase student satisfaction in
their learning journey, and 3) to reduce student attrition. The primary outcome is that
students are prepared to apply the concepts of the courses in real life applications. The
changes in practice also endeavor to increase students’ feedback rate to ensure that
satisfaction data is more credible. The following section summarises the different strategies
used to meet these corporate targets.

Table 3 summarises the timing of the implementation of various teaching interventions
responding to student feedback over the past five years, as well as noting which of the 7
Principles of Good Teaching were used to develop the particular teaching intervention.
Rather than addressing student feedback, several innovative teaching practices are
employed in teaching methods to achieve the goals stated above.

Year Student Feedback (Course) Intervention Response and which of 7
Principles from Table 1 were Applied

2008 Instructor’s handwriting is small on the
board. (ENEM12007)

Instructor worked on using bigger fonts in
PowerPoint slides and on writing more
clearly at the board. (a, b)

2008 Students requested tutorial questions and
solutions be available via  PowerPoint
format (ENEM12007)

Instructor provided solutions of tutorial
questions in PowerPoint format (c, f)

2010 Too much content (ENEM12007) Under active consideration to split course (c)
2011 Recordings of lectures Happening (d, e)
2012 Open book of ENEM12007 Discussed and decision taken to have open

book exam of ENEM12007 (e, g)
2012 Working on the white board on tutorial

problems of ENEM14012
It is happening from year and students
contribute in solutions steps (c, e)

I incorporated the feedback given by the students as reflective practices to improve my quality
of learning and teaching. The strategy I followed is given below:

Unsolicited feedback from the students was analysed in the middle of the term and
incorporated into teaching methods
Taking feedback again at the end of the term to monitor the improvement



Because of the feedback of students, I changed the handwritten notes on the white board from
smaller to bigger fonts, started talking to the students slowly and shifting my tutorial delivery
from hand writing on the white board to PowerPoint presentation mode. From their fortnightly
reflective journals, I obtained feedback (unsolicited) at the end of the term of Capstone
Thermofluid Engineering (ENEM14014) from the students.  Some of the feedback was:

enjoying the lectures
having fun in the tute time
getting satisfaction
the best Capstone course at the faculty

In Term 1, 2011, feedback from a student of ENEM12007 was about not uploading the lecture
notes on time for the first few weeks. It was uploaded when the resources were obtained from 
the guest lecturer. This was the first negative feedback and, reflecting on it for term 2, 2011, I 
uploaded all old resources/modified resources up to week 12 in the Moodle course website and 
maintained this strategy.
In a program reference committee (PRC)  meeting on the 19th July,  2011 with industry 
representatives from local employers such as Ergon Energy, Cardno, QR National, etc, they 
observed that our “graduates have less understanding of the free body diagram (FBD) 
concept”. I focussed on FBD in subsequent lectures on ENEM14012. The plan was to 
incorporate more resources on FBD into the lectures and the Moodle site for ENEM14012 and 
ENEM12007 to make this concept clearer.
The delivery of these three courses includes maintaining the course web site (Moodle site) 
lecture notes, tutorial questions and solutions, record of lectures, discussion forum, and online 
submission facility. Other than this conventional nature of course delivery, the innovative 
approaches of tag questions, models relating to lecture contents, linking the content to the 
context and animations relating to contents are stated below.
I reflected on my teaching mode and engaged students through small groups in tutorial classes 
to solve problems. I began to put more resources into the course Moodle site, including practice 
exam questions and past year questions with their solutions, an equation sheet for the exam 
and more problems to solve in lectures.
Tag questions
Each week I introduce two or more critical thinking concepts in relation to the current content of 
the weekly resources, and request students to explore these further and put them into the 
reflective journal of PBL courses and workbooks of other courses. The impact of this initiative is 
that the students are expanding the concepts with good writing and proper illustrations in their 
fortnightly journals and workbooks. It advances students’ research skills, problem solving skills 
and provides inspiration for learning.
Models relating to lecture contents
In 2009, I presented an endpost of a glued insulated rail joint to the material selection lecture of 
second year mechanical engineering students. I explained the type of material of the endpost 
and why the material was selected. Later, by reading the reflective journals of that week, I 
realised the importance of showing models in the lectures. I then decided to prepare many 
models relating to course materials. The impact  of this is that  the students can understand 
clearly the plane (area) where a force is acting, whether it is acting perpendicular to or in the 
plane for example. The models make their learning easier and create motivation and inspiration 
for learning.
Linking the content to the context
I select final year thesis projects and different projects in PBL courses that are related to real 
life problems. The students are interested in these types of practical problems. In the Capstone 
Thermofluid Engineering course (ENEM14014), I select building energy management projects 
relating to CQUni Rockhampton buildings. They use DesignBuilder and EnergyPlus software to 
do the drawing and simulations, resulting in good outcomes.



Animations relating to contents
Animations, videos, etc are very effective for students’ learning. I now include animations in 
lecture notes to discuss the difference between a rigid body motion and deformed body motion, 
for example.
Class tests in PBL courses
In terms of better assessment of PBL teaching folios, I utilised two class tests in my 
ENEM14014 course. In other PBL courses at our University, the lecturers are introducing the
concept of class tests.

Achievement and quality of learning and teaching is very important for a lecturer in developing
his/her career. Grade distributions  are a good indicator  of the overall quality of course 
development, delivery mode and style of delivery, communication with the students, giving
feedback on time etc. Figures 2-4 illustrate the grade distribution (including failure rate) of three
courses I taught in the years from 2007-2011. Initially the attrition rate for Statics and Dynamics
(ENEM12007) was increasing gradually (Figure 2). This is the students’ first conceptual course
in their discipline. As the innovative teaching methods were introduced, the attrition rate
dropped to a satisfactory and sustainable level, and the percentage of HDs was increasing
(Figure 1). Similar types of approach helped to achieve good student attrition rates in other
courses (Figures 3-4). On an overall basis, the grade distributions show the positive impact of
my teaching methods, course materials developed etc. as the failure rates are significantly
below the university average of 30%. Failure rates of up to 60% are recorded in Engineering
Mechanics courses at the University of Wolongong (Goldfinch, 2014).

Figure 2: HD & F Grade distributions of ENEM12007 for the 7 years of the study

Figure 3: Grade distribution of ENEM14014

Figure 4: Grade distribution of ENEM14012 over the past five years



The author observes from solicited and unsolicited student feedback that they enjoy the style of
teaching method of introducing physical models, animations and other similar concepts relating 
to the contents of the lectures and tutorials. This is reflected in student grades (Figures 2-4) 
and satisfaction (Figure 5). While visiting students during their tutorial sessions, I have 
observed that they can work independently and can develop correct equations to be used in 
engineering solutions. Most of the time, the answers they are getting are correct.
This is an example of the impact of my innovative teaching and learning processes.

The corporate requirements for a competent teacher at CQUniversity are to achieve student
satisfaction of 4.0 out of 5.0 and 50% student feedback rate. Figures 5-6 show student
satisfaction and feedback rates respectively for different courses in different years (a tabular
form (Table 4) presentation is for ENEM14012). They suggest that some changes to teaching 
practices are needed in some courses to enhance student satisfaction and feedback rates and
to improve the student learning journey. It is expected that, after graduation, students can go
into the workforce and start working with little or no assistance. For ENEM14014, student
satisfaction was improving beyond the university target.
ENEM14012 shows a similar trend; it started with low satisfaction when it was first developed
and delivered, but reached the target. For ENEM12007, it was noticed that it was hard to
achieve the target level of student satisfaction, most likely because it is the first conceptual
discipline subject for students. It went to a low level below 3.0 and then improved linearly.
The teaching methods changed in 2011 with the inclusion of a guest lecturer. This created
problems in communication with students and properly maintaining the Moodle course site.
On the other hand, the initial feedback rate of all courses (Figure 6) was low, but has recently
been improving significantly. Before term 1, 2012, the importance of feedback rate was not
properly recognised nor adequately addressed. However, higher response/feedback rates
from students were evident from term 2, 2012. Some colleagues at the engineering school of
CQU employed these innovative approaches; the improved performances of course delivery
and students’ learning are evident. By way of comparison, I benchmarked other peers’ data in
relation to students’ satisfaction. During 2014, 12.9% in Term1 & 4.3% in Term 2 of the teaching
staff had student satisfaction rates below the corporate target in the published data for areas such
as overall satisfaction, learning resources, assessment tasks, requirements & feedback. This
percentage of red flagged data is gradually reducing. Employing innovative practices like my ‘4- 
point’ strategy in teaching is thus critically important to achieve sustained improvement in course
delivery outcomes. Thus this innovative approached can be employed in engineering science
courses in the universities of Australia and overseas.

Table 4: Satisfaction and response rates for ENEM14012 (n is the student number)
Year/ student number 2010, n= 34 2011,n= 30 2012, n= 37 2013, n= 20 2014, n= 28
Students’ satisfaction 2.0/5.0 4.0/5.0 4.0/5.0 4.1/5.0 4.1/5.0
Response rate 26% 25% 65% 67% 57%

My outstanding L&T practices work nicely to stimulate students’ eagerness to learn and to
develop the research and analytical skills useful for their lifelong learning. The above
mentioned innovative practices enable my students to create an interactive class, leading to
high levels of interpersonal and presentation skills. My innovative approaches improved
student satisfaction and enhanced learning outcomes for diverse undergraduate mechanical
engineering cohorts in my Solid Mechanics & Computational Analysis course. Other
colleagues of engineering disciplines employed these and overall improvements in course
delivery and students’ learning are noticed in recent terms at our school. It is trusted that, if the
adopted approaches in L&T work fine at CQU, they can equally be good for engineering and
science disciplines at different universities in Australia and overseas.



Figure 5: Student satisfaction ratings for the past 5 years in the three courses of interest
(corporate goal for student satisfaction rate of 4.0 is indicated on the graph)

Figure 6: Student feedback rates in the three classes for the last 7 years (corporate goal of 50%
return rate is indicated on the graph)
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Relationship between Learning in the Engineering Laboratory and 
Student Evaluations

Sasha Nikolic, Thomas Suesse, Tom Goldfinch and Timothy McCarthy
University of Wollongong

Structured Abstract
BACKGROUND OR CONTEXT
This study is built upon previous research that developed an instrument to measure the 
learning objectives of the laboratory across the cognitive, psychomotor and affective domains 
with research that investigated student evaluations of sessional laboratory demonstrators, 
laboratory experiments and facilities. This research highlighted the importance of laboratory 
work in engineering education, and the need to improve our understanding of how learning 
occurs in the laboratory.

PURPOSE OR GOAL
Student evaluations are heavily used in higher education, and a greater understanding is 
needed on how these evaluations relate to learning.

APPROACH
An instrument used to measure learning in the laboratory called, Measuring the Learning 
Outcomes of Laboratory Work (MeLOLW), is modified and used as a self-assessment tool by 
students at the start and end of two engineering laboratory courses. The students perceived 
improvement in learning across the cognitive, psychomotor and affective domain is 
compared to student evaluations and to the laboratory exam.

DISCUSSION
The study found that the student evaluation of the laboratory experiments was influenced by 
the perceived learning gain in both the cognitive (analytical skills only) and psychomotor 
domains. No other significant relationship was found.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Student evaluations are very complex and this study showed the relationship and importance 
of developing laboratory experiments and assessments to enhance learning. More work is 
needed to understand this relationship in order to facilitate learning in the laboratory.
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Design for Dissemination - Development of a Humanitarian 
Engineering Course for Curriculum Sharing

Jeremy Smitha, Jenny Turnerb and Nick Brownb  
Australian National Universitya and Engineers Without Borders Australiab

Structured Abstract
BACKGROUND OR CONTEXT
Humanitarian engineering education has received significant interest over the last 15 years 
at universities in the developed world.  Numerous education initiatives and programs for 
humanitarian engineering and related areas including global engineering and engineering for 
development are available to students (such Amadei and Wallace, 2009; Campbell and 
Wilson, 2011, and Leydens and Lucena, 2014).  These can involve a mix of traditional 
coursework along with a significantly levels of service-learning with students undertaking 
projects of various sizes and durations with community organisations on an identified need or 
challenge (VanderSteen et al, 2009).  In Australia, service-learning projects are often 
incorporated into final year engineering projects, either group based or individual.  These are 
supported by curriculum opportunities such as the EWB Challenge for first year students.  
However, across Australia there has been a significant gap in humanitarian engineering 
coursework for later year students to support service-learning opportunities.

PURPOSE OR GOAL
To bridge the gap between the EWB Challenge in first year and final year projects a 
dedicated 3rd/4th year Engineering for a Humanitarian Context course was developed and 
piloted.  This was aimed at giving students greater understanding of humanitarian 
engineering practice and specific tools that can be applied to projects while at university or 
beyond.  To promote the uptake of curriculum in this area across Australia the course and its 
material were designed to be made available to other universities interested in developing 
similar courses to support their students.

APPROACH
To ensure the course and its material could be shared with other universities interested in 
developing new courses a specific curriculum development process was utilised.  This was 
based on a systems engineering vee model to provide a high level of traceability and 
adaptability for future delivery (Faulconbridge and Dowling, 2010).  Starting with course 
learning outcomes the course was defined in finer detail to the level of outcomes for 
individual topics and classes.  Specific teaching and learning activities were then selected to 
meet those outcomes, which combined to ‘produce’ the course as a whole.  This approach 
allows individual elements of a course to be modified or adapted for delivery according to the 
strengths and opportunities available at different universities.

DISCUSSION
The course developed using the curriculum approach here was delivered in two different 
modes, one a five week intensive based delivery entirely in and around an Australian 
university, the other incorporating a two week in-country experience in the form of the EWB 
Humanitarian Design Summit in Cambodia.  Feedback and lessons from both the content 
and delivery of the course in each mode, along with the ability to adapt the course based on 
the development process were captured and evaluated.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The course developed along with its materials are being made available to other universities 
interested in delivering similar courses.  Due to the development approach, it is easier for 
those institutions to select specific elements of the course for their particular context.



The field of humanitarian engineering education (HEE) has grown rapidly since it emerged in 
its current form around 2000.  HEE focuses on the application of engineering for a broad 
range of humanitarian interventions, from disaster response through to addressing long-term 
disadvantage (Campbell and Wilson, 2011).  Some understandings of humanitarian 
engineering focus on technology development for developing communities or countries (such 
as Amadei and Wallace, 2009; and Nilsson et al, 2014) while others incorporate broader 
outcomes including social justice (Leydens and Lucena, 2014) and ensuring due benefits are 
received by the communities involved (VanderSteen et al, 2009).  HEE has been encouraged 
and supported by the emergence of organisations such as Engineers Without Borders in 
numerous countries, highlighting strong student interest, while recently the benefit of HEE in 
attracting more women into engineering has been identified (Hill and Miles, 2012; and 
Nilsson, 2015). 

While many institutions in the USA, UK and Canada have some form of humanitarian 
engineering or related opportunities for students, a smaller number have formal qualifications 
available.  In the USA, these are often a minor track such as those at Ohio State University, 
Penn State University and Colorado School of Mines while the University of Colorado 
Boulder offers a Graduate Certificate in Engineering for Development.  In the UK, 
undergraduate programs are available at Coventry University and a newly approved 
bachelors at the University of Wales Trinity Saint David.  A number of coursework Master of 
Science programs have recently been launched including Humanitarian Engineering and 
Computing at Coventry University (since 2013) and Engineering for International 
Development at University College London (since 2015). 

In Australia, many of the HEE initiatives have been developed and supported by Engineers 
Without Borders Australia (EWB).  These include the EWB Challenge, a design project for 
first year introductory courses, the Undergraduate Research Program, to provide projects for 
final year capstone courses, and the Humanitarian Design Summit, which provides facilitated 
two-week in-country experiences incorporating a mix of workshops and community visits. 
The initiatives are available for universities to be incorporated into their courses and 
programs.  Other recent related initiatives within engineering education include the work on 
engineering and social justice at the University of Western Australia (O’Shea et al, 2012), 
Indigenous engineering at the University of Wollongong (Goldfinch et al, 2014) and 
engineering in emergencies at Charles Darwin University.  At the Australian National 
University (ANU) the EWB initiatives have been combined with local service-learning style 
projects to create a semi-structured pathway for students to engage with humanitarian or 
community engineering projects at each of their year levels (Smith and Browne, 2014). 

However there are a lack of dedicated humanitarian engineering courses in Australia, 
particularly when compared to the USA and UK.  This may be related to the recent 
emergence of the field from both an education and practice perspective although the growth 
and interest in EWB’s HEE initiatives highlight a demand and interest in the area.  For 
example, since its launch in 2007 the EWB Challenge has expanded and is used in over 50 
universities is Australia, NZ, the UK and Ireland. 

A joint project was established between EWB and the ANU to develop a dedicated 3rd/4th 
year engineering elective focused on humanitarian engineering.  In particular, the course was 
designed to fill a perceived gap between introductory experiences such as the EWB 
Challenge and later-year immersive or service-learning based projects such as those 
available through the Undergraduate Research Program.  With no comparable courses in 
Australia, the aim was to develop a course that could be shared and disseminated with other 
institutions interested in HEE or used as a starting point for developing their own.  The 
course would build on experiences from overseas offerings while incorporating elements of 



humanitarian engineering specific to Australia, its location in Asia and own domestic 
challenges.  In this way, a key requirement of the course would be to make its structure, 
delivery and material available for ease of dissemination to other institutions.  The selection 
of a curriculum development approach for the course became a key element to ensure 
accessibility to the course and its material. 

Curriculum development can be considered one part of a broader course design process.  A 
course design process includes all the elements from establishing the need and demand for 
a course, through identifying student characteristics, determining content, teaching methods 
and assessment, and course evaluation (Toohey, 1999, p21).  Within course design a 
number of beliefs, philosophies, views and approaches can be considered and incorporated 
to influence the developed course.  Five philosophical approaches to curriculum were 
identified by Toohey (1999), each with different views of knowledge, processes for learning, 
roles for teachers and students, and organisation of content.  A summary or discussion of 
these are beyond the scope of the paper here.  However, considering the goal of the course, 
to fill a gap between first year and later year immersive, often project-based, courses, a 
relatively traditional course design approach was adopted.  This would not incorporate 
project- or problem-based learning (as described in Heywood, 2005) but rather focus on 
humanitarian engineering as a discipline.  This did not limit specific education approaches 
such as active or cooperative learning (Felder and Brent, 2013) which are at a lower-level of 
course design. 

Figure 1: Curriculum development approach (from Faulconbridge and Dowling, 2010) 



Within the approach selected there are numerous methods to determine and organise course 
content and material including Heywood, 2005; Ramsden, 2003; and Toohey, 1999.  The 
project aim to ensure the curriculum structure and course material could be accessible and 
easy to disseminate was a key factor when considering the method to use.  The method 
described by Faulconbridge and Dowling (2010), based on the systems engineering vee 
model (see Figure 1), was identified as an approach to support this aim. 

For systems engineering the vee model consists of a top-down design phase followed by a 
bottom-up development phase, with verification taking place during the development 
activities (Blanchard and Fabrycky, 2010).  At the top of the vee the highest level 
requirements for the system as a whole are defined.  These are progressively detailed 
through sub-systems until the requirements each individual components are defined.  The 
development phase then commences.  Individual components are constructed and verified 
against their corresponding requirements.  Development continues, packaging elements from 
lower levels into sub-systems, each of which are verified against the stated requirements.  
Finally the system as a whole is developed and verified against the system level 
requirements which started the process.  This allows a very high-level of traceability through 
design and development.  It also enables a certainly level of flexibility in development as 
potentially multiple different elements can be implemented to meet the requirements. 

For curriculum, once the characteristics for an 'average' student are identified and the 
decision to develop a new course made, the design cycle commences (see Figure 1).  This 
starts with course aims, objectives and learning outcomes.  The structure and topics for the 
course are determined along with inter-relationships.  Finally detailed content requirements 
for individual topics are documented.  The curriculum development phase then starts.  At the 
lowest level, individual learning activities are constructed which could consist of a reading, 
resource, or part or all of a tutorial, lecture or workshop.  These are packaged into an 
appropriate pack which could be a lesson plan or a week-by-week semester schedule.   
Finally, the course as a whole is completed including assessment items and evaluation 
material.  At each stage of the development process, material developed is verified against 
the requirements detailed, which at the highest level can utilise constructive alignment to 
ensure material, course learning outcomes and assessment are all in agreement. 

This approach provides a high level of structure for the course which makes it potentially 
easier to disseminate, as well as providing adaptability and flexibility.  Individual learning 
activities can be modified or changed and the course verified again.  This gives the potential 
for activities such as case studies, guests or site visits to be tailored for a specific delivery of 
the course based on an institutions’ strengths and available resources.  As the curriculum 
approach is based on an engineering process, it is potentially easier for a course coordinator 
with an engineering background but no formal education training to follow as it can be 
explained in engineering terms.  The application of the this curriculum development approach 
for a new humanitarian engineering course is outlined in the next section. 

Initial requirements for the new course were established including pre-requisites (2 years 
minimum of engineering study), delivery time and mode, and a course description and 
learning outcomes.  The latter incorporated review and comments from external experts and 
practitioners, to ensure the highest level requirements were representative of the 
humanitarian engineering sector in Australia.  Following Figure 1, a collection of detailed 
topics was developed incorporating feedback and preparatory research.  Seventeen topics 
were identified grouped into four areas as shown in Table 1.  These were then decomposed 
into a total of 70 individual topics, each with its own learning outcome.  This specified the 
depth and level of learning required, based on the SOLO Taxonomy (Heywood, 2005).  
Precedence of topics was determined as well as relationships.  These represented the 
detailed content requirements at the bottom of the design phase. 



Table 1: Course topics and delivery mechanisms 

Topic Canberra Delivery Summit Delivery 

1 Humanitarian Contexts (Background History) 

1.1 Types of humanitarian contexts, 
responses and interventions 

Wk 1 Day 1 Initial w/shop, Phases 
1, 4 

1.2 History and overview of Australian 
domestic aid and development 
sector 

Wk 1 Day 4 Initial w/shop 

1.3 Overview of community development 
in Indo-Pacific (SE-Asia and Pacific) 

Wk 1 Day 4 Initial w/shop, Phase 1 

2 Humanitarian Approaches and Models 

2.1 Development and humanitarian 
response models 

Wk 2 Day 1, Wk 2 Day 2, Wk 
3 Day 1, Wk 4 Day 1 

Return w/shop, Phases 
1, 4 

2.2 Development approaches and tools Wk 2 Day 1, Wk 3 Day 1, Wk 
4 Day 1 

Phase 1 

3 Personal Practice 

3.1 Communication skills Wk 1 Day 3 Phases 1, 2 

3.2 Cross-cultural awareness Wk 1 Day 3 Phases 1, 2, 3 

3.3 Working in a challenging 
environment 

Wk 2 Day 3 Phases 1, 4 

3.4 Critical analysis and reflection Wk 1 Day 2 Initial w/shop, Phase 4 

3.5 Ethical practice Wk 1 Day 1, Wk 3 Day 3, Wk 
4 Day 2 

Return w/shop, Phase 1 

4 Engineering Practice 

4.1 Engineering design and approaches Wk 2 Day 1, Wk 3 Day 1, Wk 
4 Days 1/2 

Phases 1, 2 

4.2 Evaluation and assessment of social, 
economic and environmental 
impacts 

Wk 3 Day 3, Wk 3 Day 4, Wk 
4 Day 1 

Return w/shop, Phases 
2, 4 

4.3 Risk management and assessment Wk 2 Day 3 Resources 

4.4 Design standards and best practice Wk 2 Day 2 Phase 2 

4.5 Traditional knowledge Wk 1 Day 2, Week 3 Day 2, 
Wk 4 Day 1 

Resources / return 
w/shop 

4.6 Appropriate technology Wk 1 Day 2, Wk 2 Day 2, Wk 
3 Days 1/2, Wk 4 Day 1 

Phases 1, 2, 4 

4.7 Technology transfer and diffusion Wk 3 Day 4 Return w/shop, Phases 
1, 2, 4 



The development phase started by identifying and constructing learning activities, resources 
and material for each of the 70 topics, which were then verified against the learning 
outcomes for the corresponding topic.  These were packaged according to the day of 
delivery during the course.  Finally assessment items were developed.  Constructive 
alignment was then used to ensure the assessment tasks and overall material met the 
course learning outcomes. 

At the start of the design phase it was decided to offer the course in a five week intensive 
mode during the winter term.  This allowed for a greater range of activities including longer 
practical activities and site visits.  With the development of the EWB Humanitarian Design 
Summits the opportunity arose to incorporate these into the delivery of course as a Summit 
to Cambodia was running at the same time as the course.  This allowed the course to be 
delivered in two parallel modes: 

1. based entirely at ANU in Canberra

2. incorporating the overseas Design Summit with additional workshops at ANU

The enrolments for the course and each of the delivery modes is show in Table 2.  These 
parallel delivery modes allowed the course structure developed to be tested as learning 
activities for the two modes could be mapped against the same design requirements. 

Table 2: Course delivery modes and enrolments 

Delivery Mode Enrolments 

Canberra Based 36 

Incorporating EWB Summit 8 

Total 46 

In order to ensure that the students who participated in the course through the Summit 
delivery mode achieved the same learning outcomes as those participating through the 
Canberra based mode a course adaption and mapping exercise was completed. This 
established the topics that would not be covered adequately as part of the Summit and 
therefore would have to be covered through supplementary sessions when the students were 
in Canberra.  Certain topics were not covered on the Summit because the content was not 
deemed to be pertinent to the Cambodian context or because there was not time to cover all 
topics in sufficient detail. The large advantage of the Summit was that students did not only 
learn the theory for a particular topic but were also able to put theory into practice in the field 
whilst in country.  Table 1 highlights this mapping and adaptation of the course to incorporate 
the Summit. 

The Canberra based delivery consisted of four weeks of contact followed by a week of 
assessment and presentations.  Each week of delivery had approximately two full days and 
one half day of delivery, supported by online resources.  A mix of learning activities were 
used each day including practical activities, class discussions delivered like tutorials, guest 
lectures and seminar style delivery of content.  Three site visits were also distributed over the 
four weeks.  The delivery of topics is shown Table 1 highlight which day(s) of which week(s) 
a topic was delivered. 



This mode consisted of three main stages, an initial workshop at the ANU before the summit, 
attending the two week Summit in Cambodia, then a return workshop back at the ANU.  This 
face-to-face delivery was supplemented by additional resources particularly readings and 
videos.  The Canberra-based course coordinator did not attend the Summit but delivered the 
initial and return workshops and was responsible for all assessment items.  Table 1 provides 
an outline of the Summit for the course topics.  In total there were 40 participants on the 
Summit, from a number of different Australian universities.  The Summit was conducted over 
four distinct phases: 

Phase One: all participants completed workshops in Phnom Penh covering basics of 
humanitarian engineering and attended cultural experiences. 

Phase Two: the participants divided into three groups and spent three and a half days living 
in and working with a local community organisation in rural Cambodia.  With guidance and 
support from facilitators, the students used participatory design to develop a number of 
technologies and ideas that could potentially solve the issues raised by the host community. 
Importantly, the participants supported community representatives to develop their own 
designs, therefore promoting ownership and knowledge transfer. 

Phase Three: cultural exposure and design were the focus with participants, back together 
as one group, spending three days in Siem Reap (home to the temples of Angkor) working 
on their community designs and sharing experiences, as well as participating in workshops 
on personal development. 

Phase Four: in Phnom Penh and provided the participants with time to finalise designs, 
utilising local markets and services to create working prototypes of their designs.  With host 
community members present, the participants presented their designs and instructional 
material for discussion and to promote knowledge transfer. 

The curriculum development approach was selected to make it potentially easier to deploy 
the course in a different mode or at a different institution.  The resulting curriculum design 
and development process was highly structured and required significant time during the 
course design phases as individual learning outcomes for each topic needed to be 
developed.  However once those were determined, additional flexibility was enabled in how 
those outcomes could be met through specific learning activities.  The ability to use the 
resulting course structure for different delivery instances was highlighted by the course being 
delivered in two parallel modes; one as a five week intensive over the mid-year break on 
campus at the ANU and the second incorporating the EWB Humanitarian Design Summit in 
Cambodia.  Both modes of delivery allowed for an interactive and experiential classroom 
where students engaged with guest speakers, averaging one guest a day, field trips and 
build sessions. 

Although the delivery approach was selected to support the dissemination of course material, 
the structure and course developed still needed to be accepted by students.  Student 
comments from anonymous course exit surveys indicate they responded positively to 
material, delivery and structure with feedback including: 

much more engaging than courses during normal semester 

The days at university were broken up into many different activities: lectures, build 
activities, guest lectures, group discussions.  This structure made the course very 
engaging. 

It allows you to focus and really engage with the course 



A course in 4 weeks was excellent - information was condensed and I do not feel my 
learning was compromised.  Wouldn’t be comfortable taking other courses at the same 
time. 

Students were also highly receptive to the mode of delivery incorporating the Summit with 
feedback including: 

EWB Summit was an amazing experience and taught me so much - we did many 
workshops and the on the job experience working in the community was a highlight 

The combination of the Summit and in-class (pre and post-summit) allowed a great insight 
into Humanitarian Engineering and also a real-life experience of the context we were 
placed in. 

EWB aims to embed people-centred values and approaches into engineering curriculum and 
so disseminating information about the course and materials was became an essential 
component of the project.  Information is being shared broadly to universities across 
Australia via email and open-source resources on EWB’s website (see 
www.ewb.org.au/humeng-curriculum).  The website is structured according to the topics 
presented here (in Table 1) so that users can download the course outline, topic list and 
learning outcomes.  Different resources under each topic are listed allowing the user to 
choose what would be most suitable for their course.  By interchanging guest speakers and 
field visits with those applicable to the local context of the institution course coordinators can 
ensure that the content is relevant to their cohort.  Finally a call to contribute resources is 
included so that the library can grow with the HEE community in Australia. 

The second mode of delivery, incorporating the Summit, makes adoption of the course by 
other institutions simpler as EWB delivers a large section of the course while providing a 
unique experiential learning environment in the field where students work on design projects 
alongside a community partner.  The host institution is then responsible for introductory and 
return sessions and student assessment. 

To enhance the potential for a new course focusing on humanitarian engineering in Australia 
to be shared, disseminated and adopted, a specific curriculum development approach was 
utilised.  This required additional time to be spent detailing and document the course design 
and structure, but ensured the resulting material could be readily adapted and modified.  This 
potential was tested by piloting a course in two parallel delivery modes, one entirely in 
Canberra the other involving an in-country design program supported by EWB.  The 
approach used and the pilots conducted highlight the ability to use the course design and 
material to adapt delivery to local settings including delivery mode, duration, engineering 
disciplines and research strengths.  EWB and the ANU will be working with universities into 
the future to adapt the new course to further embed it into engineering curriculum. 
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Lessons Learned from Tangible Curriculum Week

Euan Lindsay and Jim Morgan  
Charles Sturt University

Structured Abstract
BACKGROUND OR CONTEXT
This paper describes the participants, process, and lessons learned from a Tangible 
Curriculum Week. The goal of this week was to bring together leaders in civil engineering 
education and civil engineering practice to explore what might be possible if a new civil 
engineering program could be established based on engineering education research, and 
current best practices.  Implementing the resulting curriculum in a university without any 
current or previous engineering course provides the added advantage of bypassing many of 
the normal constraints.

PURPOSE OR GOAL
The goal of tangible curriculum week was to draft a curriculum in a much shorter time than 
the normal academic process, without simply creating a copy of any existing program. The 
only starting constraints were that the outcome needed to include an 18-month residential 
portion, followed by 48 months of work placements, and result in students able to satisfy 
Engineers Australia stage one competencies.

APPROACH
Effort was made to build trust and create a safe environment for even farfetched ideas. The 
process included paid participants with an expectation of pre-work in a common on-line 
workspace. In addition to the on-line pre-work environment, there was a social icebreaker to 
facilitate all participants getting to know each other. The combination of these events resulted 
in respect for the expertise in the room, and a fairly quick bonding of the participants into a 
team. The outcome was a group willing to play what if we didn’t have to ___, and what if we 
could ___ games, and a group committed to achieving a workable curriculum by the end of 
the week.

DISCUSSION
The key outcome of Tangible Curriculum week was the idea of separating the content from 
the application of the content. If the content is available in bite-sized pieces, then students 
can learn content largely on their own (with academics available for tutorials and individual 
help). This process allows a project-based-learning approach to be used in which students 
apply knowledge to solving realistic (and later real) problems. In this paradigm, students may 
not acquire knowledge in advance of the project, rather, they may realise the need for the 
knowledge, go away and learn it, and then come back to apply it to the problem at hand.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Key lessons from the Tangible Curriculum Week process include:

• You cannot drive this type of group toward a specific product. Although the end product
meets the goals stated at the start of the week, the structure of the resulting curriculum is 
radically different than would have been predicted;

• The process needed to solidify the group trust necessary for the interaction to lead to a
truly new model takes time (it must be safe enough to challenge any sacred cow or to 
propose a wild idea); and

• The combination of pre-work, and paid, committed participants guaranteed a
curriculum.
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A Study of the understanding and attitudes of the engineering 
undergraduate toward plagiarism:  Can attitudes be modified by in-

class instruction?

Carl Schallera and Roger Hadgraftb
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Structured Abstract
BACKGROUND OR CONTEXT
The issue of plagiarism has been a growing concern within undergraduate programs.  Most 
studies highlight why students cheat and the methods used to do so.  Rather than 
concentrating on applying sanctions after the fact, a program of instruction was instigated at 
Federation University in an effort to be pro-active by teaching methods of plagiarism 
avoidance.

PURPOSE OR GOAL
The purpose of the study was to determine the efficacy of a course of instruction given to first 
year engineering undergraduates.  The aims of the study were to determine whether or not 
student’s attitudes toward plagiarism changed over the course of the first year of study, and if 
a course of instruction on plagiarism issues and their avoidance was effective.  The course of 
instruction was embedded within the coursework of the first year during a retool of the 
engineering programs, as it was felt that avoidance was preferable to sanction after a student 
had perhaps unwittingly committed plagiarism.

APPROACH
Within the new engineering programs for 2013 were two completely new courses: 
Engineering in Practice 1 for first semester and Engineering in Practice 2 during the second 
semester.  While their main focus was on the building of team-related skills, an important part 
of the curriculum was to teach new first year students the importance of plagiarism within the 
academic domain and relate it to its meaning within the wider community; that of a breach of 
intellectual property rights.  First semester classes involved basic skills and taught the 
accepted methods of referencing research work, including citations and reference lists, and 
the importance of acknowledging other people’s work.  This was backed by introducing 
writing methods, with special emphasis on the trap of paraphrasing, which many new 
students do not recognise as a plagiarism problem. In second semester, during discussions 
on engineering ethics, plagiarism is linked to intellectual property in industry and the potential 
ramifications of a breach of those rights.  Student groups were surveyed to determine if the 
course of study had any effect in changing attitudes toward plagiarism and the general 
efficacy of the course of instruction.  The groups were new first year students, mid second 
semester first year and second year students who had completed both of the Engineering in 
Practice courses.  As a control group second year students who had never been exposed to
the new courses of study were also surveyed. A statistical analysis of the responses then 
followed.

DISCUSSION
The attitude of first year students did show a change in their recognition of plagiarism as a 
serious issue, although it was not statistically significant, rather a move off the fence by a 
section of the cohort.  None of the groups surveyed contained a significant section willing to 
definitely state that plagiarism was not a serious issue.  With respect to the efficacy of 
teaching plagiarism avoidance, the results were not significant. The second year control 
group was no better or worse than the others in recognising plagiarism issues, and in fact 
surveyed better than the others on the skills of citations and referencing.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results of the study show that a course of teaching has limited success at best in 
changing student’s perception of plagiarism and in giving them the requisite skills to conduct 
quality research based on the protection of others’ intellectual property.  The responses of 
groups inducted through a teaching program and compared to those who had found their 
own way via trial and error were not significantly different.



Much is made of plagiarism and its causes with most studies highlighting why students 
plagiarise, the methods used to do so and the sanctions that can be applied. Among 
university students it is a problem not only limited to business and economics students, who 
may often be asked to write extensive essay type assignments (Caruana, Ramaseshan, & 
Ewing, 2000), but is a problem for many engineering students (Parameswaran & Devi 2006). 
It is a problem that is not only common, but is likely increasing (Park, 2003).

The problem of plagiarism is an ethical rather than a legal issue. The law does not regard 
plagiarism as being prosecutable as criminal theft (Green, 2002) although as a civil matter it 
may certainly equate to breach of copyright or theft of intellectual property. However an 
attempt by Boston University to bring a lawsuit against several online “term paper mills” that 
sell completed assignments to students for profit was dismissed in 1997 by the US federal 
Court (Austin & Brown, 1999). While many will argue that plagiarism and the operation of 
paper mills is fraud, the legislators and courts are yet to share that view.  Universities are 
however almost universal in regarding plagiarism as constituting “academic dishonesty”. 
They deliver their own examples of guidelines, statutes and referencing rules for students.  
Federation University guidelines for students define what the university means by plagiarism 
and gives examples of approved referencing and citation practice.  

Clear definitions of what constitutes plagiarism are important to a student’s understanding of 
the subject, but are often not enough in themselves.  Shelley Yeo (2007) makes the point 
that students usually favour more lenient sanctions for plagiarism than their teachers and are 
more likely to view certain practices as acceptable, in other words seeing plagiarism in 
degrees of seriousness, rather than an all-encompassing single offence.  First year students 
in particular often lack the knowledge of correct procedure and may rationalise their use of 
information from other sources as only being for their own use for their own assessment task. 
If the task was an assignment problem or if the work resulted from collaboration or group 
work then the perception was that it was not plagiarism or not very serious (Yeo, 2012).

Faculty are not only in charge of enforcing the university’s policies on plagiarism but have the 
responsibility of teaching plagiarism avoidance and the need for honest academic 
endeavour. When plagiarism is discovered, the faculty must apply sanctions consistently 
and fairly (Park, 2003) to be effective.  Proper assignment design to minimize the abuse of 
electronic information sources (Austin & Brown, 1999) and proactive instruction (Cismas, 
2010) in correct referencing are favoured methods of avoidance strategies. Computer 
algorithms (Parker, 1989) and detection software such as Turnitin (Jones, 2008) can be 
useful tools for assessing student submissions, but must also be used with some caution as 
discussed by Kaner and Fiedler (2008) as students can learn to use this software to their 
advantage and essentially create plagiarised works that are very difficult to detect.  

As part of a restructure of the engineering programs at Federation University, new first year 
courses were developed to include a properly supported learning structure in the early part of 
a degree program. One of the aims of the new course structure was to change the attitudes 
of students towards plagiarism.  Support such as class exercises, examples and discussion 
were provided during the first and second semesters as part of the new courses. If students 
are not made to realise that any case of plagiarism is severe then a culture of treating the 
problem lightly may arise (Nazir & Aslam 2010). However, if students come to realise that 
there is no difference between minor and severe cases of plagiarism, then a culture of 
avoidance may grow.  This culture is one of training so that acceptance of avoidance 
strategies hopefully becomes second nature.  

During 2011 and 2012 new engineering programs replaced the existing three year programs 
and new four year programs were added. As part of this restructure two new first year 



courses, Engineering in Practice 1 and 2, were introduced.  The courses were the result of 
an internal review which identified a lack of “soft skills” as a concern in student learning 
outcomes. These skills are viewed as necessary for graduate engineers to be able to 
function within the profession (Moore & Voltmer, 2003). 

The study that forms the basis of this paper was a result of a desire to test the efficacy of the 
teaching of various aspects of the courses, and the understanding that students gained.  
Only those subject areas specific to the study have been included in this paper. 

The new courses are delivered in the first year, which is a common year for all engineering 
majors. Engineering in Practice 1 (EP 1) is studied in first semester while Engineering in 
Practice 2 (EP 2) follows immediately in second semester. Both courses are each designed 
around a semester long team-based project. 

Alongside the project stream more tutorial time was devoted to team organisation and 
students were instructed in the use of team meeting minutes to help them track their own 
progress. To simplify report writing a standard report template was used. This became the 
required report format with the minutes attached in an appendix. 

While there were existing avenues for students to learn correct report writing and referencing 
skills such as those held by student services, the library, or their own initiative, it was 
deemed appropriate to embed this training within the engineering curriculum.  Effort was 
made to provide more in-depth explanation of referencing of information sources and 
expanded instruction on report writing, mostly during tutorial classes. Citing and referencing 
was highlighted as an important method of plagiarism avoidance and ethical practice as 
explained by Dowling, Carew, and Hadgraft (2013) in their book Engineering Your Future: An 
Australasian Guide, which is also used as a text for the courses. 

The new courses introduced instructional sessions in report set-up and document formatting. 
Methods of referencing are taught in tutorial workshops.  A test given in first semester 
assesses the student’s knowledge retention of plagiarism and referencing concepts.  During 
second semester the topic of plagiarism was extended during lectures to explore the themes 
of ethics, engineering responsibility and intellectual property rights.

A student survey was designed to examine students responses to topics covered within the 
new courses.  The survey evaluated several areas including assignment workload, feedback, 
plagiarism, information use and referencing.  Primary interests were with the outcomes in 
plagiarism, referencing and information use. Most questions were in the form of a Likert five-
point scaled response (Allen & Seaman, 2007) from 1 to 5 as listed in Table 1. The Likert 
scaled questions were grouped (Boone & Boone, 2012) in order to measure particular 
attitudes rather than being stand-alone questions. Other questions were either a yes/no type, 
or required the students to nominate one response from a short list.

Table 1: Scaled responses to general questions

1 2 3  4 5 

All questions designed to test students’ attitudes toward plagiarism were clusters of the Likert 
type using the scaled response. An example is shown in Table 2. Other sections of the 



survey asked questions relating to assignment writing method such as cut-and-paste or 
paraphrasing, and knowledge of referencing.

Table 2: Example Plagiarism survey questions

1. You know that by using cut-and-paste and not making reference to the original
author, that you are committing plagiarism?

1 2 3 4 5 

2. You know that by paraphrasing and not making reference to the original author that
you are committing plagiarism?

1 2 3 4 5 

3. In your opinion plagiarism is a serious issue?
1 2 3 4 5 

4. Teaching staff would usually describe plagiarism as cheating, do you agree with
this?

1 2 3 4 5 

5. Are you aware of the three strike system that the university uses to deal with
reported plagiarism?

1 2 3 4 5 

6. Did you know that you may be excluded from your program because of plagiarism?
1 2 3 4 5 

The survey was conducted in a hardcopy format during classes, rather than online, and 
involved four groups of students. Table 3 shows the groups, with their year of study at the 
time of the survey, whether they had completed the course of instruction and the number of 
respondents within each group  

Groups 2 and 4 were the first surveyed at the beginning of the second semester, 2013.
Group 2 were first-year students who had just completed EP 1, which was the first time that 
this course had been run. Group 4 were second-year students who had never studied the 
new courses and their content, but had gained their knowledge of plagiarism and referencing 
via older methods. This may have been through occasional instruction from staff on 
individual assignments often in an ad hoc manner, through peers, library short courses or 
self-taught, perhaps even by reading the university’s General Guide to Referencing (2014). It 
should be noted that all of the listed methods, even library courses, are entirely voluntary at 
Federation University. Group 4 was intended as the control, to use as a comparison to the 
instructed groups 2 and 3. 

Groups 1 and 3 were surveyed within the first two weeks of the first semester in 2014. Group 
1, who were very new to university, would be the baseline for the study. Group 3 were new to 
second year and had completed both Engineering in Practice courses. All groups were only 
surveyed once each.



Table 3: Student survey groups

Group No. Surveyed Year level Completed instruction? Pop. (n)

1 Sem 1,2014 First No 57

2 Sem 2, 2013 First Yes 43

3 Sem 1, 2014 Second Yes 38

4 Sem 2, 2013 Second No 39

Failing to reference correctly in a student submission does not necessarily equate to 
plagiarism. However, an honest mistake can be difficult to distinguish from deliberate 
plagiarism when a teacher is marking a piece of work, and so efforts were made to stress the 
importance of submitting correct work. It was stressed to students that for their work to be 
correctly referenced that a citation including author’s name and the year must appear in the 
text and that this must match a full, correctly formatted, reference in the reference list. For if 
work if referenced correctly to the APA standards used at the university, then the issue of 
plagiarism can be avoided altogether.

As part of a test of the efficacy of instruction in EP 1, the survey asked the following 
questions:

19. Have you ever read the General Guide for the Presentation of Academic Work on the
UB website?

Yes
No

20. When writing reports or academic writing, you know what a citation means?

1 2 3 4 5 

21. Which of the following best describes what you think a citation is?

Noting who the original author was in the text and the date it was written
In a reference list it should contain enough identifying information to allow the
reader to locate the source
I have no idea of what a citation is

22. When referencing an original author in your own work what should be done?

I have no idea
Note the author’s name in the text
Note the author’s name and date in the text
Note the author’s name and date in the text and with the details of the
author’s publication in a reference list
Note the details of the author’s publication in a reference list



To test the change in student attitude towards plagiarism the responses from Table 2 were 
totalled for each group of students and the score divided by the number of participants in 
each group to arrive at an average score for each question of each group. A one-way 
ANOVA test was conducted of the scores against the null hypothesis that there is no 
significant difference between each group at a 95% level of significance.

Comparisons were made of the answers between Questions 20 and 21 as a check of the 
students’ knowledge of citations, while Question 22 asked students to identify what 
constituted a reference. Question 20 results would compare total numbers for the Agree and 
Strongly Agree responses as a total against the number of total participants.

Responses for each group of students for the six questions of Table 2 are shown in Figure 1 
as the total score for each question divided by the number of responses. The scores were 
analysed using a one-way ANOVA test. The test proved that a significant difference did exist 
between at least one of the groups and the others (F = 8.50, DF = 3, 20 & P = 0.00077) for 
the four groups with means of 3.88, 4.25, 4.25 & 4.30 respectively. The means are the mean 
of each group’s question scores and are shown in Figure 2 and Table 4.

Figure 1: Score mean for each group

Table 4: Score mean data

Group No. Mean Score Standard
Deviation

1 3.88 0.10

2 4.25 0.20

3 4.25 0.15

4 4.30 0.19



Figure 1: Score mean for each group

As expected, new students with little experience of university have a significantly different 
attitude to plagiarism than students that have completed at least one semester. The other 
groups have had at least one semester of plagiarism avoidance instruction or have had a 
minimum of two semesters to learn the same skills on their own.

When looked at in more detail using a paired t-test between Groups 3 & 4, both second-year 
students, the results showed that there was no significant difference between them and 
paired tests between all groups except Group 1 gave similar results. The conclusion from this 
is that there is no difference in student’s attitudes to plagiarism between cohorts of students 
who have been instructed on embedded plagiarism avoidance and those who have 
essentially found their own way to deal with the issue. 

Other results from the survey reveal outcomes that are just as disappointing on behalf of 
embedded instruction. Of Group 3, who had been instructed, only 42% had ever made use of 
the university’s General Guide to Referencing, and 77% were confident that they could 
reference their writing correctly. Results are compared in Table 5. 

Table 5: Student answers to Questions 19 – 22. 

Group 
No.

Q. 19 Yes Q. 20 Yes Q. 21 correct 
answer

Q. 22 correct 
answer

Pop.

1 14 (25%) 25 (44%) 7 (12%) 38 (67%) 57

2 17 (40%) 30 (70%) 11 (26%) 30 (70%) 43

3 20 (53%) 26 (68%) 16 (42%) 32 (84%) 38

4 16 (41%) 30 (77%) 21 (54%) 30 (77%) 39

From a set of Likert scaled questions relating to methods of assignment work such as 
paraphrasing, cut-and-paste and directly quoting from work the four groups scored means of 
3.29, 3.52, 3.38 & 3.58 respectively. All extremely close together. A one-way ANOVA test 
returned a result that was not significant, concluding that there is no difference between the 
groups.



An expected result, that students after starting university would show a change in their 
attitude towards plagiarism, was confirmed. Students new to university study (Group 1) may 
not have even heard the term plagiarism prior to their first semester, so it should be no 
surprise that there would be an attitude shift. Of the other three groups there was no 
significant difference between them, which may indicate that embedded teaching of 
plagiarism avoidance has no effect in changing students’ attitudes towards plagiarism. 

Of the survey questions dealing with referencing, two deal with the students’ perception: if 
they are confident of being able to reference correctly and whether they knew what a citation 
was. Questions 20 and 21 are paired: Q.20 asks students if they know what a citation means 
and they are then asked to identify a citation in the following question from a short list of 
possible answers. In each group the percentage of yes responses to Q.20 far exceeds the 
correct actual response from Q.21, although the gap narrows as students progress to second 
year. The answer to Q.22; being able to identify correct referencing technique, scores far 
higher. This may be because students are clearer on the meaning of referencing as opposed 
to citations, or that some students picked the most comprehensive answer if they were 
unsure, thus artificially inflating responses to the correct answer. 

The table 5 results show that Group 4 are more confident in their referencing skills and a 
higher percentage have read the university guide. This is the group with no extra instruction. 

Not included in the results were a group of questions relating to paraphrasing and cut-and-
paste options used by students in assignment work using a likert 5 point scale. ANOVA 
analysis conducted in the same manner as for Table 2 showed no significant difference 
between the four groups of students with group means of 3.29, 3.52, 3.38 and 3.58
respectively.

This was the first run of the new courses and a review was conducted by teaching staff. One 
issue to be identified was the tone of the classes dealing in plagiarism avoidance as being 
slanted toward warning and sanctions applied to being caught, and while not specifically 
designed to frighten students into doing the right thing, it could be seen as threatening. 
Rather than using the stick, it was felt that emphasis should be on the carrot approach. The 
emphasis is on getting it right, rather than what happens when you get it wrong. There is no 
heavy emphasis of sanction or punishment, instead efforts are on correct technique.
Students will always be confused about the correct way to research and write academic work 
(Ellery, 2008), but a student who is unsure and worried, or stressed about consequences, is 
someone who needs to be taught, not punished. The following quote, written on the back of 
the survey by a student of Group 3 highlights this:

“Being an undergrad means you are not allowed to have your own ideas but you 
can’t have anyone else’s either. Threats of cheating and plagiarism just 

complicates things further.” 

The survey results were not those expected after the periods of instruction had run their 
course. The results indicate that the objective of changing student attitudes towards 
plagiarism by embedded instruction had not been met, that students who effectively learned 
their own way to avoid the problem were proved to be more effective than those being 
taught. While changes were observed from early first year students, these changes cannot 
be attributed to the course of instruction.
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Structured Abstract
BACKGROUND OR CONTEXT
Humanitarian Engineering is a term that has become wide spread in the last 15 years with 
the growth of organisations such as Engineers Without Borders and educational 
opportunities and initiatives in the development world.  However, the term has different 
meanings and understandings related to types of humanitarian work undertaken and national 
approaches.  Numerous definitions have been provided including Miller (2008), Muñoz and 
Skokan (2007), VanderSteen (2008) and White (2011).  Hill and Miles (2012) explored 
student understanding of the term at one institution in the UK and concluded understandings 
vary and further exploration of the term is required within individual education providers to 
develop their educational initiatives.  In Australia one definition was provided by Engineers 
Australia in 2011 as part of the Year of Humanitarian Engineering (in Greet 2014) but there 
has been little discussion or critique of this.

PURPOSE OR GOAL
This work sought to generate an understanding of the term Humanitarian Engineering in 
Australia.  This was to allow for a common language as a starting point to support further 
development of the field and its study in Australia.

APPROACH
Initial research was conducted into definitions of humanitarian engineering in Australia and 
other countries for any common understanding or language.  A range of definitions were 
identified which covered aspects of the humanitarian spectrum, from disaster relief to 
community development, as well as the role of the engineer and engineering practice.  
Based on these initial findings a survey was developed with a number of questions allowing 
for a range of understandings to be selected.  This covered the geographical location and 
context for humanitarian engineering as well as the role of the engineer.  Responses were 
collected from engineering and development practitioners and students with a range of 
experiences in Australia.

DISCUSSION
As found with other research, a range of understandings were generated from the survey.  
However, the understanding in Australia generally covers a wider range of humanitarian 
responses and contexts than definitions from other countries.  This suggests that 
humanitarian engineers in Australia operate in a wider range of contexts than comparable 
countries overseas.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
A survey was conducted to explore the understanding of the term Humanitarian Engineering 
in Australia.  Results from this will help practitioner organisations and education providers to 
further develop the field in Australia providing a level of shared understanding.



Over the past eight years the number of initiatives within Australia focused on humanitarian 
engineering has grown. This has given rise to the need to develop a common understanding 
of the term humanitarian engineering within Australia as a basis for alignment and agreement 
on core competencies, skills and knowledge required to practice humanitarian engineering. 
Humanitarian engineering (HE) as a term has become widespread since the turn of the 
century. This has been driven by the rise of HE organisations, often not-for-profits, university 
education initiatives and academic publications.  For example, numerous independent 
Engineers Without Borders (EWB) organisations have started since 2000 including EWB 
Canada (founded in 2000), EWB UK (2001), EWB USA (2002), EWB Australia (2003), EWB 
New Zealand (2008) and EWB-Asia (2014). HE education programs, centres or initiatives are 
established at universities including Coventry University in the UK (Hill and Miles, 2012) and 
Ohio State University (Passino, 2009), Pennsylvania State University (Dzombak and Mehta, 
2013) and Colorado School of Mines (Leyden and Lucena, 2014) in the USA. 

However within these organisations and initiatives a number of different meanings and 
understandings of HE exist. Passino (2009) highlights the role of technology development 
and voluntary service for humanitarian engineers, as either graduates or students. Campbell 
and Wilson (2011) provide a definition as “the application of engineering skills or services for 
humanitarian aid purposes, such as disaster recovery or international development” while 
Dzombak and Mehta (2013) emphasise “efforts to improve the wellbeing of marginalized 
communities with technology-based solutions”. These broadly consider HE as the application 
of engineering, in terms of technology development and associated processes and services, 
for humanitarian interventions. Within these programs interventions typically focus on 
international development and disaster response, reflecting the increase in global 
engineering and opportunities in USA engineering programs (such as Zoltowski and Oakes, 
2014). 

Under this definition other programs not labeled humanitarian engineering could also be 
considered. For example, the Engineering for Developing Communities centre at the 
University of Colorado Boulder has a focus on applying engineering for international (non-
USA) developing countries (Amadei and Wallace, 2009). Development Engineering itself has 
been highlighted as a new field with a focus on technology interventions and design with an 
emphasis on complex, low resource, poor settings (Nilsson et al, 2014). 

In the UK, HE has emerged from a more traditional understanding of humanitarian work as 
disaster response. However with the establishment and growth of organisations such as 
EWB-UK and programs including that at Coventry University a broader understanding is 
emerging.  In data collected at Coventry University on students’ understandings of HE, Hill 
and Miles (2012) found the most important issues addressed by HE were “solving social 
problems” and “sustainability in developing countries”, with “poverty reduction” seen as less 
important. This highlights the view among students that HE is still commonly done 
‘internationally’ rather than within one’s own country. 

A different understanding of HE has emerged emphasising the impacts and consequences of 
engineering and technology for a community or individual, and the role they play rather than 
a focus on technology development. This seeks to address the disadvantage a community or 
individual faces, and seeks to achieve social justice outcomes. Leydens and Lucena (2014) 
provide a definition of social justice in relation to engineering as “engineering practices that 
strive to enhance human capabilities through an equitable distribution of opportunities and 
resources while reducing imposed risks and harms among agentic citizens of a specific 
community”. This focuses more on the outcomes seeking to be achieved rather than only the 
development of technology. However, as highlighted definitions of social justice are also 
dynamic and contested.  Other works have sought to examine the context or location where 



HE can occur.  In contrast to many of the global or international HE initiatives in the USA, 
VanderSteen et al (2009) explores the benefits and ethics of such programs and highlights 
the role of HE in one’s own community or location, particularly for engineering students. 

In Australia the term HE was seldom used prior to 2011. For example, the 2010 strategy for 
EWB-Australia makes no mention of HE but instead refers to ‘development engineering’, 
while the organisations mission developed within two years of the strategy refers to 
‘humanitarian engineering’ (EWB, 2015). The term emerged in 2011 with Engineers 
Australia’s Year of Humanitarian Engineering (YoHE). This provided a definition for HE within 
Australia as “brings enhanced well-being, welfare, and comfort to any individual or 
community in disadvantaged circumstances and is inclusive of research, design, 
manufacturing and construction. The issues to be addressed in engineering terms might 
include chronic ongoing conditions for an individual or group, or be associated with high-
impact disasters and emergencies which imperil large numbers of people.” (in Greet, 2014). 
This highlights disadvantage as the key condition to be addressed and covers a range of 
contexts from long-term community development to disaster response.  Greet (2014) takes 
this further highlighting HE as “a social concept which encourages improved employment 
and engagement of engineering resources, delivering humanitarian outcomes.” 

Understandings of HE were also explored in the documentary by Sheena Ong (Ong, 2014). 
This interviewed humanitarian engineers in Australia, considering that to encompass working 
domestically and international and in disaster response to community development. It 
proposed a number of definitions most of which are seeking to address disadvantage. 

In all of these discussions HE is understood to be a complementary or parallel application of 
other disciplines of engineering. As a minimum it focuses strongly on understanding the 
context where engineering will take place and an additional skill set for engineering practice. 
These additional skills are often drawn from the social sciences, particularly development 
studies (Leydens and Lucena, 2014; and Nilsson et al, 2014), and business specifically 
social enterprises (Hill and Miles, 2012; and Dzombak and Mehta, 2014). 

This paper aims to conduct research into the understanding of the term humanitarian 
engineering and to provide recommendations about how to achieve a consistent 
understanding of the term within Australia. This work will provide a basis for further 
discussions on alignment of competencies and learning outcomes in addition to informing 
new curriculum development in this field within Australia.  

Although humanitarian, or development, engineering has not been embedded into 
engineering curriculum in the same way that sustainability has been, there are a number of 
standalone programs dedicated to its education. The most established tend to be found in 
the USA; examples include Humanitarian Engineering at the Colorado School of Mines, 
which is entering its second decade, and the Engineering for Developing Communities 
program which started in 2003 at the University of Colorado Boulder. Both of these offer 
specific programs including a mix of course-work and service-learning opportunities. The 
EPICS program (Engineering Projects in Community Service), which started at Purdue 
University in 2003 but has expanded to other institutions, also provides service-learning 
opportunities to engineering students (Coyle et al, 2005). Two HE courses offered by the 
Humanitarian Engineering Centre at Ohio State University (U.S.A) prepare students, through 
the teaching of the theory, to be professional humanitarian engineers (Passino, 2009). To 
complete a minor in humanitarian engineering students are additionally required to take part 
in service-learning programs, locally or internationally. In the UK, Master of Science 
programs are available including Humanitarian Engineering and Computing at Coventry 
University, and Engineering for International Development at University College London. 
Other universities, notably Manchester University and Cambridge University, have courses 



focusing on International Disaster Management and sustainable development respectively, 
which contain aspects of humanitarian engineering. 

Within Australia, many of the recent humanitarian engineering education (HEE) initiatives 
have been developed or supported by Engineers Without Borders Australia (EWB). The 
EWB Challenge aims to introduce concepts of HE to students. Delivered in partnership with 
EWB UK and EWB NZ, the EWB Challenge currently has a global reach of over 10,000 
students through first year courses at 58 universities. Final year undergraduate students at 
Australian universities are able to take part in EWB’s Humanitarian Engineering Research 
Program, established in 2009. Research projects are generated by community development 
organisations to support their work. In early 2015 EWB established its Humanitarian Design 
Summit program that enables undergraduate students to take part in an immersive cultural 
and participatory design experience based in Cambodia and led by experienced facilitators 
and academics.  

In addition to the programs offered by EWB there are a number of related, dedicated courses 
at universities around Australia.  The University of Western Australia (UWA) offers two 
courses (as outlined in Baillie and Armstrong, 2013) related to engineering for social and 
environmental justice, Global Challenges in Engineering (a compulsory first-year) and Critical 
Theories of Technological Development (an elective unit).  At the University of Wollongong 
(UoW) a current OLT project on Integrating Indigenous Student Support through Indigenous 
Perspective Embedded in Engineering Curricula is leading towards a course in Indigenous 
Engineering (Goldfinch et al, 2014). The School of Health at Charles Darwin University runs 
a Master of Emergency and Disaster Management, which focuses on the management side 
of humanitarian work. 

Based on the range of definitions identified from literature, a survey was developed to gain 
an understanding of the term Humanitarian Engineering in Australia. This focused on three 
key areas: 

1. the areas HE’s may have a role to play in;

2. the contexts HE’s may have a role to play in; and

3. the activities HE’s may have a role to play in for the areas and contexts identified.

The areas, contexts and activities listed in the survey questions were compiled from existing 
definitions of humanitarian engineering in the literature.  This allowed participants to highlight 
any of the existing definitions along with combinations of those.  Engineering and 
humanitarian background was surveyed along with basic demographic information. The 
ethical aspects of this research were approved by the Australian National University (ANU) 
Human Research Ethics Committee. The survey was disseminated through engineering 
education and professional networks. 

At the time of writing the survey had been completed by 119 participants. Of the survey 
participants 80% had an engineering background, 55% were students studying for an 
engineering degree, 40% had completed the EWB Challenge at university and 26% had 
watched Ong’s documentary. While the majority of the survey participants identified as 
having an engineering background only 45% had been involved with what they considered 
humanitarian work or assistance (paid or voluntary). 

As highlighted in Figure 1, the majority of survey respondents considered HE to have a role 
to play in all the areas listed. However of these areas “economic development or wealth 
creation” and “addressing systematic inequality” stand out with 47% and 45% respectively of 
respondents considering HE to play a minor role only. The majority of survey respondents 
considered HE to have a role to play in all contexts with “developing countries” and “rural and 



remote locations” standing out with over 94% and 88% respectively of respondents 
considering HE to play a major role. In contrast “urban environments” stands out as a context 
where HE plays the least role with 47% of respondents considering HE to only play a minor 
role. For the areas and contexts selected the majority of survey respondents considered HE 
to have a role to play in all activities listed. Standing out as activities were “applying 
engineering”, “design under social and environmental constraints” and ”‘problem-solving” 
with over 90% of respondents considering HE to have a role to play for all three activities. 
This is probably not surprising considering that these activities overlap most with a traditional 
definition of engineering. In contrast the activities where HE was considered to have the least 
role to play were “provide compassion and care” and “promote and seek social justice” with 
53% and 45% of respondents considering HE to only have a minor role to play respectively. 

A Poverty alleviation H Economic development or wealth creation 

B Disaster or emergency response I Addressing systematic inequity 

C Solving complex social problems J Working with marginalised, under-served or 
vulnerable 

D Global (cross-national boundaries) engineering 
work 

K Solving endemic global problems 

E Sustainable community development L Infrastructure development 

F Improving circumstances of injustice or inequity M Meeting basic (physiological) needs of all 

G Disaster preparedness N Education, training or capacity building 

When asked if HE was a specific engineering discipline, such as chemical or mechanical 
engineering, or a subset to a specific engineering discipline 50% considered HE to be a 
subset of an engineering discipline and only 10% considered it to be a specific discipline unto 
itself. Of the 40% who selected other as a response the written responses include terms like 
“A values orientation that should underpin all types of engineering”, “Each engineering 
discipline can be used in a humanitarian way”, “Applying engineering solutions with a major 
consideration for the social impacts” and “'Supplementary' makes it sound like a cheap add 
on. But I think that it is not a discipline in itself (like Mechanical) but is definitely its own area 
of expertise. In a lot of ways, ALL engineering work should be undertaken with a touch of 
'humanitarian engineering' in mind”.  



A Developing countries E Overseas disaster impacted area 
B Remote or rural locations F Within their local community 
C Urban environments G Overseas disaster prone area 
D Local disaster impacted area H Local disaster prone area 

A Apply engineering (research, design, 
manufacturing, construction, …) 

J Conduct ethical practice 

B Provide compassion and care K Work to reduce imposed risks and harms 

C Design under social and environmental 
constraints 

L Promote enhanced or improved well-being, 
welfare and comfort 

D Engage and use natural and human resources M Promote human social and cultural 
development 

E Create improved employment opportunities or 
capabilities 

N Create technologies that help people 

F Implement long-term sustainable solutions O Promote equitable distribution of 
opportunities and resources 

G Empower individuals and communities to 
develop technological solutions 

P Problem-solve 

H Promote and seek social justice Q Promote stakeholder and end-user 
interaction, collaboration and engagement 

I Contribute to a culture of peace and a just 
existence 



The results of the survey highlight the broader understanding of HE in Australia compared to 
other countries examined here.  It appears to be generally understood to be engineers 
developing technology in rural, remote or developing communities for disaster relief or long-
term development.  Examining the range of understandings for areas where humanitarian 
engineers may have a role to play, HE was seen as having a major role for those related to 
disasters, technology development and community development. When considering the 
contexts or locations, HE was seen to have a major role in any disaster impacted or prone 
area as well as developing countries and remote or rural locations. The role was seen as 
less for urban environments or within the respondents’ own community. This indicates less of 
a divide between international and domestic work as seen in many USA programs for 
example and reflects the views in the definitions developed for the YoHE and Ong (2014). 
This understanding should be incorporated into any HE course development, to ensure 
elements of both domestic and international assistance are including along with disaster 
response and community development while highlighting the need to incorporate to local, 
particularly urban, HE work. 

Examining the results for the activities humanitarian engineers understood to be involved 
with, those related to social justice, peace and compassion were seen to have the least 
roles.  The major roles were still identified as those most closely aligned with a view of 
engineering broadly around technology development and design under constraints.  This 
highlights the need to ensure social justice elements are incorporating into HEE initiatives, as 
in the work of Baillie and Armstrong (2013) and Leydens and Lucena (2014). It should be 
noted the understanding and definitions of HE was limited to English-speaking developed 
countries.  There is little description of HE seen in other countries, particularly developing 
countries where much of the HE efforts are focused.  This should be explored further to gain 
an understanding of how HE is viewed from potential partners in developing countries. 

This paper has documented the understanding of the term Humanitarian Engineering in 
Australia and has described the current state of Humanitarian Engineering Education in the 
domestic university sector. A number of recommendations have come from this research, 
some of which require the collaboration of interested universities in Australia. These 
recommendations relate to the sharing of curriculum resources between institutions, the 
sharing of initiatives between institutions and importantly the development of a framework for 
the requirements of formal HE qualifications. Specific recommendations are:  

Recognition of HEE initiatives: A framework for recognising and assessing HEE offerings 
for any formal qualifications or recognition needs to be established.  This should engage 
relevant organisations working in humanitarian engineering in Australia to establish 
requirements to which universities can align their offerings. 

Sharing of curriculum resources: An open and mutually beneficial platform needs to be 
developed to promote sharing of material and resources across institutions. 

Sharing of HEE initiatives: Courses are being developed at institutions based upon their 
strengths and expertise, such as engineering and social justice at the University of Western 
Australia and Indigenous engineering at the University of Wollongong. With HEE an 
emerging field many educators have little field experience and most no formal qualifications. 
Rather than replicating courses at institutions with a lack of expertise the opportunity exists to 
share HEE initiatives through cross-institutional study or a joint-programs. 

In addition to the three recommendations above that specifically require collaboration there 
are two further recommendations:  



Knowledge development for educators: support for development and training should be 
provided for interested educators.  This could include field experience, which few educators 
have, and potentially a qualification. The new EWB Humanitarian Design Summit provides 
an opportunity for short term experience but other opportunities should be investigated.  

Evaluation of HEE initiatives: Both the effectiveness and outcomes achieved through HEE 
initiatives need to be further explored and evaluated, in particular, students engaging with 
multiple initiatives across their degree programs, both for credit and extra-curricular activities. 
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Structured Abstract
BACKGROUND OR CONTEXT
There is increasing need for graduates to understand and develop solutions for a myriad of 
sustainability problems. With increasing pressures from climate change, energy security 
together with the need  for reducing material/resource efficiency right through to  
sustainability assessment and triple bottom line reporting, young engineering graduate 
students are increasingly being challenged to provide a skill set that meets the challenges of 
a changing world. Most Australian Universities are struggling with how they can ensure that 
their graduates have the required set of skills and knowledge n meeting these challenges. 
The National Sustainability Forum held at UTS in 2013 provided convincing evidence that 
industry is facing major sustainability design challenges and needs graduates to be suitably 
equipped for this work when they leave university.

PURPOSE OR GOAL
A National Sustainability Challenge is proposed, in the style of the EWB Challenge, that 
could be delivered as a Final Year/Capstone Project. Whereas the EWB Challenge has a 
focus on humanitarian engineering in a sustainability context, this new Challenge would 
focus on sustainability as a key ingredient in the practice of engineering, with a particular 
focus on energy, such as reducing energy use, energy efficiency, renewable energy and 
energy innovation.

APPROACH
The Challenge will provide an opportunity for students, many for the first time, to engage 
hands-on in a sustainability problem solving activity requiring both individual and group work. 
As a capstone unit it will assist in developing leadership skills in the students and will provide 
an opportunity for students to lead the demand for sustainable engineering education.

DISCUSSION
The Sustainable Energy Challenge will offer options for all engineering disciplines. One or 
more supervisors at each university would be responsible for advising their project teams. 
The project would encompass networking opportunities for students with other university 
students involved in the Challenge and a number of formal lectures/presentations to guide 
and motivate the projects developed.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This paper will set out the conceptual design parameters for the Challenge and we will seek 
a small group of implementers to help to design the Challenge details through 2016 for trial in 
2017 and a broader roll out in 2018.
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A modified Gardner’s Multiple Intelligence Model to address 
employability skills of vocational and engineering students
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Structured Abstract
BACKGROUND OR CONTEXT
Education in vocational and engineering fields provides necessary technical knowledge and 
skills relevant to the profession. However, this education is incomplete if the students do not 
get the employability skills necessary to get the job or to work effectively in their profession. 
Gardner proposed a Multiple Intelligence Model which categorises the intelligences of 
learners. This paper is based on Gardner’s Multiple Intelligence Model.

PURPOSE OR GOAL
This paper intends to explore Gardner’s Multiple Intelligence Model which categorises the 
intelligences of learners. It then reviews the different employability skills to propose a 
modified Garner’s Multiple Intelligence Model. The modified model will include employability 
skills of students.

APPROACH
This paper reviews different aspects of Gardner’s Multiple Intelligence Model.  It also reviews 
the employability skills proposed by accreditation bodies and in the current literature. It then 
tries to find out the gaps in the intelligences proposed by Gardner to accommodate the 
employability skills of vocational and engineering students.

DISCUSSION
The research findings indicate that ‘emotional intelligence’, ‘cultural intelligence’ and 
‘entrepreneurship intelligence’ are the important intelligences which are not explicitly dealt 
with in Gardner’s Multiple Intelligence Model. These intelligences are not typically 
emphasised in vocational and engineering education but they became increasing important 
and essential in the diverse workplace environment in Australia.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The paper proposes a modified Multiple Intelligence Model which includes the employability 
skills of vocational and engineering students. This modified model can be useful to educators 
and training providers to develop training materials addressing the diversified students’ 
needs.
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Development of ‘superpracs’ that appeal to both male and female 
high school students
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Structured Abstract
BACKGROUND OR CONTEXT
This paper describes a study undertaken to transform existing hands-on laboratory activities 
into superpracs suitable for marketing to Year 10 to Year 12 students. A survey of global 
practice in marketing  activities identified the best practicals, which were developed into 
‘superpracs’ to appeal more to both boys and girls and present engineering careers as 
interesting and exciting. Engineering is one of the most male-dominated professions in the 
western world. Many factors contribute to low numbers of women in STEM, including 
perceptions of self-efficacy and cultural stereotypes. In a study of US Women in Engineering 
programs the best programs focused on cultural change in the faculty, while the worst 
focused on interventions directed at helping girls to cope.

PURPOSE OR GOAL
In this study first a set of guidelines for design of exciting and inclusive hands-on activities 
was developed.

APPROACH
Each prac should contain the following elements to appeal to both boys and girls. ‘Boy 
appeal’ is enhanced with ‘smash and crash’, reference to media shows, and mastery appeal. 
‘Girl appeal’ is enhanced by relating the activities to people and society, group interaction, 
and relating the concepts to the human body (where possible). Existing high quality 
laboratory activities were then redeveloped into ‘superpracs’. These were tested with current 
students and teacher trainees, then piloted with school age students. Resources for each 
include teacher training materials, support materials, and resources to run the each prac.

DISCUSSION
Since inception, the superpracs had been run with numerous school groups. Participant 
feedback showed that the majority of respondents rated the superpracs as good to excellent,  
much higher than for other STEM programs sessions with normal practical activities.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
It is recommended that inclusive teaching practices are important to attract more women into 
engineering, for all learning activities, including marketing of programs. Laboratory activities 
can be designed to appeal both to boys and girls by including elements that appeal to each. 
First impressions are important: potential students may change their preferences if they have 
a bad experience.
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A Multidisciplinary Project to Enhance Workplace Readiness
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Structured Abstract
BACKGROUND OR CONTEXT
Engineers in the workplace regularly cooperate with specialists in other disciplines to meet 
the requirements of a project. However, this experience is seldom modelled in the education 
system; student projects often tend to focus only within the constraints of one module or 
discipline.  This restriction therefore limits the potential for students to be truly ‘work-ready’. 
This paper describes how students can be better prepared for their careers, through 
completing a multi-disciplinary project.  

Other institutes such as Central Michigan University [1] are applying the cross-discipline 
project concept to their undergraduate engineering programmes and are achieving 
successes in developing students’ capabilities and creating unique new products to meet 
clients’ needs.  Students have been shown to improve their self-belief in their ability to 
perform as an engineer, through completing project-based learning [2]. 

PURPOSE OR GOAL
Employers want graduates who have an appropriate range of skills, not just technical
knowledge [3].  These are defined by the IPENZ Graduate Competencies for the Bachelor of 
Engineering Technology (B Eng Tech) programme [4].  Coll and Zegawaard [3] reported that 
science and technology education stakeholders in New Zealand perceived the single most 
desirable graduate skill to be "ability and willingness to learn”.  This project develops the 
students’ capabilities in key graduate competency areas including communication, 
independent learning, collaboration and project management.

APPROACH
Students were tasked with designing and constructing an autonomous manufacturing 
system, as part of their ‘Manufacturing Systems’ and ‘PLC Programming 1’ modules, in 
Mechanical and Electrical streams of the B Eng Tech at the Waikato Institute of Technology. 
Each team consisted of two mechanical and four electrical engineering students, working at 
level seven and level five respectively.  Students not only demonstrated their completed 
manufacturing system, they also collaborated to produce a professional Systems Operation 
Manual.  These two requirements reinforced the importance for students of pairing technical 
ability with teamwork and communication skills, as preparation for the workplace.  

The level of detail provided in the project brief for the students was balanced between being 
broad enough for students to apply their creative problem-solving skills, but prescribed 
enough to ensure that the task fitted the assessment requirements of the two programmes 
and was achievable in the time allocated.  

Students were surveyed at the beginning, mid-point and conclusion of the project to assess 
their perceptions of team dynamics and of personal and group capabilities to meet the 
requirements.  Quantitative and qualitative methods were used to provide a range of data for 
analysis.  The authors’ observations of teams’ performance were also noted.

DISCUSSION
Interim results indicate that most students have established good communication practices 
with their team and have allocated workload according to the strengths and levels of 
commitment of their project team members and relevant milestone targets.  The teams’ initial 
plans for the system were lacking in some detail and reworking this had delayed their early 



progress a little.  The design and assembly work appears to be on track for the project 
demonstration deadline in June 2015.  

Survey results at the beginning and mid-point of the project showed that students were 
generally confident in their team’s ability to meet the project requirements (77%). They had 
greater confidence in their personal ability to contribute to their team (87%). One student 
identified a benefit of the project as a “feeling of working out in the industry, face to face with 
your co-workers (classmate) and bosses (teachers)”. Final results and analysis are 
anticipated in July 2015.  

The level of complexity and specificity of the project brief were suitable for the students 
involved.  Access for students to tools and new parts was a noticeable constraint on progress 
at times; this will be addressed for future cohorts. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The positive feedback from students, their development of key competencies and overall 
success of this project model supports the approach to integrate more workplace-readiness 
into tertiary engineering study.  The authors are committed to developing this project for 
future student cohorts and to initiate further opportunities for collaborative projects with other 
faculty.
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Structured Abstract
BACKGROUND OR CONTEXT
The competing and often conflicting time demand on today’s university students have 
necessitated the development and implementation of flexible learning strategies.  This has 
resulted in some institutions resorting to complete removal of face-to-face teaching, in favour 
of curriculums that are 100% online.  While such learning and  teaching design may be 
suitable for some specific courses or purposes, this approach is generally not suitable for 
most undergraduate university courses.  An alternative is to replace traditional approaches 
with a considered blend of face-to-face and technology supported methods.  Termed as 
blended learning (BL), the method uses face-to-face interaction assisted by self directed 
study, work placements, projects, and structured online activities using an appropriate 
learning management system.

As a part of its BL strategy, the University of Western Sydney (UWS) distributed 11,000 
iPads to all incoming students and staff in 2013.  The iPad initiative was one of the 
curriculum renewal strategies to incorporate more flexible study options by engaging 
students in new ways of learning and interacting within and outside the classroom through 
use of new technology.  The challenge then was to generate learning materials that can take 
full advantage of this emerging technology.  A team of Blended Learning Advisors, Designers 
and E-learning (BLADE) specialists were appointed and embedded within each School to 
address this issue.  Two BL advisors and three BL designers were placed within the School 
of Computing, Engineering and Mathematics (SCEM) in 2013.

PURPOSE OR GOAL
Water engineering is one of the core areas covered in Civil and Environmental engineering 
curricula across all engineering institutions.  At UWS, fluids related concepts are delivered as 
a series of three core units (subjects) – fluid mechanics, hydraulics and hydrology.  Fluid 
mechanics and hydraulics are taught during the second year whereas hydrology is taught 
during the third year of the civil engineering program.  There are additional fluids related 
elective units that allow students to gain a major in their chosen field; but these are beyond 
the scope of this paper.

Students generally find fluids related concepts to be difficult to grasp.  This problem gets 
compounded when the educators themselves find that fluids related subjects are particularly 
challenging to teach (Cheng et al., 2002; Lu et al., 2012).  Therefore, any strategy that will 
help change this perception is a desirable strategy.

This paper details one such strategy, designed and implemented, in hydraulics at UWS.  The 
principal aim was to enhance teaching practices that help improve students’ understanding of 
fundamental hydraulics principles.  The purpose was to prepare students to successfully 
undertake the follow-up water related subject (i.e. hydrology).  The ultimate goal was to 
ensure that intended learning outcomes were achieved fulfilling the Engineers Australia (EA) 
stage 1 competency standards.



APPROACH
Benefits of BL strategies in student learning have been well established (e.g., Gecer, 2013; 
Sucaromana, 2013).  However, effectiveness of these strategies depends on design 
pedagogy (McGee, 2014) in addition to features, usability and interoperability of supporting 
learning management systems (Schober & Keller, 2012).  

The philosophy used in generating BL materials for hydraulics followed the development of 
instructional resources and environments as recommended by Park (2015).  The 
instructional resources were posted at weekly intervals.  This was done via vUWS, the 
learning management system used at UWS.  Additional on-line practice questions were 
created and these were also released at weekly intervals.  Each week students were 
required to complete an on-line quiz assessment task that contributed to final mark in the 
unit.  The purpose was to keep students engaged throughout the semester.  All assessment 
tools were developed and implemented to test the unit learning outcomes.

User activity reports were generated at regular intervals.  These reports were used to draw 
inferences on student performance and student engagement in the unit.  The results of the 
student cohort were compared with their peers from previous years.

DISCUSSION
The time spent by students on-line was used as an indicator of their engagement in the unit.  
The time spent in vUWS by students ranged from 1.7hr to 144.8hr with an average of 29.2 hr 
during the semester.  It was observed that a significant proportion (51.8%) of the time spent 
was on two days - Thursdays and Fridays.  This may have been related to timetabling and 
assessment due dates; all face-to-face sessions were scheduled for Fridays and on-line 
assessments were due before the following lecture or tutorial session.

While there seems to be no apparent relationship (r = 0.326) between the time students 
spent engaging in the unit (on line) and the mark they received in the unit, every student who 
spent more than 42.3hr passed the unit.  Similarly, all students, except two, who engaged on 
line for more than 60hr received Credit or better grades.  When compared with the students’ 
results from the previous year, the most significant shift was among the students who 
received either Pass or Credit grades.  A total of 11.5% more students received Credit 
grades when compared with the students from the previous year.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The BL strategy developed and implemented in hydraulics at UWS provided mixed results.  
There was no marked improvement in the student performance at the higher end (those 
receiving above distinction grades).  However, the marginal students performed better and 
were able to either pass the unit or score higher grades.  In addition, the student feedback 
suggested that the students found on-line practice quizzes to be helpful in reinforcing the 
fundamental concepts.  In this sense, the principal objective of implementing the strategy (i.e. 
to prepare students to successfully undertake follow-up water related subject) was partially 
achieved.  A follow-up analysis of these students’ performance in the follow-up unit needs to 
be undertaken to verify if this indeed has happened.  Only can then the ultimate goal of 
achieving EA stage 1 competency standards can be claimed.



IIntroduction 

 



MMethodology 

 
Results and Discussions 







CConclusions and recommendations 



  
References 



AAcknowledgement 

Copyright 



How do we instil experience into Young Engineers? The Use of 
Posters as a Learning Tool in Engineering Project Management

Felix Kin P Hui, Hamzeh Zarei and Colin Duffield
The University of Melbourne

Structured Abstract
BACKGROUND OR CONTEXT
On graduation, young engineers  often enter a practice-oriented field like Project 
Management but they may struggle to relate the theoretical concepts learnt to real 
applications.  Lecturers frequently seek to share real-life experiences by explaining concepts 
in lectures or by showing project videos. Similar to case studies, the use of posters facilitates 
the passing of experience to young engineers in a practical and effective manner. Use of 
posters requires students to actively summarise, collate, organise information in a logical and 
intuitive manner and present them to an audience. The experience develops several skills in 
the cognitive domain, affective domain  and psychomotor domain mapped based on Bloom’s 
taxonomy (Krathworl, 2002) . Prior research into the educational value of posters have been 
done in other fields (Deonandran et al, 2013; Bargard et al, 2014) but not specifically in 
Project Management.

PURPOSE OR GOAL
This research aims to uncover how the experience of a poster preparation helps young 
inexperienced engineers develop project management skills. The research traces the 
developed skills in the cognitive domain such as collating information, synthesising facts and 
making decisions; the affective domain such as receiving information, giving information; and 
the psychomotor (behavioural) domain such as working collaboratively, responding to 
questions and communicating succinctly. The use of posters has advantages in that it can 
more accurately reflect project management reality than a written assignment. Through 
active learning (Freemana et al, 2014), poster exercises help stimulate thinking by forcing 
students to make judgements about what are the important issues in real life situations.

APPROACH
In this study, students were introduced to a case study of a typical large engineering project 
(F-35 Joint Strike Fighter project). They were organised into groups of five persons, given 
sufficient information relating to the project. Each group was then assigned a specific topic in 
Project Management and directed to develop a poster. Students presented their poster to the 
rest of the class followed by a short Q&A. The poster and the presentation contributed to 
10% of the final marks for the subject. In a way, the content comprehension, poster 
preparation, and the discussions resemble the flipped classroom pedagogical methods (Kim, 
Heo and Lee 2015). 

At the completion of the exercise, the students are asked to reflect on their experiences in 
doing the poster preparation and presentation. A survey tool mapping the learning using 
Bloom’s taxonomy was administered. The data was collected during the class time using a 
secure online tool.  A total of 65 survey responses were collected which shows 35% 
participation. 

DISCUSSION
Analysis of the data collected shows that the poster experience can be a viable and effective 
alternative to a written assignment. Compared to the written assignment, 57% agreed that 
the posters positively help them relate to the real-world project situations. Consistently, 57 % 
of the respondents reported that the exercise had positively helped them think about their 
behaviour as a project manager, and 58% reported that it enhanced their knowledge of a 
project manager conduct. The survey showed that the greatest educational effect is in the 



affective domain i.e. confidence in dealing with others (71%), reading abilities (60%), 
listening skills (54%) and giving and responding to feedback (55%) are among the major 
achievements. 

The data suggests that there is a strong case for the inclusion of the use of poster design in 
project management education. In the case of a written assignment, the students develop 
critical analytical skills mainly in the cognitive areas of knowledge, comprehension, analysis, 
application, synthesis and evaluation (Krathworl 2002). In the poster exercise involving a real 
world project management situation, learning to present issues and arguments could have 
helped in developing behavioural skills on top of analytical skills.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This research shows that the use of poster in project management education is valuable and 
interesting experience to project management students. It encourages active learning 
through organising and processing large amounts of information in a complex but succinct 
medium. It also stimulates the oral competency of the students through a presentation 
followed by a discussion. The exercise shows to be even more useful for engineers who do 
not have prior experience and need to gain that experience in a non-hostile learning 
environment.
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Structured Abstract
BACKGROUND OR CONTEXT
Portfolios generally and eportfolios specifically have played a role in student learning and 
assessment in universities for some time. The literature supports the use of portfolios in 
developing student ability to critically reflect on, and to articulate, university and workplace 
achievements that in turn aid their employability (Trevitt, Stocks & Quinlan, 2012; Shen & 
Ooi, 2013; Bramhall, Short & Lad, 2013). Eportfolios have been used in various disciplines 
such as IT (Chang & Liao, 2014), the humanities (Mossa, 2014), dentistry (Gadbury-Amyot, 
McCracken, Woldt & Brennan, 2014), medicine (Webb, et al, 2014), nursing (Anderson, 
Gardner, Ramsbotham & Tones, 2009) and teaching (Boulton, 2013). There has been some 
limited use of portfolios in the area of engineering (Williams, 2002; Eliot & Turns, 2011; 
Fielke & Quinn, 2011) and this has pointed to the place of eportfolios in enhancing 
engineering students’ professional skills and the development and articulation of workplace 
learning. This paper documents the findings of a small study into eportfolio use in 
engineering and ICT in Australia and reports on a proposed wider initiative to develop the 
first national portal for best reflective practice.

PURPOSE OR GOAL
The initial study, funded by the Australian Council of Engineering Deans (ACED) sought to 
map the local known portfolio use in engineering education and to identify points of 
agreement and need. The interest this project generated led to the formation of a 
collaboration comprising 16 universities and two professional bodies. The aim then became 
the development of a national eportfolio portal focused on supporting student employability 
and lifelong learning. The ultimate goal is to achieve a nationally uniform reflective practice 
that will help graduates, employers and professional agencies.

APPROACH
The small scale study, informed by literature into eportfolio best practice, surveyed 
universities on their use of eportfolios in Engineering and ICT. Questions focused on choice 
of platforms, scale of use (i.e. whole of program versus single unit use) and the standards or 
outcomes against which the portfolios were framed. Ten universities responded. Responses 
were analysed, using NVivo, and were clustered into thematic categories.

DISCUSSION
The initial study determined that eportfolio use ranged from student initiated, individual unit 
use to whole of program embedded use with some eportfolios having a specific work 
integrated learning focus. The most developed process and support seemed to be at one 
university which had developed a whole of program/course approach where the intention 
was to develop and maintain the eportfolio across all units and explicitly teach students the 
skills of critical reflection throughout – though the specific implementation was still relatively 
new. It is believed that this approach is likely to be the most sustainable. Where eportfolio 



use was restricted to a single unit, there was a heavy reliance on individual academics for its 
implementation and success. Platforms, resources used to support portfolio development 
including critical reflection, the domains or outcomes against which student artefacts were 
mapped, and the ways in which portfolios were assessed all varied across institutions. 
Mapping occurred across a variety of domains and whilst many respondents mentioned 
Engineers Australia’s Stage 1 Competency Standards, some were only indirect inasmuch as 
subject or course outcomes were linked to these competencies. Similarly, there was little or 
no consistency in terms of assessment with no clear sense of how best or when to do this.

This variation represented an urgent opportunity for further work in this area and led to the 
formation of a national collaboration with the dual focus of initiating a national portal and 
developing pedagogical practices to support student learning, critical reflection and 
employability. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This project has mapped and explored the local known eportfolio use. It gathered literature 
and online resources that point to the purpose and value of eportfolios in supporting and 
enabling student learning and improving pedagogy. It has established how ten Australian 
universities currently use eportfolios and has shown the value of a whole of program 
approach with a focus on career and/or professional competencies. The project highlighted a 
groundswell of support for a national approach to eportfolio use; not necessarily a uniformity 
in platforms within institutions, but support for the development of a portal that is relevant and 
convenient  to educators and employers and which can provide support for students’  
transition from university to the workplace and beyond.
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Outside interests, the engineering student and teamwork

Carl Schallera, Firoz Alamb, Roger Hadgraftc and Alex Kootsookosb  
Federation University Australiaa, RMIT Universityb and CQUniversityc

Structured Abstract
BACKGROUND OR CONTEXT 
Interest in research into student undergraduate project teams has been growing for some 
time, led by the growing use of project-based learning and more industry-integrated 
curriculum in engineering schools. For students to be able to learn from team-based work, 
the team experience, and the roles that students play within teams, must be a useful learning 
exercise. Current practice is for lecturers to either allow students to  form their own teams or 
to assign teams, with little time available to give much thought into forming successful teams.

PURPOSE OR GOAL
The purpose of this ongoing work is to determine if a correlation exists between the interests 
and experiences of the student outside of the university and the role that he/she will play 
within the student project team. Experience shows that an available mature-aged student 
within a team will usually undertake the leadership role, with the younger students deferring 
to worldly experience. Yet apart from this common practice little is known of the uptake of 
roles within the rest of the team and how their own experience influences this. While students 
may be assigned to teams by their lecturers, they are often not assigned to specific roles 
within those teams and it is usually left to the team’s members to decide which roles they will 
undertake to see the project through. In teams entirely composed of younger school-leavers 
the members would usually describe their role as specific such as leader, researcher, 
designer etc. The question is how do the students decide which role bests suits them? The 
work is intended to show whether or not a correlation exists between the student’s outside 
experiences and the role they play within their student project team.

APPROACH
Qualitative analysis is being conducted in the form of one-on-one interviews with students. A 
series of questions were designed to ascertain the student’s views of the teamwork aspect of 
their courses and their interests outside of the university. Students are being asked about the 
efficacy of the team as a learning experience, the roles they played within the team and 
whether they were comfortable in that role or would have preferred another. Outside of the 
university, questions focus on sporting interests, hobbies and membership of other organised 
or community groups or associations. Student participants in the survey will be drawn from 
the third and fourth year of the undergraduate cohort.

DISCUSSION
The literature does discuss the importance of diversity within a successful team, but only 
touches upon the backgrounds of team members as an important aspect of their function 
within the team.  The practice of organised team sports will be a focus of discussion in 
determining leadership potential within a team, but will not be the only one. The premise to 
be investigated is that background, especially outside interests and experience of the 
individual, does play a part in the type of role that a student will fill within a project team. The 
investigation aims to determine what role a student may take up. This would appear to fill a 
gap in the literature involving students and teamwork. For example does the football hero 
usually become the team leader because he is experienced and trained in an organised 
team environment? Is an avid computer gamer more comfortable as the team’s CAD 
designer?



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The work is part of a larger study into how teams of students form and organise themselves. 
The results of this study are intended to inform a survey that will be applied on a much larger 
scale. If correlations can be found to support the contention that student team roles are 
influenced by outside interests and experience, then a relatively simple questionnaire could 
be developed as a tool to assist team formation early in the semester.



The recognition of the importance of teamwork (Livingstone and Lynch, 2000) within 
engineering undergraduate programs has increasingly grown in recent years.  Also 
recognised is the importance of forming useful student teams in order to create an effective 
learning experience.  Team formation techniques range from using software (Layton et al., 
2010, Sahin, 2011) to more traditional manual methods(Oakley et al., 2004). 

Belbin (2005) describes two role types within teams; the functional role and the team role.  
The former is defined by the individual’s experience, qualifications and skills, while the latter 
is determined by how a person behaves and interrelates with others.  In addition to this there 
are nine team roles that team members can fill taking into account personal characteristics 
and qualities, strengths and weaknesses.  Successful teams can have an alliance of two 
important team members, a collective of extroverts or a balance of key team roles.  The 
Belbin technique is widely used by consultants and management trainers.

Belbin identifies the roles that people can be allotted to within a team structure by using a 
profiling method called a Self-Perception Inventory.  This inventory has been examined by 
Furnham et al. (1993) who could find no significant correlation between team-role scores and 
the large number of demographic factors that make up a group of individuals. These 
demographic factors were not explored in any depth. A larger study by Swailes and Aritzeta 
(2006) concluded that when used carefully Belbin’s inventory correlated adequately for most 
roles, despite the lack of demographic information. The Belbin method was introduced by 
Cardiff University (O'Doherty, 2005) to place individuals into student teams in order to create 
more balanced teams for project work.  While it was recognised that this created better 
teams the results showed that the characteristics, development and function of the teams still 
varied widely.  The teams still needed additional guidance and support.

The characteristics of the individuals who take up the roles within a team are important to 
team formation.  Diversity within a team has been recognised as an important factor in a 
functional team and is discussed at some length by Trevelyan (2014) within the context of 
collaboration in engineering, which he nominates as the central activity within engineering, 
and that collaborative activity accounts for 60 – 80% of the work performed by engineers. At 
one point he mentions students who play organised sport and the recognition of a good 
team. Diversity within top management teams (Carpenter, 2002) is just as important as it is 
within student teams. Carpenter also contends that that as part of diversity, a person’s 
background is just as important to the decisions, behaviours and outcomes of the team, and 
just as worthy of research. 

An aspect that the literature is not clear on is how a person’s background and personal 
interests can influence the role that he or she takes up within a student team.  Belbin (2005) 
makes mention of experience as an influence on behaviour, but is almost dismissive 
describing it as “usually informal and unplanned”; with little more attention paid to this type of 
acquired knowledge.  Belbin’s main focus on the change in behaviour is through learned 
experience such as training, rather than personal experience.



How students, and the roles that they play within teams, are influenced by their background 
and outside interests, will be the focus of this work. The premise being investigated is that 
background, especially outside interests and experience of the individual, does play a part in 
the type of role that a student will fill within a project team. The investigation aims to 
determine what role a student may take up. This would appear to fill a gap in the literature 
involving students and teamwork. For example does the football hero usually become the 
team leader because he is experienced and trained in an organised team environment?

The work intends to show that a correlation exists between team member’s roles and their 
own personal interests, activities and hobbies outside of university. Ultimately this should 
inform a tool for creation of student teams that have a diverse make-up better able to 
complete their tasks. That is, a quick and easy method of team formation. The study by 
Ancona and Caldwell (1992) of product design teams within high technology industries 
concluded that team diversity positively impacted innovation performance, producing greater 
creativity, and in the team’s outside communication ability. A diverse team was one made up 
of people from different departments and with different skills sets; i.e. a cross-functional 
team. However the same study also showed that homogenous teams, those whose 
members were all drawn from the same functional area, were better at implementation. The 
study defined the demographics of diverse teams as the departments or areas of work that 
team members were employed in within the company. Who they were outside of the 
company structure was not taken into account.

The ultimate aim is to give first year students a better chance of achieving good results in 
their project work by creating cohesive, diverse teams, rather than the currently used 
common methods such as peer selection or teacher assignment. While leadership is a focus 
of one of the team roles, and is important to engineering competencies, the teaching of 
leadership abilities is not a priority in early first year. This is left for later semesters.

Teamwork is examined within the context of Project Based Learning (PBL), the essentials of 
which are explained by Hadgraft (2005) so that the students who work together learn 
together. The team projects that were examined are those that run over the period of a 
semester. Within the project teams students will undertake certain roles, even when not 
formally assigned, to see the work completed. Even in the early years of an undergraduate 
program, despite their very low perception of teamwork in general and leadership in 
particular (Kootsookos et al., 2013), students will embrace certain team roles. The 
undergraduate programs at Federation University rely heavily on project-based teamwork. 
First year projects such as the widely used design and build type, or the Engineers Without 
Borders Challenge, give students project work in a team environment, and even when 
scaffolded and with an emphasis on building on communication skills (Schaller and Hadgraft, 
2013), the students will still learn basic team management. Students are assigned to teams 
by teaching staff, yet while there is no designated structure, within those teams the members 
will fulfil certain roles of their own volition. The teams are usually made up of four to five 
members, a number that is consistent with the project’s pedagogical objectives (Bacon et al., 
1999) and best chance of success.



In order to examine the roles that they took up within their teams, students were individually 
interviewed and asked a range of questions that included personal interests outside of the 
university. When students were asked to identify the role that they took up within a team it 
was the title that most closely aligned with job that they completed for the team rather than 
those explained by Belbin (2005). Without instruction Belbin’s roles of Plant, Resource 
investigator, Coordinator, Shaper etc would mean little to the students. The students would 
describe their roles as Leader, Researcher, Technical advisor and CAD. They all assumed a 
writing role for parts of the work so this was not recognised as a role on its own. Editing was 
usually done by a sub-group of the team.

Data was obtained from one-on-one interviews with students, using the same set of 
questions for consistency and audio recorded for accuracy. The questions were grouped into 
three parts: general impressions of teamwork, team roles and the student’s interests outside 
of university. The first section of questions asked about the positive and negative aspects of 
working in teams, team numbers and contributions and whether it was deemed a worthwhile 
learning experience. The second section asked about the role undertaken by the student, 
team friction and leadership. The final section involved the student’s main hobbies, 
involvement in team sports, computer gaming or being part of organised community 
associations.

At the time of writing sixteen interviews had been completed. The group breaks down to 
fifteen males and one female, a gender percentage that is consistent with the university’s 
engineering enrolment, and includes five mature aged students. Table 1 gives a summary of 
student responses to the interview questions, with the team role being that as described by 
the student.

The results are drawn from a work in progress which is still continuing at the time of writing. 
In the early stages, when the number of interviews only numbered eleven, the results began 
to indicate trends. Since that time the trends have not altered, but have firmed. 

Of the eleven participants who identify with the leadership role, eight are involved in team 
sport, a correlation of 73%. Of the non-leaders, four out of five are not involved in team sport 
and these prefer lone pursuits and would avoid a leader role if possible. These four could be 
described as tinkerers, where tinkering is defined as manual, mechanical tasks as described 
by Baker et al. (2007). The three non-sporting leaders are all tinkerers, but being described 
as a tinkerer would not be unusual for someone who has decided to take up engineering as a 
course of study. All non-leader students have indicated interests including gaming and 
tinkering.

Four out of five of the mature-aged students identified with the leader’s role as their preferred 
option. This would be a result that many with teaching experience would expect to see. Often 
it is assumed that the mostly younger students would defer to an older student in the 
leadership role. However one of the mature participants would not be comfortable in a leader 
role and stated that he would actively avoid it.



Table 1: Student interview summary

Most educators would likely assume that a mature-aged student placed among a group of 
high school leavers would assume the leadership role of the team. The younger members 
would defer to age or experience. The interview results show that this is not always 
something to be taken for granted.

The reasons why certain people take up team sports or other interests is not within the scope 
of this work, but rather whether there is a link to a person’s outside interests and the role they 
feel most comfortable taking up within the student project team. The main objective of this 



work is to determine the possible correlation between a student’s outside interests and the 
most likely role he/she would take up within a student project team. The results to date would 
show a trend to indicate the following:

A mature-aged student is most likely to be a leader of a team of younger students,
A young student team leader will most likely have a background including
involvement in team sports, and
Non-leader students will likely have interests of a solo nature and will be tinkerers.

After more information is garnered from further interviews a short survey can be designed to 
present to a large cohort of students. From this survey, results of statistical significance will 
be obtained that will either confirm or refute the hypothesis that a correlation exists between 
a student’s outside interests and the role that he/she will be most comfortable with within the 
student project team. If the hypothesis is correct then a short survey can be used as a tool at 
the start of semester to quickly sort students into reasonably cohesive teams rather than the 
current practice of random placement by numbers alone.
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Development and Implementation of a Flipped-Classroom Delivery 
in Engineering Computing and Analysis for First Year Engineering 

Students

David Hastie, Montse Ros, Brad Stappenbelt and Senevi Kiridena
University of Wollongong

Structured Abstract
BACKGROUND OR CONTEXT 
In 2013, a major university wide restructure of faculties at the University of Wollongong, saw 
the Faculty of Engineering and the Faculty of Informatics merge to become the Faculty of 
Engineering and Information Sciences. Within this new faculty, the formation of a common 
first year curriculum of eight prescribed subjects for the Engineering degree was proposed. 
Through consultation with key stakeholders from all engineering disciplines and existing 
teaching teams from both existing first year programs, five new engineering subjects were 
created, to coexist with unaltered physics and mathematics subjects. This paper will present 
the development and implementation of a flipped-classroom delivery for the new first year 
Computing and Analysis subject.

There has been much discussion in recent times as to the usefulness of what is called the 
traditional lecture. Lecture attendance continues to drop right across the spectrum of 
faculties and disciplines at a tertiary level for many reasons, including; part-time work, 
family/carers responsibilities and lack of engagement. The general assumption is that the 
lecture is where the students learn the course material; however, this is not necessarily the 
case, especially if the students are able to gain as much, or more, from other class types, 
such as tutorials and laboratories. This is one of the reasons for investigating alternatives to 
the traditional lecture; not just to try and increase attendance, but to also increase the active 
learning by students.

PURPOSE OR GOAL
The purpose of establishing the flipped-classroom in the computing subject, was to create an 
active learning environment for the students, where they could take ownership of their 
learning. This resulted in students undertaking a much more active role that they would 
otherwise encounter, or be prepared to engage in, in the ‘standard’ didactic lecture approach. 
For computer programming, students learn more effectively by doing, not by listening to an 
academic talk to them in a lecture setting. By flipping the classroom, some of the emphasis is 
placed back onto the students to prepare for the weekly lecture and computer laboratories 
ahead of time, rather than turning up for class being under-prepared.

This subject exposes the students to the active learning concept for the first time in their 
university life and by showing the benefit of this to other academics within the faculty, it is 
hoped that this lecture format and learning style can be applied to other subjects throughout 
the degree to enhance the overall learning experiences of the students.

Active learning is something which all students need to embrace, for success in the subjects 
they undertake, as well as for their lifelong learning once they reach the workforce. There are 
a number of stakeholders who will benefit from the successful implementation of the flipped-
classroom, including current and future students of the subject as well as staff and subject 
coordinators of other engineering subjects who can adapt their deliveries and assessments 
in similar ways, when appropriate.

APPROACH
The flipped-classroom format was developed with one key question in mind, “How do we 
motivate the students to engage in the pre-lecture content?”. It is not as simple as uploading 



content and the students performing the work, especially for first year students. University 
students very quickly become assessment driven and when resources are available, it is 
generally only the high achieving students who will engage in this material, regardless of 
direct assessment implications. These students are generally not the ones who need to 
access the material, as they will succeed regardless. This led to summative assessment 
being attributed to these pre-lecture activities to ensure engagement by the students. To 
ensure weekly pre-lecture videos were reviewed, twelve weekly summative LMS quizzes 
were developed to encourage student engagement and to allow a more active role in the 
lecture each week. Additionally, students were exposed to four hours of practical and 
workshop computing each week where they completed exercises from the prescribed 
textbook and also undertook a range of problem-solving programming activities. Both the 
quizzes and classes had an assessment component, with the best 10 of 12 of each counting 
to students’ final assessment. Students not participating were contacted weekly to remind 
them of the summative nature of the assessments. The students also completed a group 
assignment, where they were provided with a ‘realistic’ engineering data set that they had to 
analyse using the programming skills and kinematics concepts they learnt during the subject. 
A final exam constituted the remainder of the assessment.

DISCUSSION
Early in the first semester of the subject there were anecdotal comments from a cohort of 
students that the calculus component of the subject (including kinematics) was difficult owing 
to the fact that these students had studied a non-calculus level of mathematics in high 
school. Additional resources were provided to cater to these students to aid in their 
understanding, while they waited to cover this vital information in their enabling mathematics 
subject. Additionally, owing to the unforgiving nature of learning a programming language for 
the first time, students were also offered completely voluntary help sessions in both online 
and face-to-face formats.  One set of analyses will be a top level investigation of the success 
of the students with known math deficiencies and their overall success in the subject. 
Another area of investigation will be the utilisation of the various online and class 
assessment components throughout the session, including engagement in all pre-lecture 
videos in preparation for the weekly activities, as well as the adoption and popularity of
various voluntary help session formats. The uptake of these resources and activities will be 
compared to the results of the final exam to determine if there are any indicators to success, 
or lack thereof, for the subject as a whole.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Based on a range of feedback obtained from students, a review and possible adjustments 
may be made to the assessments for the next implementation of the subject in 2016. The 
findings, good or bad, will be useful in discussing the running of a flipped-classroom style 
subject for possible inclusion in other engineering subjects.

Several issues have been identified during the delivery of the subject in 2015, including; 
getting the right balance of active learning in the new lecture format, possible reorganisation 
of subject topics to better align with concepts being taught in parallel subjects (i.e. 
mathematics/calculus), the development of additional resources to further aid students with 
lower levels of mathematics and finally, the development of even more kinematics based 
video resources based on student requests.

A factor in academic staff being reluctant to drastically change the format of subjects is the 
substantial outlay of time required in an already time-poor workload, spread across teaching 
and research duties. The emphasis has to be placed on the long term benefits in terms of 
time, with the majority of work/resources created in the first year of delivery.
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Structured Abstract
BACKGROUND OR CONTEXT
A significant growth in the number of admissions into university engineering programs in 
recent years is driving graduate engineers to be distinctive to ensure employability after 
graduation.[1] Furthermore, surveys of engineering employers have found that engineering 
graduates often lack competency in their transferable skills, which is undesirable.[2] 
Employers desire these transferable skills as it renders the graduates much more adaptive to 
the ever-changing environment of professional engineering, therefore, transferable skills 
must also be a demonstrable quality for a competent engineer.[3]

[1]:Australia, Engineers. "The engineering profession: a statistical overview." Canberra: 
Engineers Australia (2006).

[2]:Ferns, Sonia. "Graduate employability: Teaching staff, employer and graduate
perceptions." 2012 Australian Collaborative Education Network National Conference. 2012.

[3]:Candy, Philip, Gay Crebert, and Jane O'leary. "Developing lifelong learners through 
undergraduate education." (1994).

PURPOSE OR GOAL
A significant time is required to train graduate engineers to be technically competent and 
exhibit the desired transferable skills with proficiency. Consequently, this process should 
begin as early as possible in their undergraduate studies. Unfortunately these transferable 
skills are often not considered until later in their programs of study, at which point many 
students may not have the time needed to develop these skills to full proficiency. 
Furthermore, project based learning (PBL) activities are often introduced only when students 
have attained a substantial technical knowledge in their particular major. Such approaches 
are not effective or sufficient for students to apply and demonstrate their knowledge during 
the learning phase and hence this knowledge is not well retained. This inability to apply 
learnt knowledge and allow for critical thinking skills to be developed is often disheartening 
for students, and may result in frustration with the learning experience. 

To circumvent this potential problem, the formal introduction of the graduate attributes early 
in the program of study may allow student to develop the needed skills for project-based 
learning to commence earlier. The establishment of graduate attributes also facilitates self-
motivated learning by the student, which is beneficial for students completing their program 
of studies.

APPROACH
At Macquarie University a process-driven first year engineering course was developed to 
foster the recognition of the key graduate attributes. This is a compulsory course for all 
incoming engineering students and has been designed to ensure that there is a common 
developmental pathway and understanding between the different stages of learning by the 
engineering students. 

The purpose of this unit is not only to establish the importance of graduate attributes early on 
in the students’ development but also to provide the necessary tools for the student to excel 
and be self-motivated in their own learning. Furthermore, a common understanding of the 



“professional engineering” demeanour is established to ensure a consistent expectation 
between units being taught within the department.

The unit is organised in a modularised structure; with workshops being first ran to formally 
introduce graduate attributes, this is followed by two short projects for the students to apply 
the learnt skills. The projects does not require technical expertise and therefore are suitable 
for most students. Since this is a process-driven course, the application of the skills is 
evaluated rather than the success of the project. This duo project iterative approach will 
facilitates the students to understand the central threshold concept of this unit; which is 
professionalism and self-driven learning. The teaching of the students by facilitators (tutors) 
will provide the needed guidance to promote reflective learning for students to become more
self-critical of their learning. The hierarchical organisation of facilitators will promote a 
mentor-apprentice learning environment within the department.

DISCUSSION
Traditional engineering programs overstates the technical body of knowledge (BoK) but 
underplay the importance of graduate attributes in their programs. These skills are seen as 
‘good-to-have’ but not absolutely essential for graduating engineers. Students are often 
expected to simply develop these skills over time through the course of their studies, which 
are not emphasised or developed until the final year project. By developing an awareness for 
these skills early in the students’ educational journey, it would greatly facilitate the acquisition 
of the technical and process knowledge and skills that are associated with an engineering 
degrees. 

The importance of self-directed learning is not often mastered for newly graduated high-
school students and therefore such a paradigm shift and change in expectation in university 
deserves formal recognition and development. In establishing such a point the students are 
also made aware of the expectations that an engineering program of study should be; which 
is tantamount to a significant four year engineering project. Such a mentality will facilitate the 
students’ blending of the knowledge and skills developed into a single BoK, and not be 
discriminated simply by the unit code. Such an approach would facilitate PBL at every stages 
of the degree with increasing technical difficulty to both simulate real-life engineering projects 
and maximise the opportunities for students to better develop their graduate attributes.

The combination of these approaches enable students to recognise the relevance and 
purpose of the knowledge learnt and ultimately developing a holistic understanding of their 
engineering program.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
To recognise the changing expectation of a graduate engineer, we have developed a 
compulsory first year engineering unit in order to introduce the importance of self-directed 
and motivated learning, professionally defined graduate attributes and establish a common 
understanding of the expectations and requirements of a professional engineer. With a 
structured and developmental unit structure, well-defined learning outcomes, and a 
significant tutoring support system, these first semester students are encouraged to be 
reflective of their role as undergraduate engineers and become increasingly responsible for 
their own learning. Students are encouraged to apply their learnt skills in the two projects 
where the processes are evaluated rather than a specific end goal, thereby maximising 
students’ opportunity to develop these essential skills towards becoming a professionally 
prepared graduate engineer.
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A trial flipped classroom implementation for first-year engineering

Gavin Buskes
The University of Melbourne

Structured Abstract
BACKGROUND OR CONTEXT
Numerous studies have found that student attention span during most lectures is roughly 
fifteen minutes and after this period, the number of students paying attention begins to drop 
off dramatically. This drop-off results in a retention loss of lecture material and can negatively 
impact learning outcomes. Nevertheless, the traditional didactic lecture is still seen as an 
efficient, but not necessarily effective, means of teaching large numbers of students. 
Learners, however, are “constructors of knowledge” in a variety of forms. In particular, they 
take an active role in forming new understandings and are not just passive receptors. The 
concept of active learning appeals to this activity in forming new understandings and is 
generally defined as any instructional method that engages students in the learning process. 
Traditionally styled didactic lectures may offer little in the way of active learning opportunities 
due to their physical environment and/or content delivery pressures. The popularity of 
internet resources such as Youtube and the Kahn academy has shown that readily 
accessible, short online videos are a valuable resource that can be used to deliver core 
subject material with the benefit of freeing up the lecture classes to become active learning 
environments. The ‘flipped’ or ‘inverted’ classroom approach attempts to bring the 
effectiveness of active learning to the lecture venue by shifting the onus onto students to 
study the relevant material, which would ordinarily be covered in lectures, at home and in 
their own time.

PURPOSE OR GOAL
Evidence suggests that the flipped classroom approach engages a wider spectrum of
learners. In the context of engineering education, the flipped approach allows lecturers to 
work with students when the most important aspects of learning take place: applying theory 
to and reasoning through problems. This alters the focus of education from information 
transfer to helping students assimilate material and better develop complex skills. Typically in 
such an approach, the face-to-face, in-class sessions are designed to be more informal and 
interactive, with the goal of removing the disconnected feeling of the traditional didactic 
lecture and replacing it with an environment where students will be encouraged and 
expected to participate. The goal of this project was to implement a trial flipped classroom 
approach in a large first-year subject in order to study the effects on student engagement 
and student learning with the potential to further act as a blueprint for any future flipped 
classroom implementations.

APPROACH
A trial implementation of a flipped classroom was developed to replace four traditional 
lectures in a large first-year subject. Basic theory and definitions were delivered through well-
crafted, concise, high-quality online video modules. These videos involved the lecturer being 
recorded in front of a green screen that would be projecting the content slides. Four lectures 
out of ten from a digital systems module were selected to convert to the flipped classroom 
approach, partly due to the limited time available to create the online videos and partly to 
allow the students to compare and contrast both the more traditional didactic lectures and the 
flipped classroom within the same subject module. The face-to-face lecture classes were 
redeveloped to be more informal and interactive, providing an environment where students 
would be encouraged and expected to participate, as opposed to the traditional didactic 
lecture. Several forms of evaluation were undertaken, including student surveys, focus 
groups and feedback from teaching staff in order to better understand the student experience 
and expand such an approach to other subjects within the School of Engineering.



DISCUSSION
The production of online video lectures and consequent ‘flipping’ of the lecture theatre to 
better provide an active learning environment has allowed a more guided setting for students 
to exercise higher levels of understanding involving analysis, evaluation and synthesis. The 
anecdotal evidence from the lectures was that students were better prepared and more 
willing to engage in an active learning environment though example problems, real-world 
examples and ‘big-picture’ concept explanations. The overall student response to the flipped 
lectures was positive as assessed by an end-of-semester survey and provided some 
interesting insights including the video viewing rate, preference for motivation for watching, 
format of the videos and preference for the type of in-class sessions.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The flipped classroom implementation, while being a limited trial in one (large) subject, has 
shown to have the potential to improve student engagement which would likely suggest 
improved teaching and learning outcomes, although these were not possible to measure with 
such a limited trial. It is envisaged that further lectures in the subject will be flipped, with the 
future goal to further expand the approach to other large subjects that follow-on from it to 
maximise the impact of such an approach.



















Effects of video tutorials on first year engineering student’s 
engagement and learning performance.

Marina Belkina, Ben Kelley and Laurel George
Western Sydney University

Structured Abstract
BACKGROUND OR CONTEXT
New technologies offer tremendous power to assist with design and change in higher 
education curricula (Henson, 2010, Lai, 2012). Online educational resources have become 
increasingly common in recent years, as evidenced by their use in distance education and 
blended learning courses. In particular, one of the latest trends to appear online is the mass 
creation of online expository videos, including how-to, tutorial, and lecture videos (Carter et 
al., 2014).

As the result, the large number of free educational videos has become available on the 
internet. However, several previous studies (Majid et al., 2012) together with our 
observations found that without necessary skills to search, locate, process, evaluate and use 
information students often experience various information related problems, such as 
information overload, inability to find the needed information and to extract the important 
points. Also it has been demonstrated that only a minority of YouTube videos related to the 
particular topic are useful for teaching due to misleading content and pour quality (Yaylaci et 
al., 2014, Raikos and Waidyasekara, 2014, Fischer et al., 2013). 

Students studding engineering generally encouraged taking initiative in problem solving and 
for students to learn most effectively, they need to feel involved and engaged in the learning 
process. This is difficult to achieve whilst delivering generic lecture content to large cohorts 
and during very limited tutorial sessions. With new technologies, however, it has now 
become possible for educators to self-create high quality online teaching-learning contents 
(Bae and Lee, 2015). 

PURPOSE OR GOAL
The project aimed to increase student’s engagement in Electrical Fundamentals unit and to 
improve their study performance and  to help students from Associate Degree in engineering 
at UWS College to get more feeling of a “real” tutorial and at the same time being able to 
study at their convenient time. It is also aimed to create education video content and to share 
it with a variety of stakeholders via YouTube channel. The goals listed below were set to the 
project:

1. To analyse the current YouTube videos related to the course Electrical Fundamentals
at UWS College and to collect general information about reliability and accuracy of the
information and its potential use for teaching.

2. To develop short video tutorials/working examples for Electrical Fundamentals to
create greater flexibility for students, engage them through a familiar medium and to
encourage them to work outside of the usual lecture and tutorial times.

3. To evaluate the effectiveness of created video tutorials to UWS College students and
world community via collecting feedback from students and YouTube users.



APPROACH
This study was conducted in three stages: (1) literature review and analysis of resent 
YouTube videos, (2) design and development of video tutorials; and (3) analysis of the 
student’s responses and evaluations.

The participants included students studying Diploma in Engineering at UWS College. This 
course is equivalent to the first year Bachelor in Engineering course at UWS.

1st stage.

the literature search has be conducted to identify the best practice in development of 
educational video resources. The analysis of YouTube videos related to specific topic of 
Electrical Fundamentals course has been performed to identify the main requirements for 
development of video tutorials. 

2nd stage

To create white board multimedia tutorials we selected Explain Everything. This is a free App 
which very popular in educators and wildly used to develop multimedia resources. The 
following steps have been taking during design and development stage:

Script writing and collection of images being used in videos

Recording videos in the form of white board tutorials with instructor voice over

Uploading videos to YouTube channel

A total of seven videos have been created and uploaded on YouTube channel 
(https://www.youtube.com/channel/UCMBAl3O8EDKdXwpUDU3mMBw/feed) and vUWS site 
(UWS Blackboard site). 

3rd stage

The students were asked to complete the survey about their experience with using online 
video tutorials. Also the data from students’ survey on unit and unit assessment results have 
been evacuated. The data from YouTube channel has been used to evaluate the response 
on videos from the public and to compare it to UWS College student’s responses.

DISCUSSION
The analysis of YouTube videos from the search on key words for main points in Electrical 
Fundamentals demonstrates that just a small amount of videos from explain the concepts of 
the topic which is critical for understanding the working procedure and problem solving 
strategy. And even only about halve of these videos are of a good quality. This suggests our 
initial idea that it is quite difficult for students to conduct the search on YouTube channel and 
to extract the relevant information. 

At the same time development and implementation of video tutorials to the Electrical 
Fundamentals unit found to have a positive influence on student’s engagement and learning 
performance. From the  student’s survey on unit and student’s interviews it is evident that 
students do access video tutorials for learning purpose especially during the exams 
reviewing period and that they found video tutorials very useful, easy to follow and the ability 
to study at home found very helpful.

The analysis of YouTube data shows that when the videos just been uploaded and 
introduced to UWS College students, the large increase in views has been found prior the 
mid semester and final exams. After being available on YouTube to public for one year, the 



views reports demonstrates a stable audience retention during 8-10 minutes suggesting the 
reasonable selection of videos length of 10-12 minutes.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The paper presents a practice project in developing and implementation of video tutorials for 
Electrical Fundamentals unit at UWs College. The benefits of self-creation of video materials 
by educator has been demonstrated thought he analysis of current YouTube videos where 
only a small portion of videos found being suitable for teaching.

The created videos have been uploaded on YouTube page and UWS College unit website. 
The development of video tutorials based on the student’s needs to improve their 
understanding in units content, help them to learn and revise materials at their own time and 
to engage them in the study. From the analysis of students’ feedback and YouTube data it 
can be concluded that the intergradation of video tutorials to the unit curriculum was effective 
to improve the learning process, especially in issues related to the understanding of the 
concepts previously studied. Throughout this study, the positive global perception and 
satisfaction of the participants after the implementation of the videos is noticed.  Therefore, 
short video tutorials created by academic can be used as effective learning tool in 
engineering subjects. It is proposed that created materials should systemized by subjects 
and learning outcomes and needed to be shared between universities.
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Comprehensive Innovation and Practice in Teaching and Learning 
for the Kind of Signal Courses

Ping Han, Weikun He, Mingyan Xu and Yan Han
Civil Aviation University of China

Structured Abstract
BACKGROUND OR CONTEXT
‘signals and systems’, ’digital signal processing’ and ‘random signal processing’ are three 
important courses for electrical engineering bachelor degree students. These courses have 
similar features which are both strong theoretical and practical. The contents of them are 
tightly related each other. Main problems students in their learning process are that they feel 
very difficult and boring to learn with traditional teaching approach because they can not 
understand the meaning of some mathematical concepts and properties, such as the 
concept of spectrum, system group delay and so on. These problems induce them 
concentrate their efforts only on calculations with mathematical formula. They don’t know 
how to analyse and solve the problems in real world. This results in engaging a low level of 
learning as students gain knowledge from lecture and memorize facts and procedures in 
order to pass exams.

Project-based Learning(PBL) is a self-directed mode of course delivery and students gain 
knowledge of the course material through designing, investigating and decision making at 
each step of the project. It’s main advantages is that it can improve the understanding of 
basic concepts, to stimulate the students’ self-learning ,to encourage deep and creative 
learning, and to develop team work and communication skills. It is gained world-wide interest 
as one of instructional method and welcomed by students

Based on ProjBL and aiming at the problems encountered in teaching process of three 
courses, a comprehensive innovation and practice in teaching and learning is presented in 
this paper based on project.

PURPOSE OR GOAL
By innovating teaching contents and methods of the three courses to achieve the following 
possible benefits:

1) Students’ learning interest and initiative are enhanced

2) Students’ capability of communicate with others, working in teams, knowledge
mastering of the course and self-learning will be increased.

3) Students’  ability to design and implement a product with technical tools will be
improved.

4) Teaching method and students’s capability will fit for the modern engineering education
and meet the needs of industry better.

APPROACH
The course innovation includes not only teaching contents integration of three courses but 
also the teaching and learning approach reform. 

(1)A new course named ‘signal analysis and processing ‘is constructed by compressing and 
integrating contents of the three courses (signals and systems, digital signal processing and 
random signal processing).



(2)To save theoretical teaching time in classroom and leave more time to the students for 
practice, new teaching procedure is laid out according to the sequence of signal analysis, 
system analysis, system design and signal processing.

(3)Based on the new course syllabus, teaching process can be conducted based on a project 
which is about a signal analysing and processing system. Students are acquired design and 
implement the project in Matlab or Labview during their learning, which includes a signal 
collecting, spectrum analysis, filter design and filtering.This learning model is called ‘learning 
in doing ’and ‘doing in learning’.

(4)Checking point of  students’ learning outcome and other skills are,: 

1) writing a technical report in each team

2) project presentation to instructors and students. each student should be required to 
answer some questions about the project, explain some concepts, theories related to the 
course and design decision he made. In addition, students are required to operate live show 
for the teachers.

3) final writing exam with close book within a specified time.

The course mark each student obtain finally is consist of three elements: homework 
(5%)+project (30%)+final writing exam(65%).

DISCUSSION
The project-based teaching and learning activity has achieved the innovation purpose. The 
main outcomes are 

(1) a new course named ‘signal analysis and processing’ is constructed and adopted in 
classroom.

(2)  framework of a project based teaching and learning model in built and practiced.

(3) Practice and the feedback from most students and other instructors who teach them in 
later courses demonstrate that the capability to communicate with others, working in 
teams, knowledge mastering of the course, self-learning and active learning have all 
been increased largely. Especially, the ability to design and implement a product with 
technical tools by themselves is enhanced obviously. Students’ learning interests are
easy to be stimulated by ‘doing in learning’ and ‘learning in doing’. They are very proud 
of their products. Some students also designed and supplement more complex digital 
signal processing applications in their project.  

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Just as one coin has two sides, there are still several problems we encountered in the 
innovation. The main problem is that more extra teachers or tutors are required to join the 
course in order to supervise students finishing project and check final presentation(in our 
course 4 extra teachers are needed ). Because there are about eighty students (20 work 
teams) in a class, each teacher (tutor) is responsible for 4 teams. So, compared with 
traditional delivery mode in which 2 teachers are required normally, it is difficult to operate if 
all courses adopt the innovation mode. In addition, there are still a few of students who have 
little contribution on project. They often ask their team member for help in the project instead. 
Finally, as students spend much time on the project, it could have influence on other courses 
learning.

Future work will be focused on improving the assessment and supervision method to 
motivate each student making more contribution to project by himself. For other problems 
mentioned above, we need to research and find some efficient method to solve.
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From work placement to employability: a whole-of-course 
framework 

Bouchra Senadji, Marian Boman, Joanne Allbutt and Karen Whelan
Queensland University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
This paper describes the framework for embedding work integrated learning across the 
engineering curriculum in the context of employability within a dedicated stream of project 
units (design and/or professional practice). This was motivated by the rapidly changing work 
environment globally and the need to assure and evidence not only student achievement but 
student confidence and ability to self-reflect, adapt and transfer their learning across the 
curriculum. Employability gives particular coherence to the integration, connection and 
reflection on these developments by students, academics and industry project supervisors. 
Employability is a focus across the higher education sector, nationally and internationally, 
including the ability to apply knowledge in context, self-awareness, self-efficacy beliefs, and 
the ability to reflect prior and post action, and to adapt accordingly (Yorke & Knight, 2006; 
Scott, Coates, & Anderson, 2008). 

Our paper makes use of important prior work by Oliver (2010) in relation to ‘Benchmarking 
partnerships for graduate employability’, and Franz (2008), Billett (2011) and others on 
models and activities to support work integrated learning and employability skills effectively 
across a program.   

While our focus in the paper is the designated stream of project units across each major of 
the program, Oliver has provided guiding questions for explicit identification of student 
capabilities, WIL experiences and evidence of learning that are guiding our development 
process in linking units, assessments and tools for ongoing student reflection and assurance 
of learning across the program.

PURPOSE OR GOAL
Significant development activity has occurred in redesign of the current engineering program 
including mapping of assessment tasks to graduate attribute elements in every unit. The goal 
of this academic practice paper is to propose a whole of program model and process for 
students (and staff)  to identify and reflect on in-class learning, work experience and related 
professional skills and capabilities as they progress across each year and stage of the 
course.  While this paper focus is on the design/professional practice stream of units in each 
major, the framework and tools also offer important connection points to the foundational first 
year, capstone projects and core learning from other units in the program.

The aim is to have a connected skills and attributes framework with portable pedagogic 
support resources and tools to counter what Allan and Tay (2010) refer to as the ‘distributed’ 
or dispersed effect of current higher education programs and units of learning. The purpose 
is to allow students, with peers, industry and academic project/work supervisors where 
appropriate, to more effectively and explicitly integrate, review and support individual student 
learning (with evidence) as they achieve high level employability in a more coordinated, 
agreed upon and connected way.

This paper outlines the process, framework/s and some key tools for ongoing curriculum 
development and evaluation of this student centred goal.



APPROACH
Based on the new curriculum design structure, we built on the strength of the project based 
(design or professional practice) stream of units integrated across each major (the example 
given is Civil engineering) and designed to enable students to connect and apply what 
they’ve learned at each stage of the program (course).   

We propose a model for embedding work integrated learning with employability skills 
(graduate capabilities) within and across these project units using portable Skills and 
Attributes self assessment, visual ‘maps’ (excel spider diagrams) for students (and academic 
and industry project supervisors) to identify strengths and actions to progressively develop 
their professional engineering competencies. 

We outline an example Skills and Attributes Chart similar to commonly used HR individual or 
organizational skills/strengths instruments. We describe how these will be used in 
conjunction with an e-portfolio as a repository and vehicle for collation of a range of artefacts 
and comparative charts showing progressive reflection on, and evidence of, knowledge, skills 
and personal attributes. As well allowing as for formal assessment and feedback on 
selectively released portfolio items.

DISCUSSION
Key outcomes include

• An ongoing model for progressive whole of course, curriculum development and review
that outputs individual student profiles in an employability framework that is responsive
to rapidly changing work environments

• A model that makes the challenge of employability and assurance of learning explicit
and located in student (and staff and industry) activity

• The basis for a student managed portfolio structure and plan (for major teams)
effectively integrated across the course

• A simple but effective portable self assessment and reflection tool flexible and adaptive
to individual student need as well as to academic and industry input

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This paper and activity throws up as many questions as the outcomes it provides, for 
example, what is possible for an individual student to develop (and when?) . How do you 
best assist and assure students to develop self efficacy and resilience?  

The list of ‘categories’ for self (and industry assessment) we provide in the paper is for 
current final year Professional Skills and Attributes (Chart). This is being reviewed and 
updated. We will be able to give examples of a series of actual future Charts developed as a 
result of this process at the AAEE conference. Along with some of the pedagogic scaffold 
activities (industry and academic) that support the learning and reflections.

A number of potentially transformative connections and conversations have occurred in the 
process of writing this paper. For example, a new institutional platform and (ARC) Learning 
Analytics research and development project are providing very exciting technological, 
pedagogic and curriculum/learning management systems  that aim to transform the  
‘connected learning’ possibilities of all aspects of curriculum. We have been invited to be part 
of a pilot XXX Student Success and Retention project to train later year (in our case 
engineering) students to be coaches for first year students using strengths based positive 
psychology that connects so well with our model presented here. We aim to present some 
more explicit links to these developments at the conference also.
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Educator Preferences Regarding the Types of Information Desired 
to Support Decision Making Regarding Adoption of  Remotely-

Accessible Engineering Instructional Laboratories

Steven Tuttlea, Bruce Moultona and David Loweb 

University of Technology Sydneya and The University of Sydneyb

Structured Abstract
BACKGROUND OR CONTEXT
Remotely accessible laboratories that support education first appeared more than twenty 
years ago. There are an ever increasing number of remote laboratory initiatives around the 
globe. As remote laboratories have matured, the levels of sophistication have increased 
technically, pedagogically, and organisationally.  Student outcomes, in certain applications, 
have been shown to be higher with remote labs than for either traditional proximate labs 
(traditional) and virtual laboratories (computer simulations). Yet, for all the interest, 
investment, and successes; many remote laboratories are under-utilised. The question arises 
as to the manner, means, and mechanisms which might lead to increased utilisation of 
under-utilised remote labs.

PURPOSE OR GOAL
This paper discusses research that has addressed the following question:  What are the 
perceptions of educators regarding the relative importance of information about different 
characteristics of  Remotely-Accessible Engineering Instructional Laboratories (REILs), when 
considering readiness to decide whether to use a REIL for a learning activity?

APPROACH
The predominant approach for this investigation was the use of a Best-Worst-Scaling (BWS) 
stated choice survey methodology. Thirty-seven REIL information categories were delineated 
for the purpose of comparison. Target participants included academics and technical staff of 
the 35 Australia institutions which offer a bachelor's degree in engineering.

DISCUSSION
Analysis of the data suggests that educators, when asked to consider whether to adopt an 
REIL, do, indeed, prefer some categories of information more than others – some kinds of 
information are perceived to be more useful than other kinds of information. For example, 
information regarding the specific experiments offered by an REIL was identified as the most 
useful aid to arriving at a decision. At the opposite end the preference spectrum, the income 
potential of an REIL was identified at the least useful decision aid.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
There are myriad strategies to support adoption of a REIL.  One such strategy is for 
engineering students to use an REIL for one or more learning activities within a subject. 
When planning learning activities, an engineering educator may consider whether to use an 
REIL. The decision whether to use – or not use – an REIL is an adoption decision. Assuming 
that informed decisions are preferable to uninformed decisions, information about REILs is 
needed by engineering teachers faced with an REIL adoption decision.  The result of this 
research provide insight into which types of REIL information are perceived as useful by 
engineering educators faced with a REIL adoption decision.
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perceptions of educators regarding the relative importance of information  about  different  
characteristics  of  Remotely- Accessible Engineering Instructional Laboratories (REILs), when 
considering readiness to decide whether to use a REIL for a learning activity?

Methodological Approach 



22.1 Remote Laboratory Information Types 

Table 1: Testable Set of 37 REIL Information Types with descriptors (information taxonomy)



BBest-Worst-Scaling Survey Design 



Table 2: Best-Worst-Scaling 37x9 Survey Design

IImplementation, Invitation, Execution 

Table 3: Complete Response Breakdown

Best-Worst-Scaling Survey Results 

Table 4: Best-Worst-Scaling Survey Results, with preferential ordering, Best to Worst.
Best Count is the number of times the given information type was chosen as ‘Best’ . Worst Count is 
the number of times the given information type was chosen as ‘Worst’.
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Design of Learning Spaces for Engineering Education

Paul Collins, Tim Hilditch and Matthew Joordens
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT 
With the re-imagining of engineering education at Deakin University an opportunity was 
presented with the ability to design purpose built spaces. With this development a review of 
leading practice educational spaces was undertaken specifically in a product development 
unit as well as a materials unit. Whilst both areas have different needs there were some 
common elements with the location of teaching aids, apparatus and experimental set-up and 
collaborative teaching spaces. 

PURPOSE OR GOAL
This study examined what would a best practice learning environment look like in two 
different disciplines and what is the connection and similarities in a problem based learning 
environment. A benchmarking study and literature review on best practice was undertaken; 
this learning space was intrinsically linked to the educational model. Aspects of the 
educational model have started to be implemented in this long term project

APPROACH
Student perceptions were measured primarily through standard unit feedback for both units 
as well as student comments on the units. Engagement of students was the primary focus of 
the redesign of purpose built spaces as well as curriculum review. By placing students into 
specifically designed spaces to enhance learning outcomes it is anticipated that the 
knowledge and skills attainment will be higher for all students.

DISCUSSION
The redevelopment of learning spaces has forced staff to think hard about their units and 
how space impacts on student educations. With both the materials and product development 
units, student had the ability to move through spaces depending on what they were doing. 
This ability to move is a combination of the educational model, the facilities and staff/student 
interaction. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
While part of a long term redevelopment of facilities and curriculum, it has been found that 
when the facilities match the educational model student engagement is higher. This has 
been support in both the literature and observation through student and staff evaluations of 
the unit. It is expected that as students adapt to the new educational model further they will 
make greater use of the purpose built facilities.
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A Comparison and Evaluation of Aeronautical Engineering Learning 
Outcomes using an Airborne Flight Laboratory and a Flight 

Simulator Laboratory.

Raymond Lewis and Matt Garratt  
The University of New South Wales

Structured Abstract
BACKGROUND OR CONTEXT
Like many other engineering schools, the School of Engineering and Information Technology 
(SEIT) at the University of New South Wales (Canberra) recognised the importance of 
student laboratories to complement classroom theory. As Eley (1995) and others have 
espoused, this is because laboratory work enables students to observe the relationship 
between theory and practice.  Importantly, students begin to gain confidence in the 
application of theory by observing its practical limitations.  For this reason, it was decided to 
develop an airborne laboratory facility. An aeroplane was acquired and it was equipped with 
a suite of sensors and instruments that allowed many aeroplane flight parameters to be 
measured and recorded.  Beginning in 1998, Aeronautical Engineering students and 
candidate pilots carried out a flight which allowed them to investigate aspects of aircraft 
performance, handling qualities and stability (static and dynamic) in a 1.2 hour flight. These 
experiments maximized the students’ experience and exposure to flight test.  After an 
evaluation of the effort and time that academic staff required to operate the flight laboratory, 
in 2010 the airborne flight laboratory was discontinued.  In its place there has been 
developed an Aviation Studio, equipped with a fixed-base flight simulator.  Similar to the work 
carried out by Done and Neal (2012), the engineering flight simulator has been specifically 
designed as a versatile and practical hands-on aid to the teaching of flight mechanics and 
dynamics and aircraft design. Using a flight console, screens and X-Plane software, students 
can manipulate many aircraft characteristics.

PURPOSE OR GOAL
The purpose of this paper is to compare the learning outcomes of what was a very 
experiential learning process – the airborne flight laboratory, to a more ‘contained’ learning 
environment – the Aviation Studio.  The authors will cite previous research and literature in 
this area to support their comparison and evaluation. 

It is realised that comparisons of examination results and test scores are not a valid metric 
when evaluating the learning outcomes of different cohorts of students.  

In both the airborne laboratory and the flight simulator laboratory students submitted a 
laboratory report some two weeks after the laboratory session.  The marked and assessed 
laboratory reports are a component of the total assessment for a Fundamentals of Flight 
course. A comparison of the marks and quality of laboratory reports produced in the two 
teaching and learning environments will provide a basis of comparison for the learning 
outcomes of the two teaching and learning laboratories.

APPROACH
For both the airborne laboratory and the flight simulator laboratory students submitted a 
laboratory report.  Evaluation and comparison of two student cohorts will be accomplished by 
an objective assessment of the quality of these reports.

In a matched-subjects design, participants are matched into blocks on the basis of a variable 
the researcher believes relevant to the experiment – in this case academic prowess.  In this 
way some of the methodological issues when comparing the learning outcomes of two 
students cohorts may be overcome. The weighted average mean result (WAM) achieved by 



each student at the end of the previous year will be ascertained. Students with similar WAMs 
and who have carried out either the airborne lab or the studio laboratory will be matched and 
the resultant difference in their laboratory assessment recorded.

After a statistical analysis of the result difference – either positive or negative it is anticipated 
that the flight simulator laboratory will produce a significantly better learning outcome.

DISCUSSION
It must be conceded that flying in an aeroplane was an unsettling (sometimes almost 
traumatic) experience for some students.  Rarely were they allowed to manipulate the 
controls.  The instructor/ pilot would set the experimental conditions and then sit hands off – 
allowing the aircraft to enter the phugoid or spiral dive.  Confinement in a small aircraft cabin 
and the possible undesirable effects of motion served to distract many students from the task 
in hand.

The flight simulator studio has none of these distractions.  Students are allowed to work at 
their own pace and manipulate the ‘aircraft’.  Flight dynamic variables such as changes in 
aircraft centre of gravity may be changed at will and the resultant changes to aircraft stability 
observed in a calm learning environment.

It is anticipated that the outcome of the comparison and evaluation of aeronautical 
engineering learning outcomes using an airborne flight laboratory and a flight simulator 
laboratory will be a positive for the flight simulator laboratory.  This finding will serve to inform 
and develop other learning paradigms and research activities in the flight simulator 
laboratory.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
To an ever greater degree, teaching institutions are moving towards a virtual world where 
hands-on experience of equipment and artefacts are being replaced by e-learning 
paradigms; You-tube video and screen presentations of engineering and associated 
concepts.  The benefits of making a comparison and evaluation of aeronautical engineering 
learning outcomes using an airborne flight laboratory and a flight simulator laboratory is that 
it may inform further development of teaching practices in a laboratory environment to better 
reflect a real world experience and improve learning outcomes.

The human-machine-interfaces (HMI) of many modern aircraft and unmanned aircraft 
systems (UAS) are rapidly evolving.  Touch screens and other input devices are being 
integrated into the flight decks of new generation fighter aircraft; commercial airliners and the 
ground control stations of UAS.  The ability to easily and quickly input data may significantly 
improve situational awareness of flight crew and ground station controllers.

It is expected that the Aviation Studio learning environment will produce better learning 
outcomes not only for existing aircraft technology but also for future aircraft.  Because of the 
flexibility and adaptability of apparatus and software programs, novel HMIs will be able to be 
assessed and explored to determine their efficacy and ease of use both from an operator 
and aeronautical engineering perspective.
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Guidelines for learning and teaching of final year engineering 
projects at AQF8 learning outcomes

Mohammad Rasula, Justine Lawsona, Rob Jarmanb, Prue Howarda, Roger Hadgrafta, Martin
Faea, Colin Kestellc, Faisal Anward, Alex Stojcevskie, Henderson Alanf and Alex Kootsookosg

CQUniversitya, University of Technology Sydneyb, The University of Adelaidec, Curtin 
Universityd, RMIT Vietname, University of Tasmaniaf and RMIT Universityg

Structured Abstract
BACKGROUND OR CONTEXT
Final Year Engineering Projects (FYEP) present students, academic staff (project 
supervisors) and assessors (review panel), professional accreditation bodies and industry 
project sponsors with many challenges. Experience with coordinating and examining FYEPs 
and discussions with colleagues at past few AAEE conferences indicated that many 
engineering educators have concerns about learning and teaching approaches of FYEPs. 
Development of good practice guidelines which meet Australian Qualifications Framework 
(AQF) Level 8 outcomes was therefore required. This led to a successful Australian 
Government grant on “Assessing Final Year Engineering Projects (FYEPs): Ensuring 
Learning and Teaching Standards and AQF8 Outcomes” funded by Office for Learning and 
Teaching.

PURPOSE OR GOAL
This paper outlines the guidelines developed for good practice in learning and teaching of 
FYEPs as an outcome of the above mentioned grant. The guidelines typically apply to four 
year undergraduate engineering degrees with embedded Honours and support achievement 
of the level 8 learning outcomes of the Australian Qualification Framework.

APPROACH
Good practice guidelines were developed through literatures, survey and data gathered from 
16 Australian universities from all states and territories. Data included documentary material 
such as subject outlines, student handbooks, supervisor guides, rubrics and teaching 
materials as well as 16 interviews with course coordinators and a workshop conducted with a 
range of supervisors and coordinators. This final iteration was derived after dissemination 
workshop evaluations and testing across Australia which involved over 100 participants from 
a total of 26 universities.

DISCUSSION
The study has revealed great variation in learning and teaching approaches of FYEPs across 
Australian and New Zealand universities. The study has been able to identify good practices 
as seen by FYEP coordinators across a wide range of universities. Analysis in relation to 
AQF8 learning outcomes has enabled the authors to propose guidelines to support good
practice in learning and teaching of FYEPs. The guidelines are structured around principles 
of constructive alignment in curriculum, supervision and assessment practices. The 
guidelines are intended for use by FYEP coordinators whose primary responsibilities may 
include both operational and governance matters. They can use the guidelines for preparing 
materials such as subject outlines, curriculum, and assessment and supervision activities.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
FYEPs are important vehicles for assessing the capabilities of graduating students and for 
evaluating program standards, it is critical that learning and teaching practices are efficient, 
fair, reliable and valid. To address the issues identified, the authors surveyed and reviewed 
current practices across the Australian and New Zealand universities. The intention was to 
develop good practice guidelines and resources to assist students, supervisors and 



coordinators, and to make these available to the community of FYEPs. The guidelines begin 
with some general principles followed by more specific and instructional guidelines which are 
aligned with each of the AQF8 learning outcomes.
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“I could replay the videos”: Evaluating the effectiveness of 
instructional videos in a threshold concept-based flipped 

classroom in electronic engineering

Structured Abstract
BACKGROUND OR CONTEXT 
Internationally interest is growing in the flipped classroom model of teaching and learning at
the tertiary level. At the core of the flipped class are lecture-created videos or interactive 
lessons that are accessed ahead of class, usually online, in order that the class time can be 
dedicated to problem solving, advancing concepts, and collaborative learning (Strayer, 
2012). It is argued that moving the learning materials online gives students the opportunity to 
decide what to watch and when thus giving them greater ownership over their learning 
(Bergmann, 2012; Tucker, 2012). Additionally, there is emerging evidence for the value of 
structuring curricula around threshold concepts (Flanagan, 2014; Male, MacNish, & Baillie, 
2012; Ng, 2014; Peter & Harlow, 2014; Wolf & Akkaraju, 2014). According to Meyer and 
Land (2003; 2006) in each academic discipline there are hard to grasp concepts, threshold 
concepts (TCs), that students need to master in order to think and act like a subject 
specialist. However, students often find TCs troublesome, and this is where they often ‘get 
stuck’ (Harlow, et al., 2011). By designing their pedagogy with a TC focus, lecturers can 
optimise student learning outcomes. Our previous research into the potential of a TC-based 
pedagogy and assessment evidenced the effectiveness of TC-based approach and 
highlighted student preference for learning using e-tutorials (Peter, et al., 2014). In the 
current project, we adopted a flipped classroom model to enhance student learning of TCs in 
an undergraduate engineering course at a New Zealand university. 

PURPOSE OR GOAL
The aim of this project is to discover whether the flipped classroom model improves learning 
outcomes in a first-year engineering paper having a heavy TC load and a strong, hands-on, 
laboratory component. As Cousin (2006) notes, a focus on TCs enables teachers to make 
refined decisions about what is fundamental to the grasp of the subject they are teaching. 
Equally important is the issue of how to capture the attention of 21st century students who 
grow up on rapidly-evolving technologies and exhibit decreased tolerance for didactic face-
to-face lecture presentations (Prensky, 2001). Providing students solely with access to 
instructional videos reduces the value of a flipped class approach. Rather it is how they are 
integrated into an overall approach that makes the difference in student learning, and it is this 
setting that we seek to test. 

The Introduction to Electronics course introduces first-year engineering students to several 
TCs. The course has a high level of conceptual difficulty and is regarded by many students 
as the most challenging paper of the semester. Much of the learning revolves around tacit 
knowledge and practical skills that are picked up in the lab sessions. This paper offers fertile 
ground for introducing the flipped class model of learning to facilitate student learning. The 
outcome in the case of this paper will inform further developments of the pedagogy and 
learning tools in the second year of the project. 

APPROACH
In this project we trialed a flipped-classroom model for 3-weeks by replacing the 50-minute 
weekly lectures with a suite of 30 short, lecturer-developed “Khan Academy-style” videos 
which were accessible from the course Moodle site. The instructional videos (each between 
4 to 13 minutes long) targeted two TCs in the course. As these TCs are mostly taught using 



circuit diagrams and solving equations, the videos allowed the lecturer the flexibility to draw, 
modify and elaborate on circuit diagrams using a drawing tablet to replicate the way he 
usually teaches in his face-to-face class. Smoothdraw and Quicktime were used for the video 
screen capture. Seven cognitive principles originally proposed by Mayer (2001, 2003) and 
elucidated by Sorden (2005) guided the development of the instructional videos: signaling 
effect, modality effect, coherence effect, redundancy effect, multimedia effect, 
personalization effect, and the pacing effect. The lecturer developed 30 original videos and 
selected an additional 30 Internet-based videos. These were divided into weekly assigned 
take-home tasks to support student learning during the flipped trial weeks. Students were 
expected to watch the assigned videos in preparation for each week’s practical activities. 
Student evaluation data from surveys, focus group interviews, class observations, video
analytics and student achievement data were collected. For the purposes of this manuscript, 
we focus on student evaluation of the lecturer-developed instructional videos on their 
learning of TCs in the course. 

DISCUSSION
Findings from the student survey revealed that students were generally positive about the 
impact of the instructional videos in supporting their learning. They particularly liked the 
flexibility, accessibility, and ability to watch the videos at their own time and pace. Over half 
of students affirmed the value of the lecturer developed videos in terms of the seven 
cognitive principles that underpinned their development. However only 30% of students 
reported they learned equally well from the videos as from attending live lectures. 
Additionally, although students reported liking the accessibility and flexibility of the videos for 
their learning, most of them did not watch anywhere near all of the assigned weekly videos, 
including ones crucial to their TC learning. The video analytics data confirmed that students 
were not fully engaging with the assigned weekly videos. Students’ comments revealed that 
a lack of time/self-management and not having a real-life person to interact with when they 
have questions while watching the videos contributed to less than optimal video viewing. 
Nevertheless, when students did watch the videos, they found them to be useful to their 
learning of the course in general and TCs in particular. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The current project was developed in order to enhance student learning of TCs in electronic 
engineering using a flipped class model of teaching and learning. Preliminary findings from 
student survey, focus group interviews and partial video usage data point towards the value 
of the flipped class for student learning. Some limitations of our intervention were the failure 
of students to keep up-to-date with the work and loss of group momentum, in the absence of 
any scheduled course event that brings the whole class together (such as lectures). These 
suggest a need to look at revising the current strategies for motivating students to watch the 
videos and come to the face-to-face sessions prepared to participate. Another possible way 
forward is to closely examine the characteristics and content of the instructor-prepared 
videos that students found particularly engaging and useful to their learning to inform our 
(re)design of future teaching videos. These ideas will inform the refinement of our TC-based 
flipped teaching and learning approach in the second year of our study.  
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Using Reflective Writing and Textual Explanations to Evaluate 
Students’ Conceptual Knowledge

Andrea Gonchera, Chris Ventersb, Wageeh Bolesa, Dhammika Jayalatha, Lisa Mcnairc and
Marie Parettic

Queensland University of Technologya, East Carolina Universityb and Virginia Techc

Structured Abstract
BACKGROUND OR CONTEXT
Writing is one method used to prompt students to reflect on their own thought processes. 
Eliciting students’ explanations in the form of text, or writing, also provides lecturers with 
information about students’ thinking (Goncher, Boles, Jayalath, 2014; Boles, Goncher, 
Jayalath, 2015).  Often in engineering courses, students adopt algorithmic problem-solving 
approaches without demonstrating conceptual reasoning. Adding a written, or explanatory 
component, to problems or questions is one approach that can elicit conceptual reasoning.

Goncher, A., Boles, W. & Jayalath, D. (2014). Using textual analysis with Concept 
Inventories to identify root causes of misconceptions. Proceedings of IEEE Frontiers in 
Education, (pp.71-74). Madrid, Spain.

Boles, W., Goncher, A., & Jayalath, D. (2015). Uncovering Misconceptions through Text 
Analysis. Proceedings of the 6th Research in Engineering Education Symposium. Dublin, 
Ireland.

PURPOSE OR GOAL
The purpose of this study was to identify and compare affordances of using students’ written 
explanations based the type of problem and response. This comparative study sought to 
answer two research questions, 1) How were the students’ textual answers different for the 
type of problem and requested explanations?  and 2) What does the type and organization of 
the text of students’ explanations reveal about their conceptual knowledge?

APPROACH
We analyzed students’ explanations for procedurally based problems in the statics discipline 
and conceptually based problems in the signal processing discipline. The first method used 
“process problems” that required students to explain, using only words, the process that they 
used to solve a statics homework problem. The second method utilized the Signals and 
Systems Concept Inventory items, and required students to provide a written explanation for 
their multiple-choice selection to each item. We categorized responses by the type of 
problem and structure of the written explanations to evaluate conceptual knowledge.

DISCUSSION
We found that the structure of the text and type of problem provided different insights into 
students’ reasoning. The results showed that students approach learning in statics with 
varying emphasis placed on procedural and conceptual knowledge, and some students had 
difficulties explaining underlying concepts in signal processing and reverted to procedural 
explanations. Regardless of the type of problem, students that are able to get feedback on 
their thought processes can use the feedback to formatively evaluate their own 
understanding.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Educators who incorporate or require students to reflect on their thinking through textual 
explanations can promote the revision of incorrect and/or inconsistent knowledge, leading to 
improved conceptual knowledge development. Assignments or activities that include more 
incidental writing will engage students in more freethinking and reflection (Essig et al., 2014; 



Hawkins, Coney, & Bystrom, 1996), and can lead to a richer understanding of technical 
concepts. 

Essig, R., Cary Troy, Jesiek, B.J., Boyd, J., & Trellinger, N. (2014). Adventures in Paragraph 
Writing: The Development and Refinement of Scalable and Effective Writing Exercises for 
Large-enrollment Engineering Courses. Proceedings of the 2014 ASEE Annual Conference 
and Exposition. Indianapolis, IN.

Hawkins, S., Coney, M. B., & Bystrom, K.-E. (1996). Incidental Writing in the Engineering 
Classroom. Journal of Engineering Education. 85(1): 27-57.
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A research agenda for design-based learning in engineering 
education

Stuart Palmer and Siva Krishnan
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
It is often argued that ‘design’ is an (perhaps the) essential characteristic of engineering 
practice; that, “Design requires unique knowledge, skills, and attitudes common to all 
engineering disciplines, and it is these attributes that distinguish engineering as a 
profession.”  Hence, it is not surprising to see engineering design identified as a key element 
of engineering education.  There are a range of pedagogical models described, badged with 
a range of names, that are suggested as approaches to teaching engineering design, for 
example: project-based learning, problem-based learning, design-based learning, conceive-
design-implement-operate (CDIO), problem-oriented project-based learning, social design 
based learning and project-oriented, design-based learning.

PURPOSE OR GOAL
While significant literature on engineering design education generally exists, many authors 
note open questions regarding optimal pedagogical approaches, and opportunities for further 
evaluation and research.  In this paper we draw on literature about design education and 
DBL in engineering education, and synthesise themes that present a potential research 
agenda for those educators involved in DBL in engineering education.

APPROACH
A search of the research literature was conducted using terms related to DBL in engineering 
education, including ‘Engineering Design’, ‘Design Education’, ‘Engineering + Project Based 
Learning’, ‘Engineering + Problem Based Learning’ and ‘Engineering + Design Based 
Learning’.  The literature thus collected was expanded by inspecting the lists of references in 
the initially identified literature set for further potentially relevant literature.  This process was 
repeated until no further related literature was identified, and resulted in 124 items.  All 
collected literature was carefully reviewed for explicitly identified suggestions for future 
research.  The authors also considered the literature set as a whole to identify additional 
research possibilities implied by aspects of DBL practice commonly addressed weakly, or not 
at all, in the available published research.  From the results of this review, a set of themes 
was synthesised by grouping related research recommendations and possibilities.  In the 
following section the identified research themes are presented and, for each, a summary of 
the supporting literature is given and a central research question is formulated by the 
authors.

DISCUSSION
The following research themes and associated research questions are proposed.

Theme 1– Defining engineering design

How is engineering design effectively defined in the local context?

Theme 2– Learning outcomes for engineering design education

How are the unique engineering design education learning outcomes for a program 
effectively developed?

Theme 3– Integrating design education into the engineering curriculum



How are design studies and practice appropriately integrated, supported and evaluated in the 
undergraduate engineering curriculum?

Theme 4– Scaffolding engineering design education

How is engineering design capability appropriately scaffolded for development of 
sophistication across the duration of engineering studies?

Theme 5– Real world engineering design

How can engineering students be exposed to authentic design experiences in the presence 
of realistic constraints and standards compliance?

Theme 6– Developing distinct engineering discipline identities

How does engineering design education recognise and develop the unique knowledge, skills, 
language and identity of distinct engineering discipline groups?

Theme 7– Assessing student performance in engineering design education

How is student design capability (including knowledge, process and output) effectively 
assessed in engineering design education?

Theme 8– Off-campus engineering design education

What are the types of learning activities that will provide off-campus students (as well as on-
campus students) with an authentic DBL environment?

Theme 9– The staffing of engineering design education

How are staff adequately developed and rewarded to undertake the specialised requirements 
of teaching engineering design on a sustainable basis?

Theme 10– Evaluation of the impact of engineering design education

How can the value and impact of engineering design education best evaluated?

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
In the engineering design education literature, many authors note open questions regarding 
optimal pedagogical approaches, as well as the need for further research.  In this paper we 
draw on a literature review into DBL in engineering education, and synthesise a number of 
themes that present a potential research agenda for those educators involved in DBL.  The 
themes presented here are not exhaustive.  There are other issues that we suggest are 
important research topics in DBL.
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Reconceptualising Engineering Research as Boyer's Four 
Scholarships

Llewellyn Mann and Suzanne Byron
Swinburne University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
Engineering research needs to be reconceptualised from the Scholarship of Discovery to the 
inclusion of all Boyer’s four scholarships for it to be relevant to industry. The recent 
introduction of the Australian Qualifications Framework (AQF) has led to engineering 
degrees shifting to honours level qualifications around the country. This has required the 
explicit teaching of research principles and methods, as well as a research project. Up until 
now, the implementation of this has been largely modelled from research training in science 
degrees, where the approach to research is aligned to Boyer’s Scholarship of Discovery. 
However, it is argued that engineering research, and particularly engineering research in 
industry, is more aligned to Boyer’s Scholarship of Application and Integration. Therefore, the 
teaching of research to undergraduate engineering students needs to be reconceptualised as 
the Boyer’s four Scholarships to better equip graduates for all engineering career paths.

PURPOSE OR GOAL
This paper aims to start a discussion within the community about the nature of engineering 
research in practice, through a new understanding of what research looks like.

APPROACH
This paper has reviewed the relevant literature and analysed current university research-
teaching practices to propose a reconceptualised model of engineering researcy. This will 
enable a better understanding of engineering research in all career progressions, and 
therefore what needs to be taught at a university level.

DISCUSSION
Engineering research within industry can become lost, as it is more easily recognised as 
ingenuity, problem solving and finding better methods or materials to improve on existing 
processes, and therefore reaching new conclusions and directions. Through a new 
understanding of what engineering research looks like in practice, communication between 
universities, graduates and industry can be enhanced.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The findings from this research will inform ongoing discussions around what engineering 
research is at an honours level, to improve the employability skills of graduates. A better 
understanding of research within engineering industry will also allow for better 
communication between employers and universities around the required abilities and skills of 
graduates. Interviews with industry employers should be conducted in the future, to correlate 
theoretical findings with industry perspectives on important graduate attributes and skill sets.
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Reflections on Developing and Implementing an Advanced 
Engineering Project Management Course

David Thorpe  
University of Southern Queensland

Structured Abstract
BACKGROUND OR CONTEXT
The Advanced Engineering Project Management course was developed in 2014 by the 
University of Southern Queensland to assist qualified engineers to enhance their knowledge 
and skills in project management. It complements a number of other postgraduate 
engineering management courses offered by the University. This course was initially 
developed in 2014 for distance education by a team of three academics, each of whom has 
had considerable professional experience, and was delivered in that year to a small number 
of engineers with an interest in further developing their project management knowledge and 
skills. In 2015, it has been offered through both on-campus and distance education to a wider 
student group, including engineering technologists studying programs like the Master of 
Engineering Science to qualify as professional engineers, by both on-campus and distance 
education, with an enrolment of over 80 students. Its development and delivery, while 
successful, have provided a number of challenges and resulted in the learning of valuable 
lessons.

PURPOSE OR GOAL
The purpose of this study is to discuss the challenges met in developing and delivering this 
course, how they were overcome, and the lessons learnt from this process. While the course 
is delivered by traditional approaches like lectures and tutorials, it has been underpinned by 
student focused principles like reflective learning, deep learning and assessment that aims to 
resemble industry practice as authentically as possible and uses two assignments that build 
on each other. In these assignments, students are given a set of project management issues 
to apply to a project (or program of projects in the case of the second assignment) that they 
nominate in accordance with a set of parameters in the assignment question, and are then 
asked to analyse and address the issues and write a report to senior management on the 
resulting plan to achieve desired objectives. The assignments are designed to mirror practice 
as much as possible and provide a degree of student centred learning. This approach, and 
the way in which it aids student development, are discussed.

APPROACH
The study outlines development and delivery of the course, both initially to a small distance 
education cohort in 2014 and to a much larger student cohort in 2015, from the point of view 
of its role in student development. Insight is provided into the approach used by the 
development team to formulate, write, review and initially deliver quality course material to a 
small group of learners in a quite short time period. The delivery of the course in each of the 
two years of offer is compared and contrasted. A number of issues, such as ensuring that 
course material has been of an advanced nature and engaging, that there has been a focus 
on reflective learning practices and deep learning, and ensuring that assessment has been 
as authentic as possible, are discussed. The main issue in the initial 2014 delivery of the 
course, to a small group of engineers with some experience in project management, was 
ensuring the development of course material kept pace with its delivery. In the 2015 delivery, 
to a much larger cohort of both on-campus and distance education students, the main issue 
has been minimal knowledge by a number of students of basic project management, which it 
was previously assumed that all students in the course would possess. As a result, further 
changes to this course are planned for its 2016 delivery.



DISCUSSION
Key outcomes of this study include:

1. A discussion about the course development process, the issues in this process and how it 
can be improved.

2. The extent to which the course has involved good educational principles like reflective 
practice, a focus on the student, authentic assessment and continual improvement.

3. The extent to which the course material and its assessment have been received by 
learners, and in particular learners with minimal knowledge of basic project management 
principles.

4. Modifications to the course topics and material as a result of learner feedback and 
experiences of the staff delivering it.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
While the development and delivery of this course has been quite successful, its 
implementation has resulted in a number of learning outcomes. 

The main learning from this study is the importance of developing sound course material and 
assessment that not only meets student needs at the time of development, but is flexible 
enough to adapt to changing student backgrounds and needs over time.

Implications arising from the development and delivery of the course include the:

1. Importance of clarity about course objectives and good constructive alignment in the 
course development process.

2. Desirability to have good knowledge of existing and potential future learner skills and their 
requirements in developing and delivering new courses.

3. Application of good teaching principles in developing and delivering courses in engineering 
management  

4. need to have a strong focus on continual review to result in a quality product

5. desirability of building flexibility into courses to accommodate emerging issues and 
developing circumstances.

It is concluded that the learning outcomes from this study will aid the development of future 
postgraduate engineering management courses through better identifying and assessing the 
challenges and issues in their development, delivery and revision, from the point of view of 
good teaching practice.
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Structured Abstract
BACKGROUND OR CONTEXT
Many authors have reported on the unsuccessful efforts of engineering educators in 
enhancing creative problem solving skills of engineering students (Adams et al., 2011; I. 
Belski, Baglin, & Harlim, 2013; Daly, Mosyjowski, & Seifert, 2014; Douglas et al., 2012; 
Steiner et al., 2011; Woods et al., 1997). A number of recent studies have been devoted to 
successes of teaching the Theory of Inventive Problem Solving (TRIZ) to engineering 
students in order to enhance their skills in creative problem solving (Becattini & Cascini, 
2013; I. Belski, 2009, 2015; Berdonosov, 2013; Busov, 2010; Dumas & Schmidt, 2015; 
Livotov, 2013). Moreover, it has been reported that even a simple TRIZ tool of Substance-
Field Analysis (I. Belski, 2007) as well as the Random Word technique (de Bono, 1990) can 
improve the outcomes of students’ idea generation. 

In their experiment, Belski et al. (2014) involved undergraduate students of the first year in 
generating ideas for a real knowledge-rich, ill-defined problem. Students from a control group 
generated solution ideas in silence for 16 minutes. Students in one experimental group were 
shown eight random words for two minutes per field. Students in the other two experimental 
groups were shown the names of the eight fields of Substance-Field Analysis (MATCEMIB: 
Mechanical, Acoustic, Thermal, Chemical, Electrical, Magnetic, Intermolecular, Biological) for 
two minutes per field. Exposure to both eight random words the eight fields of MATCEMIB 
assisted the students from the experimental groups to generate statistically significantly more 
solution ideas compared to the students from the control group.

PURPOSE OR GOAL
The above-mentioned experiment was conducted at one university and its results could have 
been specific to students of this particular university. This paper investigates whether 
exposure to random words and eight fields of MATCEMIB influences students from different 
universities and different background in the same way it influenced the students at Australian 
university. If the results of the above-mentioned experiment remain the same at other 
universities, the conclusion that simple ideation heuristics can be used to enhance problem 
solving skills of engineering graduates will be supported much more strongly.

APPROACH
The experiment that was conducted with the first year engineering students in Australia in 
2014 has been replicated with the first year students at three universities: Brno University of 
Technology in Czech Republic, Lappeenranta University of Technology in Finland and 
Komsomolsk-on-Amur State University in Russian Federation. It was anticipated that the 
results of the experiments in Russian Federation, Finland and Czech Republic will closely 
match the results from Australia.

DISCUSSION
Similarly to the Australian experiment, students from the experimental groups from Russian 
Federation, Finland and Czech Republic that were shown the names of the eight fields of 
MATCEMIB outperformed the students from other groups. Moreover, they generated 



statistically significantly more ideas when their control group counterparts. Unexpectedly, the 
numbers of idea generated by the students from Czech Republic, Finland and Russian 
Federation, who were exposed to eight random words, did not significantly exceed the 
number of solution proposals of the students from the control groups as it occurred in the 
original Australian experiment. Students from the control groups from Czech Republic and 
Finland generated nearly the same number of ideas than the students that were exposed to 
eight random words.  Students from the control group in Russian Federation performed 
significantly better than the students from the random word group.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The outcomes of the experiments conducted in Russian Federation, Finland and Czech 
Republic support the conclusion drawn by Belski et al. (2014) that introducing engineering 
students to simple ideation heuristics is likely to enhance their problem solving skills. At the 
same time, the discrepancy in idea generation results of groups that were shown eight 
random words suggest that the Random Word heuristic may not be as useful for idea 
generation as some more formal ideation heuristics. The fact that the results of RMIT study 
on the influence of the eight fields of MATCEMIB have been replicated by three other 
universities in three different countries reinforce the position of Su-Field Analysis as a simple 
ideation heuristics that is able to effectively enhance problem solving skills of engineering 
students.  



Many authors, who have researched creative problem solving have argued that human ability 
to solve ill-defined problems creatively is influenced by the following four major factors: (1) 
knowledge that is possessed by a problem solver, (2) cognitive processes and strategies that 
a problem solver uses, (3) individual cognitive abilities as well as (4) external factors that 
relate to cultural and social contexts (Amabile, 1983; Pretz, Naples, & Sternberg, 2003;
Weisberg, 2006). 

Assuming that these four factors influence creative performance the most, it can be 
presumed that university studies considerably enhance creative problem solving 
performance of engineering students. Engineering curricula have always placed significant 
emphasis onto the first two factors. Numerous study units that a student takes over the years 
of engineering degree cover significant amount of discipline knowledge. Therefore, it is 
expected that engineering graduates gain substantial amount of discipline knowledge at
university. Also, students are expected to learn numerous effective problem solving and idea 
generating techniques during hundreds of hours of practical problem solving that they carry 
out both individually and in groups. Therefore, it has been often assumed that engineering 
degrees enhance student creativity ‘by default’. Unfortunately, existing evidence does not 
fully support these expectations. It suggests that engineering educators need to put 
additional efforts to adequately enhance graduates’ skills in creative problem solving. 

Many authors have reported on the unsuccessful efforts of engineering educators in 
enhancing creative problem solving skills of engineering students (Adams, Kaczmarczyk, 
Picton, & Demian, 2011; I. Belski, 2011; I. Belski, Baglin, & Harlim, 2013; Daly, Mosyjowski, 
& Seifert, 2014; Douglas, Koro-Ljungberg, McNeill, Malcolm, & Therriault, 2012; Steiner et 
al., 2011; Woods et al., 1997). Researchers usually agree that engineering degrees help 
students to acquire satisfactory volumes of discipline knowledge. Students also gain 
adequate skills to solve educational problems that are well-defined and are isomorphic with 
the problems considered during study. At the same time, most of the programs do not 
appropriately equip engineering graduates with efficient methods of creative problem solving 
that are required for solving ill-defined problems. One of the main reasons for inability of 
engineering programs to develop adequate creativity skills in their graduates relates to poor 
planning and execution of activities that are focused on cultivating student skills in divergent 
thinking.

The term of divergent thinking was coined by Guilford (1950). He posited that in order to 
create new ideas a person has to diverge from the old. Divergent thinking skills are related to 
human’s ability to produce multiple novel ideas. Convergent thinking, on the other hand, 
identifies the individual’s ability of logical analysis and, therefore, her/his ability to choose the
most suitable concept from a set of ideas under consideration. Both divergent and 
convergent thinking are of importance in engineering profession. The former is responsible 
for a diverse number of design/solution options and underpins creativity; the latter supports
the ability of engineers to choose the best solution idea under given constraints. 

Daly, Mosyjowski and Seifert (2014) have recently analysed pedagogical approaches to 
enhance creativity skills of engineering students that were planned in seven engineering 
units at a Midwestern public university as well as the outcomes of the implementation of 
these plans. They have discovered that the activities to enhance student skills in convergent 
thinking were well represented in these engineering units’ plans and have been achieved
overall. At the same time, the development of divergent thinking skills that are the most 
important in engineering creativity had not been properly planned by the academics in 
charge of the abovementioned seven units. Therefore Daly et al. concluded that the 
intentions related to enhancement of the divergent thinking skills of engineering students 
were unlikely to result in fostering creativity of the students enrolled into these seven units. 



Conclusions presented by Steiner et al. (2011) who analysed the data from the survey of 320 
engineering students from three engineering schools of the Royal Melbourne Institute of 
Technology (RMIT) support the hypothesis of insufficient development of divergent thinking 
skills in engineering programs and indicate the need for teaching divergent thinking explicitly.
Firstly, Steiner et al. reported that the problem solving self-efficacy of the graduates were 
lower than that of the freshmen. This basically means that the four years of a degree have 
not prepared engineering graduates to tackling ill-defied problems (students did not see 
themselves ready and able). Secondly, when student responses to the survey question 
“What methods and approaches used by your RMIT teachers improved your engineering 
problem solving skills the most?” were grouped into categories, it has been discovered that 
only 6% of graduating students found useful the regular problem solving drills “at a low to 
mid-level of difficulty through which solution patterns could be learned” (Steiner et al., 2011, 
p. 394).  At the same time, nearly 40% of graduates praised learning problem solving
methods explicitly as well as being guided by academics in solving ‘difficult’ tasks – the
activities that are the key for development of divergent thinking skills. In essence, 
engineering students that took part in the study of Steiner et al. thought that engineering ‘drill 
and practice’ with isomorphic problems (that are likely to enhance their convergent thinking 
skills) were inefficient for proper development of their problem solving skills. Survey results 
showed the need for teaching formal methods of problem solving and idea generation that 
could properly develop student skills in divergent thinking.

A number of recent studies have been devoted to successes of teaching the Theory of 
Inventive Problem Solving (TRIZ) to engineering students in order to enhance their skills in 
creative problem solving (Becattini & Cascini, 2013; I. Belski, 2009, 2015; Berdonosov, 2013;
Busov, 2010; Dumas & Schmidt, 2015; Livotov, 2013). Moreover, it has been reported that 
even a simple TRIZ tool of Substance-Field Analysis (I. Belski, 2007) as well as the Random 
Word technique (de Bono, 1990) can improve the outcomes of students’ idea generation and
may be useful for enhancing skills in divergent thinking.

In their experiment, Belski et al. (2014) involved undergraduate engineering students of the 
first year in generating ideas for a real knowledge-rich, ill-defined problem. Students from a 
control group generated solution ideas in silence for 16 minutes. Students in one 
experimental group were shown eight random words for two minutes each. Students in 
another experimental group were shown the names of the eight fields of Substance-Field 
Analysis (MATCEMIB: Mechanical, Acoustic, Thermal, Chemical, Electrical, Magnetic, 
Intermolecular, Biological) for two minutes per field. Exposure to both eight random words
and the eight fields of MATCEMIB assisted the students from the experimental groups to 
generate statistically significantly more independent solution ideas compared to the students 
from the control group (Belski et al., 2014). It has been suggested, that teaching the ideation 
tools similar to Random Word and Substance-Field Analysis that require only a few hours to 
learn may help engineering educators in enhancing students’ skills in creative problem 
solving. It was, though, unclear whether the results obtained by Belski et al. (2014) are only 
RMIT-specific or they can be generalised to other cohorts of students.

This paper investigates whether exposure to random words and eight fields of MATCEMIB 
influences students from different universities and different background in a similar way it 
influenced the students involved in the Australian study. This study presents the first results 
from universities in Czech Republic, Finland and Russian Federation that engaged the first 
year students in the same experiment and compares them with the results obtained at RMIT.

In order to replicate the results of RMIT study (I. Belski et al., 2014), student from all 
participating universities were shown words that belong to two simple heuristics:  (a) the 
Random Word technique, proposed by Edward de Bono (de Bono, 1990) and (b) the 
systematised Substance Field Analysis (Su-Field Analysis) (I. Belski, 2007). 



Substance-Field Analysis (Su-Field Analysis) is a procedure that systematised the 
application of the classical TRIZ Substance-Field Analysis with the 76 Standard Solutions (I.
Belski, 2007). Su-Field Analysis represents technical systems as a set of interconnected 
components – a set of substances interacting with each other by means of fields, which, in 
turn, are generated by the substances. Both substances and fields are sketched as circles. 
Su-Field Analysis allows representing different technical systems in a similar way – by 
means of circle-substances and circle-fields. Such generalisation allows a user to model 
different systems in a uniform way and to apply similar rules to resolve problems that look 
dissimilar, but are fundamentally alike. Su-Field Analysis consists of 5 Steps and utilises 5 
Model Solutions. The 5 Model Solutions represent five general solution “recipes”. In order to 
generate ideas, a practitioner reformulates a general model solution into the problem-specific 
model solution and then searches through the eight fields of MATCEMIB (Mechanical, 
Acoustic, Thermal, Chemical, Electric, Magnetic, Intermolecular, Biological) for solution ideas 
that are ‘suggested’ by the problem-specific model solution. It has been reported that Su-
Field Analysis boosted the number of ideas generated during problem solving sessions at
university (I. Belski & Belski, 2013), in industry (Dobrusskin, Belski, & Belski, 2014) as well 
as whilst conducting failure analysis (A. Belski, Belski, Chong, & Kwok, 2013).

Belski and Belski (2013) propounded that the effectiveness of Su-Field Analysis stems from 
its ability to effectively guide a user in a manual search of her/his long term memory data 
base. The authors pointed out that the fields of MATCEMIB actually ‘cover’ most of the 
principles of operation that can be deployed in engineering design. Therefore, Belski and 
Belski argued that when a problem solver is reminded of the fields of MATCEMIB, she/he is 
able to suggest ideas that cover more diverse solutions relevant to engineering. In other 
words, it is likely that learning to consider ideas suggested by the eight fields of MATCEMIB
may trigger diverse ideas and, in turn, enhance divergent thinking skills of students.

Table 1. Eight fields of MATCEMIB and some field interactions (I. Belski, 2007, p. 17)



The experiment conducted in this study was limited to exposing students to the eight fields of 
MATCEMIB. Each field was presented to students either alone, or together with a simplified 
list of interactions that illustrated the scope of actions covered by this particular field. Table 1 
displays this simplified list of MATCEMIB interactions.

Edward de Bono, suggested that Random Word “is the simplest of all creative techniques” 
(de Bono, 1995, p. 17). The Random Word technique prescribes a problem solver to use a 
random word that is not connected to the problem under consideration. De Bono advocated 
that the Random Word technique helps a user to generate more ideas, because humans use 
patterns for problem recognition and problem solving and that

the random word provides a new entry point and as we work back from the new entry point, 
we increase the chances of using patterns we would never have used if we had worked 
outwards from the subject area (p. 18).  

Random words can be obtained in many ways. Lists of random words that a practitioner can 
choose from as well as random word generators are freely available on the web. In RMIT 
study, random words were generated by the researchers as suggested by de Bono (1995),
by using a dictionary. The following are the eight random words that were used in RMIT 
study: Archaism, Right angle, Lotus eater, Emitter, Ozone, Blowhole, Ball-and-socket-joint 
and Hanky-panky. In order to conduct experiments in Czech Republic, Finland and Russia 
these eight random words were translated into the student native languages.

The first year students from Brno University of Technology (BUT), Lappeenranta University 
of Technology (LUT) and Komsomolsk-on-Amur State Technical University (KNASTU) 
participated in this study. At each participating university four tutorial groups were involved in 
the experiment. The following is a record of activities that tutorial groups at each university 
were involved in. 

Students from one experimental group were shown the eight random words (the ‘Random 
Word’ group). Students from the other two experimental groups were influenced by the eight 
fields of MATCEMIB (the ‘MATCEMIB’ and ‘MATCEMIB+’ groups). The students from the 
forth group were not influenced in any way – this group represented a Control group. All 
students were given 16 minutes of tutorial time to individually generate as many ideas as 
possible for the same problem (to remove the lime build-up in pipes). This problem was used
in the original RMIT study and was suggested by the Engineers Without Borders (EWD) 
2014 Challenge as a possible student project for 2014. 

Initially, the same Power Point slide that contained the problem statement translated into the
appropriate language and a photo of a cross-section of a pipe half of which was covered with 
lime deposit was presented to the students for two minutes by their tutors. Figure 1a depicts 
the English version of the problem statement that was presented to students from all groups. 

After two minutes of problem introduction that coved only the information presented in Figure 
1a, all students were asked to work individually and to record as many ideas to clean the 
pipes from lime as possible (ideas were recorded in student own languages). The form to 
record ideas was distributed to the students just before the problem was presented. The form 
was the same for the students of all four groups. It was a copy of RMIT form that was 
translated into Czech and Russian for the students from BUT and KNASTU. The students 
from LUT used the original RMIT English version of the form. 

Students from the Control groups were not influenced by any ideation methodology. After two 
minutes of problem introduction, they were allowed to think of solution ideas and to record 



them for 16 minutes. The slide shown in Figure 1a was presented to the students from the 
Control groups for the whole duration of the idea generation session.

Figure 1: The English version of the Power Point slides presented to students in their own 
languages: a) task introductory and the Control Group; b) Random Word group; c) 

MATCEMIB group; d) MATCEMIB+ group. 

After the two minutes of problem presentation, students from the experimental groups were 
told that during their idea generation session they will be shown some words. No 
clarifications on what these words are and what to do with them were given. Students from 
the Random Word groups were offered the translations of the eight random words that were 
used in RMIT study. Students from the MATCEMIB and MATCEMIB+ groups were offered 
the translations of the eight fields of MATCEMIB in the sequence presented in Table 1. Each 
word was shown to the students from the experimental groups for two minutes. Every two 
minutes a tutor changed the word on the screen and read the new word aloud. It is important 
to note that when a tutor of the MATCEMIB+ group changed slides every two minutes, he 
read aloud only the name of the field of MATCEMIB that was displayed, but did not read the 
words that corresponded to the field’s interactions that were displayed together with the 
field’s name.

Figure 1 depicts the English version of one of the eight Power Point slides that were shown 
to the students from different groups in all countries: Figure 1a – the Control groups; Figure 
1b – the Random Word groups; Figure 1c – the MATCEMIB groups; Figure 1d – the
MATCEMIB+ groups. Altogether the students from the experimental groups were generating 
and recording ideas for 16 minutes.

Student ideas were evaluated by independent assessors that used the criteria developed for 
RMIT study. Among other items, assessors counted the number of distinct (independent) 
ideas proposed by each student. In order to judge how broad or ‘divergent’ these 
independent  ideas were, each idea was assigned to a specific field of MATCEMIB. The
ideas of student from KNASTU were evaluated by three assessors. The work of students 
from BUT and LUT were assessed by two assessors each. The inter-rater reliability of 



assessment by independent assessors was evaluated for all universities separately with
SPSS by establishing the Cronbach's Alpha for the number of independent ideas proposed 
by each individual student. Cronbach's Alphas for all universities (including RMIT) exceeded 
0.9. The Cronbach's Alpha coefficient over 0.9 suggests excellent internal consistency.
Therefore, the assessment of students from all countries was evaluated as very reliable. For 
further analysis the number of independent ideas proposed by each individual student made 
by the assessors from the same country was averaged. 

Table 2 presents the result of all four experiments for the number of independent ideas 
proposed by each individual student. It also contains information on the group sizes.

Table 2. The average number of independent ideas proposed by students from four countries

The differences between the numbers of independent ideas generated by students from all 
four countries were statistically significant for Control group vs MATCEMIB and MATCEMIB+
groups. Statistical significance was discovered for the number of ideas proposed by students 
from Random Word group vs MATCEMIB and MATCEMIB+ groups for student from BUT, 
LUT and KNASTU. While RMIT students from the Random Word group generated 
statistically significantly more ideas than the students from the Control group, KNASTU’s 
Control group statistically significantly outperformed the Random Word group. The
differences between all other groups of students from the same university were not 
statistically significant.

Table 3 reveals the ‘breadth’ of the ideas generated by students from different groups.

Table 3. The ‘breadth’ of the ideas proposed by students from four countries over the eight 
fields of MATCEMIB

The breadth of ideas was calculated as a sum of eight terms, each equal to a fraction of 
students that proposed ideas that were assigned by the assessors to each field of 
MATCEMIB. It has been discovered that the majority of ideas proposed by students from the 
Control groups were of Mechanical, Chemical or Thermal nature. The students from the 
MATCEMIB and MATCEMIB+ groups proposed solutions that ‘covered’ most of the eight 
field of MATCEMIB. For example, the following is the spread of the ideas proposed by the 
students from the Control group at RMIT: 95% of students proposed Mechanical ideas; 5% -
Acoustic; 14% - Thermal; 86% - Chemical; 0% - Electric; 0% - Magnetic; 0% - Intermolecular; 
5% - Biological. Therefore, the breadth of ideas B proposed by the Control group from RMIT 
was equal to:

05.205.000086.014.005.095.0B



The ideas put forward by the students from the MATCEMIB+ group at RMIT was significantly 
broader: 89% of students put forward Mechanical ideas; 28% - Acoustic; 78% - Thermal; 
100% - Chemical; 44% - Electric; 22% - Magnetic; 28% - Intermolecular; 56% - Biological.
Most of the ideas generated by the students from the Random Word groups belong to two 
fields: Mechanical and Chemical. The following is the spread of the ideas proposed by the 
students from the Random Word group at RMIT: 100% of students proposed Mechanical 
ideas; 6% - Acoustic; 19% - Thermal; 94% - Chemical; 0% - Electric; 6% - Magnetic; 0% -
Intermolecular; 13% - Biological.

The outcomes of the experiments conducted in Russian Federation, Finland and Czech 
Republic only partly support the conclusion drawn by RMIT study (I. Belski et al., 2014). The
influence of the eight fields of MATCEMIB has been fully replicated. Students from the 
MATCEMIB and the MATCEMIB+ groups in each country proposed statistically significantly 
more ideas than their counterparts from the Control groups. At the same time, the eight 
random words shown to the students from BUT, LTU and KNASTU did not boost the 
numbers of ideas proposed compared to the Control groups as it happened at RMIT. On the 
contrary, the Control group from KNASTU statistically outperformed the Random Word 
group. The difference in the number of independent ideas suggested by the students from 
the Control groups and the Random Word groups from BUT and LTU were statistically 
insignificant.   

The fact that the results of RMIT study on the influence of the eight fields of MATCEMIB 
have been replicated by three other universities in three different countries reinforce the 
position of Su-Field Analysis as a simple ideation heuristics that is able to effectively 
enhance problem solving skills of engineering students.
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Mapping Quantitative Skills (QS) in First-year Engineering for on 
campus and distance students

Janelle Wilkes and Jackie Reid
The University of New England

Structured Abstract
BACKGROUND OR CONTEXT
Quantitative skills are defined as “the ability to apply mathematical and statistical thinking 
and reasoning in context” (Rylands, Simbag, Matthews, Coady and Belward, 2013). The 
need for the development of quantitative skills in engineering is clearly articulated in the 
literature and is an element of competency, “1.2 Concept understanding of the mathematics, 
numerical analysis, statistics and computer and information sciences which underpin the 
technology domain” (Engineers Australia, 2013). A project mapping the quantitative skills 
(QS) taught, practiced and assessed in first year STEM courses at a regional institution for 
blended (on campus and distance) students was undertaken in 2014. In this paper we have 
presented the results for one course, the Bachelor of Engineering Technology (BET).

PURPOSE OR GOAL
The purpose of this paper is to explain how the first year QS were mapped for the BET, and 
describe the resulting curriculum changes.

APPROACH
Initially, to secure engagement from academics, an interdisciplinary conversation on QS was 
initiated through seminars and workshops. Once the momentum surrounding the QS project 
had been established we followed five steps to map the QS. Firstly, the BET graduate QS 
and the levels of proficiency were defined; secondly, the mapping tool was developed; 
thirdly, unit and course maps were developed that identified which QS were taught, practiced 
and assessed and when this occurred; fourthly, maps were analysed identifying any gaps 
and disparities; and finally, in action meetings holistic curriculum changes were flagged with 
the aim of enhancing QS development for both on campus and distance students. This 
project resulted in the mapping of 28 first-year units and 10 courses, including the BET.

DISCUSSION
The first year BET maps clearly identified when QS were taught, practised and assessed in 
the 9 core first year units for the two majors (Civil and Environmental). Through collegial 
reflection at the action meeting attended by the BET course coordinator, unit coordinators 
and engineering academics; curriculum changes were made to ensure students gained the 
necessary QS.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This project initiated an interdisciplinary conversation surrounding first year and graduate 
requirements for QS. Through the input and support of academics involved in the course all 
BET first year units were mapped and holistic curriculum change occurred. These changes 
ensured that each QS was taught, practiced and assessed at the correct level, and most 
appropriate time, to maximise learning opportunities for both on campus and distance 
students. As the mapping tool was user friendly these curriculum changes were readily 
incorporated into the unit and course maps, ensuring that they remain current and reliable. 
This project has modelled a framework for mapping skills, analysing the curriculum and 
making change. This could be replicated in other engineering disciplines, at other institutions, 
and in postgraduate coursework awards, where quantitative skills are also required.
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A Framework for Managing Learning Teams in Engineering Units

Kali Prasad Nepal and An-jui Li
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
Team learning is an integral part of engineering education today and teamwork knowledge, 
teamwork skills and teamwork product have been included as one of the major components 
of engineering graduate outcomes in undergraduate engineering course/program curriculum. 
In spite of enormous research advances in theoretical aspects of learning and working in 
teams, anecdotal evidence suggests that most engineering academic staff are inundated by 
student complaints of not being able to work in a learning team due to numerous reasons. In 
addition to student complaints, most engineering academic staff are non-expert in team 
learning theories and methodologies and hence are unsure of specific learning outcomes of 
a teamwork, approaches to achieve those learning outcomes, suitability of team learning in a 
particular unit/subject, planning required for implementing teamwork, implementation and 
monitoring teamwork and teamwork reflection. Too often engineering academic staff include 
teamwork, yet without adequate preparation and with little understanding about how to use 
their time to achieve the greatest gains for themselves or for their students. Hence, there is a 
clear need for a framework for managing learning teams in engineering units.

PURPOSE OR GOAL
This study develops a framework for managing learning teams in engineering units through 
extensive reviews of existing literature and anecdotal practices. The focus is to provide step-
by-step procedure so that the problems of team learning in engineering can be reduced. 
Depending upon the time and resources available to academic staff, the framework would 
help to choose an optimal path and associated strategies.

APPROACH
This study uses evidence-based literature knowledge to develop a framework that help to 
manage engineering students’ learning teams. The literature information are discussed in 
reference to anecdotal practices from undergraduate engineering classrooms.

DISCUSSION
The literature review suggests that for better management of learning teams, engineering 
academic staff need to focus on specifying learning outcomes of a teamwork, identifying 
appropriate approaches to achieve these learning outcomes, judging the suitability of team 
learning in a particular learning context, developing a clear plan for implementing teamwork, 
implementing and monitoring teamwork and reflecting and re-evaluating teamwork. 
Elaborated discussions regarding these issues can help academic staff to manage learning
teams effectively and efficiently.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Depending upon the availability of time and resources and the suitability of a particular 
educational context, managing engineering learning teams can be both simple as well as 
complex. The developed framework may assist engineering academic staff to manage 
teamwork in their engineering units. For further research, the framework need to 
implemented, monitored, evaluated and revised.
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Providing Automated Formative Feedback in an Online Learning 
Environment

Jason But and Antonio Cricenti
Swinburne University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
In an increasingly online environment, students are looking for new opportunities to engage 
with learning material. Engineering likes to employ a hands-on approach to learning, where 
Laboratory time forms an important part of a students learning experience. While some 
laboratory tasks can be moved to a simulated or remote environment, the ability for students 
to acquire formative feedback from instructors in a face-to-face environment can be lost, and 
students are left to construct their own feedback which can be unsatisfactory.

In a number of our Units, we have developed an automated system that can formally assess 
practical student exams as a form of summative assessment. This system allows for 
improved and more consistent student outcomes, and through the provision of feedback to 
students, can help them to prepare for resit exams should they fail at the first attempt. We 
believe that the extension of this existing system to encompass ongoing lab work, will allow 
students to engage with ongoing in-semester instruction in a virtualised context, while still 
allowing them to obtain appropriate formative feedback to improve the learning experience.

PURPOSE OR GOAL
Many Universities are evaluating, or moving to a blended learning environment where 
students can access their learning at a time that suits them. However, this is challenging in 
Engineering where practical skills are considered important. In our study area, computer 
networking, having students acquire the practical skills to build computer networks using real 
equipment is essential. A simulated environment often does not reproduce the common 
problems that are faced when establishing real networks.

There are a number of problems to be considered:

- Providing online feedback is typically restricted to computer managed tests (better 
applied to testing knowledge rather than hands-on skills) and delayed feedback from 
tutors/peers where student work is evaluated after a student submits. Some new tools 
are becoming available to provide immediate feedback in a restricted, simulated 
environment. However, as far as we know, there are no current systems to allow 
automated provision of feedback on open-ended student configurations using real 
networking equipment.

- Providing remote access to physical network devices in a way that students can 
construct networks from alternate locations on/off-campus is difficult.

- Providing tutors for students wishing to study in their own time is challenging, 
particularly considering weekend and after-hours study.

- To address these problems, we propose:
- Allow external access to our current physical lab. 
- Building a tool that can be used by students to dynamically provide automated 

feedback on their configurations.
- Combining these two tasks, we believe that we can enhance the student experience, 

increasing opportunities for consolidating their learning.

APPROACH
We have developed a system which is successfully deployed to assess student practical 
work in summative end-of-semester practical skills exams in a number of networking Units. 



This tool has now been used over a period of six years to assess student exams. As well as 
determining student outcomes, this tool also provides personalised feedback to students 
regarding their performance in the exam.

This system has been designed to be flexible, whereby the required exam configurations are 
specified using a modular configuration table. This feature allows development of new exam 
papers with no programming effort. Due to the nature of exams, this tool is currently only 
available on a secure system where there is no student access.

By carefully opening up portions of this tool to student access, we can provide an innovative 
system that can:

- Assess student work on assigned lab tasks
- Allow students to upload their own network design, and then assess their 

implementation against their own design goals

Because the tool already generates formative-type feedback, in that students are informed of 
what they did wrong but not necessarily how to fix it, we believe that this concept can 
address the issue of lack of immediate, formative feedback in a blended learning context.

DISCUSSION
While we have an existing tool that assesses student examination work, there are a number 
of challenges to address in porting this system to a student-centred online environment. 
These include:

- Security/privacy of individual student work/feedback
- Protection of tool under exam assessment conditions
- Priorities when on-campus and off-campus students wish to use facilities at the same 

time

We anticipate that our eventual system will provide a more flexible learning environment for 
students:

- Students who are unable to attend certain face-to-face classes, or unable to complete 
associated tasks within the class time, will now be able to complete the work in their 
own time and still be provided with constructive feedback. 

- Students who wish to push themselves by undertaking their own challenges, will be
able to devise tasks and assess their performance against this criteria.

- In a blended environment, this will allow instructors to modify teaching materials such 
that students are encouraged to undertake practical exercises prior to class-time. 
This can lead to more meaningful discussions in tutorials.

It will be interesting to observe if the increased availability of an alternative learning 
environment will lead to similar outcomes seen with recorded lectures. In this case, will 
poorer performing students convince themselves that they will benefit from this tool and 
therefore not attend lab classes, only to not then engage with curriculum due to non-
attendance. We believe that this is an open-ended question that all educators need to keep 
in mind when considering Blended Learning.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The deployment of Blended Learning in an Engineering context has a number of hurdles to 
overcome. One of these hurdles is the difficulty in providing a hands-on practical experience 
to students, with the associated formative feedback, in an online 24/7 environment. In this 
paper we propose extending our existing summative assessment tool so that it allows 
students to undertake both guided and open-ended practical work, and to then dynamically 
request formative feedback on their performance at the associated tasks.



A successful deployment of this tool would provide a base for other Engineering disciplines 
to construct practical remote learning environments, and remove one of the many challenges 
facing the Engineering education community in the global move to Blended Learning.

Following deployment, it would be interesting to perform a follow up student evaluation to 
determine the efficacy of the tool, and as to how it affects the student learning experience.
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Figure 1: Automated Assessment Tool Architecture Diagram

Student Feedback



PProposed Online Lab Feedback Tool 

Virtual Lab Supervisor



You have committed one or more major errors that will cause your network (or 
parts of your network) not to work. 
Details of your error(s) are listed below: 

Switchport is not configured in "trunking" mode 
SwitchA(FastEthernet0/11) 

Required VLANs not being trunked 
SwitchA(FastEthernet0/1): VLANs (354) not being 
trunked SwitchB(FastEthernet0/1): VLANs (354) not 
being trunked 

Following trunk interface(s) configured with an IP address when it should have 
sub-interface addresses only 

Switch Trunk Link (RouterA: FastEthernet0/1): You configured (192.168.1.193/27) 

No IP Addresses configured for the following interfaces 
Sub-interface for VLAN 1 (RouterA: 
FastEthernet0/1.1): 

At least one default static gateway/route has the incorrect next hop or exit 
interface programmed 

RouterB: Default gateway/route via Serial0/0/0 

The following networks are not being advertised when they should be 
RouterA(Serial0/0/0) using protocol ospf 

You have committed one or more minor errors. This type of error will not on 
its own cause your network to fail, but may impact on your final result. 
Details of your error(s) are listed below: 

No default gateway has been programmed on the switch (when there should be) 
SwitchA 

Unnecessary VLAN Created 
SwitchB: VLAN(352:management) has been created when it should not have been 

The following networks are being advertised when they should not be 
RouterA(FastEthernet0/1) using protocol ospf 

The following routing protocol "network" statements do not advertise any 
interfaces on the corresponding router 

RouterA(ospf): network 192.168.1.244 0.0.0.3 area 0 
RouterB(ospf): network 192.168.1.129 0.0.0.0 area 0 

Incorrect network address/mask allocated for the following networks 
VLAN 15 Web Server (RouterB: Loopback0): Configured (150.0.0.1/32) where the 

expected network is (121.0.0.15/32) 

Figure 2: Sample feedback output of automated assessment tool
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Tracing software learning and application from formal into informal 
workplace learning of CAD software

Elaine Khoo, Craig Hight, Rob Torrens and Gareth Ranger
The University of Waikato

Structured Abstract
BACKGROUND OR CONTEXT 
This paper reports on findings from a case study of an engineering course in a New Zealand 
university focused on the learning and application of a 3-dimensional computer-aided design 
(3D CAD) software, SolidWorks, as an exploration of student understandings of software 
literacy. It is part of a larger two-year funded research project investigating the notion of 
software literacy - how it is understood, developed and applied in tertiary teaching-learning 
contexts and how this understanding serves new learning. Software literacy incorporates 
understanding, applying, problem solving and critiquing software in pursuit of particular 
learning and professional goals (Hight et al. 2013). Our notion of software literacy is 
underpinned by the assumption that software is not neutral and there are important social 
and cultural factors that shape effective software engagement. It is an alternative to current 
information and digital literacy frameworks that do not go far enough in examining how 
lecturers and students engage with specific software applications and its implications for 
student learning (Livingstone et al., 2013). There is emerging evidence that although this 
generation may be technologically competent, many still lack the basic academic 
technological literacy skills needed to successfully apply software embedded and enabled 
technologies effectively to enhance their formal learning (Kvavik, 2005). In relation to 
engineering education, there is evidence for the ways different digital technologies can 
significantly shape how and what millennial engineers can learn (Johri, Teo, Lo, Dufour, & 
Schram, 2014). This has, however, not been investigated in the New Zealand context.

PURPOSE OR GOAL
The case studied engineering course is a second year course introducing students to the 
broad principles of engineering design process and methodology. It caters primarily to 
students majoring in the Mechanical and Electronic Engineering streams. A significant 
proportion of the course assessment requires students to use SolidWorks to effectively 
implement engineering design principles. SolidWorks and other CAD software are 
considered an integral component of modern engineering and are widely used in industry. 
The course lecturer was keen to explore and conceptualise best practices for the teaching of 
software within the disciplinary frame of the programme, to more effectively enhance student 
learning and their application of SolidWorks. The software literacy framework was adopted 
as it had the potential to address the lecturer’s pedagogical goals for his course and better 
support his students’ learning. 

APPROACH
We tracked the extent the second year Engineering students were able to develop a 
foundational competence in SolidWorks through a combination of formal and informal 
learning. A smaller group of students were also recruited to study their ability to transfer and 
apply or adapt their software literacy associated with SolidWorks in the more immersive 
and/or specialised forms of practice required within workplace settings. As each workplace 
context differed in ways CAD software was used and prioritised, students were expected to 
be able to adapt their existing understanding of CAD into these varied and potentially 
complicated workplace environments. Having an understanding of how students approach 
this process, including the strategies they are encouraged to draw from, will provide valuable 
insights into ways to better support students learning with and through software as part of 
their tertiary Engineering experience.  



A qualitative interpretive methodology was adopted to frame the collection and analysis of 
data as it allowed for careful attention to the participants’ perspectives and privileges their 
subjective realities within their specific contexts (Maykut & Morehouse, 1994). Multiple forms 
of data collection were collected through an online student survey (67 students out of 
approximately 140 students), lab observations of students’ SolidWorks learning, individual 
student interviews when students were on work placement (4 students), and a work 
placement student focus group (7 students). A constant comparison inductive approach to 
data analysis was adopted to identify emergent themes from the data (Lincoln & Guba, 
1985).

DISCUSSION
Four key themes emerged from the analysis of the data: 
-Students agreed that an understanding of CAD was necessary to comprehend and 
contribute to the particular engineering design process relevant to an organisation. 
-Some work placements expected students to engage with similar but different CAD software 
to SolidWorks requiring them to transfer their generic skills of learning SolidWorks to these 
contexts. For most other students, their workplace required more specialised learning, faster 
and/or more complex levels of SolidWorks application to be more effective in addressing site-
specific manufacturing/production processes. 
-Students perceived SolidWorks to be a complicated, comprehensive and flexible piece of 
software. It was therefore not feasible to try and fully understand the breadth and depth of its 
hierarchies of affordances during their tertiary programme. Students suggested they be given 
a more formal and in-depth grounding in the conceptual frameworks inherent to the software 
itself, to enable them to more effectively troubleshoot their understanding and application of 
specific affordances they encountered in their more informal learning. That is, knowing the 
design philosophy underpinning the software, which design practice to adopt when initiating 
projects, and why and how to navigate the multiple pathways through affordances, could lead 
to more strategic use of the software. 
-Finally, there is a recognition that the conceptual and technical complexity of SolidWorks 
demands a more self-directed and committed investment in time to learn the software, which 
required developing informal learning strategies to complement the formal training provided 
within their tertiary programme. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The findings have three implications for engineering education in relation to CAD software 
learning. Firstly, pedagogical strategies that provide explicit reference to the guiding 
principles and conventions of engineering design principles and how these might be 
implemented through CAD, even before students explore specific features of the software, 
can help students better understand the fundamental functions of the software as well as its 
potential. Secondly, the teaching and learning of CAD software could take advantage of 
students’ informal repertoire of learning strategies and networks including their accessing of 
(web-based) resources and discussions with ‘expert’ peers. Lecturers using a range of 
teaching approaches (formal and informal) and being flexible to address diverse learning 
needs is important for supporting and facilitating students’ software learning. Finally, 
engineering educators will need to examine how discipline-specific software teaching-and-
learning is positioned in relation to local and general goals for curriculum and the kinds of 
software literacies expected of students. We recognise there will be competing priorities for 
the discipline as a whole but argue that such examination can shape curricular decisions, 
learning opportunities and resourcing offered for supporting students’ engagement and 
learning with and through CAD software and its application within the wider context of the 
field.
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Residential Schools in a First-Year Undergraduate Engineering 
Programme

John Long and Simon Cavenett
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT 
For over 20 years, Deakin University has delivered an accredited undergraduate engineering 
course by means of distance education. Prior to 2004, off-campus students were not 
required to attend classes in person on campus. The course was designed so that the off-
campus students were able to undertake all study and assessment tasks remotely from the 
university campus. Offering accredited domestic undergraduate engineering courses via 
distance education has been seen as an important strategy for helping to provide graduate 
domestically educated engineers to meet Australia’s current and future needs. 

From 2000 the Australian accreditation management system for professional engineers, as 
managed by Engineers Australia, has increased its scrutiny of accredited domestic 
undergraduate engineering courses that were provided in distance-education mode. This led 
to a series of policies and recommendations for Australian universities that offer accredited 
engineering courses in distance-education mode: one of the recommendations was that off-
campus enrolled engineering students should periodically attend some campus-based 
activities throughout the course. 

During the 2004 accreditation review of engineering courses at Deakin University, the 
accreditation panel requested that mandatory campus-based activities be incorporated into 
the accredited undergraduate engineering course. Specifically the request was that Deakin 
mandate that all off-campus students enrolled in an accredited undergraduate engineering 
course provided by university attend in person a residential school at least once during every 
year of equivalent full-time study load. The accreditation panel suggested a program model 
for the residential school component of the course as developed by the University of 
Southern Queensland. 

PURPOSE OR GOAL
This paper describes the development of the mandatory residential school component of 
accredited distance education undergraduate engineering courses at Deakin University with 
a particular focus on how the residential school program is implemented at level 1 (first-year 
full-time equivalent level) of the courses. 

APPROACH
To be compliant with accreditation requirements, since 2005 Deakin has conducted 
residential schools for off-campus students at its Geelong Waurn Ponds Campus. Initially the 
schools were conducted annually over two-weeks during the first semester, and have 
transitioned to the current mode where the residential school is conducted as a one week 
programme in each of the trimesters. During these schools, activities are organised around 
the respective engineering-course units undertaken by students during the trimester.

DISCUSSION
The minimum requirements for the on-campus components of distance-education-mode 
accredited engineering courses were developed by Engineers Australia in consultation with 
members of the Washington Accord (International Education Alliance) and at the time of 
development, generated considerable debate (Palmer, 2005, 2008). The intended purpose of 
residential schools was for off-campus enrolled students to have reasonable exposure to a



typical “on-the-campus” student experience periodically throughout the course. 
Elements considered suitable and worthwhile for inclusion in residential school programs 
included: 
• in person engagement with their academic lecturers, 
• presentations and interaction with guest speakers from industry, 
• industry-based site visits, 
• engagement in sole and group-based learning and assessment activities on campus, and 
• social interaction with other students. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
We have found that advantages to the students who attends a residential school include 
completing real practical work without the need to assemble their own materials at home, 
and social engagement with staff and students. Off-campus students leave the residential 
school with a sense of belonging to a “community”, “one of many doing the same and not the 
only one”. They have the opportunity to share their often significant professional experience 
with the generally younger and less experienced on-campus student colleagues. Through 
this interaction between on-campus and off-campus students, the on-campus students 
benefit as much as the off-campus students. The disadvantages to the off-campus students 
is the requirement to travel to Geelong for an extended time, which costs the students both 
money and time away from work and family. 

From our experience, we recommend to other institutions starting residential schools of their 
own that they exploit the mandatory on-campus-presence requirement to enhance learning 
outcomes, well publicised timetables be available to students before trimester begins 
(certainly before census date), a standardised academic week during trimester be set for all 
residential schools, encourage student feedback on the program, and apply a practice of 
uniformity and consistency in how the programme is managed, especially mandated student 
attendance. 

Our residential schools for off-campus-mode students have been running for over 10 years. 
We have found that the educational and social advantages to the student outweigh the 
disadvantages. 
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Industrial Engagement for Ensuring Engineering Education 
Standards in Developing Countries

Abu Sayem and Mohammad Rasul
CQUniversity

Structured Abstract
BACKGROUND OR CONTEXT
In developed countries, industry involvement with engineering education is a common 
approach for teaching and learning. For example in Australia, the John Holland Group has 
developed a strong relationship with Central Queensland University (CQUniversity) through 
their involvement in the university’s engineering co-op program. This program requires 
engineering students to undertake two paid, 6 months periods each, of work placement in 
their 3rd and 4th year study. John Holland is a consistent employer of CQUniversity 
undergraduates. In contrast most of the developing countries have little interaction with 
industry.  In the developing countries, to provide quality engineering education, universities 
or educational institutions realize the importance of implementing practical engagement of 
final year engineering students into different engineering industries. In most of the developing 
countries it is a part of short training scheme and students used to attend the training 
scheme but there was no option to earn credit from this training. Nowadays, a long time 
practical engagement with industry, alternatively it is called industrial attachment/placement, 
is seen necessary as a requirement of the award of degree and students be given credit in
their study program.

PURPOSE OR GOAL
This paper describes the importance and significance of industrial engagement or placement 
for ensuring the engineering education standards are achieved and the role of industry to 
continue the industrial engagement from the view point of developing countries. Suggestions 
are also made for introducing policy by the university and government to support industrial 
engagement in developing countries.

APPROACH
At present engineering education in developing countries are facing many challenges in 
teaching and learning processes and approaches. Engineering education of the developing 
countries is always behind from the developed countries. Following issues can be noted for 
that; 

• Lack of modern laboratory equipment
• Minimum engagement between industry and university
• No standard guideline for teaching in engineering education
• No initiative for professional development of academic staff
• Lack of postgraduate research
• Absence of quality assurance authority (Like AQF or TEQSA in Australia)

in engineering education
• Lack of expertise in specific field
• Not maintaining proper process of accreditation of engineering degrees
• Institution of engineer’s functional dilemma.

The importance and significance of industrial engagement and revision of curricula for 
implementing project based learning, industrial engagement/training, incorporation of 
students’ evaluation, feedback and recommendation into curricula, etc, will be described and 
explained in detailed in this paper with the aim of addressing above noted issues. 
Engineering education data from a few developing countries will be analyzed and presented.



DISCUSSION
Engineering programs/courses should be designed in a way that graduates can survive with 
the challenges of technology change and can avail the opportunity globally. Like any 
programs, the engineering program must ensure that its course structure is responsive to 
market needs and students’ demand. The curricula for engineering education in developing 
countries are not up to date, even not revised regularly to cater for industry needs due to lack 
of resources and limited linkages with developed countries like Australia. The 
programs/courses should reflect issues such as below, amongst many;

• Understanding of the social, cultural, global and environmental 
responsibilities of the Professional engineer and the need to employ 
principles for sustainable development.

• Understanding of professional and ethical responsibilities and commitment 
to them.

• Ability to function effectively as an individual and in multi-disciplinary and 
multicultural teams, with the capacity to be a leader or manager as well as 
an effective team member.

• Graduates should have an awareness of occupational health and safety 
issues.  

Today’s engineers need more than just a sound technical background to be successful. In 
course of solving engineering problems they will need to interact effectively with people of 
various backgrounds, races, and religions. Therefore, engineering education must offer the 
students a compelling context for engineering design, a multi-disciplinary team experience, 
and enough time to learn and practice professional skills, personalized mentoring and 
exciting technical challenges.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Engineering education system in developing countries can be improved through collaboration 
between higher education institutions and industrial organizations. To achieve this, 
developing countries should take initiative to engage local industries more with universities. 
Arranging more seminars, symposiums on engineering education and openness is needed. 
Another outcome of industrial engagement is that student become familiar with work 
environment before they graduate, even they get job before their graduation due to presence 
of industrial engagement with engineering education. Interaction between students with 
students, academic with students, industry with students and industry with academics can 
give a remarkable dimension and improvement in engineering education standards.
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A principles-evaluate-discuss model for teaching journal and 
conference paper writing skills to postgraduate research students

Seth Westra, Michael Leonard and Mark Thyer
The University of Adelaide

Structured Abstract
BACKGROUND OR CONTEXT
For postgraduate research students, critical thinking and communication skills are 
foundational to their research activity, as emphasized in the Australian Qualifications 
Framework (AQF) level 10 criteria. Despite the importance of these skills to the successful 
completion of a postgraduate degree, there are few formal programmes in Australia for 
developing a student’s skills in these areas, with most of the learning coming incidentally as 
students work towards their degree. Graduate centres typically focus on milestone 
completion, writing and learning centres provide workshops, remedial support and targeted 
training sessions, but much more could be done to improve these central areas of skill 
development. Students, however, commonly look to their supervisors for how to critique 
existing literature as well as write and publish original research, with the latter increasingly 
being viewed as the principal metric by which the impact of research is measured.

PURPOSE OR GOAL
This paper reviews the use of journal clubs in the development of postgraduate research 
attributes and the educational approaches which have given greatest success. The paper 
also documents the authors’ experiences in running journal clubs over the past few years, 
covering trade-offs such as the balance between instructor led skills development and peer-
oriented instruction, how to iterate between topics of reading comprehension, review, writing 
and other specialist elements (e.g. graphics, statistics), and how to motivate students.   

APPROACH
The work will commence with a detailed review of the literature detailing existing practice 
related to hosting journal clubs for postgraduate students, as well as a review of any 
literature on alternative approaches for teaching journal and conference paper writing skills. 

The "principles-evaluate-discuss" model will be described, including links to the the AQF 
learning outcomes. Results of a short student survey will be presented to review the 
outcomes of the approach from a student perspective. 

DISCUSSION
The strength of the model at a postgraduate level lies in the range of stages between PhD 
students within the journal club (from first year to final year PhD students). The requirement 
for peer-to-peer feedback facilitates scaffolded learning for students who are yet to write a 
full paper, and it reinforces the understanding of students who have already experienced the 
process. There is additional benefit that, over a year, all students receive feedback on their
own written work from a range of perspectives outside their supervision team.

A number of challenges were discussed, including limiting workload, linking the journal club 
to formal assessments such as the PhD student 'confirmation' process, development of
methods for celebrating milestone achievements, and maintaining momentum for the club 
over the period of several years.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
There are a wide variety of possible formats for journal clubs, and the format of the University
of Adelaide hydrology club will continue to evolve. In general, however, our experience has 
been that the presence of a journal club leads to increases in a student’s understanding of 



the literature, improves their ability both to critique scientific research contributions and write 
their own manuscripts, and reduces the level of isolation that is commonly felt at the 
postgraduate level.
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Creative Problem Based Learning Projects for Promoting STEM

Juan Shi, Nicole Merlich, Assefa Teshome and Amin Noshadi 
Victoria University

Structured Abstract
BACKGROUND OR CONTEXT
The past decade has witnessed rapid changes in Engineering Education. These include 
advances in technologies, increasing industry demands, challenging professional 
accreditation requirements, declining availability of funding, and notably the global decline of 
student enrollments in engineering. In addition, there is a great number of Non-English 
Speaking Background (NESB) and low SES students attending engineering courses at 
Victoria University (VU).  Often entering students lack the prerequisites they require to 
succeed and thrive in Engineering at tertiary level. Encouraging student learning and 
engagement and the development of graduate capabilities have become challenges of 
particular concern for VU, given its diverse and largely non-traditional student cohort. The 
university has struggled to improve retention rates and to produce engineers capable of 
meeting industry demands. The adoption of the Problem Based Learning (PBL) teaching and 
learning paradigm to engineering courses at VU commenced in 2006 is part of a strategy by 
the University to address these problems (Thorn et al. 2007). 

PBL is an instructional, learner centred approach that empowers learners to conduct 
research, integrate theory and practice and apply knowledge and skills to develop a viable 
solution to a defined problem (J.R Savery, 2006). PBL requires substantial effort and 
commitment from lecturers to ensure that students develop the requisite communication and 
professional skills, as well as technical competencies. Consistent effort is required to bring 
students up to the highest standards and provide them with the personal and professional 
skills necessary to become lifelong learners, and engineers equipped for complex and ever-
changing professional demands. 

PURPOSE OR GOAL
On 31 July 2013, Chief Scientist Professor Ian Chubb released the position paper: “Science, 
Technology, Engineering and Mathematics (STEM) in the National Interest: A Strategic 
Approach”. In the section titled “AUSTRALIA: 2025” of the paper, it stated that:

“By 2025 we should have reached a point where Australians will understand and value the 
science they use in everyday life, and where the STEM enterprise will be widely accepted as 
a central and visible source of solutions to societal challenges.” “There is currently a general 
view that the level of scientific literacy and numeracy in the community is low. An 
understanding of science and how it works is essential for the community to make informed
choices on issues that have a scientific basis. Education in STEM is the key to broadening 
and deepening the community’s grasp of what STEM is saying and doing about the complex 
challenges facing society.”  

The levels of STEM literacy in the community can be improved through an increased 
engagement of the community with STEM. 

Problems (projects) are the very heart of the PBL paradigm. Motivated by promoting STEM 
literacy throughout the community,  the second year EEE PBL staff team at VU has 
developed innovative educational initiatives to meet these challenges by designing and 
conducting creative PBL projects that integrate theory with practice and promoting students’ 
professional skills as well as independent learning. 



APPROACH
Drawing upon educational theories that emphasise motivated learning, the development of 
personal skills and abilities, experiential learning, active learning and the learning objectives 
outlined in Bloom’s taxonomy,  this paper describes the design and delivery of the PBL 
projects which are focused on student centred learning. The students are required to  design 
and produce products to promote STEM to the general public using their creativity. 

To support students’ communication skills, the team has worked very closely with academic 
support staff to scaffold students according to their skills and abilities. Language and 
Communication workshops, team dynamics workshops, reflective practice workshops have 
been organised to support the diverse student cohort (over 60% of the current second year 
EEE students are from NESB). Continuous feedback is provided throughout the semester to 
help students improve their written and spoken communication skills. 

The assessment of PBL units focuses on the nature and quality of the learning process and 
the attainment of the learning outcomes. Students were assessed based on their feasibility 
report, oral presentations, written technical report, project demonstration, and final written 
exam. Students were also asked to reflect on their learning in this semester and comment on 
how they think  they have improved their language and communication skills in both oral and 
written English,  how they have collaborated effectively as an individual in diverse teams, 
with accountability for personal and team accomplishments, whether the project this 
semester has contributed to the development of their problem solving skills, critical thinking 
skills, analytical skills, and creativity.

DISCUSSION
Student teams have proposed projects such as a Movement Aid for the Vision Impaired 
(MAVI), a User Friendly Wheelchair (UFW), an Arduino Controlled Telescope Mount, a Home 
Security and Automation system, and Traffic Control Systems. 

Some of the teams have produced proto-type products which can be used to assist people 
with disability and be used to offer outreach activities to the local communities and schools, 
and also be used on University open days. Students' creative design products will promote 
STEM, help the general public to have a better understanding of STEM, its methods and 
processes, and encourage students in schools for advanced study in STEM. The methods 
have been appreciated by the students themselves in their feedback and reflections.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Overall, the way the unit has been run has been appreciated by the students and the 
feedback from the students is very positive with comments like "What I liked about this PBL 
was the freedom to choose a project. This allowed us to come up with a good solution out of 
the many possibilities". "The fact that this unit was very 'hands-on' was very helpful. This 
helped us learn how to research for a solution and implement in practice". "Tutorial classes 
and regular meetings with our supervisor helped me learn a lot of new things". "I found the 
laboratory and team meetings very useful".

Some of the teams have produced proto-type products which can be used to assist people 
with disability and be used to offer outreach activities to the local communities and schools, 
and also be used on University open days. Many students feel very proud that they can use 
their own creativity to potentially develop useful products to assist elderly and frail people in 
the community and promote STEM to the general public at the same time. 

The students' creative design product will promote STEM, help the general public to have a 
better understanding of STEM, its methods and processes, and encourage students in 
primary and secondary schools for advanced study in STEM. 
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A comparison of web and paper based approaches for idea 
generation

Structured Abstract
BACKGROUND OR CONTEXT
Problem solving is one of the key skills engineers are required to have (Engineers Australia, 
2011). Idea generation is a key step involved in the engineering problem solving process 
(Belski, 2002). Despite this, it has been reported that the engineering curricula of many 
institutions do not provide clear nor sufficient instruction on the process and techniques used 
during idea generation and consequently students do not do it well (Daly, Mosyjowski, & 
Seifert, 2014; Samuel & Jablokow, 2010). 

Engineering students are known to be prolific users of digital technologies (Johri et al., 2014), 
but is not known to what extent students utilise electronic and paper based materials while 
studying. If students significantly utilise electronic based materials more than paper based 
materials, it may be viable to teach idea generation techniques via the use of web-based 
tools, potentially meaning these skills may be taught without utilisation of class time. If this 
approach is to be adopted, it is important to first determine that the quality of education would 
not decrease. In this case, choice of methodology is important. 

It has been reported that the eight fields of MATCEMIB (Mechanical, Acoustic, Thermal, 
Chemical, Electric, Magnetic, Intermolecular, Biological), which are used as hints in the 
Substance-Field Analysis problem solving methodology, is an effective idea generation 
technique which can be quickly  taught to students (Belski et al., 2014). It may therefore be 
appropriate to implement a version of Substance-Field Analysis as a web based tool to make 
it available for engineering students to utilise.

PURPOSE OR GOAL
There is an apparent lack of studies specifically comparing how engineering students utilise 
electronic and paper based materials while studying. The first aim of this paper is to establish 
to what extent engineering students utilise electronic based and paper based materials while 
studying. This is required to determine whether there is a case or not that students may be 
willing to adopt and make of use web based tools when studying and for self-improvement.

Currently, a research gap exists in comparing the effectiveness of individual paper-based 
and computer-based approaches to Substance-Field Analysis for idea generation. The 
second aim of this paper is to expand the work done by Belski et al. (2014) by conducting an 
experiment which aims to compare the effectiveness of similar paper based and web based 
approaches to Substance-Field Analysis. The outcomes will help to determine the suitability 
for providing a web based version of Substance-Field Analysis to engineering students.

APPROACH
Seven tutorial classes of first year students participated in the study. In the experiment, 
students were allocated into one of two groups: a web based group or a paper based group. 
Students were asked two 7-point Likert scale questions in a pre-experiment questionnaire 
regarding the extent they use electronic and paper materials while studying. Students from 
each group were then given an introduction to the Su-Field Analysis methodology via a 15 
minute instructional video. Participants were presented with an engineering related problem 
and were provided with 16 minutes of time to independently produce as many solution ideas 
as possible. 



Three assessors (the authors) individually reviewed and counted the number of ideas 
generated by students. The inter-rater reliability of author’s assessments was established 
and the results were deemed to be reliable. The average number of ideas generated within 
each group was used to determine which group was most effective at idea generation.

DISCUSSION
The mean values of the Likert scale questions from the pre-experiment questionnaire were 
compared. The difference between the values suggested that the engineering students 
perceive that they utilise electronic materials to a greater extent than paper based materials 
whilst studying. A Wilcoxon Singed Ranks Test was performed to determine whether the 
difference between means was statistically significant. The results of the test established that 
there was statistical significance between the mean values.

Participants from the paper based group generated 10.5 ideas on average, while participants 
of the web based group generated an average of 7.9 ideas. The distribution of the number of 
generated ideas for each group was checked for normality using the Shapiro-Wilk method. It 
was determined that the distribution of the paper based group was not normally distributed. 
Accordingly, the non-parametric Mann-Whitney Test method was used to determine the 
statistical significance between the groups. The test showed that there was no statistical 
significance between the web and paper based groups.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results of this study provide statistically significant evidence that engineering students 
use electronic materials more than paper based materials more when studying. This means 
that there is a case for conducting research into how electronic based materials such as web 
based tools may be used to further improve the education of engineering students. If web 
based tools can be appropriately implemented, they may be able to assist engineering 
students in learning problem solving techniques such as idea generation.

The results also show that students who used the web-based version of Su-Field Analysis 
were less effective at idea generation than those students who used the equivalent paper 
based approach, though there was no statistical significance. Students still performed 
reasonably well using the web-based version, but there is an obvious discrepancy which 
influences the effectiveness of the approach. Further research is needed to determine the 
factors that are causing the web-based group to be less effective than the equivalent paper-
based group, and how they can be overcome.
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Calculus for Kids: Engaging Primary School Students in 
Engineering Mathematics.

Stephanie Nitschkea, Christopher Chinb, Andrew Fluckc, Irene Penesisb, Dev Ranmuthugalab

and Asim Ghousd

St. Therese Primary School Torquaya, Australian Maritime Collegeb, University of Tasmaniac

and Australian Scientific and Engineering Solutionsd

Structured Abstract
BACKGROUND OR CONTEXT
The 'Calculus for Kids' program is a research project conducted through the University of 
Tasmania and Australian Maritime College. The project was created to provide primary 
school students with an application based understanding of engineering mathematics, 
through ICT, and ultimately encourage students into the field of engineering.

PURPOSE OR GOAL
The aim of the project is to teach year 6 primary school students the concept of integral 
calculus, through the use of real-world engineering problems and the mathematics software; 
MAPLE. This paper explains the 'Calculus for Kids' program and demonstrates how it 
combines real-world problem solving and ICT to engage students in complex engineering 
mathematics. In addition, the paper will explore the application of the program that one 
school adopted and the observations that were made throughout the program.

APPROACH
Fluck et. al (2014) outline that the 'Calculus for Kids' program consists of four stages; 
produce and modify material, teacher training, implementation of the program into schools 
and assessment of the results. The approach within the classroom differs only slightly with 
the omission of producing the materials and a focus on how the program will be implemented 
into that particular school. St. Therese Primary School Torquay became involved in this 
program in 2014 as a means to further challenge students in mathematics. The school's 
involvement commenced with a teacher being trained to conduct the program. Since the 
initial training the school has run the program twice and is currently in the middle stages of its 
third program.

DISCUSSION
The results of the project thus far have demonstrated that "…very young students could 
achieve at much higher levels when using computer technology"(Fluck, Chin, Ranmuthugala 
& Penesis, 2014, p.1). The overall benefit of the program in the school community has seen 
an increasing confidence in student's own mathematical abilities. Additionally, students have 
been observed to place an importance on challenging themselves to understand complex 
mathematical concepts. The only complaint received from parents was that of "why is my 
child not involved in this program?" Due to the success of the initial program, we have this 
year provided it as an option to all Year 5 and 6 students. By choice, the students sign up to 
the program and we have a cohort of 25 students for the current program and another 25 
students for the subsequent program that will initiate in Term 3.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Due to the nature of schools there were a number of implications to conducting such a 
program in the classroom. As a school it was decided to run this as an extra program, not in 
mathematics sessions, therefore it had to be scheduled in elsewhere. In addition, there is 
only one teacher trained in the program and it has been observed as important that this 
teacher have a strong mathematical background. However, these challenges were 



overcome, and it became clear that student outcomes and mathematical self-efficacy 
available from the program were worthwhile.
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Using classroom response systems to motivate students and 
improve their learning in a flipped classroom environment

Terry Lucke and Michael Christie
University of the Sunshine Coast

Structured Abstract
BACKGROUND OR CONTEXT
Hounsell, Entwhistle, Marton, and Biggs [2005 & 1999] argue that students will approach 
their learning differently depending on the pedagogical models that their lecturers use. 
Lecturers who rely on one-way communication in lectures and tutorials, and test for 
declarative knowledge in end-of-course, closed-book exams tend to encourage students to 
take a surface or passive approach to learning. Those who require their students to interact 
in lectures and tutorials and problem solving projects, and who test students’ deep 
understanding of the topic via exercises, quizzes and continuous and authentic assessment 
tasks, help instil a deep or active approach to learning. There are many ways to encourage a 
deep approach to learning. In a featured article in the International HETL Review in 2014, 
Estes, Ingram and Liu, summarized and critiqued the practice and research literature that 
underpins one of them, namely, an emerging pedagogical model called ‘the flipped
classroom’. In the 2014 AEEE conference the second author presented a first cycle of action 
research that studied an example of ‘flipping the classroom’ in Engineering Education. This 
paper reports on a second cycle of that research.

Biggs, J. (1999) Teaching for Quality Learning at University (pp. 165-203). Buckingham, UK: 
SRHE and Open University Press. 

Marton, F., Hounsell, D. and Entwistle, N. (2005). The Experience of Learning: Implications 
for teaching and studying in higher education. 3rd (Internet) edition Edinburgh: University of 
Edinburgh, CTLA. 

Estes, M., Ingram, R., & Liu, J. (2014) ‘A Review of Flipped Classroom Research, Practice, 
and Technologies’. IHETLR, Volume 4.

PURPOSE OR GOAL
In the first cycle we investigated whether or not the flipped classroom model could improve 
the motivation and learning outcomes for a group of second year engineering Fluid 
Mechanics course (n=66). Our data revealed that while students said their motivation had 
improved, their scores for tasks submitted via a classroom response system (Top Hat), did 
not match the levels we had expected. There were a number of reasons why this might be 
the case, including the correct use of the technology, so a second cycle of research was 
carried out with the purpose of determining if a subsequent cohort of students (n= 62) would 
also be motivated by the flipped classroom, and if changes to our approach and the correct 
use of a CRS we had trialled in 2014 (Learning Catalytics) could also improve their learning 
outcomes (as demonstrated by better scores). The benefits of our ongoing research project 
include the following: increased evidence for a pedagogical model that can raise motivation 
among Engineering students; increased motivation among lecturers who use e-lectures as 
home work and spend their lecture time addressing problems that students have with content 
knowledge; providing just-in-time assistance to weaker students so that their studies become 
less frustrating and their understanding of the topic is deepened; the development of 
graduate attributes, such as communication skills and academic independence among 
students; and, graduates who are capable of adapting to the demands of rapidly changing 
industrial circumstances because they have learned to be   problem solvers and innovators.



APPROACH
Our key research questions were: can we improve student motivation and increase the 
student learning outcomes via a flipped classroom approach, that correctly uses CRS 
technology? The research methodology that we used was action research, which is 
grounded in the philosophy of John Dewey (1916), adheres to the action research principles 
of Kurt Lewin (1946), and follows the main methodological recommendations of Carr and 
Kemmis (1983) and Kemmis and McTaggart (1988). The intention of all action research is to 
make changes for the better and in that sense it is both partisan and transformative. Action 
research involves a spiral process of planning, acting (implementing change), observing, 
analysing, reflecting and then evaluating. This completes one full cycle, which generally 
raises other issues that will be researched and acted upon in a new cycle. We used mixed 
methods to gather our data and these included a pre and post survey, a content analysis of 
responses in the learning catalytics CRS and student use of the media-site where students 
went in order to read and test their understanding of e-lecture material, as well as an 
anonymous course evaluation.

Carr, W., & Kemmis, S. (1986). Becoming Critical: education, knowledge and action 
research. Geelong: Deakin University Press.

Dewey, J. (1916) Democracy and Education; An Introduction to the Philosophy of Education. 
London: Macmillan.

Kemmis, S. & McTaggart, R. (Eds.). (1988). The Action Research Planner. Second edn. 
Geelong: Deakin University Press 

Lewin, K. (1946) Action research and minority problems. Soc. Issues 2(4): 34-46

DISCUSSION
A previous study (2014) of an action research intervention, in which we introduced the flipped 
classroom approach to a second year fluid mechanics class, did not show conclusively that it 
was any more successful than using a traditional teaching approach. Although students 
spent time working through the weekly eLecture material, there was a relatively poor 
correlation (R2=0.0498, PCC = 0.2232) between these two variables. A second cycle of 
research  (2015) to determine if the poor results may have been the result of students 
rushing through the eLecture material and accompanying questions so that they did not miss 
out on marks and come up to speed with the material before the lecture. In this second cycle 
we sought to assemble evidence to confirm this hypothesis and to determine if the flipped 
classroom can only be more effective than traditional teaching practices if students work 
through, learn and understand the pre-lecture material properly. The other part of our 
research question was to confirm the earlier finding from cycle one that indicated that 
students were overwhelmingly positive about the new format. In the post survey for the 
second cycle the new cohort reiterated the sentiment expressed in cycle one, namely that 
they enjoyed and embraced the new teaching and learning approach. The other aspect of 
this study was to determine if the correct use of a new CRS proved to be a useful tool to 
monitor and predict student performance and learning.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
It is difficult for Engineering educators to come to terms with the qualitative nature of 
educational research. Engineering research generally deals with inanimate things - fluid 
dynamics is a good example. If we undertake a study on storm water management for 
example, we can accurately gauge the parameters and variables involved in our study. In the 
research we conducted on flipping the classroom we were dealing with people. They were 
able to say whether or not they were more motivated to learn because of a new pedagogical 
approach and because we used a Likert scale we could quantify the extent to which they felt 
motivated. However, proving that the flipped classroom results in better test scores is much 
more difficult. In our first cycle test scores did not improve and this went against our 



expectation. We had some rational explanations for the result which we have now trialled 
and report on here. We have sought to reduce some of the variable in the study but because 
the second cycle involves  a new cohort of students we have also introduced new ones. A 
major implication of this study is that it will assist other Engineering educators who wish to 
engage in the scholarship of teaching and learning by providing them with an educational 
research model that can be used for other studies. It also provides a case study that can be 
replicated by others who want to test how the appropriate use of correct technology can 
improve earning outcom
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Rapid Feedback for Oral Presentations

David Shallcross and Antonette Mendoza
The University of Melbourne

Structured Abstract
BACKGROUND OR CONTEXT
Existing literature suggests that good feedback in educational contexts can significantly 
improve learning processes and outcomes, if delivered in an effective way (Duncan-Howell & 
Lee 2007; Narciss & Huth, 2004). Yet, providing effective feedback has always been a 
challenge for academics. Furthermore, with the growing use of tablets like iPads and similar 
mobile devices, students are increasingly becoming ‘on the go’ learners or mobile learners. 
To this effect, mobile learning (m-learning) has become important in universities and is 
considered as an extension to the more traditional e-learning environments for enhancing 
teaching and student learning, communication efficacy, portability and the convenience of 
using it (Cox & Marshall 2007; Sharples 2003; Hwanga & Chang 2011). Nevertheless, there 
is a lack of standard set of applications or tools to support such mobile teaching and learning 
in e-learning environments (Lalita 2011), especially in assessing and providing timely and 
effective feedback.

PURPOSE OR GOAL
One of the key issues in teaching and learning within the school of engineering in universities 
is in the provision of timely and useful feedback to students. Every semester, subjects 
receive unacceptable scores in the student experience survey for feedback. The aim of this 
project was therefore to address the research question: how can instructors assess in ‘real 
time’ and provide fast and effective feedback to students for improved teaching and learning 
outcomes? In particular, within the engineering programs there are limited opportunities for 
students to develop and practice their oral presentation skills.  Often undergraduate students 
are limited to making one or two 5-minute presentations in front of the rest of the class.  
When a presentation only lasts for 5 minutes it becomes difficult for the instructor to both 
listen and view the presentation while taking notes on for developing feedback later. 
Realistically, in such a brief time period with student following student, the instructor has little
time to do more than score the presentation and jot down a few key points. To address this 
problem, this project has designed and developed an iPad application for oral presentations 
called RAPID FEEDBACK to help both: (1) academics to assess and provide fast and 
enhanced feedback and (2) students to receive timely, personalised and quality feedback on 
their oral presentations that allows them to reflect on their work and learn from it.

APPROACH
We followed a two-phased approach. In phase 1, we designed and developed an interactive 
mobile application called RAPID FEEDBACK that allows instructors to assess students 
during their oral presentation and then provide tailored feedback immediately.  This app 
consists of three modules: (1) administration – setting up projects, capturing student lists, 
forming groups and marking schema with appropriate weighting; (2) real time assessment - 
during presentations, the instructor is able to score the students across a number of criteria 
in-built within the app; the instructor is able to select number of different comments to form a 
written feedback for the student from a list of over 200 built-in comments provided in the app 
or can customise/create comments; (3) review and report - once the assessment is 
complete, a report is generated with a numerical score and personalised written comments 
and; the report can be e-mailed to students directly or to the instructor. 

In phase 2, we tested the i-pad app on approximately thousand oral presentations across 
three first year subjects in the school of engineering. We then invited students to participate 
in a survey. Eighty three (83) students agreed to participate. We also conducted two focus 



groups (twelve students) to gain deeper understanding about their views on the usefulness
and timeliness of the feedback they received through RAPID FEEDBACK. Furthermore, we 
interviewed five instructors via email on their experiences of using the app. The survey data 
and the transcribed focus group recordings were analysed for themes and patterns. 

DISCUSSION
Screen shots are shown to illustrate the design of the application and examples of in-built 
comments. Our results show that instructors were very positive in adopting the application. 
Instructors found the app to be easy to use and time effective. They also stated that it was 
easy for them to score the student’s presentation across a number of criteria that is tailored 
to the subject during the presentation. The in-built comments stored within the app allowed 
them to select a number of different comments to form the written feedback to the student. 
Furthermore, instructors found that the application was useful in the way it was designed by 
allowing them to score student’s performance and presentation across up to six criteria which 
the instructor could specify including: presentation structure, knowledge of material, scope of 
material, interpretation of material, voice, pace and confidence and quality of slides/visual 
aids. 

Additionally, we found that most students (76 out of the 83) liked receiving feedback via 
email. 78 out of 83 students were in agreement that they were happy about the timeliness of 
receiving the feedback. Furthermore, 68 out of 83 students indicated that: the feedback they 
received was detailed; useful and; identified areas that they could improve for their next oral 
presentations. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
We have designed and developed ‘RAPID FEEDBACK’, an iPad app to improve the quality 
of real time assessment and to provide timely and effective feedback for student-led oral 
presentations. In this application, are embedded six aspects within three modules: (1) 
capture of candidate data; (2) creation of projects and teams within projects (3) standard 
assessment criteria template (4) in-built and customizable feedback comments (5) 
generation and transmission of audio and written feedback via email and (6) export of 
candidate’s results. Our evidence shows a positive response from students and a fervent 
uptake of the tool by academics. We propose that this tool, with little or no modifications, can 
have a positive impact on the way we provide feedback and engage our teaching and 
learning practices across disciplines in schools and universities.
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Collaborative design using a digital platform in engineering design 
course

Toh Yen Pang, Alex Kootsookos, Tom Steiner, Akbar Khatibi and Enda Crossin 
RMIT University

Structured Abstract
BACKGROUND OR CONTEXT
Over the last decade, in order to be competitive in the global market, engineering graduates 
must clearly be able to work in multi-disciplinary teams, and have capacity to work within a 
global virtual environment. Graduates must have the competence to use digital technologies 
to communicate.  RMIT University’s approach to studying the benefits of using a digital 
platform has been focused to date on first year engineering students from the School of 
Aerospace, Mechanical and Manufacturing Engineering (SAMME), who enrolled in the 
Computer Aided Design course.

PURPOSE OR GOAL
This project aimed to evaluate benefits for students using a digital platform to manage 
engineering design projects, particularly relating to communication, experience in 
collaboration, and development of knowledge and skills.

APPROACH
This project was granted approval by the Human Ethics Research Committee. Two rounds of 
surveys were conducted during the semester; the first round occurred during mid semester 
and the second round occurred at the end of the semester. Students were assessed on five-
point Likert scale on their attitudes towards and learning about digital environment.

DISCUSSION
A total of 180 first year SAMME’s students participated, 31 and 84 students responded to the 
first and second round of survey, respectively. The administration of the mid semester survey 
was designed as a pre-test; the end semester survey was designed as post-test. This paper 
is not reporting on the comparing the two surveys, but is reporting on students’ responses to 
the second survey. The majority of the students (>65%) were exposed to a virtual platform to 
perform collaborative design for the first time, and they indicated that they had to devote 
more time and extra practice in order to get the most out of the digital environment, and 
believed the time and efforts often outweighed the benefits. Despite the perception of the 
technical difficulties of using the digital platform, students thought their collaborative design 
experience through digital platform was positive. They saw the usefulness of the digital 
platform that helped the development of new skills to create and explore of virtual 3D 
models, addressed a systematic engineering design process, and accessed data and 
generated solutions on a single virtual platform.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
We aim to create an environment that maximizes students’ leaning performances and 
outcomes. The results will be useful for educators in applying digital technology in ways to 
improve students’ learning experiences.



We are witnessing a rapid growing complexity in contemporary products and their designs, 
for example, from electronic, aerospace and automotive industries. Moreover, in a globalized 
world products are typically designed and manufactured in several locations and in different 
countries (Frederic Segonds et al., 2011). Engineers and designers face huge challenges as 
they manage increasing product complexity and diversity so as to satisfy customer demand, 
while trying to accelerate the design process to deal with the competitive realities of a global 
market and decreasing product life cycles (Schaefer et al., 2012; Häfner et al., 2013). The 
development of collaborative virtual environments has allowed all stakeholders from different 
locations to work together in order to reach an agreement and make shared decisions that 
decrease time and cost to bring new, high-performance and reliable products to the market 
(Verhagena et al., 2012).  

In order to be competitive in the global market, engineering graduates must have capacity to 
work within a virtual global environment (Thoben and Schwesig, 2002) and be able to work in 
multidisciplinary teams (Häfner et al., 2013). As educators, we have an obligation to educate 
our students and to develop our engineering courses, in line with the real and constantly 
evolving requirements of the industry (Ye et al., 2004; Spinks et al., 2006; Silvia and Beatriz, 
2012). There have been significant changes in design curricula in RMIT University to allow 
engineering students to perform real-time geometric modifications and concurrent designs 
provided by collaborative virtual environments, which is regarded as world-best practice. The 
virtual environment can allow multiple users, whether remote or onsite, to develop and 
explore virtual 3D models collaboratively (Yabuki, 2011), which are not readily available in 
physical environments (Kvan et al., 2004; Gu and Merrick, 2011). 

RMIT University now has the facility to use a Computer Aided Engineering (CAE) digital 
platform, which delivers a 3D user experience to allow students to perform collaborative 
design. Students can connect with peers, access data and generate solutions on a single 
intuitive digital environment. We aim to create an environment that maximizes the value and 
quality of students’ learning experiences and outcomes by ensuring that these experiences 
are as close to the real-world activity as possible.  It is essential that students develop skills 
for digital collaboration. 

 
This project aimed to evaluate benefits for students using a digital platform (CATIA 
v6R2013x for Academia) to manage engineering design projects, particularly relating to 
communication, experience in collaboration, and the development of knowledge and skills. 
The project addressed how students perform in a virtual, project-based learning (PBL) 
environment, and delivered recommendations on the development of pedagogy in 
collaborative design research using a digital environment. 

In the first year of the undergraduate degree, students from the School studying aerospace, 
mechanical, automotive, mechatronics and manufacturing engineering are enrolled in three 
core courses that focus on project-based learning (PBL). These courses are MIET2093, 
AERO2248 and MIET2419, with the first using a virtual environment to manage PBL, 
whereas the latter two courses using traditional face-to-face PBL.  

MIET2093 is a design course during which students are introduced to CAD software, such as 
CATIA v6R2013x for Academia, during the laboratory sessions. The CAD software provides 
students the opportunities to use the latest 3D and Product Lifecycle Management (PLM) 



virtual platform from different sites to collaborate effectively during the design phase. The 
virtual platform also allows students to perform real-time geometric modifications and 
concurrent designs of different components/sub-assemblies taking into consideration a wide 
range of design and engineering requirements. Students were given nine weeks to work on a 
collaborative design project that involved the utilization of CAD software and the production 
of prototypes using a 3D printer. Each member has an individual task to produce a single 
component. The groups’ members decide how to distribute the task within the team. 
Procedures and methods in creating 3D CAD models are explained in weekly CAD computer 
laboratory sessions. Students are encouraged to explore different design possibilities and 
share understandings of design goals during the collaborative process.  

In the AERO2248 course, students learning activities are largely focused on the Engineers 
Without Borders (EWB) challenge, which allows students to develop professional skills in a 
team environment. Team members are required to nominate a design area for the EWB 
challenge and establish team protocols. During the semester, the assessment of group work 
includes a series of formal presentations and a final report. In the MIET2419 course, 
students work in groups to design and build a spaghetti bridge based on the length and 
weigh specifications that can support a car that weighs 2kg to pass through 10 times without 
damage. Peer-review is also part of the formal assessments for these two courses. 

Table 1: Courses surveyed in the research 

Course (Code) Enrolment Number Design Project Design Project 
assessments 

Computer 
Aided Design 
(MIET2093) 

187 Office and Industrial 
tools 

Report 

Engineering, 
Society, 
Sustainability 
(AERO2248) 

294 Engineers Without 
Borders (EWB) 

Report, presentations and 
peer assessment 

Mechanical and 
Materials 1 
(MIET2419) 

294 Spaghetti bridge 
design 

Report and peer 
assessment 

This project was granted approval by the RMIT University Human Ethics Research 
Committee. Students enrolled in MIET2093, AERO2248 and MIET2419 were invited to take 
part in the project during the mid semester and at the end of the semester (in Week 5 and 
Week 11). The administration of the mid semester survey was designed as a pre-test; the 
end semester survey was designed as post-test. This paper is not reporting on the 
comparing the two surveys, but is reporting on students’ responses to the second survey. 
Students were asked a series of questions to investigate their attitudes and learning about 
digital environments and face-to-face PBL (viz. satisfaction, perceived performance, 
participation/engagement, feedback, and skills developed). The survey was distributed 
during the two-hour class and the survey took five to ten minutes to complete, so that the 
students would not be disturbed in their studies. Most questions required students to select 
an option from a five-point Likert scale, indicating the level of agreement or frequency related 
to a corresponding statement. One short open-ended question was included at the end of the 
survey to allow respondents to offer feedback on their own words.  



Students were advised that their participation in the survey was anonymous, and did not form 
part of the formal assessment in the course. There are no discernible risks associated with 
their participations in the survey, and it would not impact on their marks or grades in the 
course. None of the authors was responsible for facilitating the survey; this was handled by a 
project officer. The authors remained neutral and had no influence on student responses.  

Total enrolment in MIET2093, AERO2248, and MIET2419 in semester one, 2015, was 187, 
294, and 294, respectively. Of these, 125 were enrolled in both MIET2093, and AERO2248, 
139 were enrolled in both MIET2093, MIET2419, and 103 were enrolled all three courses.  

A total of 31 students participated in the first round of survey with six females and 25 males, 
ages ranged from 18 to 30 years. Eighty-four students responded to the second round of 
survey (17 females and 67 males) with 81% aged from 18 to 20 years. More than 65% of the 
students had indicated that they had not taken any formal CAD training and had never used 
any virtual platform to perform collaborative design. The analysis of the results for this paper 
was focused on the second round of survey. 

Figure 1 shows the frequency of students contributing to group discussion with team 
members via face-to-face and virtual platform. The results show that students contributed 
more often (combining “always” and “often”) to face-to-face group discussion (90%) 
compared with the virtual environment (70%). Figure 2 shows results for questions that 
asked students to indicate how often they worked with team members to complete the design 
project. The results indicate that students prefer to work with team members in face-to-face 
approach compared with the virtual environment. 

Figure 1: Contribution to group discussion 



Figure 2:  How often students worked with team members to complete the design project 

Students were also asked to rate their perceptions of collaborative design using a virtual 
environment in terms of their learning efficiency, communication with peers and professional 
development. When asked about their perceptions, they were instructed to use the following 
scale: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. 
Figure 3 shows that students tend to agree (60%, combining “strongly agree” and “agree”) 
that online PBL offers an efficient way of learning because they can access data and 
generate solutions on a single virtual platform. Thirty precent of students agreed that, in 
terms of professional development, the online PBL provided them with an environment that 
maximized their learning outcomes; whereas 50% students were neutral on this question. 
Only 40% of students agreed that the digital environment allowed them to communicate and 
collaborate better with their peers; 40% of the responses were neutral.  In general, students’ 
perception of collaborative design using virtual environment was positive and they could see 
the usefulness of the virtual platform. 

Figure 3: Students’ perceptions on collaborative design using a virtual environment 



Students were asked to reflect on the skill level they developed for the PBL projects in 
MIET2093, AERO2248, and MIET2419 in semester one or for the past 12 weeks. The results 
in Figure 4 indicate that students developed higher levels of design skills (combining 
“advanced” and “experienced”) through face-to-face (50%) collaboration compared with 
virtual collaboration (40%). Similarly, students developed better teamwork skills with their 
peers during face-to-face interaction (80%). 

Design skills Teamwork skills 

Figure 4: Design and teamwork skill development 

One short, open-ended question was included at the end of the survey to allow students to 
offer feedback on their own words. One student wrote: 

Have indeed learnt more from face-to-face PBL than Virtual PBL. Having 
to be able to convey information physically and having the time and space 
to that allow immediate transference of information/discussion. 
Information often misunderstood when down over an online 
platform/medium especially when not made explicit or urgent. 

This student indicated that face-to-face PBL actually improved the learning outcome. 
However, team members found the response time delays and misunderstandings often 
happened due to text communication in the virtual environment and this did not improve the 
perceived learning outcome. Another student wrote: 

Face-to-face PBL allows for better communication and sharing of ideas 
compared to virtual PBL as some members may not be able to use 
programs such as Catia V6 

This student found that face-to-face PBL allows better communication among team 
members. The unavailability to access to the CAD software remotely limited the students’ 
opportunities for collaborative design.  

The paper addresses how students’ knowledge, skills and professional attitudes develop in 
multidisciplinary settings, particularly when working through engineering design projects in a 
global digital environment compared with traditional face-to-face approach. The analysis of 
results presented in this paper focus primarily on the second round survey. The majority of 
the students (>50%) in this study enrolled in courses that involve both face-to-face and 
virtual design projects, and their level of engagement and learning outcomes for MIET2093 



course that utilises digital PBL were compared with the same cohort that use face-to-face 
PBL.  

The analysis on communication and engagement characteristics indicates that students are 
more likely to contribute to group discussions and engage with team members to complete 
the design project through face-to-face approach. The majority of the students (>65%) were 
exposed to a virtual platform to perform collaborative design for the first time, and they 
indicated that they had to devote more time and extra practice in order to get the most out of 
the digital environment, and believed the time and efforts often outweighed the benefits. 
They also found the use of digital environment challenging, particularly with unstable internet 
connections, limited access to computer labs and with no access to the virtual platform 
remotely. It is not surprising that the majority of students would prefer to use face-to-face 
discussion frequently when they: (i) could share in depth and in person; (ii) could avoid 
miscommunication through text; and (iii) could reach an agreement and make a shared 
decision without delay. These insights are useful for educators to address: (i) how practice is 
the key to master in virtual collaborative design; (ii) how to motivate students to engage 
emerging technologies used to manage engineering design process; (iii) the potential 
misconceptions of the technological difficulties and challenges of the virtual environment.  

It is important to note that most of the students are transitioning from high school to first-year 
university programs. They have been exposed solely to traditional classroom environments. 
When these students are exposed to the virtual platform for the first time, they will not readily 
have the technological skills for the digital environment. As indicated in a previous study, 
students must be guided, prepared and motivated in order to implement the use of digital 
platform successfully (Akili, 2010).  

Despite the perception of the technical difficulties of using the digital platform, students 
thought their collaborative design experience through digital platform was positive. They saw 
the usefulness of the digital platform that helped the development of new skills to create and 
explore of virtual 3D models, addressed a systematic engineering design process, and 
accessed data and generated solutions on a single virtual platform.  

For the three PBL projects, all groups had to gather relevant information to solve design 
problems. Further analyses on the free text feedback indicates that when the group members 
found it hard to access the virtual platform off-site, and when members were slow in 
responding online, they began to use face-to-face discussions. In line with a previous study, 
students found face-to-face discussions helped the group members to communicate in a 
timely manner (Yeh, 2010). Indeed, face-to-face and virtual collaborative design approaches 
are complementary, and the good use of both can facilitate problem-solving (Yeh, 2010). 

Due to the diverse nature of our students from multidisciplinary (aerospace, mechatronics, 
system engineering, manufacturing), multicultural (Eastern, Western, Middle Eastern) and 
multilingual (English speaking and non-English speak) backgrounds, effective 
communication is very important for collaborative success. Students indicated that 
communication could often be problematic within the digital platform—especially when the 
message was not explicit or direct.  

With increasing globalization, stakeholders need to communicate on an almost daily basis 
with people from different cultures, developing the abilities and skills to communicate 
effectively across cultural boundaries, and this is a key to global success and to avoid 
misunderstanding (Nardon et al., 2011; Lisak and Erez, 2015).  In order to avoid 
misunderstanding, team members should have a common framework and regular feedback 
(Zhang, 2011; Gogan et al., 2014). 

The analysis on communication and engagement characteristics indicates that students are 
more likely to contribute to group discussions and engage with team members to complete 



the design project through face-to-face approach as compared with the virtual platform. The 
reasons were majority of students were exposed to the virtual platform for the first time and 
they had to devote more time and extra practice in order to improve their technological skills 
for the digital environment. They believed the time and efforts learning to use the digital 
environment often outweighed the benefits. They also found the use of digital environment 
challenging, particularly with unstable internet connections, limited access to computer labs 
and with no access to the virtual platform remotely.  

Despite the perception of the technical difficulties of using the digital platform, students saw 
the usefulness of the digital platform addresses a systematic engineering design process and 
solution on a single virtual platform. If appropriately implemented and delivered, PBL in 
virtual environments can be an effective way to improve technical and communication skills 
in engineering graduates. This paper reports on the findings of students’ collaborative design 
experience using a digital platform and a traditional face-to-face approach in engineering 
courses. Our intention is to assist improving the teaching the students received and learning 
they engaged in. In general, students thought their collaborative design experience through a 
digital platform in this project was positive. To capitalise on what we have learnt, three key 
aspects of the virtual environment need to be further explored: (i) educators must value and 
learn from students’ experience; (ii) students should be encouraged and motivated to 
practise and become familiar with the functionalities and capabilities of a digital platform; (ii) 
Universities need to invest in adequate level of facilities to this level of teaching and learning. 
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Where (or what) to next for the High School 'PBL' STEM graduate?
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Structured Abstract
BACKGROUND OR CONTEXT
Parramatta Marist, a comprehensive boys high school in Western Sydney, adopted Project 
Based Learning throughout the middle school curriculum in 2008; in 2010, a Problem Based 
Learning approach (modelled on the ‘One Day, One Problem’ approach pioneered at 
Republic Polytechnic, Singapore) was adopted throughout all Year 11 Preliminary Higher 
School Certificate (HSC) courses; in 2011, our first ‘PBL’ HSC class graduated. In 2013, a 
subsequent innovation, the ‘Flipped Classroom’, was adopted in Year 12 to meet the needs 
of the content heavy HSC syllabi and standardised exit exams. Besides increasing academic 
success, the intention in undertaking these fundamental shifts towards student-centred, 
active learning pedagogies was threefold: increase student engagement; explicitly teach and 
assess important ‘soft’ skills; and repackage the curricula to be more representative of 
typical, authentic, industry-inspired, real-world projects and problems that students may 
encounter when they attend university and/or join the workforce. These modes of learning 
have proven most suited to (and popular in) the Science, Technology, Engineering and 
Mathematics (STEM) subjects: this is unsurprising given their emphasis on the design 
process; experimentation; problem solving; portfolio process; project management and 
kinaesthetic approaches to learning. Moreover, these pedagogies place significant emphasis 
on the teaching and assessing of ‘soft’ or  'employability' skills that are almost identical to 
Engineers Australia’s (EA) ‘Professional and Personal Attributes’ work-related competencies. 
Consequently, given the PBL approach to learning and the desires of peak professional 
bodies like EA, what do STEM students, educated in a PBL environment, perceive 
universities doing to facilitate this skill development?

PURPOSE OR GOAL
The purpose of this study is to collect and analyse the perceptions of current PBL STEM 
students and PBL-educated HSC Graduates (2011-2014) currently studying STEM-related 
(largely engineering) degrees at university. Current PBL students were surveyed regarding 
their levels of enjoyment; the suitability of PBL to their STEM electives; the possible nature of 
STEM (specifically engineering) education at university; and, what they perceive are the 
possible benefits of a PBL education to any future STEM-oriented education? Alumni were 
surveyed regarding their levels of enjoyment of studying in a PBL environment at school and 
the benefits of a PBL education to their current engineering and STEM degrees. Additionally, 
alumni perceptions regarding their university’s approach to engineering and STEM education 
were also collected. In particular, given the emphasis on EA’s accreditation processes, how 
do these ex-students perceive the role of university engineering faculties in developing these 
skills in students? Moreover, do these alumni feel more confident in achieving EA’s 
‘Professional and Personal Attributes’ work-related competencies because of the skill 
development afforded them in a PBL environment? Lastly, current and alumni PBL students 
were asked about the real and perceived levels of usage of PBL in STEM at domestic and 
foreign universities and their responses compared. Ultimately, this preliminary study has 
been designed to collect, identify and report on recurrent ‘themes’ or ‘trends’ in the data to be 
explored and analysed in greater depth and sophistication in subsequent studies.

APPROACH
To collect these initial perceptions of high school students and recent graduates taught in a 
PBL environment, this study utilised two related online surveys (tailored for each set of 
respondents). These surveys incorporated questions with a 5-point likert scale (ranging from 
Not true at all for me to Very true for me), ‘checklist’ style as well as open questions followed 



by interviews (face-to-face and over the phone) with selected students and alumni to explore 
recurrent ‘themes’ or ‘trends’ in the data and help clarify elements of their responses. 

DISCUSSION
Constructivism, as a theory of learning, posits the basis of knowledge construction is derived 
from the learner’s experiences, their activation of prior knowledge and the resultant creation 
of ‘new’ understandings from engagement with these varied stimuli. PBL, as a learning 
‘philosophy’ within a constructivist theoretical framework, places the student at the centre of 
an active, collaborative and scaffolded learning environment with a strong emphasis on skill 
acquisition and assessment – with the learning being driven by a 'problem' or 'project'.  
Therefore, STEM students at Parramatta Marist are exposed to problematic circumstances 
more reminiscent of those faced by professional engineers in the field and are afforded the 
opportunity to apply skills and content, solve problems and develop (and be assessed on) 
‘soft’ or ‘employability’ skills akin to those desired by the peak professional and accreditation 
body, Engineers Australia. Consequently, what do current students think of PBL's benefits, 
its suitability to their STEM subjects and how universities educate engineers here and 
abroad? Moreover, what perceptions do alumni hold regarding how PBL is benefiting them 
presently in their STEM-related degree? Additionally, given the symmetry between the aims 
of student-centred/PBL approaches to learning and EA’s ‘Professional and Personal 
Attributes’ work-related competencies, does being educated in a student-centred, team 
driven and skills-focused environment contribute to ex-students’ self-efficacy and perceived 
capabilities as a trainee engineer and their attainment of these work-related competencies? 
Finally, what are the possible implications for university engineering education when PBL 
graduates arrive in their degree programs? 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results of this preliminary study, whilst crude, do align with the perceived benefits of PBL 
as reported in other studies. The study also reveals some interesting insights and 
implications for schools, universities and the engineering profession. Some key findings 
include current students, whilst holding rather naïve ideas of the nature of tertiary STEM 
education, identified a correlation between the engineering profession and their current 
mode(s) of learning; specifically, how the skills central to the PBL pedagogies align well with 
the engineering profession and its accreditation processes (with these perceptions being 
reconfirmed by Alumni). Current students also held higher expectations than alumni (who are 
more aware of the reality) of the use of PBL in a tertiary setting here and abroad. PBL-
educated alumni (graduating from 2011 onwards) are developing greater positive self-
efficacy towards Engineers Australia’s (EA) accreditation process which recognises the 
importance of work-related competencies that are very similar to the soft skills targeted in a 
PBL environment. Furthermore, and in a wider sense, the findings of this study are 
supportive of the notion that constructivist approaches to learning might be better able to 
meet the growing demands from government, industry and peak professional bodies for the 
teaching and learning of fundamental 21st century ‘employability’ skills. Moreover, this 
study’s most significant outcome is the direction it provides for future research and 
subsequent recommendations. For example, how and why secondary schools and university 
engineering faculties might better align their needs/desires to address the STEM skills 
shortage in Australia.



Problem and Project Based Learning (PBL) tries to emulate the environment encountered by 
professional engineers in the field with the intention of increasing engagement and improving 
the practical and applied skills of engineering students.  Theoretically, by making the 
classroom more reminiscent of the ‘real-world’, students are encouraged to behave, respond 
to, and solve problems like engineers rather than simply knowing how others have solved 
them in the past (although the activation of this prior knowledge is critical in solving a ‘new’ 
problem). If, momentarily, we put aside the frequent debates surrounding the 
contradistinctions of these constructivist approaches to learning and their suitability to 
differing disciplines (e.g., Savery 2006 or Perrenet, Bouhuijs, and Smits, 2000), we can see 
both PBL approaches afford students the opportunity to collaborate with peers, develop 
interpersonal, communication, reporting, presentation as well as problem-solving and critical 
thinking skills (Schmidt, van Der Molen, te Winkel and Wijnen 2009).  The very same skills 
are required for accreditation as an engineer by peak professional bodies like Engineers 
Australia (EA) and demanded by industry.  Whilst the debate over the nature, 
implementation, and impact of PBL within engineering faculties and accreditation bodies 
worldwide reaches a high point, it is interesting to explore and report on the perceptions held 
by current high school Science, Technology, Engineering and Mathematics (STEM) students 
and Alumni graduates on the impact of PBL on their learning in a secondary school and 
university context as well as its suitability to an engineering education and attainment of 
professional accreditation. 

Constructivism, as a theory of learning, posits the basis of knowledge construction is derived 
from the learner’s experiences, their activation of prior knowledge and the resultant creation 
of ‘new’ understandings from engagement with these varied stimuli (including other human 
beings).  PBL, as a learning ‘philosophy’ within a constructivist theoretical framework, places 
the student at the centre of an active, collaborative, scaffolded, and, in the 21st Century, 
blended learning environment with a strong emphasis on skill acquisition as well as formal 
and informal assessment – with the learning being driven by a ‘problem’ or ‘project’.  
Parramatta Marist High (PMH), a comprehensive Catholic systemic all boys high school in 
Western Sydney, New South Wales, initiated significant whole school change in 2008.  As of 
2015, three constructivist approaches to learning are deployed across the school curriculum 
to meet the challenges of various NSW Board of Studies, Teaching and Educational 
Standards (BOSTES) stages as students’ progress through their secondary education (the 
Flipped Classroom approach in year 12 is not discussed in this paper).  All approaches 
integrate technology with content delivered online through various learning management 
systems to student owned devices. The first ‘PBL’ trained students graduated with the NSW 
Higher School Certificate (HSC) in 2011.  For this paper, a brief summary of the two PBL 
approaches and the tailoring of STEM subjects within stages 4 and 5 (Years 7 – 11) of 
learning are discussed below. 

Project Based Learning has been utilised throughout the junior and middle school curriculum 
since 2008.  Subjects with related content skills (like STEM) are grouped together in a 
rotation and often formed into integrated projects when learning outcomes and intentions 
align.  Students are assessed individually (formative) and collectively in their groups 
(summative).  Groups usually comprise 3 to 5 members of mixed ability and projects 
generally last anywhere from 3 – 10 weeks (Mathematics being the exception as it utilises a 



Problem based approach and is streamed and accelerated from Year 9 onwards).  In Years 
9 and 10, all students undertake Information and Software Technology (IST), which is 
normally an elective course in other secondary settings.  In addition, students may elect to do 
Design and Technology, Elective Science or iSTEM - a newly created school-developed, 
BOSTES endorsed course.  The school is a member of the New Tech Network, a not-for-
profit organisation with over 180 Project Based Learning schools across the United States 
and students across Years 7 – 10 use their purpose-built learning management system.  

In 2010, a Problem Based Learning approach was adopted throughout all Year 11 
Preliminary HSC courses.  Modelled on the ‘One Day, One Problem’ approach pioneered at 
Republic Polytechnic, Singapore (see Rotgans, O’Grady, and Alwis 2011), this variant has 
been coined ‘1-5-1’; a term which denotes the hourly break up of class time within a two 
week timetable cycle.  Students participate in pre-learning activities in the first hour class on 
one day; engage with a ‘problem’ and present a solution at the end of a full 5 hour school day 
(in groups of 5 selected on differing basis); and, participate in post-testing and extension 
activities in the subsequent one hour class.  Subjects are not integrated given the syllabus 
requirements leading into the Year 12 HSC courses, however, and given these courses’ 
individual requirements, there is great scope for variation within this model.  In some ways, 
the nuanced approaches taken are very reminiscent at times of the Danish model and ‘three 
types of project work’ undertaken at Aalborg University as described in detail by Kolmos 
(1996).  Besides traditional Science and Mathematics courses, students in the senior school 
can elect to do STEM-related courses like Engineering Studies; Software Design 
Development (SDD); Industrial Technology (IT); Information Processes and Technology 
(IPT); and Design and Technology (D&T).  

This preliminary study has been designed to collect, identify and report on recurrent ‘themes’ 
or ‘trends’ in the data to be explored and analysed in greater depth and sophistication in 
subsequent studies.  To collect these initial perceptions of high school students and recent 
graduates taught in a PBL environment, this study utilised two online surveys incorporating 
questions with a 5-point likert scale (ranging from Not true at all for me to Very true for me), 
‘checklist’ style and open questions followed by interviews (face-to-face and over the phone) 
with selected students and alumni to help clarify elements of their responses e.g. 
understanding of the possible meaning of the competencies and their impact on their 
learning (see Male, Bush, and Chapman 2010).  One survey with 26 items was designed for 
current students in Years 9 – 10 who have elected to undertake a STEM course including 6 
items designed to measure individual (dispositional) interest of participants. Years 7 and 8 
students were not included in this study given their mandatory participation in a curriculum 
set by BOSTES.  A second (related) survey with 15 items was designed for alumni presently 
studying a degree in engineering or related STEM area at university (no individual interest 
measures were required given their choice of degree).  A simplistic single item self-efficacy 
measure also asked alumni whether the skills developed in PBL environment can help them 
achieve the ‘Professional and Personal Attributes’ competencies required by Engineers 
Australia (this measure being supported by in-depth discussions with selected respondents). 
For the sake of brevity, not every survey item or its responses are included in this paper 
(particularly answers to the open questions) but where possible, mention is made if a 
contribution to an overall theme or trend is apparent. The sample size (at present) is 145 
current students and 35 alumni (studying engineering courses) from PBL graduating classes 
of 2011 to 2014 - a reasonable sample size from within an overall small population (that is, 
Australian high school students who are or have been educated in a predominantly PBL 
environment).  



Of the 145 current students surveyed, there was a significant level of individual interest in 
relation to STEM.  For the two most critical items (of 6 items), concerning present interest 
and potential future employment in a STEM area, students’ responses were largely in the 
range of ‘true for me’ to ‘very true for me’ (see Table 1).  Given these students have elected 
to undertake these courses, it was expected they would have higher levels of interest than if 
compelled to study these courses.  Additionally, current students perceived PBL was only 
marginally better suited to their STEM subjects compared with their other subjects.  Both 
current students and the 35 alumni PBL graduates were also surveyed regarding their 
perceptions of their enjoyment of learning in a PBL environment at school and its benefit to 
their learning.  Interestingly, in both cases, alumni rated higher levels of ‘enjoyment’ in 
learning in a PBL environment and perceived ‘benefits’ than current students (see Table 2).    

Table 1 – Overall ratings from 145 current PBL STEM students regarding dispositional interest 
and enjoyment and benefits of PBL 

Table 2 – Overall rating from 35 Alumni PBL graduates studying engineering on enjoyment and 
benefits of PBL  

Whilst current students somewhat enjoy learning in a PBL environment and believe there is 
some apparent benefit in doing so, alumni studying engineering reported higher levels of 
both enjoyment and perceived benefits.  This increase may be nostalgic, developed with 
maturity or upon reflection, however, it may also be linked to the skills development afforded 
them at school and deployed at university in a setting and discipline that requires greater and 
independent usage of those skills – that is, the benefits to their ‘learning’ from school are 
ongoing (this perception was confirmed by selected alumni subsequently interviewed).    

Conversely, it is possible that other alumni studying within other disciplines and not surveyed 
in this study, may not rate the benefits of their PBL secondary school experience as highly 
given its associated skills may not be valued or emphasised in their tertiary context or by an 
accrediting body in the same way as engineering.  Moreover, despite its reported benefits, 
current students are compelled to learn in a PBL environment and must deal with issues not 
encountered in other settings on a more regular basis.  This may account for their lessened 
enjoyment.  For example, when asked to write a response to the least enjoyable aspect of 
learning in a PBL environment, students and alumni overwhelmingly indicated ‘lazy or 

Questions: Rating 
(/5) 

I am very interested in Science, Technology, Engineering and Maths (STEM) subjects. 4.4 
Later in life I want to get a STEM-related job. 4.0 
Compared to my other subjects, I feel PBL is better suited to my STEM-related 
subjects. 3.4 

Project/Problem Based Learning (PBL) is beneficial to my learning. 3.8 

I enjoy learning in a PBL environment. 3.7 

Questions: Rating (/5) 
Project/Problem Based Learning (PBL) was beneficial to my learning at school. 4.3 

I enjoyed learning in a PBL environment at school. 4.2 



disengaged group members’ as their greatest frustration.  However, numerous alumni 
indicated that being within a PBL environment helped them build skills to deal with such a 
situation – again, possibly accounting for their higher rating as to PBL’s benefits. 

As noted over a decade ago by Mills and Treagust (2003), engineering educators, 
researchers and accrediting bodies worldwide studied the technical and personal qualities 
required of engineers within industry.  Collectively, these studies concluded that:  

Today’s engineering graduates need to have strong communication and teamwork skills, but 
they don’t.  They need to have a broader perspective of the issues that concern their 
profession such as social, environmental and economic issues, but they haven’t.  Finally, they 
are graduating with good knowledge of fundamental engineering science and computer 
literacy, but they don’t know how to apply that in practice.  

Since that time, peak professional bodies worldwide have included and/or increased the 
importance of non-technical competencies within their accreditation process – with Engineers 
Australia placing ‘Professional and Personal Attributes’ on an equal footing with ‘Knowledge 
and Skills Base’ and ‘Engineering Application Ability’.  Importantly, a subsequent Australian 
study, Male, Bush and Chapman (2011), demonstrated that rather than being viewed as 
imposed from above, experienced engineers valued this development and: 

non-technical and attitudinal competencies were rated as especially important by engineers 
for their work.  This result supports the trends in programme accreditation in Australia, and 
internationally, to broaden engineering curricula beyond technical knowledge and skills.   

The recognition of the equal importance of ‘soft’ skills with more tangible (or ‘hard’) skills is 
reflective of a more general trend within education itself with the Australian Curriculum, 
Assessment and Reporting Authority (ACARA), for example, enshrining them as ‘general 
capabilities’ in the new national curriculum. In government and industry circles these so-
called ‘employability’ skills are highly sought after as illustrated in a recent occasional paper 
from the Australian Government’s Office of the Chief Scientist entitled ‘Stem skills in the 
workforce: what do employers want?’ (Prinsley and Baranyai 2015). Of the 13 skills included, 
1065 employers rated (in order) Active learning (i.e. learning on the job); Critical thinking, 
Complex problem-solving; Creative problem-solving; and Interpersonal skills the most 
important.  It is noteworthy too, that employers, when asked to list additional skills they 
considered important in their workplace, “overwhelmingly” identified ‘communication’. 
Consequently, how do current PBL trained students and alumni perceive these soft skills in 
relation to STEM-related tertiary education? The following sample feedback in Tables 3 and 
4 are indicative of responses to an open question on the perceived (current students) and 
reported (alumni) benefits of PBL to a STEM related tertiary education: 

Table 3 - Sample feedback from 145 current PBL STEM students 

Question: In what ways might studying in a PBL school environment benefit you when studying a 
STEM-related degree at university? 

Student 1 PBL allows for teamwork, and an effective working environment for solving problems. It also 
prepares students for an environment where working with others to achieve a common goal is 
just as important as understanding the content. - Yr 11 Engineering Studies student 

Student 2 PBL encourages collaboration, which is an essential tool to studying most STEM subjects at 
university. Subjects such as engineering require heavy teamwork making it more essential to 
utilise PBL at school. - Yr 11 Engineering Studies student 



Student 3 It would benefit me as I would be exposed to situations in which I would need to apply my 
knowledge of the subject. The problems in PBL taught me how to work together as a group 
and to effectively create a solution to the problem presented - Yr 12 SDD student 

Student 4 Studying in a PBL school environment might benefit me when I study a STEM degree at 
university because most of the areas of STEM require teamwork. They require teamwork to 
utilise skills and work together to produce end solutions. Therefore, PBL will help me work in a 
team and also help me prepare for studying at university so I can work with others and so I can 
produce end products with others in courses if I have to. - Yr 9 iSTEM student 

Both current student and alumni responses were mostly focused on ‘soft’ skills (particularly 
teamwork and communication) and recognised their importance as being commensurate with 
‘hard’ skills (content and knowledge) in the resolution of a problem or completion of a project 
with the depth and sophistication of responses between survey groups the only key 
difference.  This is an interesting development given “communication is the competency that 
features most frequently as a deficiency in Australian surveys” (Male, Bush & Chapman 
2010).  These responses also add weight to the idea that the stated benefits of learning in 
PBL environment at a secondary level (a key factor in convincing school stakeholders to 
initiate change) are being confirmed and reinforced when students move into tertiary 
education.  Furthermore, alumni rated highly the impact of skills developed within a PBL 
environment in potentially helping them attain Engineers Australia’s (EA) ‘Professional and 
Personal Attributes’ work-related competencies (see Table 5).  Although warranting further 
investigation, this rating (4.4/5) points towards a positive impact on the self-efficacy beliefs of 
PBL graduates; an impression supported by the confidence in skills reported in the sample 
feedback in Table 4. These beliefs would likely be enhanced in professions like engineering 
whose accreditation requirements are in greater alignment with those of PBL.  

Table 4 - Sample feedback from 35 Alumni PBL graduates studying Engineering at Uni. 

Question: In what ways has the experience of studying in Project and Problem Based Learning at 
school benefitted you at university? 

Alumnus 1 At university you constantly find yourself working in teams trying to break down complex 
problems, particularly in engineering. In terms of understanding team dynamics and the optimal 
way to run certain teams, I believe that I definitely had an advantage over other students and 
more often than not I find myself leading my work teams, because I am not shy to speak up, 
offer suggestions and to help other members. I certainly see now that PBL instilled me with a lot 
of confidence to work with people to whom I do not necessarily know. Also, I learned the 
importance of not judging or generalizing people and focus more on using their strengths to the 
team’s advantage. My team based assessments at university are my most successful 
assessment components and they are often based on extensive and lengthy problems/projects. 
I also find that I give presentations with a lot more ease and I can express myself very clearly. I 
believe this was a result of consistent practice. - 2011 Graduate; 3rd year Civil Engineering & 
Project Management student 

Alumnus 2 Through Project and Problem Based Learning, I have been able to better engage with the 
content and look for different ways to interpret and understand the content presented. I use 
some techniques picked up through high school and PBL to organise notes and ensure that 
study for subjects is seamless and highly productive and beneficial. - 2013 Graduate; 2nd year 
Civil Engineering & Business Marketing student 

Alumnus 3 Through working in groups in university projects, I already have the experience of looking at 
problems, assessing what needs to be done, creating a solution and assigning roles in 



accordance with strengths of individuals. Hence, I am able to get through group work easily with 
fewer problems - 2013 Graduate; 2nd year Civil & Environmental Engineering student 

Alumnus 4 PBL has been a very valuable resource in my development as it has allowed me to interact with 
individuals in a professional and firm manner. Furthermore, it has allowed team/group activities 
to be fairly easy when compared to other people with little to no prior experience in group work. 
- 2014 Graduate; 1st year Civil Engineering (Hons)/Commerce student 

Alumnus 5 It has been extremely beneficial thus far. All my units have employed group work to some 
degree, and a few to a significant degree. I believe the skills developed in PBL have been 
essential to my work and have allowed me to be far more comfortable than I otherwise would 
be. - 2014 Graduate; 1st year Engineering (Naval Architecture) student 

Table 5 – Alumni on PBL’s contribution to potential EA accreditation (self-efficacy item) 

Question: Rating (/5) 

Skills developed in a PBL environment can help me achieve the 'Professional and Personal 
Attributes' competencies required for accreditation as an engineer by Engineers Australia (EA’s 
competencies shown above) 

4.4 

Another interesting perception identified from the survey data was the disparity between 
current students’ notions of the usage of PBL at universities domestically and internationally 
with those held by alumni as shown in Table 6.  Current students believed its usage was 
predominant  (despite their earlier rating that PBL was only marginally more suited to STEM 
subjects), however, following a focus group discussion, students thought PBL much more 
appropriate for ‘engineering’ alone (believing this to the be the focus of the question). 
Similarly, following discussions with alumni respondents, their lower rating was a direct result 
of their occasional or limited experience of PBL in their present course at university as 
revealed in the sample feedback in Table 7; merely extrapolating these experiences to 
foreign universities.  

Table 6 – Comparison of perceptions of current and past students regarding the use of PBL in 
Australian and foreign universities  

Table 7 – Sample feedback from alumni regarding use of PBL in their degree at university. 

Question: Current  % Alumni % 

What percentage of Australian universities do you estimate use 
PBL in their STEM-related degree programs? 65 35 

What percentage of foreign universities do you estimate use PBL 
in their STEM-related degree programs? 58 38 

Question: As far as you are aware, does your university use Project or Problem Based 
Learning in any STEM related degrees/faculties? 

Alumnus 1 
Yes. One of my units (Engineering design & communication) employed PBL. 



Emanating from discussions with alumni, one perceived impediment to the wider use of PBL 
at university was concerns over plagiarism from faculty and students leading to the 
discouragement of (formalised) peer collaboration in assessment tasks.  

Understandably, the difficulty with measuring the effects of PBL on soft skill acquisition, 
levels of engagement, enjoyment, efficacy beliefs and other ‘perceptions’, is that they are not 
always easy to ascertain (quantitatively speaking).  Consequently, reliance on qualitative 
data acquired through student and alumni artefacts like surveys and interviews are relatively 
high. The results of this basic study, whilst crude, are both interesting and somewhat 
reassuring when attempting to understand the (perceived) benefits of PBL.  Of course, it is 
important to recognise that other factors not addressed in this paper can still influence 
student perceptions (e.g. teacher quality).  However, this study’s most significant outcome is 
the direction it provides for future research into those areas identified above.  Whilst this 
study cannot be used to draw broad or more definitive conclusions, particularly in this case 
given how few students are currently taught in a PBL environment in Australian secondary 
schools, there is still merit in this (very) preliminary and subsequent small-scale studies as 
noted by Xiangyun, de Graaff and Kolmos (2009). 

This initial (largely qualitative) study into the perceptions of PBL educated students regarding 
the nature of STEM (specifically engineering) education has revealed some interesting 
insights and implications for schools, universities and the engineering profession.  To date, 
the focus of engineering education, naturally, has been on the quality, intention and products 
of tertiary programs, however, growing interest and implementation of Project and Problem 
Based Learning at secondary level, particularly in STEM education, might help and hasten its 
wider introduction at a tertiary level.  Moreover, as noted by Male, Bush, and Chapman 
(2010): “increased opportunities for project based learning could have contributed to 
improvement in the development of practical engineering competencies”.  Additionally, the 
greater alignment of competencies and educational outcomes from secondary and tertiary 
education, accreditation/professional bodies and industry may better help to address the 
omnipresent ‘STEM skills shortage’ - progressing, hopefully, towards articulation agreements 
between secondary schools practicing PBL and engineering faculties at universities; and, the 
encouraging of talented STEM students into early entry for their engineering degrees. 
Furthermore, this study will hopefully lead to more in-depth research providing more concrete 
conclusions and recommendations in the future.  

Alumnus 2 Yes, both engineering mechanics and computations use the PBL formats. 

Alumnus 3 ‘PBL’ has not been encountered within my degree as of yet but it is bound to come 
up in the future. 

Alumnus 4 
The Engineering course is structured very similarly to a PBL project. 

Alumnus 5 

No, but I did do a 'flipped classroom' course in electrical engineering. This was 
pretty good, but required a lot of work to watch all the resources and the long video 
lectures were a bit dull. 



Whilst possibly holding rather naïve ideas of the nature of tertiary STEM education, current 
students identified a correlation between the engineering profession and their current 
mode(s) of learning; specifically, how the skills central to the PBL pedagogies align well with 
the engineering profession and its accreditation processes (with these perceptions being 
reconfirmed by Alumni). Current students also held higher expectations than alumni (who are 
more aware of the reality) of the use of PBL in a tertiary setting here and abroad.  PBL-
educated alumni (graduating from 2011 onwards) are developing greater positive self-
efficacy towards Engineers Australia’s (EA) accreditation process which recognises the 
importance of work-related competencies that are very similar to the soft skills targeted in a 
PBL environment. Furthermore, and in a wider sense, the findings of this study are 
supportive of the notion that constructivist approaches to learning might be better able to 
meet the growing demands from government, industry and peak professional bodies for the 
teaching and learning of fundamental 21st century ‘employability’ skills. 

To facilitate future research (and a possible longitudinal study) on alumni perceptions on the 
post-school effects of PBL, the ex-students’ association collected personal contact details 
from the 2011 to 2015 HSC cohorts. To date, 665 ex-students from these classes have 
agreed to receive surveys and other materials related to future research in this area.   
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tutorial-lecture swapping and Improved Assessment/Feedback 

techniques

Furqan Hussain, Peter Neal and Christoph Arns
The University of New South Wales

Structured Abstract
BACKGROUND OR CONTEXT
In the years since 2008, average enrolments in courses offered by the School of Petroleum 
Engineering, UNSW Australia have grown from approximately 40 students to more than 100 
in 2014. This has rapid growth has created challenges for the School as the numbers of 
teaching staff has lagged behind the number of students. In order to ensure students 
continue to enjoy a high quality learning experience and to manage staff workloads, we 
suggest following approaches: 

1) peer instruction: after delivering an important topic/concept, we give students opportunity
to discuss the topic covered, 

2) tutorial-lecture swapping: students are challenged to solve a tutorial question before the
related topic has been discussed in the lecture, and 

3) improved assessment/feedback techniques to address the issues associated with
conventional techniques.

PURPOSE OR GOAL
The purpose of this study is to develop and test the suggested techniques. The goal of Peer 
Instruction is to improve the students' understanding of course content and team work skills. 

By reversing the order of the tutorial and lecture (tutorial-lecture swapping) we aim to 
improve our students’ capabilities for self-directed learning and creative problem solving. We 
challenge students’ knowledge by giving them a tutorial question before the related topic has 
been discussed in the lecture. Since the courses where we apply this approach are in third 
and fourth year, students already have a grasp of the fundamentals of the topic. This 
approach requires students to actively apply their knowledge to new situations. 

Employing enhanced assessment and feedback tools such as online quizzes and exams 
both students and teachers receive timely feedback about their performance and can adapt 
learning and teaching practices as the semester progresses.

The integrated application of the proposed techniques, not only enhance the learning 
experience of the students but also improve/develop some important graduate attributes. It is 
also expected that the learning from this project will provide a model for further 
transformation of teaching approaches in the School and across the University.

APPROACH
We implement and analyse the suggested approaches for three courses delivered by the 
School of Petroleum Engineering (PTRL3001, PTRL3002, and PTRL4020) during Semester-
1 and Semester-2, 2015.

For PI approach, after delivering an important topic/concept, lecturer takes one to five 
minutes break while students' discuss the topic covered.  This provides an opportunity for 
students to clarify their own understanding in a context that is less confronting than directly 
answering questions from the instructor.



For tutorial-lecture swapping, the students work in groups. First they discuss the problem 
statement with their peers and identify the problem. Tutors get feedback from various groups 
and guide them if their problem identification is incorrect. Afterwards, they identify possible 
solution methods and finally solve the problem. Again, tutors incrementally guide students 
through the solution of the problem. The conclusions drawn from the tutorial align with the 
basic topics for the following lecture.

In addition to the conventional assessment approaches, we use following techniques: 

1. At the end of every teaching week, students solve an online quiz which test their
knowledge. These quizzes are not a part of the final assessment but provide formative 
feedback to students and guide instructors in their teaching.

2. Online exams replace the paper based mid-term exam.

We use anonymous surveys to get students' feedback on our approaches. We also invite 
academics from other schools to observe and evaluate our approaches.

DISCUSSION
Feedback from other academics and the students is encouraging. We have found that 85% 
of students who completed the anonymous surveys are satisfied with peer instruction and 
tutorial-lecture swapping. While 100% agree that online quizzes to test students' knowledge 
are beneficial. 63% of the students think that online exams are better than paper based 
exams. 

For peer instruction, timing and duration of peer discussions are critical. Too short discussion 
may not be beneficial for the students but too long discussion may distract students from the 
main topic.  Also the tutorial problems must be designed in a way that the students have prior 
knowledge to understand the problem statement. Therefore, this approach might only be 
applied for advanced engineering courses.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results show that the integrated peer instruction, tutorial-lecture swapping and improved 
assessment/feedback techniques can be used to enhance the students' learning experience. 
The suggested approaches will be applied to the other 3rd and 4th years' courses offered at 
the school.
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Structured Abstract
BACKGROUND OR CONTEXT
The concept of 'Aboriginal engineering' has had little exposure in conventional engineering 
education programs, despite more than 40,000 years of active human engagement with the 
diverse Australian environment. The work reported in this paper began with the premise that 
Indigenous Student Support Through Indigenous Perspectives Embedded in Engineering 
Curricula (Goldfinch, et al 2013) would provide a clear and replicable means of encouraging 
Aboriginal teenagers to consider a career in engineering. Although that remains a key 
outcome of this OLT project, the direction taken by the research had led to additional insights 
and perspectives that have wide implications for engineering education more generally. 
There has only been passing reference to the achievements of Aboriginal engineering in 
current texts, and the very absence of such references was a prompt to explore further as 
our work developed.

PURPOSE OR GOAL
Project goals focused on curriculum-based change, including development of a model for 
inclusive teaching spaces, and study units employing key features of the model. As work 
progressed we found we needed to understand more about the principles and practices 
informing the development of pre-contact Aboriginal engineering strategies for sustaining life 
and society within the landscape of this often harsh continent. We also found ourselves being 
asked 'what engineering did Aboriginal cultures have?' Finding that there are no easy-to-
access answers, we began researching the question, while continuing to engage with 
specific curriculum trials.

APPROACH
Stakeholders in the project had been identified as engineering educators, potential Aboriginal 
students and Aboriginal communities local to Universities involved in the project. We 
realised, early on, that at least one more group was involved - all the non-Aboriginal students 
in engineering classes. This realisation, coupled with recognition of the need to understand 
Aboriginal engineering as a set of viable, long term practices, altered the focus of our efforts. 
Rather than focusing primarily on finding ways to attract Aboriginal engineering students, the 
shift has been towards evolving ways of including knowledge about Aboriginal practices and 
principles in relevant engineering content.

DISCUSSION
This paper introduces the model resulting from the work of this project, explores its potential 
influence on engineering curriculum development and reports on implementation strategies. 

The model is a static representation of a dynamic and cyclic approach to engaging with 
Aboriginal engineering through contact with local communities in regard to building 
knowledge about the social beliefs underlying Aboriginal engineering principles and 
practices.

Ways to engage engineering educators, students and the wider community are evolving 
through the continuing work of the project team and will be reported in more detail in the 
paper.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
While engineering may be considered by some to be agnostic in regard to culture and social 
issues, the work of this project is drawing attention to the importance of including such issues 
into curriculum materials at a number of levels of complexity.

The paper will introduce and explore the central concepts of the research completed to date, 
as well as suggesting ways in which engineering educators can extend their knowledge and 
understanding of Aboriginal engineering principles in the context of their own specialisations



Histories of Engineering make little mention of the engineering activities of the Australian
Aboriginal civilisation either before – or after – the arrival of European influences. Until
Blainey’s most recent volume Australian history (Blainey, 2015) texts also make no mention
of engineering activities in the era prior to the arrival of European residents. Exploring why
this is so is the province of History, Sociology, Anthropology and Archaeology, not
Engineering. However, in the context of Engineering Education the issue came into focus as
team members worked on developing a model for embedding Indigenous (see afterword for
comment regarding terminology) perspectives into engineering curricula. The goal is to
encourage educators and students to collaborate in building more inclusive learning spaces.
Along the way it led to new insights into factors influencing broader social mores, and
eventually to the model presented here.

The absence of Aboriginal and Torres Strait Islander students in Engineering classrooms has
recently come into focus as a result of Engineering Industry and University participation
agendas (Australia, 2011; Behrendt, Larkin, Griew, & Kelly, 2012; Billiton, 2012; Tinto, 2013).
In recent times awareness of systemic disadvantage - and actions to correct it - created an
environment in which understanding the reasons for the gap, and steps to reduce it, have
both been gaining attention (Engineering, 2015; Rahilly, 2015). The total number of
Aboriginal students in academic Engineering programs at this time is low. Similarly, there are
few professional engineers with an Indigenous heritage. Reasons for this situation are
multifaceted, and seeking to understand them was secondary to the projects' task and goals.
However it is not a situation that could, or should, continue; and a number of efforts are
being made to redress the balance (EAA, 2013). This project chose to address the issue at
the level of direct engagement between Engineering Educators and their students - both
Indigenous and non-Indigenous – proposing to ‘develop an approach to indigenous student
support that is integrated within existing engineering curricula’. The proposal noted that - 

In 2008, just 20 Aboriginal and Torres Strait Islander students graduated from engineering 
degree programs around Australia (Calma, 2009). This figure represents a tiny fraction of 
engineering degree completions, and highlights the need for significant action to increase 
the number of indigenous students completing their studies.

The proposed actions included development of
• Guidelines detailing indigenous cultural values and their relationship to engineering

education and engineering epistemology and design
• A model for the development and implementation of elective course content focusing

on indigenous cultural appreciation that is applicable to other design oriented fields.
• An elective subject that links indigenous perspectives on country and connectedness

to local engineering projects.

Increasing engagement and retention involves making Engineering classrooms more
inclusive and more receptive to Aboriginal students’ heritage and learning needs. The project 
began by exploring what is currently understood about Aboriginal approaches to learning
[insert ref post review] with the intention of establishing how these could be incorporated into
conventional academic teaching contexts. This led to an assessment that available
strategies would be difficult to adapt to Engineering education contexts as they made it
necessary for educators to learn how to apply new, and unfamiliar, teaching strategies to an
already crowded teaching program. The team recognised that incorporating complex new
teaching methods would not be a welcomed imposition, however worthy the goal, and
searched for other strategies to increase inclusiveness without adding too much additional
new effort.



During this phase we found we found that the question of 'what is Aboriginal engineering?'
was emerging from discussions with interested observers of the project activity. They were
intrigued by the idea of 'Aboriginal engineering' seeing it as a term that seemed to be part
conundrum-part oxymoron. Their curiosity driven questions influenced our work both in regard
to answering their question about 'what is Aboriginal Engineering?' and shaping the model for
embedding Indigenous perspectives in Engineering curricula. Gradually as we built up a body
of knowledge, the component parts of the model began to emerge. When it was unveiled, via
an exhibition and in workshop sessions as part of the National Indigenous Engineering Summit
(June 2015) the model did not mention ‘Aboriginal Engineering’ as such but had been greatly
influenced by the search for answers to the question of ‘what is Aboriginal engineering?’  

Other research has described how finding answers to such a question begins with asking
'what is engineering?' To which a satisfactory answer is that it is

… a problem-based practically oriented discipline, whose practitioners are concerned with
finding the most technically and economically effective solutions to practical challenges. [ref]

Described this way the practice of ‘engineering’ is as integral to Indigenous communities as in
any other form of human society. A second question then emerges - 'what evidence is there
for aboriginal engineering?' It became clear that no one was asking this question, and the
required evidence – if it existed – had to be sought outside the borders of engineering.  

For this paper, three examples of Aboriginal engineering will suffice to indicate the scope of
Aboriginal engineering activity pre-1788. Budge Bim (also known as Lake Condah, in the
western region of Victoria is an extensive aquaculture site continuously occupied for
thousands of years (McNiven, I & Bell, D 2010). The residents farmed eels, in a series of
constructed dams and water channels, and smoked and traded their products over a wide
region. Wilgie Mia, a deep and extensive mine in the Weld Range of Western Australia was
also in continuous use for about 8,000 years (WA) producing an estimated 42,00 tons of ochre
over that period. Finally – in this list – is the intimate understanding of material properties and
behaviour involved in such things as the making of woven baskets and deadly accurate spears
and boomerangs (Sculthorpe, et al, 2015). As we collated this knowledge it was evident that
this is a neglected area of engineering knowledge, and has potential to alter many other
perspectives on aboriginal culture and civilisation.

In the 1990’s the Australian Tax office set out to devise and implement an entirely new
approach to tax collection. Its intention was to shift thinking from a (paraphrased) stance of
‘tax payers cheat, and our job is to prevent that’ to ‘tax payers are honest and as some make
mistakes, our job is to help them.’ In the course of that activity a cartoon emerged to become
part of the educational materials used to introduce the new approach. It aptly describes our
dilemma as this project temporarily morphed into a search for evidence of Aboriginal
Engineering that could help address our intended goals.  

Captioned “Lost at the Beginning” the cartoon depicted a group of fearful adults groping their
way through a fog of ‘unknowns’. The image reflects our own sense of fear, excitement and
bewilderment. To resolve this we used – in no particular order – conversations with members
of the local Aboriginal community, desktop research, discussions with academic peers, and
analysis of notions of ‘engineering’ to help identify where to look, and how to look at, known
artefacts of Aboriginal cultural heritage. We also held several workshops to expose our
thinking to the critique of academic peers.

We also had an opportunity to apply our emerging understanding to a first year engineering
subject during Spring Semester 2013. The subject used the principles of the Engineers



Without Borders Challenge and the decision was made to focus on a local site where an
Aboriginal tent embassy has been in continuous occupation since 2000 [insert refs post
review]. The site was subject to a local government Plan of Management (Wollongong City
Council, 2013) and was in urgent need of ideas to make it a more habitable location. Team
members revised the project component of the subject and took students to the site,
introducing them to traditional Aboriginal concepts of living and relationship with ‘country’.  

The student response was very positive and their projects produced some highly innovative
ideas to meet the criteria for combining Aboriginal needs with conventional engineering
solutions. This experience led to recognition that we were actually working across three
domains of knowledge – now called ‘Dominant’, ‘Aboriginal’ and ‘Disciplinary’. Although
initially titled ‘Western’ ‘Aboriginal’ and ‘Engineering’ further analysis indicated that ‘Western’ 
did not define what we intended the classification to delineate. More recently, as we presented
this aspect of the model to those in other disciplines it became evident that ‘Engineering’ - our
focus of activity - equally well represents the fact that all disciplinary studies shape thinking
and knowledge sets in particular ways. Discussion about the ‘worldviews’ led to collating them 
as a Venn diagram to highlight the ‘Intersection’ as the place where our work is operating.

The remaining elements of the model emerged in a similar fashion, through exploration,
discussion, debate and analysis of our respective knowledges and understanding of the forces
at work in the intersection. Each of the elements in the model, and factors influencing their
emergence, are described next.

The model, presented in Figure 1, summarises diverse perspectives on its topic. Modes of
Aboriginal thinking and knowledge generation were informed by local community input, as well
as the extraordinary text of Sveiby and Skuthorpe (2006) and we are continuing to research
and refine the textual underpinning.



Figure 1 Model for embedding Indigenous perspectives in engineering education

This concept was a late addition to the model, although, reflection indicates that it had been a 
behind-the-scenes factor, shaping our thinking for a long time. The search for evidence of
Aboriginal engineering uncovered a wealth of material and appreciation of a fact that now
seems blindingly obvious – namely that Aboriginal engineering is informed and shaped by a 
set of social principles and philosophical propositions so different to Western equivalents as
to render their engineering impact almost invisible to Westernised eyes. This ‘invisibility’ 
continues as politicians, and others ignorant of the truth, assert that "As we look around this
glorious city, as we see the extraordinary development, it's hard to think that back in 1788 it
was nothing but bush," (Abbott quoted in Henderson, 2014). 

Researchers such as Gammage (2011) and Pascoe (2014), demonstrate that such assertions
are simply not true, while its existence contributes to the survival of the ‘deficit model’ of
relative standings of Western and Aboriginal civilisations. The comment shows a belief that
Aboriginal modes of living and engineering are primitive and therefore lesser than those of
Western achievements, whereas we now understand that the difference lies in relationships 
with ‘Country’ which shape the working out of all interactions with it, in both cultures. Mary
Graham describes Aboriginal thinking on this issue in this manner – 

The Dreaming is a combination of meaning (about life and all reality), and an action guide to
living. … The land, and how we treat it, is what determines our human-ness. … the relation
between people and land becomes the template for society and social relations. Therefore all
meaning comes from land. You are not alone in the world.

Comparing these two very different perspectives brought to light The GAP in our knowledge, 
which concerns continuing – or ceasing – to apply a ‘deficit view’ of Aboriginal people, both
present and past. The GAP came into view during workshop conversations and was an
essential factor in understanding the principles that shaped engineering on this continent
during 40,000 years of continuous civilised occupation. Identifying The Gap created space for
the concept of ‘two-way learning’ as the opening point for the model. Two-way learning
provides engineers, from both domains, with opportunities to explore each other’s work as
equals. Neither one has ‘the solution’ to a problem - both have viable and effective solutions,
based on different notions of ownership, relationship and harm. This emphasises the
importance of a shift from a vertical, deficit view - commonly associated with modern social,
health and educational indicators - to a horizontal view focusing on the meeting of knowledges
and perspectives, opening possibilities for two-way learning.  

This was – as noted above – the beginning of the model and although the labels for each
element have changed slightly, it encapsulates the approach that we used to develop early
drafts of the promised elective subject. Taking the time to look at an engineering problem
through three quite different lens takes longer, and can be seen (especially by those only
familiar with the ‘dominant’ perspective) as time wasting and futile. However we consider that
enabling students and teachers to learn to operate effectively within the ‘Intersection’ will – 
given time - contribute materially to a reduction in disputes arising in the later stages of
projects. Adopting, and teaching, this approach allows for a depth of personal reflection that
models an aspect of Aboriginal ways of learning. While we do expect that some non-Aboriginal
students may consider this a mis-direction in regard to learning about how to manage technical
projects (for example) trial subjects incorporating this approach are delivering evidence of
positive student responses to the task of using three lens before making decisions or taking
action in an engineering design context. The process of encouraging students to consider an
engineering problem from three perspectives is made easier where the three perspectives are
relevant to the educational focus, be it a design, example, or case study.



 
The ‘An’ in this phrase is vital. We recognise the existence of hundreds of culturally different
nations on this continent. The mistaken assumption that they all share one view of the world
has led to many unsatisfactory non-resolutions of engineering problems. What follows is a 
summary of a philosophical stance informing aspects of Aboriginal civilisation. We do not claim
it is complete, or accurate. It originates in the Illawarra region of modern Australia and links to
the traditions of this area. Users are urged to examine how closely it resembles principles
informing Aboriginal communities in their own sphere of activity. This aspect of the model has
the following background characteristics -  

• It’s a framework for understanding values informing decision making

• It was articulated by a Countryman from this region following extensive consultation –
adaptations will benefit from similar engagement with the local community by the right
person.

• This version has reasonable acceptance within the local community. All adapted
versions will benefit from engagement with the local community

• As far as we can we have validated the principles, but accept that complete validation
is unlikely – given the diversity of perspectives even within this one region. So
choosing who to validate variations is always important.

The following excerpt from the Project Blog site [insert URL post review] summarises the key
aspects of this part of the model. Accepting that ‘difference’ does not mean ‘less than’ or ‘more
than’ requires acknowledging the existence of a diversity of beliefs and cultures. It also means
understanding enough about underpinning differences. Such ‘understanding’ is not expected
to extend to unquestioning adoption of specific beliefs and values, however it is essential for
sustaining respectful attention to their implications for achieving effective communication:

An Aboriginal Perspective
The items are listed in this order to indicate their cumulative impact on behaviours and
relationships. However, even a superficial inspection shows they are a cycle wherein each one
leads to the next, and back to the beginning. Connectedness leads back to country and country
points in the direction of inter-connectedness. From this perspective there are no singularities.

• Country – connection to place. The intimate relationship one has with the surroundings,
one’s nature.

• Kinship – connection to people (family, kin, people of significance). There are roles
and responsibilities/obligations that evolve with these relationships, over time shaping
how they bind you to ‘your’ place.

• Culture –a core understanding that culture is a lived day-to-day expression of who and
how to be. This is a reflection of the history (story) experienced within a place (country)
and is particular and specific to that place and people.

• Journey –lived experiences (can be shared, and regularly are). One’s experienced
connections with time, place, people, day-to-day happenings.

When these are kept in mind, non-Aboriginal parties involved in negotiations, shared learning
experiences or other collaborative activities can become more adept at appreciating how
Aboriginal participants engage with both people and the land.

The 5Rights are not entitlements. They are the key factors requiring consideration once a 
project, or plan for engagement is being developed. While presented here in a linear sequence
it is vital to understand three key things about their usage. First, all five are connected. Second,
if any one of them is absent the only viable choice is to stop the project. A car has five wheels
(including) the steering wheel. Without any one of those wheels it is un-driveable and the same
applies here. The following is an extract from the Blog where this work is being recorded: 



Right People 

It is vital to ensure that the people you are engaging with are the ‘right people’ –finding and
working with them may be complex, difficult. A general focus is on ‘Elders’ – however these are
not always readily distinguishable from ‘olders’. And each term and group members needs
careful exploration. Key to success is transparent honesty about actions and intentions along
with valuing the people on their own terms – which will need to be discovered.

Right Place

This has four components.

• ‘meeting places’ where discussions and negotiations occur

• an ‘artefact place’ – when the project is based on a physical location

• intergroup connections place/s – where multiple groups may meet safely

• Place for the work of the project -

The project itself may be a factor sensitising others to the importance of ‘place’. It is vital to be
alert to all these issues since your actions, and choices demonstrates your understanding (or
not) of its importance and will influence all that follows.  

Right Time

It is important to know the needs and timeframes of all involved, and may include a lot of waiting
and watching. Patience is the watchword. Knowing the needs and priorities of the people you
are meeting is vital. Remember Tuckman’s sequence of: Forming, Storming, Norming,
Performing, and Mourning. In Aboriginal traditions the Forming phase carries particular weight.
It can take a long time to get to the point.  

Right Language

Elders are entitle to respect – their knowledge may have no parallels in western or engineering
contexts but it is vital and valuable and must be treated as such. Your speech must be clear
and concise, without condescension. If you are experiencing a sense of not being understood,
do not impose meaning. Check for understanding – and wait for it to arrive. The referendum
acknowledging that Aboriginals are ‘people’ for the purposes of society in Australia was held in
1967 - well within the lifetime of many people you may work with. Watch for unexpected
prejudices you may discover about educational standards within yourself.

These three terms encapsulate our recommendations for applying the model as a whole. In
academic contexts the key focus may be on information to be imparted, and ‘knowledge’ to
be acquired. This is the ‘content’ of any learning activity and the work that produced this model
demonstrates that both ‘information’ and ‘knowledge’ include far more than technical and
scientific factors. If Aboriginal students are to feel included, and non-Aboriginal students are
to improve their understanding of Aboriginal culture and knowledges, then the ‘way’ of delivery
must reflect this. Lectures and written transmission modes will not be a sufficient means for
ensuring knowledge has been absorbed and made personal. The role of first-hand
‘experience’ in enabling both teacher and learner to become comfortable with new knowledge
and processes cannot be underestimated. In Aboriginal society practical experience is a 
primary learning tool. Western tendencies to limit ‘learning’ activities to passive transmission
and receipt of information in abstracted forms will not allow students to engage with the
‘experience’ of considering an Aboriginal perspective, and Aboriginal education modes
suggest that without experience learning is not complete.

The slow evolution of this model for embedding Indigenous perspectives in engineering



education has somewhat paralleled what we have come to understand about Aboriginal
society, culture and politics through engagement with community, particularly in the Illawarra
Region of NSW. Things take time, and allowing them to emerge naturalistically has enabled
each project team member to evolve and develop our own perspectives on the wider agenda
of engineering education and Aboriginal engagement in this, and many other aspects of
Australian society. It has not prevented steady progress on the project overall, while allowing
for ideas to emerge and grow.

Taking the elements of the model through the process of trial via actual subjects during the
last two years has contributed to the emergence of some essential components of the
complete model. It has also clarified how the elements fit together and why each one belongs
in its place on the model. We do not claim that this is a perfect or absolute model of how to
engage with Aboriginal society in other contexts, although we are beginning to suspect that it
may have wider relevance than we first suspected.  

The non-Aboriginal students who have trialled our approach report a much better
understanding of both their own perspectives in engineering, and of Aboriginal culture in the
21st century [ref in-draft]. As the project moves into its final phase we are seeking to make the
model widely known and inviting readers to the Blog to extend their understanding of the
issues we have been addressing.

One clear and obvious outcome of the work to date is the acknowledgement of Aboriginal
civilisation as having had viable engineering principles and practices extending back
thousands of years. The implications of this for engineering education and eventually for the
engineers who are being educated will be wide ranging and – we hope – lead to permanent
changes in the general view of Aboriginal culture.

The learning, consultation, trial and discussion that has led to this model has emphasized one
essential point: Engineering education that is inclusive of Indigenous perspectives cannot be
achieved without sustained and productive relationships between Indigenous Communities
and Engineering Schools. This is where the sector in Australia still has much ground to cover
before real changes are seen.
AFTERWORD - The project title used the word ‘Indigenous’ – however as the project itself has
proceeded we have become sensitised to the complexities of using the terms Aboriginal and
Indigenous. Thus in this paper we chose to use the word Aboriginal unless there was a wider focus
(e.g. Aboriginal and Torres Straits Islanders). Use of this word, in preference to Indigenous, has helped
us concentrate on the Australian context and contributed to our own growing awareness of the
complexities of the naming issues involved.  
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Categorising Conceptual Assessments under the Framework of 
Bloom’s Taxonomy

Wageeh Boles, Dhammika Jayalath and Andrea Goncher
Queensland University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
Concept inventories are designed to assess an individual’s knowledge of topics without the 
use of calculations. They also are designed incorporate various types of questions that 
assess single concepts, multiple concepts, the synthesis of concepts, or require reverse 
reasoning. One framework developed to categorize thinking skills in the cognitive domain is 
Bloom’s taxonomy (Bloom, 1956; Anderson & Krathwohl, 2001). Researchers and 
practitioners have developed assessments instruments using the cognitive domain of 
Bloom’s taxonomy in signals and systems (Ursani, Memon, & Chowdhry, 2014), and
integrated the taxonomy with concept inventories (Rhodes & Roedel, 1999). 

Anderson, L.W., Krathwohl, D.R. (2001). A taxonomy for learning, teaching, and assessing: 
A revision of Bloom's Taxonomy of Educational Objectives (Complete edition). New York: 
Longman. 

Bloom, B.S. (1956) Taxonomy of Educational Objectives, the classification of educational 
goals – Handbook I: Cognitive Domain New York: McKay.

Rhodes, T.R. & Roedel, R.J. (1999) The Wave Concept Inventory- A cognitive instrument 
based on Bloom’s Taxonomy. Proceedings of Frontiers in Education Conference, 13c1-14-
18. 

Ursani, A.A., Memon, A.A., & Chowdhry, B.S. (2014). Bloom’s taxonomy as a pedagogical 
model for signals and systems. International Journal of Electrical Engineering Education, 
51(2), 162-173. 

PURPOSE OR GOAL
This study applies Bloom’s taxonomy to concept inventory items in the domain of signals and 
systems. We sought to answer two research questions, 1) Do concept inventory items 
assess varying levels of conceptual complexity? and 2) What do students’ explanations of 
these concepts reveal about their level of learning based on cognitive domain of learning in 
Bloom’s taxonomy?

APPROACH
We mapped concept inventory questions to the applicable levels of Bloom’s taxonomy, and 
categorized students’ written explanations of their answers to the questions based on the 
cognitive levels of the taxonomy. We then analyzed students’ explanations of these topics to 
identify if conceptual barriers are related to a hierarchal framework for cognition, such as 
Bloom’s taxonomy.

DISCUSSION
Understanding and appropriately applying the hierarchy of thinking skills—from lower-level to 
higher level— is important to building a strong and accurate conceptual understanding of a 
subject, such as signal processing. From students’ written explanations, we determined the 
level of depth for understanding of that specific concept. Lecturers often require students to 
do analysis, but expect students to synthesize the information.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Lecturers can incorporate or require an explanation to a multiple-choice question that is used 
to assess varying levels of conceptual understanding. From students’ explanations, lecturers 
can then identify possible misconceptions or impediments to students’ understanding of 
conceptual ideas that build on one another. The process of thinking and learning requires the 
application of lower-level and higher-level cognitive skills, so it is critical to build on strong 
foundational knowledge in order to advance to more complex knowledge. Evaluating 
conceptual understanding at the different cognitive levels has implications for improving how 
concepts are taught and developing more meaningful assessments.  
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Student Experiences of their Academic Transition from TAFE to 
Higher Education in Engineering

Luke Alao and Llewellyn Mann
Swinburne University of Technology

Structured Abstract
BACKGROUND OR CONTEXT
Most students who pathway from an TAFE based Associate Degree to a Higher Education 
based Bachelor's Degree struggle with their academic transition. TAFE based pedagogies 
revolve around classroom based activities involving small classes with personalised 
instruction and facilitation. Higher Education based pedagogies revolve around didactic 
instruction in a lecture tutorial mode, with large classes and generalised instruction. It is 
argued then that students struggle because of this academic mismatch in pedagogies, with 
students largely unprepared for this transition. This is particularly of concern as students that 
pathway to the Bachelor Honours degree get advanced standing into the second year of the 
course.

PURPOSE OR GOAL
This paper presents the findings from a survey of student about their experiences during their 
academic transition from a TAFE based Associate Degree of Engineering into a Higher 
Education based Bachelor Honours of Engineering.

APPROACH
Students who had recently transitioned from the Associate Degree of Engineering to the 
Bachelor Honours Degree of Engineering at a medium-sized dual-sector Australian 
University were surveyed about their academic experiences in TAFE, in Higher Education 
and their transition experiences between the two. The anonymous survey was administered 
through SurveyMonkey once ethics approval had been granted, and distributed to all 
students who had pathwayed from the Associate Degree into the Honours Degree 
approximately 12 months earlier.

DISCUSSION
Students reported that they felt they were more able to ask questions in the TAFE associate 
degree than the Bachelor Honours, and also felt that their TAFE instructors understood their 
individual learning needs more than Higher Education instructors. While most students who 
responded to the survey reported some satisfaction with their transition experience, and in 
particular felt well supported by the university, this does not translate into academic 
performance. Students also reported that they felt they'd missed out on not being a first year 
student in Higher Education as this prepares them for the later years of the course.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSIONS
Further investigation of students experiences is required, particularly following students 
through their transition experience, if these issues are to be addressed.



FFull Paper 

Introduction 







MMethods 



RResults 









CConclusions 

References 



AAcknowledgements 

Copyright 



Does student engagement improve when 1:1 device technologies 
are used and adapted to cater for individual learning styles during 

online delivery of engineering courses?

Arthur Firipis and Matthew Joordens
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
A developing international engineering industry is dependent on competition and innovation, 
creating a market for highly skilled graduates from respected overseas and Australian 
Engineering universities. The delivery of engineering teaching and learning via blended face-
to-face, problem based, research focused and online collaborative learning will continue to 
be the foundation of future engineering education, however, it will be those institutions who 
can reshape its learning spaces within a culture of innovation using 1:1 devices that will 
continue to attract the brightest minds. Investing in educational research that explores the 
preferred learning styles of learners and matching this to specifically designed 1:1 
personalized web applications may be the ‘value add’ to improve student engagement. In this 
paper, a survey of Australian engineering education is presented and contrasted against a 
backdrop of internationally recognised educational pedagogy to demonstrate how 
engineering teaching and learning has changed over time. This paper draws on research and 
identifies a gap where a necessity to question the validity of 1:1 devices as the next step in 
the evolution of engineering education needs to be undertaken. How will teaching and 
learning look using 1:1 devices and will it drive student demand into engineering higher 
education courses. Will this lead to improving professional standards within a dynamic 
engineering education context? How will current and future teaching and learning be 
influenced by constructivism using 1:1 device technologies?  How will the engineering 
industry benefit from higher education investment in individualised engineering education 
using 1:1 devices for teaching and learning?

PURPOSE OR GOAL
To review the current academic thinking around the topic of 1:1 devices within higher 
education engineering teaching and learning context in Australia. To identify any gaps in the 
current understandings and use of 1:1 devices within engineering courses in Australia. To 
generate discussion and better understanding about how the use of 1:1 devices may hinder 
and/or improve teaching and learning and student engagement. 

APPROACH
A review covering the development of engineering education in Australia and a broader 
international review of engineering teaching methodology. To identify the extent of research 
into the use and effectiveness of online strategies within engineering education utilising 1:1 
devices for teaching and learning. i.e. “Students must feel that they are part of a learning 
community and derive motivation to engage in the study material from the lecturer.’ (Lloyd et 
al., 2001) It is proposed to add to the current body of understandings and explore the 
effectiveness of a constructiveness teaching approach using course material specifically 
designed to cater for individual learning styles and delivered via the use of 1:1 devices in the 
classroom.

It is anticipated the research will contrast current engineering teaching and learning practices 
and identify factors that will facilitate a greater understanding about student connectedness 
and engagement with the teaching and learning experience; where a constructiveness 
environment is supported with the use of 1:1 devices. Also, it is anticipated that the 
constructed learning environment will foster a culture of innovation and students will be 



empowered to take control of their own learning and be encouraged to contribute back to the 
discussion initiated by the lecture and/or course material with the aid of 1:1 device 
technologies. A gap has been identified in the academic literature that show there is a need 
to understand the relationship between engineering teaching, learning, students engagement 
and the use of 1:1 devices.

DISCUSSION
A review covering the development of engineering education in Australia and a broader 
international review of engineering teaching methodology. To identify the extent of research 
into the use and effectiveness of online strategies within engineering education utilising 1:1 
devices for teaching and learning. i.e. “Students must feel that they are part of a learning 
community and derive motivation to engage in the study material from the lecturer.’ (Lloyd et 
al., 2001) It is proposed to add to the current body of understandings and explore the 
effectiveness of a constructiveness teaching approach using course material specifically 
designed to cater for individual learning styles and delivered via the use of 1:1 devices in the 
classroom.

ANTICIPATED OUTCOMES  

It is anticipated the research will contrast current engineering teaching and learning practices
and identify factors that will facilitate a greater understanding about student connectedness 
and engagement with the teaching and learning experience; where a constructiveness 
environment is supported with the use of 1:1 devices. Also, it is anticipated that the 
constructed learning environment will foster a culture of innovation and students will be 
empowered to take control of their own learning and be encouraged to contribute back to the 
discussion initiated by the lecture and/or course material with the aid of 1:1 device 
technologies. A gap has been identified in the academic literature that show there is a need 
to understand the relationship between engineering teaching, learning, students engagement 
and the use of 1:1 devices.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
A gap exists in the current research about the effectiveness and use of 1:1 devices in 
engineering education; therefore, it is necessary to undertake further research in the area. It 
is proposed to hypothesize and conduct field research to identify any shortcomings and 
possible benefits for engineering educators and learners within a constructivist-teaching 
context that explores the relationship between the use of personalized 1:1 devices for 
teaching and learning, adapting for individual learning styles, and identification and 
application of appropriate teaching and learning strategies within a constructiveness 
engineering course approach. 

Research is required to clarify the following research questions;

• What education teaching and learning strategies best facilitate the use of 1:1 devices 
for online teaching and learning? 

• Does student engagement improve when 1:1 device technologies are used and 
adapted to cater for individual learning styles during online delivery of engineering courses?

• What are the factors within a university engineering faculty that may hinder and/or 
support the use of 1:1 devices for online teaching and learning? 

• To what extent do 1:1 devices assist engineering educators and students to foster a 
culture of innovation?

The study results will offer engineering educators and students an opportunity to reflect on 
their current teaching and learning practice, and contextualise the use of 1:1 devices as a 



tool to improve student engagement. It is expected the learning benefits will outweigh the 
implementation costs and derive a unique learning experience that will empower engineering 
educators and students to inspire a culture of innovation.
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Perspectives of stakeholders on engineering graduate 
employability

Margaret Jollands and John Smith
RMIT University

Structured Abstract
BACKGROUND OR CONTEXT
This paper reports on the outcomes of a large federally funded project on graduate 
employability. The project explored the perspective of stakeholders from multiple disciplines: 
this paper focuses on outcomes for engineering stakeholders. Engineering work experience 
is generally considered the best way to develop employability for engineering 
undergraduates, however there are now insufficient placements to the increasing number of 
students. Employers continue to report gaps in graduate skills and attitudes, while academics 
resist teaching generic skills.

PURPOSE OR GOAL
This paper reports on the perceptions of employability of engineering stakeholders and maps 
similarities and differences through the lens of the CareerEDGE employability framework. 
This framework was chosen because it is systematic, comprehensive, and adaptable.

APPROACH
A qualitative research methodology was used, with data collected through a series of small 
focus group discussions and interviews.

DISCUSSION
The study found that students’ breadth of knowledge of concepts relevant to employability 
was similar to both graduates, academics and employers: they were clearly aware that 
employers expect far more than just discipline knowledge. Students and graduates reported 
that extra-curricular, volunteer, life and work experience contributed most to the development 
of their employability. Stakeholder perceptions varied significantly in complexity. Students 
had much simpler perceptions than employers, even though they had undertaken a project-
based learning program and many had work experience.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Recommendations to enhance graduate employability include to design curriculum and
assessments for employability, from the beginning to the end of programs. Team teaching 
and working closely with industry is also recommended.
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Accelerating Higher Degree by Research (HDR) Mechanical 
Engineers’ academic writing skills: an analysis of the development 
and outcomes of a novel visual-spatial, physical-tactile, integrated 

English language learning intervention, drawing on Engineering

Alison-Jane Hunter, Michelle Picard and Colin Kestell
The University of Adelaide

Structured Abstract
BACKGROUND OR CONTEXT
The purpose of this Participatory Action Research (PAR) research is to create, implement 
and evaluate a novel visual-spatial, physical-tactile, English language learning intervention, 
designed to align with Engineering modes of cognition, to accelerate effective research 
writing practices critical to supporting Engineering publication. The aim is to enable 
Engineers to increase their control of academic English in line with their Engineering skills, 
using a Systemic Functional Linguistics approach which acknowledges meaning-making as a 
social practice. The system also incorporates understanding of the concept of noise, 
evaluating learning in terms of converting noise into a positive, rather than a deficit, element 
of the learning model, providing students with mechanisms for finding coherence in meaning-
making.  This research will use a social constructivist paradigm which articulates with the 
PAR approach. Throughout, participants are actants in their own learning, increasing their 
engagement in and ownership of the meaning-making process through two PAR spirals. The 
research operates at the nexus of a community of inquiry and a community of practice, 
where the researcher, HDR participants and supervisors are equally engaged with practice 
and inquiry but with varied levels of experience.  This experience is shaped into meaning-
making through the sharing of ideas and participation (inquiry) with the student participants, 
thereby enabling them to become actively engaged in becoming an independent researcher 
in their own right by offering them both knowledge and inquiry as methodologies to achieve 
new skills. A combination of systematic review, diagnostic surveys, interviews, focus groups 
and post-intervention testing will be used as a framework.

PURPOSE OR GOAL
The Research Question:

In order to achieve the goals described above, this research aims to answer the following 
question: 

• What is the impact of a visual-spatial, physical-tactile learning system, drawing on
Engineering modes of cognition, on the writing practices and experiences of EAL/D,
HDR Mechanical Engineering students?

Aims/Objectives of the project:

In order to answer the research question above, this research has the following specific 
objectives:

• To determine the writing needs of EAL HDR students in Engineering.

• To determine, implement and evaluate, using a PAR system, the key elements
determined from the initial research that could accelerate writing proficiency of HDR
students in Engineering.



• To develop an intervention focusing on grammar and syntax that is appropriate for
enhancing the research writing of EAL HDR students in Engineering that utilizes visual-
spatial, physical-tactile modes of learning.

• To evaluate the impact of the intervention from the perspectives of the student and
supervisor participants.

• To evaluate the impact of the intervention empirically according to measures of
grammatical and lexical accuracy and overall clarity of the writing.

• To refine and enhance the intervention.

APPROACH
The intervention design will be underpinned by English for Special Purposes methodologies. 
ESP is aligned with ESL teaching, but is separate.  It focuses on the real world needs of 
people who already have a grounding in colloquial language, both written and spoken.  Thus, 
the kind of language taught to EHDRs is that which will enable them to access and succeed 
in their course, rather than general English, which is why this project is focused on written, 
Engineering-specific, technical English.  ESP commonly focuses on genre-based 
approaches, rising above the level of word, phrase and sentence: However, the EAL/D HDR 
students with whom I work regularly express their frustration at these more structural levels 
of language construction and such issues significantly hinder their attempts at meaning-
making within Engineering: thus this action research project starts at that earlier level of 
language engagement.  EHDR students ask for in order to bring about flow and evade 
excessive, paralysing noise. The beauty of the ESP approach is that it is real-world focused.  
Given that HDR Engineering students tend to be visual-spatial, physical-tactile learners, an 
ESP approach, married with gifted learner profiling, domain theory learning development 
theory and a modified Systemic Functional Linguistics  approach, should address EAL/D, 
EHDR learning needs appropriately as it tackles language at four key strata: context, 
semantics, lexico-grammar and phonology-graphology, thereby building academic English 
skills and Graduate Attributes such as high order interpersonal understanding, teamwork and 
communication, all of which are derived from an ability to control language and express ideas 
appropriately.

DISCUSSION
The participants will include the 2014-15 cohort of EHDR Engineering students at the 
University of Adelaide plus a group of named supervisors and researchers.  Care will be 
taken to avoid hegemony across the groups involved. Analysis of current accuracy, fluency 
and sophistication in technical writing will give baseline language data about the EHDR 
students from which to build the PAR project.  Delivery of the workshops will take place in 
two sets of five, two-hour workshops, one in each semester, with review, evaluation and 
support being ongoing throughout the year. Both socio-affective development and mastery of 
technical language will be evaluated, as a key purpose of this project is to enhance 
engagement, student ownership of learning and flow when engaging with Engineering issues 
and thinking within the framework of English.  

The whole will be developed alongside a full literature review to establish the research 
parameters within the dialogue of extant and current research. Following on from this, the 
intervention will be designed as a structured writing programme that implements a visual-
spatial, physical-tactile system in order to enhance practice.  The preliminary structured 
reviews, discourse analyses and ideas meetings will all feed into the development of this 
system, which will use a mixture of architectural and linguistic scaffolding to create the 
objects within the system.  The evaluation of the intervention will support all three qualitative 
measurements and indicate where change should occur, ready for the next development 
cycle.  



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Obviously, this work is the key foundation of a preliminary study.  Further study would involve 
a wider range of genres, Schools and greater numbers of students from as wide a set of 
cultural and linguistic backgrounds as possible.  A longitudinal study would prove the efficacy 
of the intervention under a wider set of conditions.
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Comparison of Students’ Learning Style in Engineering Mechanics 
and Fluid Mechanics courses

Saeed Shaeri, Amir Etemad Shahidi and Hong Guan
Griffith University

Structured Abstract
BACKGROUND OR CONTEXT
Despite the degree of progress reached in regard to different learning theories, as well as 
students’ approaches to learning, some aspects of students’ attitudes are still unknown. In 
fact, the total mark is the only indicator of the level of success or failure in the majority of 
current tertiary institutions. Hence, access to the details of individual student’s marks during 
the course of a semester, can be useful in providing a guideline for the educator or the 
student advisor to target particular, at-risk students. Such intermediate summative marks 
include assignment tasks, laboratory reports and mid-semester exam marks, which although 
may not follow a constant and similar trend, could assist the educator in recognising the at-
risk students. Apart from the information obtained from a current course, some relationships 
can possibly be found between the current and the previous/prerequisite courses that the 
students have completed. Since the teacher or the student advisor usually does not have 
prior awareness of an individual student performance, detailed assessment marks, can 
likewise assist them in better identifying attitudes and learning styles of at-risk students.

PURPOSE OR GOAL
This study aims to propose a straightforward framework by which, identifying at-risk students 
at early stages of a semester can be achieved. Knowing about such students helps the 
teacher and/or the student advisor to more purposefully invest their time and energy in those 
who need additional support and assistance compared to the other average or above 
average students. Some students struggle with regular assignment submissions and some 
others have difficulty working in groups, either on an assignment or a laboratory activity. 
There would also be students who have some sort of issues with exams (such as exam 
anxiety and the like). Although there might be a countless number of cases, it is believed 
that, more or less, at-risk cases can be identified through some similar factors related to their 
elements of total marks. One of the factors considered in this study, is any kind of similarity 
between two courses or any type of pre-requisite/post-requisite relationship between them.

APPROACH
In order to establish the aforementioned framework, six cohorts of students at the Griffith 
School of Engineering, Griffith University were selected. A total of about 1470 students were 
investigated, of which approximately 90% were enrolled in a Bachelor of Engineering 
program, 7% were enrolled in double degree programs which included a Bachelor of 
Engineering, and the remaining 3% were enrolled in a variety of programs which had no 
connection with engineering. The students attended Engineering Mechanics (EM) course in 
the second semesters of 2012, 2013 and 2014 with 263, 310 and 258 students, respectively. 
The majority of these students then attended Fluid Mechanics and Hydraulic (FM) course in 
the first semesters of 2013, 2014 and 2015 with 157, 237 and 243 students, respectively. 
The available data include summative marks for different assignments, laboratory reports, 
mid-semester exams and final exams which all are used with no reference to an individual 
student to guarantee the anonymity of records. For the simplicity of performing the statistical 
analyses, as well as comparability of the mentioned courses (EM and FM), all the marks for 
assignments and laboratories were collated and named ‘assignment mark’. Consequently, 
the statistical relationships between the marks for the assignments, mid-semester exams and
final exams for each of the individual semesters were statistically tested to find possible 



relationship or dependency. Moreover, similar marks (for instance final exam marks) for each 
course, taken by individuals, were statistically tested to determine possible correlations.

DISCUSSION
Comparing the pass rates of the two courses for the selected years, the FM showed on 
average a higher pass rate. This could be attributed to the fact that students of the FM 
course are more mature in their study journey. Accordingly, the percentage of students who 
achieved credit or distinction marks were almost the same in different years. The majority of 
students obtained final marks which were ±10% different in these courses. This means that 
the majority performed almost the same across the years in these courses. However, there 
were moderate correlations (about 0.5 in 2013 and 0.65 in 2014, with one representing a 
strong relationship) between the marks for the courses for an individual student. This means 
knowing the average of the cohort could hardly be a good indicator of the individual 
performance. Such relationships were weaker for elements of marks (i.e. assignments, mid-
semester exam and final exam) compared to the final mark of individual students. 
Nevertheless, in all six classes, the correlation coefficients between the final mark and final 
exam mark was 0.93 compared to 0.78 and 0.67 for the mid-semester and assignment 
marks. Hence, it seems that the students achieve the majority of their final mark through their
final exam (although in all the years and courses the weight of the final exam was about 50-
55%). This highlights that in order to promote a better and deeper learning approach, more 
emphases should be focused on improvement of the intermediate marks than the final exam 
mark.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
In order to better identify at-risk students and provide a suitable assistance for them towards 
successful completion of an individual course, it is argued here that knowledge gained 
through prior/pre-requisite courses can provide a significant source of information. Such 
information is not limited to the student final mark. In fact, the elements of the total marks; i.e. 
assignments, laboratory report, mid-semester and final exam marks, enhanced the degree of 
certainty in recognising the attitude and learning style of at-risk students. The relationships 
and correlations between each element of the marks for two courses, i.e., Engineering 
Mechanics and Fluid Mechanics in the studied years were tested in this study for about 1470 
students. Although the results show a moderate correlation between the two studied courses, 
a strong relationship was found within each course. This means that regardless of superiority 
or inferiority of the students’ performance for each course, the performance in the first course 
can moderately predict the performance in the proceeding course. Therefore, attributing 
students’ approach such as underperformance in group works or outperformance in frequent 
assignment tasks compared to ad-hoc exam can assist in designing the assessment task or 
providing special considerations for an individual student.
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Helping Academics manage students with “invisible disabilities”

Liza O'Moore, Lydia Kavanagh, Kate Sofronoff and Jamin Day  
The University of Queensland

Structured Abstract 
BACKGROUND OR CONTEXT
The frequently invisible disabilities, such as Autism Spectrum Disorders (ASD), Traumatic 
Brain Injury, Anxiety, and Depression have similar functional consequences, which include 
issues with managing the pace of tasks, organisation, problem-solving, critical thinking, 
change and cooperative learning.  These issues are core skills of engineers who must be 
project managers, team players, communicators, problem solvers, and able to deal with 
ambiguity and change.

In Australia, governments fund school-based programs for students with ASD and other 
learning disabilities, as well as professional development for teachers.  No similar programs 
are offered for tertiary institutions. The transition from high school to university is difficult 
enough, and is further complicated by this reduction in learning support and scaffolding.

We are currently seeing a significant increase in the number of students enrolling at 
university who are struggling because of their “invisible disability”. Many are undiagnosed, 
and of those with a formal diagnosis, many choose not to formally notify the University of 
their disability. At the same time, students with disabilities are demanding that both University 
administration and Academic staff do more to actively support and assist students during 
their university studies. Increasingly the Academic is becoming the frontline response for 
these students, but they are rarely trained or equipped for this responsibility.  

PURPOSE OR GOAL
This project aimed to create a framework for better understanding and supportive 
management of students with “invisible disabilities” and thereby help them to achieve better 
educational outcomes.  Specifically, the project aimed to:

1. raise awareness among teaching staff of the prevalence of students with “invisible
disabilities” and how this may impact their learning and behaviour;

2. develop and implement resources for teaching staff  to:

o assist staff to better understand students who need support; and

o provide practical strategies that staff can adapt/ implement to maximise curriculum
access, manage challenging issues, and develop a supportive learning environment.

APPROACH
This project was undertaken in collaboration with staff from the School of Psychology Assoc 
Prof Kate Sofronoff Dr Tony Atwood, experts in ASD. The goal was specifically to help 
develop resources for both academic and tutorial staff. Activities included:

o Tutors in a large first year engineering course were provided a series of brief seminars
by A/Prof Sofronoff and asked to observe and note behaviours of their students that
were impacting on the student’s learning; and

o Focus groups were conducted with students who identified as experiencing anxiety,
stress or other impediments to their learning

The data from these activities are being used to inform the development of a Staff training 
workshop and online training resources for all teaching staff.



DISCUSSION
The project was funded through the Faculty Teaching and Learning Committee on the basis 
of problems experienced in first year.  However, as awareness of the project amongst 
teaching staff grew, it became clear that many staff were facing these sorts of issues on a 
day-to-day basis.  It was also apparent that staff felt that they did not know how to best 
manage these issues and behaviours, they did not know what resources were available at a 
University level, and they were unaware of the procedures they should be following.  The 
problem was more prevalent than first thought and perhaps as invisible as the learning 
disabilities that this project seeks to manage.

Results from focus groups and tutor surveys show a variety of problems and these were 
used to develop appropriate resources.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
With increasing numbers of students with learning and other disabilities entering the tertiary 
sector, the need to support teaching staff is growing. This project acknowledges that the 
teaching staff are the front line response unit for these students as they transition from high 
school to university, and in response developed practical online resources to assist teaching 
staff. The long-term aim of the project is to disseminate these resources to other Engineering 
Schools and disciplines, as the issues raised are not confined to one University or discipline.
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The Role of Storytelling in the Co-development of Mechanics 
Course Materials

Grace Panther, Devlin Montfort and Shane Brown
Oregon State University

Structured Abstract
BACKGROUND OR CONTEXT
Increasing the adoption of research-based theories and materials continues to be a long-
standing problem within engineering education. To alleviate this issue, past research has 
stressed the involvement of instructors in the co-development of curricular materials. 
However, to have a real impact on adoption rates, we must first understand the co-
development process and what components support or hinder these collaborations. 
Observing these collaborations revealed that storytelling is frequently used to transmit ideas 
in the co-development process. Specifically, we are interested in the significance of stories 
told by instructors during co-development, an area in which no previous research has been 
conducted.

PURPOSE OR GOAL
To investigate the roles of storytelling during the development of course materials and 
implications for the formation of engineering education collaborations.

APPROACH
A 1.5-day workshop was conducted in which instructors were tasked with co-developing 
curricular materials for a Mechanics of Materials course. Video and audio were recorded 
throughout the workshop and later transcribed. During data analysis a common theme of 
storytelling emerged, prompting the current research. Constant comparative coding was then 
applied to identify the sub-themes of storytelling.

DISCUSSION
Storytelling was first seen as a distraction from the “work” of material-development but further 
analysis showed that stories played a vital social role. It was found that stories commonly fell 
within three of  Langellier’s theoretical categories of personal narratives: Storytelling 
Performance, Conversation Interaction, and Social Process. Specifically, Storytelling 
Performance was the most commonly utilized category during the initial contact period 
between the instructors. Storytelling Performance focuses on the storyteller speaking, with 
minimal input from the listeners. With little input to guide the conversation from the listeners, 
storytellers dominated the conversation, expressing and demonstrating their experience and 
motivation behind their involvement in the project. This served the purpose of positioning 
each storyteller in the group in terms of their authority, expertise, and interests. 

The nature of our study naturally encouraged the formation of collaborations. For these 
collaborations to be successful, groups needed to establish a mutual understanding between 
one and another and identify each individuals’ potential. We observed storytelling as a key 
component of establishing this collaborative environment.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Storytelling was originally seen as a hindrance in achieving the goals of the workshop. Upon 
further examination, storytelling was found to build accord among the instructors. 
Additionally, stories were used to demonstrate the potential contributions of each individual 
within the group of collaborators. Both uses of stories supported a collaborative environment 
among the participants. Understanding the importance of this process can help inform the 
creation of future workshops by allowing for the apparently informal but ultimately necessary 
social interplay of storytelling.



The field of engineering education has grown rapidly and with it, many questions have undergone 
successive iterations. One of these questions has been how to increase the rate of adoption of 
research-based theories and materials thus narrowing the ‘Implementation Gap.’ One popular 
approach has been to describe the problem in terms of how developers and potential adopters 
are different, or have different perspectives, which is often informed by Roger’s Diffusion of 
Innovations theory (Rogers, 2008). For example, the PCAST report “Engage to Excel” (Olson & 
Riordan, 2012) defines the question in terms of knowledge and experiences many instructors lack. 
Defining the problem as a ‘gap’ suggests solutions that bring adopters and developers closer 
together, such as the commonly proposed practice of immersing instructors in the co-development 
of curricular materials (Henderson & Dancy, 2007). Through immersion, researchers aim to co-
develop materials that are more relevant to their targeted audience, instructors. Little research 
has focused on this co-development effort between researchers and instructors though, and there 
is a lack of understanding about components that can help support or hinder these types of 
collaborations. 

In this paper we propose and briefly explore the concept of ‘storytelling’ as one key component of 
any effort to bring developers and implementers closer.  During any type of collaboration, whether 
it is during co-development, research, or learning, participants often utilize storytelling to convey 
meaning, inspire each other, and provide examples (Beckman & Barry, 2009). There is a plethora 
of research on storytelling (Adams et al., 2007; Beckman & Barry, 2009; Cheryl et al.; Kıncal, 
Beypınmar, & Topçu, 2013; Langellier, 1989; Shank, 2006) but the research within higher 
education has mainly focused on storytelling as a pedagogical tool (Abrahamson, 1998; Alterio & 
McDrury, 2003; Andrews, Hull, & Donahue, 2009; Lordly, 2007; McDrury & Alterio, 2002) and for 
faculty development (Lowenthal, 2008). Specific to engineering education, storytelling has been 
examined as a way for researchers to create and sustain community (Adams et al., 2007). But a 
gap in knowledge exists surrounding the significance of storytelling in establishing meaningful 
adoption of curricular innovations.   

Storytelling is an age-old method of transmitting knowledge and traditions. Verbal stories are not 
relied on as heavily as they once were now that there is printed text. Despite this, stories still 
persist throughout society as means to convey one’s own experiences to others. Though stories 
can be positioned within dialogue in a range of settings and situations, Langellier (Langellier, 1989) 
has identified five broad theoretical roles: Story-text, Storytelling Performance, Conversational 
Interaction, Social Process, and Political Praxis (Table 1). The five roles cover a range of scenarios 
in which stories are used to present oneself or position one’s own anecdote over another.   

Furthermore, storytelling has been utilized in higher education as a pedagogical tool 
(Abrahamson, 1998; Alterio & McDrury, 2003; Andrews et al., 2009; Lordly, 2007; McDrury & 
Alterio, 2002). Specifically, storytelling is linked to learning that is more meaningful and reduces 
depersonalization when used within an educational setting (Abrahamson, 1998). Lordly (2007) 
found in an undergraduate nutrition course that storytelling can have a positive influence on the 
learning environment.  Additionally, Andrews et al. (2009) has summarized research that supports 
storytelling as effective for learning across multiple pedagogies.   



Table 1. Langellier’s Theoretical Roles of Storytelling 
Theoretical Role Summary

Story-text Story from the past is recounted. The sequence of events remains in 
order. The audience does not play a role in the social context of 
analysis. 

Storytelling 
Performance 

The actor and listener share context and conventions. No longer 
focused on the dynamics of a text-centered approach but instead on 
the performance. 

Conversational 
Interaction 

The listeners play a larger role and are part of the construction of the 
stories being told. Stories are meaningful in the present and are 
connected to experiences and future possibilities.  

Social Process Stories allow for more input from the audience and are used to 
negotiate present and future events.  

Political Praxis The actor’s own story is told from a position of power and knowledge. 
The story serves particular interests and mold social identities and 
perceptions.  

Not only have stories been used as a pedagogical tool, they have been found to be used among 
teachers as a way of sharing their teaching experiences (Shank, 2006). Sharing of experiences 
(or storytelling) has also been shown to facilitate a collaborative space that revolves around 
creating and learning (Shank, 2006). Within a collaborative group setting of secondary teachers, 
it was shown that teachers learn from each other by first getting to know about the others’ 
experiences in teaching methods (Meirink, Meijer, & Verloop, 2007). Additionally, it has been 
found that by sharing ideas and experiences (storytelling) during curriculum design, participants 
are able to challenge their own pedagogy (Dempster, Benfield, & Francis, 2012) 

Demonstrated use of storytelling has also been found outside the classroom setting. In a corporate 
setting, focused on design and innovation (one of the objectives of the workshop that the current 
investigation is centered on), stories have been found to fall into two broad categories; those that 
inform the design process and those that inspire the design team (Beckman & Barry, 2009). 
Informative stories guide the analysis phase and include successes and failures while inspirational 
stories guide the synthesis phase and inspire creativity, aid in overcoming challenges, and 
facilitates connections to the customers (Beckman & Barry, 2009). Furthermore, in the field of 
engineering education, it has been suggested that storytelling is an effective way to build 
community and shared knowledge between researchers (Adams et al., 2007). 

It is evident that stories are used to communicate in a variety of settings and by numerous people, 
including instructors.  To summarize, storytelling has been shown to build community, create 
shared knowledge, challenge one’s own pedagogy, facilitate collaborative learning and creativity, 
and reduce depersonalization, all aspects that would appear to prove beneficial during the co-
development of materials. Therefore, this work seeks to investigate how storytelling is situated 
within the context of curriculum development that incorporates the potential implementers.    

A workshop was held in August of 2014 and spanned 1.5 days which focused on supporting 
instructors in developing new course materials. In total, 17 college level instructors participated 
from 14 universities across the Pacific Northwest region of the United States. Both 2-year and 4-
year institutions were represented by the participants as well as private and public universities. 
The workshop participants were divided into five groups, each covering a specific content area 
within an undergraduate level Mechanics of Materials course (Axial loads, Bending loads, 
Limitations/Assumptions/Uncertainty, Stress and Strain Elements, and Torsional loads). The 



groups’ interactions during the workshop were audio recorded and these recordings were later 
transcribed and analyzed for other purposes.  The prevalence and importance of storytelling in 
these interactions arose organically from the transcribed audio data and inspired the work reported 
here. The storytelling data presented here originated from the workshop transcripts that were then 
further analyzed and coded utilizing the constant comparative method (Glaser, 1965) and 
Langellier’s (1989) theoretical roles of storytelling. In determining what would be counted as a 
story, the following definition was constructed:  

Anything told or recounted, a series of past events. Events can be implicitly implied 
when they are summarized as experiences, episodes or occurrences and presented 

as evidence or rhetorical devices.  

The stories the participants told over the course of the workshop became increasingly interactive 
and relied more heavily on shared context and meaning. Their stories reveal a growth in 
connectedness and evolved over the span of the workshop. 

The types of stories utilized throughout the workshop varied with the progression of the 
development of curricular materials. When groups were initially formed, a majority of the stories 
took the Storytelling Performance form. Participants all had prior experience with Mechanics of 
Materials’ topics and therefore had a shared understanding of the content and vocabulary specific 
to teaching the course (a key element of Storytelling Performance). During this initial stage, 
participants were brainstorming different ideas surrounding the task at hand and in doing so, often 
told stories about what they currently do in their classroom and how it could be useful to addressing 
student misconceptions. For example, when one group was trying to decide on which 
misconception to address (they had been given the choice of three different ones) one of the 
participants recounted the following: 

Here is a good one, this is one that I use in class, which I think is a good example. I 
mean it really captures all three [previously researched student misconceptions] right. 
So you have this loading, you have a tube at the top and a solid member at the bottom 
and you have a load in the center and then it says determine the absolute maximum 
bending stress in the truss. So for the first misconception is your core point loads and 
support conditions. So it is a distributed load but close right. So where is the maximum 

bending gonna be? So it is here [pointing to location on drawing], can they do that? 
Can they conceptually put that together that it is here then calculate it with a section? 

None of the other group members questioned the meaning behind the terminology used such as 
‘loading,’ ‘solid member,’ or ‘maximum bending stress,’ due to everyone in the group already 
possessing a socially agreed upon use of these conventions within the context of Mechanics of 
Materials. Additionally, though never directly stated, by telling this type of story early on during the 
group’s interactions, this participant used stories to position himself as knowledgeable about the 
pertinent concepts and experienced within the classroom setting (another key element of 
Storytelling Performance, inferring meaning).  

Although this example is not a conventional ‘story’ as we commonly use the term, it is a strong 
example of a Storytelling Performance (the second type in Table 1) because the speaker draws 
heavily on shared meaning and terminology to walk the audience through an example problem. 
The speaker conveys expectations of student performance and the significance of that 
performance. We note that this quote likely does not convey much to the readers, and that is part 
of its strength as an example: within this Storytelling Performance, the speaker related individual 
experience to the group and established a new group experience. 



Again, we see during the initial stage of orientating oneself to the group and project the emergence 
of a Storytelling Performance story. In this particular occurrence, a participant was sharing with 
the group some simple, hands-on demonstrations: 

I want to show you a couple things. I also use chalk and I usually use tootsie rolls. So 
chalk is really good to show the different loads before combining them. So they 

[students] can all take a piece of chalk and put a bending moment on it, axial and 
torsion. What is interesting is to look at the planes where they break. So that brings a 

lot of ideas together. We also use a tootsie roll because it talks about ductile vs. brittle. 

Once again, this is not what is considered a normal ‘story’ but it fits within our definition because 
the speaker is intentionally relaying information as a series of experiences (i.e. twisting the chalk 
and observing failure planes).  Choosing to relay the information as a story conveyed information 
about the participant such as her resourcefulness in using commonly available materials and her 
desire to integrate hands-on demonstrations into her classroom. The storyteller relied upon shared 
context when describing what she does in her classroom and the story additionally gave her 
credibility by indicating some level of teaching experience. All of these before mentioned aspects 
of the story are unique to Storytelling Performance.  

As the initial stages of brainstorming concluded and groups moved onto designing their innovation, 
stories progressed to Conversational Interactions where the storyteller answered questions that 
pertained to their specific story, which is demonstrated in the excerpt below: 

Participant A: I have one, one set that weren’t actually yard sticks but a guy that was 
there before me at [university name] had taken and glued like six planks, the yard stick 

size planks, together, and then took another six and nailed them right at the middle. 
And then I take them to class and push down the nailed one and it deflects and the 
ends go like that [motioning with hands]. So here is what happens with shear flow 

when you don’t resist shear flow. And then ok try to bend the glued one, push on that 
end. That is always like, ‘Ah wow. Ok. So the glue is doing something.’ And we have a 

way to talk about what it is doing with shear flow and shear stress 

Participant B: And how many nails do you think it would take to make it a composite 
[and to be equivalent to the glued one]? 

We see here how the storyteller told a story based upon a previous experience that allowed for 
the audience to participate by asking clarifying questions and opinions of the storyteller. This story 
was a natural extension to the group’s discussion and easily allowed for others to participate, both 
key elements to a Conversational Interaction story. Additionally, the story was told to transmit a 
message, the message being how the use of manipulatives opened the door for the class to talk 
about the concepts demonstrated with the manipulative, another aspect of this type of story.  

A similar interaction ensued in an adjacent group when discussing the use of a foam pool noodle 
within the classroom: 

Participant A: Really, instead of my bringing this out [referring to foam pool noodle 
with markings] at the end to show combined loads, this could come out for axial loads, 
it could come out for torsion, it could come out for bending moment. And so that same 

tool would address a whole lot of stuff. 

Participant B: Do you use that for any of the other loadings? 



Participant C: I do use if for axial but the problem is the buckling that wants to occur 
so that is hard. I haven’t thought about using it for the bending mainly because I have 

that slit on it which is a little bit confounding.  

Participant B: What is the purpose of having the slit? 

Participant C: Umm…It is there because, the number one purpose is it is a fortuitous 
slit. It is there because I originally used a bunch of pipe insulation out of the attic of my 
house. And then I was like, ‘Oh that is actually really good for showing that you have 

shear running longitudinally, not just around. Because they want to focus on that. So it 
shows that. 

Here we see Participant A telling a story about how she has used the foam pool noodle in the past 
and contemplating how she can use it in the future. Participant B then continues questioning the 
original storyteller, Participant C, on her use of the foam noodle to figure out how she uses it in 
her classroom and the purpose behind the slit. We see each additional story told by Participant C 
prompted an interaction with Participant B.  Within this context it is likely that Participant B already 
knew that the demonstration would be useful in other loading cases, and therefore their question 
was more of a collaborative contribution to the ongoing story.  Again, the participants are primarily 
sharing information but have chosen to do so in the form of stories.  At this point in the workshop 
the stories have progressed from individual performances to more group-oriented discussions, 
allowing the group to emphasize shared meanings while clarifying misunderstandings.  

Determining the final details of the innovation often spurred Social Process storytelling. These 
stories centered on negotiating the specific details of the innovation, which ultimately would impact 
how they would be utilized by instructors. In the following example, we see how the participants 
decided on the recommended group size: 

Participant A: So the first thing we will do is, we will pass out the pool noodles and 
umm, have students work in pairs or three’s. 

Participant B: I would actually go with a larger group than that, like four to five 
because I think four would be pretty optimal because if you get pairs or even three’s 
you can sometimes have just not a dynamic where people share a lot but by the time 

you get to four you usually have.. 

Participant A: That is interesting because my perception is four, one person sits out 
and the other three work. 

Participant C: It varies a lot per group. Two I think for this is too little and I think you 
need at least three.  

Participant A: So want to say at least three to four? 

Participant B: Yeah let the people decide what they want. 

Participant A: Five seems it would be too big. 

The group ultimately found a consensus of three to four students per group based upon each 
person’s insight into the situation and the sharing of past experiences. Though stories were not 
directly conveyed to the audience, the group relied upon a synthesis of their past experiences with 
group work to articulate what they thought was an optimal group size.  The exchange quoted 
above is built upon all the previously shared stories so that, for example, when Participant A says 
“…my perception is four, one person sits out and the other three work,” the group immediately 



assumes that this perception is meaningful for them.  Their assumption is scaffolded on all the 
shared meanings the group has developed through sharing other stories. 

The above storytelling was constructive in the design process but some storytelling appeared to 
hinder progress. Upon further research, we came to understand the importance of using stories 
to motivate and inspire the innovation process which was seen in the following excerpt: 

Participant A: So a side story is that, we have a math center, in the Marine Sciences 
building that is a long narrow hallway and it has cross beams run across the top and 
so we picked up a grey whale skeleton. And you have seen it right? You’ve seen the 
whale? And so our Marine Sciences folks go, ‘Can you help us hang the whale in the 
thing, in the hallway’ and I said, ‘What do you mean hang the whale in the hallway?’ 

They say, ‘Well we are going to hang the whale in the hallway, can you help us? Can 
you engineer for us?’ And I said, ‘You can’t hang the whale in the hallway.’ And they 

said, ‘Sure we are going to hang it from those beams” [laughing] And I said, ‘No.’  

Participant B: How much does the whale weigh? 

Participant A: 2000 pounds, over 5 beams. I said, ‘We can’t do that.’ And they are 
like, ‘What do we need to do?’ ‘We need to calculate the beams.’ And they were like, 

‘Can you do that?’ And I said, ‘No.’ ‘But why not? You’re an engineer?’ ‘But I don’t 
have a stamp. I don’t have insurance.’ And they were like, ‘Details.’ So we had to farm 
it out. We put U-channel on the fronts of all of them and bolted them down the central 
axis. But it’s not coming down, they’re [referring to the beams] not bending anyway. 

This story was told in the middle of discussing the design of the group’s innovation. Though the 
participant recognized that it was a side story, it inspired a conversation about bending and how 
that is difficult for students to see. Additionally, you can see how this inspiration was later reflected 
in their final developed curricular materials.  

Not only did the story assist in material development, it also helped to build a sense of community 
among the group. We see how the storyteller was frustrated with the Marine Sciences people in 
their assumption that anything can be hung from beams, as if they are decoration, but he was able 
to connect with the group by having a shared understanding of the importance of beams and the 
complex details that are involved in engineering practice. 

The next example shows how a group member shared one of their classroom activities with the 
rest of the group while they were trying to figure out what is important to focus on during the 
innovation process.    

I will often take a foam piece in [to class] and push it in with my finger and ask [the 
students] what the stress is next to it? So how far away do you have to be before it is 
uniform pressure? It is the same concept as how far are you away from a hole before 
you are not worried about the hole? So maybe this is not something that is critically 

important. The more critical question is that there are effects and they are minimized. 

Telling this story about how the instructor presents a similar concept in his class inspired the rest 
of the group to focus on which of their ideas are essential for students to learn. This story aided 
in the shaping and creating of a ranking task question that would later be used to assess student 
understanding. 

Storytelling is often thought of as a distraction from the work at hand. We have found, however, 
that many stories play important roles in productive collaborations. Initially, we see that Storytelling 



Performance allowed participants to position themselves within the group and share their 
experience in a more socially welcoming way than being forthright and stating an extensive (and 
often boring) list of their credentials. The storyteller was the focus of these interactions with the 
rest of the group acting as an audience. Often these stories were lengthy and did not directly 
contribute to the development process but instead were related tangentially.  

Commonly, groups would move onto a Conversation Interaction approach to storytelling. This 
approach begun to directly influence the development process and involved interactions between 
the storyteller and audience. The audience often asked clarifying questions or for further details 
in regards to the story. Originating from participants’ actual classroom experiences, these stories 
aided in the brainstorming process. When looking at the finished product from each group, we see 
remnants from these stories integrated into the developed innovation. For example, one of the 
activities the bending group settled on was having students load a wooden 2”x4” that spanned 
across a gap to imitate a loading scenario similar (but on a smaller scale and less risk) to the 
whale skeleton story.  

Negotiating the final details of the developed materials, groups frequently relied upon Social 
Process stories to influence the group and lead them in a certain direction. Stories about their 
classroom experiences were used to inform the intricate details of development such as worksheet 
layout or recommended group size. Additionally, stories were used as a form of evidence or 
rhetorical devices to make a point or sway an argument towards their recommendation.  These 
final and highly efficient modes of communication were predicated upon the mutual understanding 
and trust (at least in the limited context of curricular development) developed through the 
storytelling performances and conversation interactions. 

Due to the nature of the workshop and the participants all having prior experience with Mechanics 
of Material content, the amount of shared context from the start was possibly greater than if 
researchers alone had collaborated on this project. Participants were able to exert less effort and 
time in finding common ground before starting to approach the problem. Spending less time on 
Storytelling Performance and more on Conversational Interactions appears to be beneficial to 
design and innovation as it allows for classroom experiences to be discussed and integrated into 
the final product. Using classroom experiences, by telling stories, to inform the design process 
could prove beneficial in more closely aligning innovations to their use in classrooms. 

Though it can be difficult to discern what is considered a productive story, facilitators can use 
stories as a means to determine how the group is progressing. For example, a group that does 
not progress beyond Storytelling Performance could be experiencing underlying difference in 
group members’ goals and motivations. Storytelling Performance should be supported initially by 
allowing enough time and flexibility within the schedule for participants to share their backgrounds 
in an organic manner. Though still present throughout the groups’ interactions, Storytelling 
Performance should not be the most commonly told type of story as the group progresses. 
Facilitators could encourage progression and the transition to Conversation Interactions by 
encouraging more equal time amongst all speakers, or by assigning groups that account for 
individual personalities and diverse backgrounds. Assigning heterogeneous groups that can still 
establish sufficient shared contexts would led to an increased level of creativity and a wider range 
of ideas, both of which are important to the innovation process.  

Future work will look at how stories told during material development can influence the potential 
adoption of said innovations.   
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Structured Abstract
BACKGROUND OR CONTEXT
Intensive mode teaching involves students engaging in facilitated learning activities or 
classes over more hours in a day and over fewer days than in a traditional course in the 
discipline. Davies (2006) reported that intensive mode teaching had been used by most 
Australian business schools on and offshore.

Intensive mode is used increasingly across the higher education sector.  In engineering it is 
used for students who are mainly off-campus, for units taught off-shore by academics visiting 
from the main campus, and for units taught on-campus from specialists from industry. 
Intensive mode is being introduced in engineering at the author’s university to support 
interactive learning opportunities. 

Previous studies have asked whether intensive mode teaching is better or worse than 
traditional modes (e.g., Kucsera & Zimmaro, 2010). These have used students’ perceptions, 
stakeholders’ opinions, students’ assessments, and comparison of measures of students’ 
attitudes. While these studies contribute to arguments for and against using intensive mode, 
curriculum designers require recommendations based on how students’ experiences of 
learning with intensive mode teaching can be optimised. Wlodkowski and Ginsberg (2010) 
used motivation as the framework for US studies of intensive mode teaching with non-
traditional and adult students. In this study we explored students’ experiences of capability 
development in an intensive mode optional undergraduate engineering  unit on critical theory 
of technological development, as the first phase of a larger project in which several units will 
be studied.

PURPOSE OR GOAL
This study investigates students’ perceptions of capability development in an optional 
undergraduate engineering unit in order to inform enhancement of capability development in 
units with intensive mode teaching. 

It is the first phase in a national project in which a guide for higher education educators and 
how to enhance students’ experiences of threshold capability development in units with 
intensive mode teaching. 

This study addressed the questions:

1. How did students develop threshold capabilities in this unit?

2. What features of the unit supported and hindered the students?

3. What recommendations for intensive mode teaching can be made?

APPROACH
This project is framed within threshold capability theory which emerged from threshold 
concept theory.  We held a half-hour workshop in the final class of an intensive mode unit. In 



the workshop we introduced the theory to the students and facilitated a discussion on their 
experience of threshold capabilities in the unit. The students then completed questionnaires 
about the thresholds they had experienced in the unit, how they were troublesome, how they 
had overcome them and what had helped and hindered them.

We analysed the questionnaire responses to understand the students’ experiences of 
thresholds in the unit and identify themes with respect to responses to each of the above 
questions. Main threshold concepts and capabilities experienced were identified, along with 
how they were troublesome, how students overcame them, and the features of the unit and 
the student that helped and hindered them. Threshold concept theory informed the coding of 
troublesome features. 

DISCUSSION
The students’ experiences of threshold capability development indicate that the subject of the
unit, namely critical theories of technological development, was well-suited to intensive mode 
teaching. Students’ comments revealed that they experienced epistemologically and 
ontologically transformative capability development in the unit, acquiring critical thinking skills 
that were foreign to many of the engineering students and the few commerce students.  
Intensive mode teaching allowed for extended class discussions, learning from peers, group 
activities and real-world problems, all of which supported threshold capability development. 

Small numbers of students reported that their threshold capability development was hindered 
by time clashes, difficulty coping with the reading, difficulty participating in discussions, 
weariness in long classes, and illness.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This study has demonstrated that intensive mode teaching can support threshold capability 
development. Important features of the success of this unit were extended discussions and 
activities and opportunities for real-world projects. 

Further investigation in this unit and others will determine the extent to which the findings 
transfer to other units. A guide on intensive mode teaching will then be drafted, and reviewed 
nationally at workshops in 2016.



Intensive mode teaching (IMT) involves students engaging in facilitated learning activities or 
classes over more hours in a day and over fewer days than in a traditional course in the 
discipline. Davies (2006) reported that IMT had been used by most Australian business 
schools on and offshore. Intensive mode has also been used extensively in health and 
education courses in which students fit intensive teaching between practical experience. 

In the 21st century, IMT is increasing in popularity. IMT allows academics time to focus on 
other demands. IMT can allow students to fit courses into short blocks. Flexibility is important 
for students undertaking higher education, who now engage more heavily than in the past in 
paid employment during their courses. In engineering, IMT is used to teach students who are 
mainly off-campus, for units taught off-shore by academics visiting from the main campus, 
and for units taught on-campus from specialists from industry. IMT is being introduced in 
engineering at The University of Western Australia (UWA) to facilitate interactive learning 
opportunities. IMT is supported by advances in technology that allow information delivery, 
and interactive learning and assessment online, freeing class-time for interactive learning 
activities focusing on the most critical and troublesome parts of the curriculum, namely 
‘threshold capabilities’ which are introduced below.

With the rapid adoption of IMT it is important to ensure that the student experience of 
learning is evidence-based. Previous studies have asked whether IMT is better or worse than 
traditional modes (e.g., Kucsera & Zimmaro, 2010). These have used students’ perceptions, 
stakeholders’ opinions, students’ assessments, and comparison of measures of students’ 
attitudes. While these studies contribute to arguments for and against using IMT, curriculum 
designers require recommendations based on students’ experiences of learning in IMT. This 
paper reports the first phase of a national project to inform enhancement of student capability 
development in units with intensive mode teaching. It is the first study to investigate the 
students’ experiences of threshold capability development in an intensive mode unit.

This study was undertaken in an optional second year engineering unit on critical theories of 
technological development at an urban university in Australia. In first semester 2015, when 
the data were collected, the unit was offered in intensive mode for the first time having
previously been offered in the traditional one-semester mode. Thirty-eight students took the 
unit. Students attended seven hours of interactive class-time every Friday, starting at 9am for 
seven weeks and undertook a major community service learning project. Assessment 
included participation, in class quizzes, poster presentation,  a critical essay and a critical 
reflection journal. 

The framework for this project is threshold capability theory (Baillie, Bowden, & Meyer, 
2013). This is adapted from threshold concept theory, which was first developed by Meyer 
and Land (2003), and has since been applied in numerous fields of higher education. 
Threshold concept theory assumes that every discipline has concepts that are transformative 
ontologically and epistemologically. These ‘threshold concepts’ are critical to future learning 
and working in the discipline and are usually troublesome for students in one of several ways 
such as being foreign, complex, counter-intuitive or requiring unfamiliar language (Perkins, 
2006). In capability theory, Bowden (2004, pp. 42-44) argues that students must develop not 
only understanding of concepts, but capabilities for unseen futures. Threshold capabilities 



are transformative and critical to future learning and practice in a discipline. They usually 
require understanding of one or more threshold concepts. 

In threshold concept theory students are understood to be in a state called the ‘liminal space’ 
between when a concept comes into view and when they are comfortable with the concept
(Meyer, Land, & Davies, 2008, p. 223). Traversing the liminal space can take years. Based 
on this understanding, it is imperative that academics teaching with intensive mode are 
aware of how to support students’ threshold capability development within the mode.

This study addressed the questions:

1. How did students develop threshold capabilities in this unit?

2. What features of the unit supported and hindered the students?

3. What recommendations for intensive mode teaching can be made?

Authors who were not were not teaching the unit held a 30-minute mini in-class workshop in 
the final class for the unit after the students’ final assessments. The workshop was designed 
to be valuable both as a group and individual reflection on learning in the unit for the 
students, and as a data collection event for the study. Consistent with the ethics approval, 
every student received an envelope containing the participant information and consent form, 
and two questionnaires.  

Initially we explained the purpose of the workshop, presented the theory of threshold
concepts and threshold capabilities, compulsory features of thresholds (namely being 
transformative) and common features of thresholds (namely being troublesome, irreversible, 
‘integrative’ meaning connecting other concepts, and ‘discursive’ meaning enhancing use of 
language) as described in threshold concept theory (Male & Baillie, 2014). We then 
facilitated a discussion among the students in which they identified threshold concepts and 
capabilities experienced in the unit, how they were troublesome, what they had done to 
develop threshold capabilities, and features of the unit that helped and hindered them in 
developing the threshold capabilities. We also took notes during and after the workshop. 

At the end of the workshop the students were given ten minutes to complete the 
questionnaires and then return them in the envelopes with a consent form if they agreed to 
participate in the study. The first questionnaire included demographic questions. The second 
questionnaire was comprised of the questions below.

‘The unit’ refers to the unit that you are or were enrolled in that is being studied in this 
research project. This questionnaire is to inform development of a student survey on learning 
in the unit.
Q1. Please identify a threshold concept that you have experienced in the unit. 
Q2. Please describe a threshold capability that you have experienced in the unit. It might be 
an application of the threshold concept identified above, or a different capability. 
Q3. How was the capability troublesome?        
Q4. What did you do to develop the capability?      
Q5. Please identify any feature of the unit that helped you to develop the capability.        
Q6. Please identify anything about you (such as your strengths, experience, or support) that 
helped you to develop the capability.
Q7. Please identify any feature of the unit that hindered you in developing the capability.
Q8. Please identify anything about you (such as your experience or commitments) that 
hindered you in developing the capability.



Of the 38 students enrolled in the class, 33 consented to participate (Table 1). The students’ 
ages ranged from 18 to 27 at their last birthday (M = 20.9, SD = 2.1). All of the students were 
studying engineering and/or science. Three were combining engineering with commerce. 
Two students did not indicate the degrees they were undertaking. Four students spent more 
than 20 hours undertaking sport in an average teaching week during the unit, and one 
student worked for more than 20 hours in an average teaching week.

Table 1: Participant characteristics
Demographic Characteristic Values N %

Sex Female 8 23.5

Male 25 73.5

Not provided 1 2.9

English as a second language With English as a second language 7 20.6

Not with English as a second language 26 76.5

Domestic or international enrolment Domestic 29 85.3

Exchange 1 2.9

International 4 11.8

We identified themes in the students’ responses to the second questionnaire. NVivoTM V10 
was used to manage the coding. The purpose was to identify the threshold capabilities 
experienced by the students, what they found troublesome about these, how they overcame 
the troublesome features to develop the capabilities, and the features of the unit and 
themselves that students found to help and hinder their capability development. We coded all
of these directly from the responses, except that some troublesome features were coded 
according to known troublesome features of threshold concepts. The workshop notes 
assisted us in understanding the questionnaire responses.

The workshop discussion and questionnaire responses revealed that the unit had been 
transformative for students. Threshold concepts and capabilities identified by multiple 
students are presented in Table 2. In some cases multiple sample comments are presented 
to reveal nuances within the theme. All sample comments are direct quotes.

Table 2: Thresholds experienced by students in the unit
Threshold Concept Sample Comments Comments

Social justice Applying social justice as a lens to deconstruct texts and 
arguments.

10

Neoliberalism The understanding that we all view the world from worldview 
lenses, dominantly Neoliberal lens in Western society

Dominant Discourse (neoliberal capitalism in Australia). 

5 

Globalisation The ability to critique globalisation. 4

Threshold Capability Sample Comments Comments 

Critical thinking Applying social justice as a lens to deconstruct texts and 40



(including 3 specific 
themes below)

arguments.

Critical thinking: 
analysing using 
various lenses

(The understanding that we all view the world from worldview 
lenses, dominantly Neoliberal lens in Western society), and then 
being able to critique that worldview by taking on other 'lenses' 
i.e. critical thinking of hegemonic worldview.

8 

Critical thinking: 
framing and 
communicating a 
position

The ability to articulate my argument with various resources, and 
recognise my own bias.

5 

Critical thinking: 
analysing using 
various perspectives 

Change the 'point of view', standing at other point of view of the 
question, to get the best solution for the question.

3 

Recognising 
inherent bias and 
dominant discourse

The skills to critique the dominant paradigm of capitalistic 
agendas.

Seeing the bias in everything and being able to understand and 
analyse it critically.

20

Taking account of 
social and 
environmental 
context in 
engineering practice

Change the way of thinking and analysis.  I found it very useful 
for Engineer to look at the world in different perspectives 
(including economic, environment, political).

4 

Social justice as a 
threshold capability

Being able to critique current social constructs from a social 
justice perspective to provide alternatives.

3 

The final threshold capability, social justice, is consistent with the threshold concept, social 
justice for engineering, described by Kabo and Baillie (2009). By identifying thresholds, 
students indicated that they had experienced transformational learning. The identified 
threshold capabilities also provided specific examples for them to think about when 
describing their learning. The troublesome features of the threshold capabilities indicated that 
the thresholds challenged the students both epistemologically and ontologically (Table 3). 

Table 3: Troublesome features of the threshold capabilities
Troublesome 
Feature

Sample Comments Comments

New way of thinking The concept required us to step outside of our regular way of 
thinking and promoted counter-hegemonic standpoints.

8 

Foreign Didn't realise it existed prior to the course. 6

Challenged previous 
beliefs

It strongly challenged my previously held beliefs and 
understanding!  It was almost a dislocative shift.

5 

Difficulty recognising 
own bias

It was difficult to put aside my own bias, or even recognise it. 4 

Time consuming to 
develop capability

The threshold basically teaches you to think.  This is a very 
abstract subject and as such it is something that really requires a 
lot of time and evidence-based resources to bend your thinking.

3 

Difficulty recognising 
others’ bias

I was always searching for the view point of the author in the 
article and trying to identify their biases.

2 

Accepting multiple 
understandings 
rather than one truth

Depending on right/wrong with regard to current social 
convention, it is easy to think that a piece of information is 'it'.

2 



Feeling different 
from others

Considering that my own viewpoint can be drastically different to 
that of others.

1 

Language Some readings were very technical, using unfamiliar language. 1

Students indicated what they did to develop the threshold capabilities. Preparation for class, 
activities in class, interaction with others and reflection were important (Table 4).

Table 4: How students developed the threshold capabilities
Action Sample Comments Comments

Reading Reading papers written from alternative, counter-hegemonic 
viewpoints

17

In-depth in-class 
discussions

In-depth, in-class discussions allowed me to see many different 
opinions on one topic.

15

Discussion with 
friends

I started assessing comments and statements made by friends 
and family, and actively chose to attempt to give them a balanced 
outlook on the topic

6 

Self-reflection Try to think why I've responded to things the way I have-ask 
myself how I might have reacted if I had different experiences.

5 

Critical analysis 
assignment

Critical response paper. 2 

Group activities Group activities 1 

Using feedback By writing reflections and being given feedback on what scale of 
position to opinion my reflection related.

1 

Factors that supported development of threshold capabilities included features for which IMT 
was well-suited, namely extended discussions, group activities, real-world applications, and 
learning from others (Table 5). These were enhanced by the open nature of the facilitated 
discussions and the selected reading.

The students’ comments about learning from each other are consistent with them having 
developed a learning community during the unit (Wenger, 1998). Their comments about 
reading, discussing with friends, reflecting and being willing to learn are consistent with self-
regulated learning, which is known to enhance learning (Vermunt, 2005). 

Table 5: Factors that supported development of the threshold capabilities
Personal Strengths Sample Comments Comments

Well-prepared and 
skilled for the 
thresholds

Previous experience in critical thinking in Literature Studies. 10

Love of learning 
and open mind

Willingness to expand my way of thinking, the desire for 
understanding.

9 

Relevant 
experience

I'm not the Western background student and I hope from a 
different cultural background to look at Western culture.

I have experienced injustices as a female in Engineering.

I frequently oppose the viewpoints of family members.

5 

Aligned values and 
interests

I try to be as fair as possible and am willing to look at different 
views-so acceptance of different views.

5 



Friends and family I have a large and broad friend base, with sub-groups that hold 
many differing views (which I have exposure to and like to 
debate).

3 

Personal journal I have a log of self-introspection and I used this to think a lot 
about my own views.

1 

Unit Strengths Sample Comments Comments

Open, extended, 
informed in-class 
discussions

In-class debating. Listing and defending our answers after the 
weekly in-class test not just amongst the class, but even with [the 
coordinator] (who would grant those points if she was 
convincingly swayed).

The openness of the discussion encouraged me to speak more 
freely.

Public discussions by a group of diverse people.

24

Selected readings
with different 
viewpoints

Reading a number of articles that have many different views.  5 

Learning from 
others

The class discussions, which required pre-reading, allowed me to 
learn not only from the coordinator but also other peers.

4 

Intensive mode Extended discussions-short classes limit retention capacity for a 
unit of this nature

4 

Engaging activities Role playing from the perspective of people in different situations 
than mine.

3 

Writing reflections Journal writing 3 

Real-world 
applications

Getting involved in a real-world project. 3 

Feedback Project feedback 1

While personal factors such as background, interests, and skills supported capability 
development for some, for other students they were barriers (Table 6). This is consistent with 
pre-liminal variation influencing their experiences of the liminal space (Meyer et al., 2008). 

Hindrances to capability development that arose from IMT were time clashes and weariness. 
The extended discussions were difficult for some students, only highlighting the importance 
of the facilitation which was also appreciated by many students.

Table 6: Factors that hindered development of the threshold capabilities

Personal Barriers Sample Comments Comments

Clashes with 
university and life

Clashed in some cases with commitments with other units and 
other time commitments (work, etc.). 

My family is very close-knit, so I had to dedicate a chunk of 
time for them.

6 

Difficulty presenting Because I struggle to present my opinions normally.

I am reluctant to speak in front of an audience, therefore could 
not share my thoughts extensively.

5 

Misalignment 
between 
background and 

I've been studying in the Business School for a long time.  It 
was hard to shake some deeply held convictions.

Coming from an Engineering background.

5 



skills

Difficulty reading 
quickly or much

I can't really read quickly.

Long readings-can lose interest.

3 

English as a second 
language

English as a secondary language. 2 

Narrow experience I have lived in Australia all my life and have been naïve and 
ignorant to other perspectives.

2 

Preference to avoid 
conflict or change

I tend to want to go with what's easiest-I can recognise when 
something is wrong/unjust, but I prefer to hang back, not 'rock 
the boat'.

I am quite stubborn, so I was resistant to different points of 
view.

2 

Illness Mental illness-Depression 1 

Being a member of 
a minority

I am growing up under different concepts from the domestic 
students as an international student.

1 

Unit Barriers Sample Comments Comments

Time required to 
cope with content 
and reading

Too much reading each week and combined with the journal 
entries = too much work.

12

Interactions I am not confident in large public speaking tasks so I didn't 
participate as actively in discussions.

5 

Tiring during class The workshop starts in the morning and I feel tired about it. 3 

Long periods 
between classes

Only a single, long, weekly class.  Bi-weekly classes of shorter 
length would have helped.

1 

Limitations of the 
cohort

Despite a diverse group, we were all still uni students and not in 
the poorest demographic.

1 

This study investigated students’ perceptions in relation to the intensive mode of the class
and does not take into account the many pedagogical interventions creating the potential
transformations. All students completed a critical assessment journal and their learnings
during the unit, as they passed through the liminal space, were accurately mapped. This will
give us an important way to ascertain the detail leading to the transformation noted above
and will be explored in future papers. Findings will then be triangulated with an interview with 
the unit coordinator. We are undertaking additional studies in engineering and business units
at four universities. Recommendations for enhancing threshold capability with IMT will be
drafted based on these studies. Concurrently, we have undertaken a sector-wide survey of
coordinators of units with IMT, to map the use of IMT and expand the relevance of the
recommendations. In 2016 we will hold workshops around Australia with people who use IMT
across the higher education sector in order to achieve generalizability of recommendations.

The students’ experiences of threshold capability development indicate that the subject of the 
unit, namely critical theories of technological development and the way in which it was taught



and assessed, were well-suited to IMT. Students’ comments revealed that they experienced 
epistemologically and ontologically transformative capability development in the unit, 
acquiring critical thinking skills that were foreign to many of the students.  IMT allowed for 
extended class discussions, learning from peers, group activities and exposure to real-world 
problems, all of which supported threshold capability development. Student learning was also 
supported by facilitation of open discussions, and selected reading by the unit coordinator; 
and students’ enthusiasm for learning and for the topic. Factors that hindered students’ 
development of capabilities were illness, the time necessary to develop the threshold 
capabilities, the quantity of reading for those who read slowly or had large time 
commitments, difficulty with discussions and presentations, and tiring during class. This 
study has demonstrated: that students can develop threshold capabilities with IMT; valuable 
approaches to teaching with IMT; and issues to pre-empt or monitor. 
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Using a contextualised English support programme to assist 
international engineering students
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Structured Abstract
BACKGROUND OR CONTEXT
ENGG1100 (Engineering Design, Semester 1) and ENGG1200 (Engineering Modelling and 
Problem Solving, Semester 2) are compulsory team-based courses run at The University of 
Queensland (UQ) for first year engineering students. These project-based courses build on 
teamwork, communication and collaboration skills and are assessed through reports and 
prototype demonstration both of which are team submissions. Each course hosts 
approximately 1200 students from diverse backgrounds around 20% of which identify 
themselves as international and English as Second Language (ESL). Many of these 
international students (IS) find difficulty in adapting to western culture, in particular the 
learning culture (Chang & Chin, 1999). Students are often accustomed to the Confucian 
system which focuses on transmission-based learning (lectures) and assessment through 
technical competence (exams) and there is little to no team work in this system (Gorry, 
2011). Peer assessment in particular requires students to understand the local learning 
culture and demonstrate skills such as critical thinking and reflective writing which are also 
items not familiar to IS (Chen & Kavanagh, 2013, 2014).

First year IS at UQ receive specific guidance during orientation week through various 
workshops and advising sessions but beyond this they receive little to no support to aid them 
specifically with overcoming transitional barriers they encounter in their studies. There is 
evidence that the IS enrolled in project-based courses that hinge on successful teamwork are 
underperforming compared to domestic students (Chen & Kavanagh, 2013) with many 
issues stemming from the language barrier.

PURPOSE OR GOAL
In 2014, a pilot contextualised language program for 30 students was trialled to aid IS 
enrolled in ENGG1200 to overcome these issues. Feedback was overwhelmingly positive 
and it was decided that the program should be offered in ENGG1100 for the entire IS cohort 
in 2015.

In order to address transitional barriers faced by IS in first-year project-based engineering 
courses, a contextualised English for Academic Communication (EAC) language program, 
run in conjunction with a compulsory course, was designed to:

• Improve oral, grammar, vocabulary and written communication skills specific to
engineering;

• Enhance the learning of IS through exposure to unfamiliar teaching styles and
assessment; and

• Provide timely and specific help tailored to a project-based course demonstrated to be
problematic for IS.

APPROACH
EAC was designed in collaboration with the Institute of Continuing & TESOL (Teach English 
to Speakers of Other Languages) Education using existing scaffolding from a similar award-
winning program implemented in the School of Pharmacy, UQ. The program consisted of 24 
hours of workshops delivered in 2 hour blocks over the first 12 weeks of semester. Class 



sizes were capped at 25 students per room with an English language teacher leading each 
class and a supporting Engineering teacher roaming between the classrooms to handle 
discipline-specific content. Each week material on upcoming ENGG1100 content and 
assessable items were discussed with the students through interactive exercises designed to 
simulate what the students would be required to do in the following week. These exercises 
included teamwork and communication as these were recognised as two of the largest 
barriers to IS performance. 

Attendance was not compulsory although it was highly encouraged and IS were 
automatically enrolled in EAC to ensure that they were aware of the offering. Data was 
collected on attendance, the learning of the participants, final grades and peer assessment 
scores, and IS perceptions and feedback. The latter evidence has been collected through 
surveys (Week 6 and Week 12), and individual interviews.

DISCUSSION
Attendance was patchy and tailed off through the semester. This was a problem in the 2014 
pilot study where those students observed to have the poorest English language skills did not 
attend. In 2015, despite automatically enrolling students and thus implying that the course 
was compulsory, attendance was still poor. East Asian students showed the highest 
attendance whilst South-East Asian students showed the lowest. However, those participants 
who attended a majority of the EAC sessions showed improved grades and peer assessment 
scores. This was not apparent in the comparison of assessment collected halfway through 
semester. 

Interestingly feedback from the Week 6 survey showed highly polarised opinions on each 
learning activity in which students either loved or hated the taught supporting material. 
Students expressed interest in doing only specific areas in language where they were 
struggling in (oral, written, listening).

There was also an issue with a template that was created to help students through an initial 
individual report submission.  Many IS chose to use this template and did not understand that 
it was an example only.  This resulted in high plagiarism scores as measured by Turnitin, and 
the need to ensure that example material does not become an easy fix for IS struggling with 
assessment. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Contextualised language courses can help IS but the problem is getting students to attend 
and enrol, and then retaining their engagement and participation.  Discussions are underway 
around the possibility that EAC is embedded in ENGG1100 and thus becomes compulsory 
for IS.

The polarised student opinion’s of the current offering, suggest that EAC may need to be 
offered in different formats to cater for the different students.  Further work is being carried 
out to determine the different requirements.
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Implementation of an Embedded Project-Based Learning Approach 
in an Undergraduate Heat Transfer Course

Peter Woodfield, Wayne Hall and Geoff Tansley
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Structured Abstract
BACKGROUND OR CONTEXT
Griffith University has recently added the mechanical engineering discipline to its offerings in 
the School of Engineering. Within the school there is a vision to enhance student learning 
outcomes, engagement and improve retention through implementation of a student-focused 
learning approach. A range of project-based learning initiatives are to be implemented. 
These projects range from small embedded projects in traditional courses to wholly 
continuous assessment courses with a strong PBL focus.  The third-year mechanical 
engineering heat and mass transfer course was developed using a design-and-build project 
as the central theme and was run for the first time in 2014.

PURPOSE OR GOAL
This study is concerned with describing an innovative ‘double-pipe heat exchanger’ design-
and-build project, how it was used to introduce the concepts of heat transfer and how 
successful it was in terms of student performance in assessment items, student experience 
and alignment with course objectives.

APPROACH
Rather than a completely ‘flipped classroom’, the developed course contained elements of a 
‘chalk and talk’ approach with regular lectures scheduled along-side the main project 
activities. Moreover, regular tutorial questions were given to students during laboratory 
sessions, to complete whilst waiting for access to equipment. The project given to the 
students was to design and build a double-pipe heat exchanger to achieve the maximum 
steady-state heat transfer rate from hot water at 60 C flowing at a fixed rate of 1.2 L/min.  
Throughout the semester, as each of the key topics was introduced for heat and mass 
transfer, the double-pipe heat exchanger was used in the lecture as the starting point for 
discussion with illustrative example calculations.  Students worked in groups but were 
required to write individual project reports.

DISCUSSION
The course was well received by the students with 93% positive feedback on the overall 
student evaluations of the course (the remaining 7% was neither positive nor negative). The 
students enjoyed the course, engaged well with the project and performed well on all 
assessment items and exam questions connected to the themes of the project.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This case study provides further evidence that inclusion of a strong running theme using an 
embedded project within a traditional ‘chalk and talk’ course can be an effective pedagogical 
approach without completely abandoning the traditional lecture/tutorial delivery model. The 
main merit of the embedded project was in providing a concrete, ‘hands-on’ experience of 
heat transfer processes which served as scaffolding for introduction of new concepts within 
the course material.  



Griffith University has recently added the mechanical engineering discipline to its offering in 
the school of engineering. Within the school there is a vision to enhance student learning 
outcomes, engagement and improve retention through implementation of a student-focused 
learning approach. A range of project-based learning (PBL) initiatives are to be implemented. 
These projects range from small embedded projects in traditional courses to wholly 
continuous assessment courses with a strong PBL focus (Palmer and Hall 2011; Hall et al. 
2012). This paper is concerned with a third-year mechanical engineering heat and mass 
transfer course which was developed using a design-and-build project as the central theme 
and was run for the first time in 2014. 

The PBL approach itself has received much interest (for examples see the reviews by 
Thomas (2000) and Helle et al. (2006)) and it is particularly attractive for engineering 
education (Frank et al. 2003; Helfenbein et al. 2012; Krishnan & Nalim 2009; Lima et al. 
2007, Mills & Treagust 2003) since PBL can shift the learning process closer to simulating a 
‘real-world’ engineering experience with obvious connections to the desired graduate 
attributes. Frank et al. (2003) discuss project-based learning as an offshoot from inquiry-
based learning and constructivist education where students do their own learning and the 
lecturer takes on a coaching or supporting role to teach students ‘how to learn’ rather than 
being a ‘provider of facts’ to passive listeners. Helle et al. (2006) suggests there are three 
distinctly different purposes or motivations for implementing PBL in the context of engaging 
with subject material: 

1) Provision of a “very concrete and holistic experience regarding a certain process”;

2) Promotion of “integration of subject material” – for example, the students are able to
utilize a range of skills and knowledge they have acquired in a ‘capstone’ project
towards the end of a course; and

3) “A method of guided discovery learning with the intention of promoting self-regulated
deep-level learning” (Helle et al., 2006).

According to Helle et al., the first of these motivations most often occurs where PBL is used 
to introduce concepts earlier in a course and the second occurs where PBL is used to tie 
concepts together. The third appears to be closest to the description by Frank et al. (2003) of 
PBL. Helfenbein et al. (2012) point out that projects can be embedded in traditional courses 
in what they describe as ‘project-enhanced learning’ which can act as a pathway for more 
traditional lecturers to shift towards a more student-centred learning approach. Luks (2013) 
describes her own experiences of implementing various ‘active-learning’ or ‘student-centred’ 
techniques in engineering heat transfer classes. Prince and Felder (2006) give an interesting 
discussion of the different types of inductive learning and teaching. 

The motivation for implementing PBL in 3505ENG Heat and Mass Transfer at Griffith is 
probably most closely aligned with the first of the descriptions by Helle et al. (2006) listed 
above in that various aspects of the project were used as concrete illustrations when 
introducing heat transfer concepts. The second and third motivations were also present, but 
to a lesser degree. Engineering thermofluids courses at Griffith are usually delivered with a 
more traditional ‘chalk and talk’ pedagogy (albeit considerably more interactive and student-
focused than the dry, passive ‘ineffective’ teacher-centred learning style that seems to be 
implied by some authors such as Mills and Treugust (2003) or Frank et al. (2003) as typical 
traditional engineering education). Thus the present implementation of PBL was motivated by 
a desire to enhance the learning experience further rather than completely replace the 
existing pedagogy. 



3505ENG Heat and Mass Transfer is a 13-week, 10 credit-point course with an enrolment of 
67 students in 2014. At Griffith, 10 credit points corresponds to one quarter of the typical full-
time load for the semester. The majority of the students enrolled were from the mechanical 
engineering discipline including a small number of international exchange students and a few 
students from other disciplines who selected the course as an elective. The course was run 
with a weekly 2-hour lecture and a 2-hour scheduled laboratory time for project work. 
Because the laboratory required sharing of resources to test and build the heat exchangers, 
students were also given tutorial problems to solve in the laboratory whilst waiting for access 
to equipment. 

Assessments for the course were as listed in Table 1. The project report (25%) is the 
assessment item directly connected to the project. Students worked in groups, but all 
students were required to submit individual project reports.   

Table 1: Course Assessments 
Assessment Item Weighting 

2D Finite-Difference Calculation Assignment 10 % 

Mid-Semester Exam 15 % 

Project Report 25 % 

Problem Solving Assignment 10 % 

Final Exam 40 % 

Figure 1 summarizes the project undertaken by the students. The students’ task was to work 
in groups of four or five to design, build and test a double-pipe heat exchanger which was 
capable of reducing the temperature of hot water with a given flow rate (1.2 L/min) and given 
inlet temperature (60 C) by a specified amount (ΔT = 10 C).  Students were given access to 
an assortment of different tube sizes from which they could select inner and outer tubes. 
They were then able to cut them to their desired length. The testing of the heat exchangers 
was done using a test unit (produced by TecQuipment (2014)) which was specifically 
designed for teaching purposes. Two test units were purchased along with three 
demonstration heat exchangers which were built for use with the equipment. In the context of 
the project, the additional ‘commercial’ heat exchangers were also tested by the students for 
comparison with their own heat exchangers. 

The outer tube material of the students’ heat exchangers was copper which made it easy to 
solder threaded copper t-pieces on the ends to complete the heat exchanger. Construction 
required dedicated support from two workshop technical officers for about three two-hour 
sessions during the course to assist in assembly of 14 heat exchangers. Occasional 
maintenance of the test equipment and repair of leaking heat exchangers was also required 
for the duration of the course. Most student construction work required repair and/or finishing 
off by the technical staff to keep in line with the course schedule. Educationally, this was not 
a problem since ‘manufacture’ was not listed as one of the learning outcomes for the course. 



As mentioned above, the present implementation of PBL is best described by Helle et al.’s 
(2006) first category of a ‘very concrete and holistic experience regarding a certain process’. 
Various aspects of the project were used throughout the course as introductions for concepts 
to be grasped within the course material. In particular, the concepts of thermal resistance, 
external forced convection, internal forced convection, free convection and radiation (as a 
means of confirming the validity of the adiabatic external surface assumption shown in Figure 
1) were illustrated in connection with the project. The more fundamental topics provided the
scaffolding required for understanding heat exchanger design. Finally, in week 8 of the 
course the lecture topic was ‘heat exchangers’ which was relatively straight forward for the 
students as a result of their first-hand experience of the device in the project. Because 
students were already working on the project in advance of the lecture material, the project 
led to ‘anticipation’ of lecture content, perhaps in a similar way to that described by Luks 
(2013) in her implementation of problem-based learning in her undergraduate heat transfer 
course.  The project also has pedagogical similarities to Krishnan and Nalim’s (2009) 
strategy for project enhanced learning in a second-year thermodynamics course.  

To gauge the effectiveness of the present implementation of PBL four indicators of 
performance were considered – feedback from students via student surveys; grade 
distributions as an indicator of assessed student learning outcomes; correctness of 
responses on the final exam to questions related or unrelated to the PBL theme; and the 
practical success of the proposed project (i.e. did the heat exchanger experiment yield 
meaningful results). The survey results used were the general university ‘student experience 
of courses’ (SECs) which students voluntarily complete for every course, every semester as 
a means of providing feedback to the teaching staff. The survey consists of two open-ended 
questions and six statements (‘questions’) to which the students can respond on a five-point 
Likert scale ranging from strongly disagree (SD), disagree (D), neutral (N), agree (A) to 

L 

Assumed adiabatic 

Di di do

Hot water inlet 
Given: 
60 C 
1.2 L/min 

Hot water outlet
Required:
< 50 C

Cold water inlet
Given:
∼ 20 C
Range: 0 → 3.6 L/min 

Cold water outlet

Students should decide L, Di, Do, 
di and do from a range of pipes 
available in the lab. 

Figure 1: Double-pipe heat exchanger design requirements
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strongly agree (SA). SD has a point value of 1 and SA a point value of 5. The questions are 
given in Table 2. Survey responses are done online before students take the final exam. 

Table 2: University-wide Survey Questions (SEC) 
Question (Statement) Responses 

Q1 This course was well-organized. SD,D,N,A,SA 

Q2 The assessment was clear and fair. SD,D,N,A,SA 

Q3 I received helpful feedback on my assessment work SD,D,N,A,SA 

Q4 This course engaged me in learning. SD,D,N,A,SA 

Q5 The teaching (lecturers, tutors, online etc) on this course 
was effective in helping me to learn 

SD,D,N,A,SA 

Q6 Overall I am satisfied with the quality of this course. SD,D,N,A,SA 

Q7 What did you find particularly good about this course? Open 

Q8 How could this course be improved? Open 

Approval was obtained from the ethics and integrity team at Griffith University to make use of 
the student data in this research.  

All 14 student groups each succeeded to build a working double-pipe heat exchanger which 
yielded meaningful measured results of heat exchanger performance. Figure 2 shows typical 
results from a student project. The filled circles and triangle symbols represent the measured 
temperature difference between the hot water inlet and outlet for the heat exchanger built by 
the students (operating in parallel flow and counter flow, respectively). The square and 
diamond symbols are measurements of the performance of the demonstration heat 
exchangers which came with the test equipment. It was encouraging for the students that in 
all cases the demonstration ‘commercial’ heat exchangers performed considerably poorer 
than the heat exchangers constructed by the students.  

Comparing the filled circles with the solid line in Figure 2 shows that the heat exchanger built 
by the group performed considerably better than was expected from theory. This finding is a 
good outcome for the learning experience which the students would not get by simply solving 
heat transfer problems in the classroom. The discrepancy highlights the effect of 
assumptions in the analysis (such as neglecting end effects which would lead to a significant 
under-prediction) and confirms the effect of the uncertainty in Nusselt number correlations 
(which is typically of the order of 30 % for practical applications and even greater near the 
transition region (Bergman et al., 2011)).  

The range of flow rates deliverable by the equipment was such that in many cases the theory 
suggested that there should be a transition from laminar to turbulent flow. The data in Figure 
2 is one such example. However, unlike the theoretical calculation there is no obvious 
transition in the measured data. It turns out that the entrance length becomes very large for 
laminar flow at higher Reynolds numbers (enhancing heat transfer above the fully developed 
condition) and the laminar-turbulent transition criteria for flow in an annulus depends on the 
diameter ratio and not just the Reynolds number. This was an unexpected learning 
experience for the lecturer as well as for the students. 



Figure 2: Typical results for heat exchanger performance showing the temperature decrease 
of the hot water stream. The solid line (predictions) should be compared with the black filled 
circles.  

Overall, the practical implementation of the project can be judged a success. The student-
designed heat exchangers all showed a very obvious, measureable temperature drop which 
clearly changed with flow-rate within rough agreement of simple heat-exchanger theory. 
Moreover, considering the results from the whole cohort, the tube size combination that was 
predicted to perform the best did in fact have the highest heat transfer rate. This was 
surprizing for some students since for most, it was not the intuitive combination of pipes.  

Overall the course was very well received by students. This is shown in Figure 3 which gives 
the distribution of responses to the first six questions listed in Table 2. In all, 29 (44 %) of the 
66 students enrolled in the course responded to the survey. On average the students agreed 
or strongly agreed that the course was well organized, the assessment was fair, the 
feedback was helpful, the course was engaging and the teaching was effective. All mean 
responses, (apart from the course being well organized) were in the top 25% of responses 
university-wide for similar sized courses. The only question which received any negative 
responses at all (D or SD) was Q1 ‘This course was well organized’ and even in that case 86 
% of response was positive (A or SA). 

Figure 3: Distributions of responses to the six questions on the student survey 

In relation to the PBL component it is difficult to differentiate between its effect and the other 
pedagogical methods employed in the course. However, the responses for Q4 (This course 
engaged me in learning) and Q5 (The teaching on this course was effective in helping me to 
learn) are encouraging since the main role for PBL in this course is to engage the students in 
learning. 
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The responses to qualitative questions (unfortunately) did not give a clear indication that the 
students particularly valued or even recognized the role of the project in the course. Figure 4 
summarizes the responses to the open questions (Q7 and Q8 in Table 2) by tallying similar 
key words or phrases. In relation to ‘what the students found particularly good about the 
course’, only two students mentioned the laboratories. The most common response was the 
‘interesting content’ or ‘assessments’. However, given that the project played an important 
role in the content delivery and the laboratory report was worth 25% (and the survey was 
completed prior to the final exam (worth 40%)) it seems reasonable that the embedded 
project contributed towards the positive feedback with regard to course content and 
assessments.  

Figure 4: Summary of student responses to the qualitative questions 

Figure 4(b) gives a very clear message that the students were not in favour of doing tutorial 
questions while they waited for access to laboratory equipment. It is possible that this issue 
stood in the way of clearer direct feedback concerning the project itself. At least two students 
felt the project needed improvement judging by the comments ‘more thought to labs’ and 
‘improve labs’ in Figure 4(b). It is possible that these students had different expectations of 
what should be included in a mathematical core-engineering course. Overall there was a lack 
of qualitative feedback directly connected to the project embedded in the course. 

Performances in assessment items are the only direct measurements available for meeting 
the learning outcomes for this course. Figure 5 shows the grade distributions for the two 
major assessment items and the overall grade for the course. Overall, students invested 
considerable effort into their project reports and did a commendable job with approximately 
50% of students receiving a distinction (mark ≥ 75%) or higher. The overall grade distribution 
is also quite pleasing with a peak at the credit level. Students did not do quite as well with the 
final exam but the distribution of grades still shows less than 15% failure. Thus overall, the 
course was a success based on measured learning outcomes. It is difficult to say how much 
of the success can be attributed to the project-based learning component. 



Figure 5: Grade distributions for the project report, the final exam and overall for the course 

Another possible indicator for the effectiveness of the embedded project is the student 
performance on exam questions which are closely related to the theory of the heat 
exchanger. Figure 6 shows the final exam questions categorized according to topic with the 
average mark for each question expressed as a percentage of the total possible marks for 
that question. The exam consisted of seven questions with the heaviest weighting on the last 
three. Questions 1, 4 and 6 on the exam were most closely related to the project. The 
students did the best with forced convection (Q1) and the heat exchanger problem (Q4) 
which is another encouraging indicator in relation to learning outcomes connected to the 
embedded project. Having said this, it should be noted here that success with exam 
questions is not always a good indicator of the success of PBL - particularly when ‘evaluation 
techniques do not match the learning outcomes or when grading systems do not reward the 
behaviors encouraged in PBL’ (Luks 2013). Perhaps in future offerings of the course we 
could include additional conceptual questions and a major question directly on heat 
exchanger design. 

Figure 6 Average marks for individual final exam questions 

In this article we were able to describe a successful implementation of a project-based 
learning component in an undergraduate course on heat and mass transfer. The main merit 
of the embedded project was in providing a concrete, ‘hands-on’ experience of heat transfer 
processes which served as scaffolding for introduction of new concepts within the course 
material. The students enjoyed the course, engaged well with the project and performed well 
on all assessment items and exam questions connected to the themes of the project.
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Structured Abstract
BACKGROUND OR CONTEXT
In undergraduate research programs such as the Bachelor of Philosophy (Hons) (PhB) or 
various Research and Development (R&D) (Hons) degrees, there is a requirement for 
students to achieve First Class Honours to graduate from the program. This results in 
students adhering to an either self-imposed or program-required High Distinction (HD) 
average grade, cultivating grades-focussed behaviour in many students, as observed in the 
Bachelor of Engineering (R&D) (Hons) (BE (R&D)) program at the Australian National 
University (ANU). Focussing on grades and rote memorisation, characteristics of surface 
learning, is not conducive to the personal and professional development of students, and has 
resulted in underdeveloped reflective, interpersonal, and critical analysis skills of BE (R&D) 
students. This behaviour limits the growth of students and undermines the role that 
engineers have as innovators and leaders in today’s society.

Therefore, engagement-based teaching strategies could lead to more independent learning 
attitudes, facilitating deep learning, as well as student engagement with their learning and 
university experience. This engagement could contribute to the development of more 
reflective and interpersonally skilled engineering graduates, benefiting the students, the 
university and industry. 

PURPOSE OR GOAL
The purpose of this work is to develop learner independence and engagement with the 
course using engagement-based teaching strategies, including a flipped classroom, and 
individual feedback sessions. Providing course content online aims to provide students with 
an engaging medium and flexibility in their learning. The individual feedback sessions aim to 
improve student engagement by addressing their concerns and proposing targeted student 
development. This allows students to develop their reflective ability, individual initiative, 
critical analysis skills, and enhance their interpersonal and communication skills. The 
development of such skills can lead to more effective and engaged undergraduate research 
students for the university, and graduates with well-developed higher order skills, important 
in meeting Australian Quality Framework Level 7 and 8 requirements, and Engineers 
Australia Competencies. Targeting student development and engagement using 
engagement-based teaching should be a priority in any engineering educational institution 
that has a responsibility to produce industry ready graduates as part of a professionally 
accredited degree, such as the BE (R&D) at ANU.

APPROACH
In the BE (R&D), students have to complete a research methods course in their second year, 
where they learn important aspects of research whilst also completing an individual research 
project. In previous years this course was teaching-focussed, delivering content through one-
hour lectures a week, however, this delivery method was not sufficient in engaging students 
with their peers, the course and hence, their research projects. 

As such, this year the ‘flipped classroom’ approach was implemented, presenting course 
content in five minute videos, all available online from the start of the course. Students then 
had face-to-face time with the course facilitator in two engagement sessions a week. 
However, since all students were completing individual research projects concurrently to the 
presentation of course content, these engagement sessions could not cater to the 



individuality of their research projects, and hence, are not the focus of this paper. To address 
the unique nature of each students’ learning path (as a result of their individual projects), 
three individual feedback sessions were provided throughout the semester to focus on 
student development; particularly their progress and engagement with the course and their 
research project. 

These changes were evaluated through the use of student responses online, within the 
individual feedback sessions themselves, as well as through focus groups. All aspects of this 
project were conducted in accordance with the human ethics protocol 2015/032.

This paper focuses on the online delivery of course content and the individual feedback 
sessions, and their impact on students learning and engagement.

DISCUSSION
Presenting course content in short videos allowed students to develop an independent 
learning attitude, as they were responsible for when they watched the videos, and many re-
watched the videos after in-class discussions to reinforce their understanding. This content 
delivery method also enabled the separation of individual topics that ensured student 
understanding, with many students preparing questions before the class discussions, instead 
of having to address any uncertainties after the lecture. Students felt the videos enabled the 
delivery of a deeper understanding of topics and in-depth discussion. These videos also 
provided a degree of flexibility for students as many reviewed the videos when completing 
assignments, demonstrating that students were connecting the video content with 
assessment. Overall, students believed that this engagement-based teaching strategy was 
an asset to their personal learning within the course, and preferred it to the traditional lecture 
style still present in many engineering courses today.

Feedback sessions allowed the course convenor and facilitator to engage with each student 
individually. Students found they were able to express their opinions, concerns and 
suggested improvements directly, whilst also receiving feedback regarding their progress in 
the course, and possible areas of improvement, to achieve targeted development. These 
sessions were also an opportunity for students to reflect on their performance and their goals
in much greater depth, which develops student self-awareness and reflective ability, 
essential skills for successful researchers. Individual feedback sessions are not 
commonplace at university, but we have found that these interactions increased student 
engagement and were valued highly by students.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This course has demonstrated that using engagement-based teaching strategies such as 
flipping the classroom provides students with flexibility in their learning and encourages 
independent learning attitudes. In future courses that are flipped, we suggest providing 
videos for each assignment item where the aims, requirements and general tips are 
discussed. This allows students to reaffirm their understanding of the assignment at their 
own pace, and emphasises a sense of independence in their approach to completing the 
assignment, instead of having to contact the course lecturer.

Individual feedback sessions with students increased their engagement with the course and 
provided an opportunity for students to reflect and have in-depth discussions regarding their 
performance and progress. These sessions were highly valued by students and although 
time consuming, beneficial for both students (and their development) and the course 
convenor/facilitator (for the course development). In unique courses such as an 
undergraduate research methods course, engaging students through effective delivery of 
course content and direct, personal feedback increases student experience and 
performance. It is recommended that similar engineering courses adopt an approach that 
encompasses these two very important aspects of a flipped classroom to vastly improve 



student learning, engagement and their development of higher order skills, and hence, the 
quality of the next generation of graduate engineers.
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Structured Abstract
BACKGROUND OR CONTEXT
Charles Sturt University is establishing a new degree in Civil Systems Engineering, with the 
first intake in February 2016.  As the only Australian engineering program based in a Faculty 
of Business, we have set ourselves a goal of educating a very different type of engineering 
graduate, and doing so in a very different learning environment.

The course is a combined Bachelor of Technology / Master of Engineering degree.  Students 
undertake the first 18 months of study face-to-face on our Bathurst campus.  They then 
complete their studies through a series of four year-long work placements, while studying 
online for the underpinning theory.

PURPOSE OR GOAL
The CSU Engineering degree aims to educate a very different type of graduate to address an 
identified need in industry and society.  As such we have identified five key points of 
distinction for our program:

• Entrepreneurial graduates. Our graduates will create jobs, rather than artifacts. Based
within a Business faculty, we are able to bring together the communications, financial
and management skills that will allow our graduates to make a difference.

• 4 x 1 year work placements. Our engineers will commence their studies with us full
time on campus for 18 months; from then on their education will proceed with them
working as student engineers on paid placements with approved professionally
appropriate employers, while studying the theoretical curriculum online.

• An Innovative curriculum. Building a new program from the ground up allows us to take
advantage of the leading edge in educational pedagogy and technology.  Core to this
will be our Tree of Knowledge approach to delivering theoretical content

• A Diverse cohort. The boutique nature of our program allows us to proactively ensure
that the cohort is not homogenous – we are able to ensure that women, minorities,
indigenous and regional students are all well represented.

• A Head start on Chartered status. The additional time offered by a Masters level
qualification allows us to achieve more than the Stage One Washington Accord
competencies; the embedded work placements will provide graduates with
opportunities to demonstrate CPEng competencies prior to graduation.

APPROACH
A key feature of the development of the course was a mandate to produce an engineering 
program that was orthogonal to existing Australian engineering degrees.  By responding to 
identifiable gaps within the offerings and priorities of existing programs, the five key points of 
difference were identified.

Engagement with industry local to the CSU footprint enabled us to further refine the goals of 
the program, and to validate that there would be sufficient work placements available to 
sustain the program.



The curriculum was fast tracked through the use of a Tangible Curriculum Week, in which 
over a dozen leading civil engineering educators gathered to move the program from a high-
level vision to a workable curriculum model.

DISCUSSION
The CSU Engineering course has completed all of the necessary governance and approval 
processes to be offered for a February 2016 intake.  This paper will outline the developed 
curriculum, with its key features of:

An Engineering Challenge spine for the on-campus 18 months

The portfolio process for assessing the work placements

The Tree Of Knowledge approach to delivering underpinning theory

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The CSU Engineering degree represents a significant departure from traditional engineering 
programs.  Grounded in both educational and market research, it will exemplify a different 
paradigm for engineering education in Australia, and provide an opportunity to research the 
effectiveness of such dramatic innovation.
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Structured Abstract
BACKGROUND OR CONTEXT
Demand for skilled professionals in science, technology, engineering and mathematics 
(STEM) is projected to increase significantly with 75% of the fastest growing occupations 
requiring STEM skills (Australian Industry Group, 2013). Yet, over the past 20 years, 
Australia has seen significant decline in the number of secondary students - particularly girls 
- electing to study science and advanced mathematics (Office of Chief Scientist, 2014). 

A 2014 national STEM strategy from the Office of the Chief Scientist recommended support 
for `high levels of participation and success in STEM [education] for all Australians, including 
women, Indigenous students and students from disadvantaged and marginalised 
backgrounds’.

Recent research consolidates previous work in the field (e.g. Fine et al, 2010; Lyons et al, 
2012; Sikora, 2012; Mills et al, 2010). Zechari et al identify three key factors found to be 
influencing young women’s participation in STEM subjects:

1. `Science capital'. Students’ awareness of STEM related career paths and possibilities
and the general value they attribute to STEM subjects.

2. `Perceived ability'. Students’ belief in their own academic ability in STEM.

3. `Relevance of STEM'. The value a student places on STEM study for
themselves.(2014)

This paper introduces Collabor8, an engineering and IT outreach program for junior female 
students from high schools serving low socio-economic communities. Collabor8 will test the 
relative importance of Zechari et al’s three key factors for participants’ interest in STEM; 
intention to select STEM subjects in senior high school and further career related study and 
evaluate the impact of the chosen outreach model.

PURPOSE OR GOAL
The aim of Collabor8 is to inquire into and address the issue of progressive decline in female 
enrolment in STEM subjects as young women move from junior high school through senior 
high school and potentially on to tertiary studies. 

In 2015 the program will engage some 400 female students in Year 8 and 9 in partner high 
schools; each student will attend four separate Collabor8 program sessions that include 
problem-based learning techniques delivered by Women in Engineering and Information 
Technology Program staff, and current engineering and IT students with industry 
professionals.

The objectives are threefold:

1. To broaden the awareness of young women in targeted low socioeconomic high schools
about engineering and information technology and increase their overall interest in studying 
STEM/engineering and IT beyond high school.

2.To evaluate the impact of the Collabor8 program against intended outcomes; and,  



3.To identify and investigate the following by a rigorous evaluation and research program: 

• Factors that influence subject selection among the cohort, 

• The differences in influencers of subject choice among the cohort, 

• The number of touch-points needed to influence subject choice. 

We shall share the research findings from this multiple touch point hands-on learning 
approach to increasing engagement with STEM study and related career aspirations. We 
hope this case study assists engineering educators, high school teachers and relevant policy 
makers.

Funded through the Australian Government Department of Education’s Higher Education 
Participation Programme National Priorities Pool and therefore results of the evaluation and 
research will benefit the Department’s knowledge base.

APPROACH
Collabor8 extends our hands-on learning outreach model to young women in Years 8 and 9 
from low socioeconomic backgrounds in a four ‘touch point’ program over the course of a 
school year and will catalyse a community of practice for teachers seeking to improve female 
student STEM engagement.  

Participants attend two in-school visits, a full day on-campus and a full day tour of the 
premises of an industry host. Each touch point is designed to stimulate interest in STEM; 
demystify the fields of engineering and IT; extinguish stereotypes that engineering and IT are 
careers for men; demonstrate how STEM concepts are applicable to real world problems; 
and engage students with female engineering and IT students and industry professionals. 

The program works with younger students to stimulate interest in STEM before girls opt out 
of subjects that prepare them for tertiary STEM study and careers in STEM related fields 
(nationally, students are given their first opportunity to independently select elective subjects 
during Year 8). Maths and science are compulsory until Year 10, however a student’s 
enjoyment of the subject in junior years is a predictor of their choosing it in senior years 
(Ainley, 2010). Further electives such as Information and Communications Technology and 
Engineering Studies grow awareness of the diversity of applications of STEM concepts and 
are, we consider, ‘STEM enabling’. 

Collabor8 includes rigorous evaluation and a research component to identify factors that 
influence participants’ interest in post-school engineering and IT study and careers as well as 
subject selection behaviour. 

DISCUSSION
The Collabor8 Program began in early 2015 and has, to date, engaged around 300 students 
from seven low socioeconomic high schools in NSW in the first two touch points.  We have 
found a high level of engagement with the program by the Year 8 and 9 students and 
teachers following a strong response to the initial invitation.

The first meeting of the ‘Collabor8: Teaching STEM to female students’ community of 
practice is to be led by a Collabor8 teacher, and is well subscribed by STEM educators from 
a diversity of schools.  

We have constructive formative feedback from teachers and students for Collabor8 hands-on
learning activities to be more closely linked to the Year 8 and 9 maths and science curricula.   

By the end of 2015 we hope to find that there is an increased awareness among the cohort 
of the social relevance of the fields of engineering and information technology and that they 



are potential and viable career paths. We hope to see an increased proportion of the Year 8 
cohort selecting STEM subjects for Year 9 - in comparison to the Year 9 cohort not exposed 
to Collabor8 during their Year 8 year. 

We also hope to have a substantial body of knowledge about the basis for subject selection 
by female students in Years 8 and 9 that may contribute to best practice guidelines for 
engaging young women in STEM in meaningful ways that lead to STEM subject selection 
and increased aspiration for STEM study and career paths. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
There has been renewed attention paid to the task of communicating and engaging with 
young people, especially women and girls, about the link between the study of STEM 
subjects in high school and tertiary pathways into new and expanding fields - including the 
transitioning ‘digital economy’ - and employment. 

The long-term project of attracting women to the ‘non-traditional’ fields of engineering and IT 
is being renewed with the benefit of significant reform and research programs in engineering 
education including that previewed by King 2008, followed up with respect to pathways into 
the curriculum by Godfrey &King 2011, and the models for gender inclusive curriculum of 
Mills, Ayre and Gill 2010. 

The subject of this paper is a nationally funded project inquiring into the influences on subject 
choice by junior secondary female students to better inform communications both about the 
links between STEM enabling subjects and tertiary studies and also about the nature of the 
working life and leadership that graduates in these fields can step up to. The objective is to 
find ways in which to better engage with young people so they can find links and motivation 
between choices of study and the kinds of futures they aspire to as these are not currently 
well documented or illustrated in relation to STEM studies and how such skills are relevant in 
the workforce and for the future. This is also an opportunity to accelerate inclusive practices, 
student centred learning in education and more flexible and collaborative work cultures 
across sectors.
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Structured Abstract
BACKGROUND OR CONTEXT
Problem-based learning (PBL) has become widely used in many professional education 
settings. In several countries in Asia (including Singapore and Malaysia) engineering 
educators are adopting PBL as a teaching and learning strategy. This brings with it a range 
of new experiences and challenges for teachers and students. Making the change to a PBL 
approach from a traditional approach to teaching engineering is not a simple task; it requires 
planning and preparation if it is going to be a truly successful transition. In a higher education 
context one of the most important resources is staff; in the case of PBL, staffs need to be 
equipped to confront the issues which arise from implementing a new curricula and 
instructional model.

PURPOSE OR GOAL
This paper reports on the findings of an ongoing study of the experiences of academic staff 
in German Malaysian Institute (GMI), Malaysia. This study explores teachers’ challenges, 
and support needs in the implementation of problem-based learning (PBL) in engineering.

APPROACH
The exploratory study was conducted using semi-structured interviews with twenty PBL 
facilitators. The analysis of data was undertaken using a framework of thematic analysis. 
Through the examination of the staff’s related experiences it is possible to gain valuable 
insights into the means to enable successful implementation of PBL.

DISCUSSION
It became evident with this group of facilitators that staff development programmes were 
vitally important to the successful implementation of PBL. This highlights the importance of 
engaging staff in activities that equip them for both delivering PBL courses and for sustaining 
them. Findings have also revealed the importance of appropriate support from the 
management and colleagues in order to make PBL implementation a success.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
These papers reports on the findings of staff reflections on the challenges they face in 
facilitating PBL effectively, and provides a practical insight into staff support and develop 
needs.
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Project – Based Learning (PBL) in Standard and Distant Mode 
Postgraduate Engineering Management Course

Hiyam Al-Kilidar and Elizabeth Bourke-Slakey
University of Technology Sydney

Structured abstract 
BACKGROUND OR CONTEXT
Research suggest that Project Based Learning (PBL) is an effective, integrative teaching 
methodology that engages students in their learning in both curricular and generic 
behavioural and contextual competencies (Wurdinger & Qureshi, 2015; Rios-Carmenado et 
al., 2015; Chua et al., 2014; Spalek, 2014, Tseng et al., 2013). In this research we will 
investigate the application of PBL in two different modes of study offered for the same 
subject.

PURPOSE OR GOAL
We applied Project Based Learning (PBL) in a postgraduate engineering project 
management subject offered in two different modes, namely, standard (face-to-face/ in-class) 
mode and distant mode.  Students in standard mode were given the opportunity to 
collaboratively work on the weekly deliverables and final report in class. This was not 
possible for the distant mode students since they were located in various parts of the world, 
and would not be able to physically meet and work on their weekly deliverables or final 
report. Therefore, to get the distant students to work collaboratively we used blackboard and 
SPARk to enable and facilitate the group work.

APPROACH
Students in both modes were required to work in teams to produce a detailed project 
management proposal bid. The work included producing six weekly deliverables that 
constitute the main components of the bid as well as a final bid report. Feedback was 
provided to students on their weekly deliverables to assist in their preparation of the final bid.

DISCUSSION
Evaluation of the work produced by student groups in both modes, and a comparison of the 
performance are carried out. The study aims to gauge whether there are any significant 
differences in the performance of both groups resulting from the differences in group 
dynamics between standard and distant modes.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Based on the outputs of the evaluation, conclusions would be made as to whether the 
application of PBL would yield to similar or differing quality of student outputs.
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An Exploration of the current use of Tabletpcs within the School of 
Engineering and Technology at CQUniversity

Antony Dekkers, Prue Howard and Martin Fae
Central Queensland University

Structured abstract 
BACKGROUND OR CONTEXT
Increasingly at the School of Engineering (CQUniversity), the use of paper has been 
replaced with the use of word processing software and submission of assessment is 
undertaken digitally through a learning management systems (LMS).  Whole courses are 
now run electronically, this includes; student assessment submissions, marking of and 
returning of assessment, all course materials and video resources.  The dominance of the 
flexible mode of study at CQUniversity requires the development of courses that can be 
delivered through a LMS.  School of Engineering at CQUniversity is not alone in this regard.  

A Tablet PC is a laptop computer that is equipped with a touch screen and stylus (pen) 
enabling the user to annotate (write on) the screen. Current use in courses show that as well 
as positively influencing the students’ attitudes towards mathematics and their work habits it 
also affords students an understanding of the relevancy of course content in terms of the 
course learning outcomes

PURPOSE OR GOAL
The Tablet PC is both an innovative and adaptive form of technology which is able to support 
the teaching and learning process.  The potential of this tool is evident and significant in 
terms of its application within the learning context. TabletPC technology has been available 
in Australia since 2002 . Given this time period, it is not a new innovation in the tertiary 
classroom context. However the way in which lecturers within the Engineering schools have 
sought to utilise the TabletPC’s classroom potential, to engage students, cater for a range of 
learning styles and provide appropriate feedback specific to need, is of significant interest, 
within this study. An Exploration of the current use of Tabletpcs 
within the School of Engineering and Technology will assist with the purpose of the 
development of a coordinated, cohesive and inclusive approach for implementing courses 
using the Tablet PCs as a teaching and learning tool.

APPROACH
This study used an action-based methodological approach, collecting evidence from staff in 
order to define and redefine directions. One of the purposes of action research as defined by 
Isaac and Michael (1971, p14) is “to develop new skills or new approaches and to solve 
problems with direct application to the classroom or other applied setting”.  The action 
research which was conducted for this study was be guided by this principle in order to 
develop the teaching strategies employed by tertiary lecturers when using Tablet PCs as a 
teaching/learning tool.

DISCUSSION
From the wider literature, it is evident that the predominant research on the use of 
TabletPC’s in tertiary institutions, has been conducted, almost exclusively on benefits to 
students and to the exclusion of staff benefits.  Adams and Hayes (2009) study suggested a 
direct correlation between the student perceiving the lecturer as being comfortable with the 
use of the technology and the student being favourably disposed to the use of technology. 
Also Adams and Hayes (2012) found that the key to successfully integrating technology into 
the classroom was achieving a harmonious balance between the traditional and the 
technological that satisfied the needs all students and the lecturer.



Adams and Hayes (2009) demonstrated the effect that the perceived confidence of the 
teaching staff of technology can have on the enjoyment of the student.  If teaching staff do 
not feel confident they will not enjoy using the technology.  This point highlights the need for 
adequate training.  Students and teaching staff were most satisfied with the use of 
technology in the classroom when it was combined with traditional methods.  To this end, it is 
important to understand lecturers’ perceptions about the use of TabletPC’s in the teaching of 
courses in the engineering program.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Given the current national agenda to improve the learning outcomes of engineering students 
graduating from tertiary institutions (King, 2008), examination of the ways in which the 
TabletPC has been used by engineering lecturers, provides an area of potential scope and 
benefit to universities. The TabletPC also provides lecturers with the capability to provide 
comprehensive and informative feedback in a timely manner. Assessment provided promptly, 
positively influences the students’ attitudes towards mathematics and their work habits and 
affords them an understanding of the relevancy and application within the Engineering 
program.

Now that many courses have the video support, and LMS submission is required, the study 
is being repeated. As part of the new study, students are requested to rate resources based 
on their level of usefulness as well as indicate the ease of submission and resource location. 
Further changes to be incorporated include on-line quizzes with video support that will 
enable students to obtain instant feedback on assessment.
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Effectiveness of using a classroom response system in enhancing 
classroom interactivity and students' learning

Saeed Shaeri, Jahangir Hossain and Anisur Rahman
Griffith University

Structured abstract 
BACKGROUND OR CONTEXT
The classroom response system (CRS) is one of the methods of blended learning combined 
with the best features of face-to-face interaction and it is increasingly used in different 
developed countries including Australia. In brief, a CRS consists of a radio signal transmitter 
or “clicker” in hand of the students/audience by which they respond to a particular question or 
simply poll. The lecturer’s or facilitator’s computer receives the responses immediately and 
then is able to present the output of received responses as histogram chart.  Classroom 
response systems (clickers) provide a new dimension for interactivity in the classroom and 
active discussion which can help students to achieve learning outcomes. When interactivity 
is present, students are not only more motivated to learn but also more attentive, 
participative and likely to exchange ideas with instructors and fellow students. Even though 
some recent studies have tested the performance of clickers for enhancing learning 
outcomes, the scholarship of pedagogy with regard to clicker technology is still emerging.  
While clickers have been used in teaching Power Engineering and other engineering courses 
in Griffith School of Engineering, their effectiveness has not been measured and quantified. 
Analysing the benefits of clickers and their impact on students’ learning outcomes and exam 
performances are crucial to their future effective use.

PURPOSE OR GOAL
It has been found that without actively engaging in lectures, it is unlikely that students will 
achieve communication skills and achieve the learning outcomes. A lack of interactivity and 
active engagement has been diagnosed as one of the major pedagogical issues contributing 
to poor graduate performance in many universities. Interactivity in a classroom is typically 
limited for the following reasons: 1) class times are inflexible; 2) as, in oral questioning and 
answering, only one student (or the instructor) can talk at any one time, there is insufficient 
student participation; 3) students may not be willing to express their opinions in front of a 
class for fear of embarrassing themselves; and 4) no mechanisms are available for 
instructors to assess whether students are understanding the course materials and if there is 
a need to adjust the pace of teaching. The main aim of this paper is to investigate the merits 
of the use of clickers in terms of student engagement and learning outcomes and make 
recommendations on how to use them to achieve the best effect. Another of its objectives is 
to compare the learning outcomes for different student cohorts and different subjects taught 
with and without using clickers.

APPROACH
This research outcome is based on the results of a survey that have been collected from the 
students of the School of Engineering at Griffith University. The students have been using a 
CRS in their third and fourth courses for two semesters. Their experience and degree of 
satisfaction in receiving the aim of a CRS were then been collected using a questionnaire. 
The survey questions, along with an introductory booklet were given to the students on a 
voluntary basis, in which the students were asked to respond anonymously. The responses 
were later analysed statistically to compare the learning outcomes for different student 
cohorts and different subjects taught with and without using clickers.

In this study, three lecturers will participate by using clickers and collecting data from six 
different courses, two Electrical (3319ENG & 4313ENG), two Mechanical (2502ENG & 
2505ENG) and two Civil Engineering (3109ENG & 7202ENG).  The student evaluation data 



for the abovementioned three lecturers will also be compared with other courses (taught 
without using clickers) to determine the effectiveness of using clickers. In order to quantify 
the impact of clickers on students’ engagement and learning outcomes, students will be 
invited to complete a short voluntary and anonymous questionnaire designed to capture the 
positive and negative aspects of using clickers during lectures.  The approach outlined above 
will include the following activities:

(i) Literature review

(ii) Student survey

(iii) Collection of data (student survey and student performance )

(iv) Analysis of data

DISCUSSION
Clickers have been used in the teaching of two power engineering courses for the last two 
semesters at Griffith School of Engineering. It was found that attendances in classes which 
used this technology were always greater than 80%, significantly higher than in other 
lectures despite numbers normally decreasing significantly as the semester progresses, 
although the student cohorts were the same. In week 12, the students were asked whether 
clickers helped with attention/engagement/active learning. More than 90% felt that they were 
very effective in enabling engagement and interaction with both their lecturers and peers. 
Another aim of my preliminary study was to examine the degree to which students believed 
that using clickers helped them to understand course content and remain engaged during 
class time. More than two-thirds (72%) commented that clickers had helped them in some 
way to understand the course materials, and almost 90% said that they had assisted in 
keeping them engaged during lecture times. 75% of participants commented favourably on 
the instant feedback aspect of clickers and 85% saw them as a motivational tool. The 
present data show that student impressions of the technology were closely connected to the 
learning context in which clickers were used. “The lecturer has made an obvious effort to 
engage the students throughout the course, particularly with the use of the multiple choice 
quizzes (using the clicker) to provide good feedback to the students”.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The use of clickers for assessment in engineering courses can provide an effective and 
engaging alternative to traditional methods and they can be used for the following different 
types of assessment, for example, formative, summative and peer assessment. The effective 
use of clickers depends on the aims, objectives and assessment design of a course. In the 
literature, there is little work reported on determining how clickers can be effectively 
employed to enhance learning outcomes. The main objectives of the clicker-based 
assessment design in our study  are to: (a) motivate students and encourage them towards 
deep levels of learning through career-driven questions; (b) improve course learning 
outcomes and effective communication skills by creating discussions based on questions 
using clickers; (c) assist students to develop critical cognitive skills and cooperate in the 
learning process through effective communications and higher expectations; and (d) inform 
and adjust teaching and learning pedagogy according to summative assessments.  In this 
proposed study, rigorous data will be collected and analysed to confirm the effectiveness of 
clickers in teaching engineering subjects. High Definition Multi-View Video Guidance for Self-
Directed Learning and More Effective Engineering Laboratories
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High Definition Multi-View Video Guidance for Self-Directed 
Learning and More Effective Engineering Laboratories

Julien Epps, Vidhyasaharan Sethu, Ray Eaton and Eliathamby Ambikairajah
The University of New South Wales

Structured Abstract
BACKGROUND OR CONTEXT
Engineering students learning their very first foundational concepts require close integration 
of analytical skills and rigorous hands-on experience and this is recognised in most current 
courses, however student and staff feedback at UNSW indicates there is considerable scope 
for improvement. Specifically, some issues that may be improved include (i) variability in 
laboratory demonstrator expertise and communication skills, which are not always tailored to 
students’ levels of knowledge, (ii) the possibility of re-visiting laboratory guidance, particularly 
fundamental concepts and instructions, and (iii) opportunities for self-directed learning. From 
a staff perspective, there is inefficiency (demonstrators answer same question many times), 
a lack of narrative explaining the close integration between theory and lab, which is a 
problem identified by student feedback as well, and no opportunity for linking on-campus with 
off-campus laboratory experiences.

Many sources point to the benefits of completing preparation before each laboratory 
(Gregory and Di Tripani, 2012), and the challenges of the high-cognitive-load live laboratory 
environment, in which students attempt in short periods of time to construct new schema that
bridge their analytical and practical understanding of course content (Schmid and Yeung, 
2005). Patterson’s (2011) evaluation of a chemical engineering-based video laboratory 
manual showed that students universally found it a positive resource, preferable to a paper-
based manual. Although there is significant engineering literature discussing remotely-
operated laboratories (e.g. Almarshoud, 2011), there is remarkably little on self-paced video 
laboratory guidance (Schmid and Yeung, 2005; Dongre et al., 2013), and none describe 
details of how such materials should be prepared.

PURPOSE OR GOAL
The main objectives of this project can be summarised as

(i) piloting a framework for rich resource development for independent, self-directed learning 
specifically in the practical engineering context, to move face-to-face class time towards a 
higher value, more interactive, more challenging experience, with no long-term increase in 
ongoing resourcing,

(ii) implementing the framework for large first year undergraduate electrical engineering 
courses,

(iii) evaluating the implementation and reflecting on the possibilities for further improvements 
and for innovative teaching delivery modes, and

(iv) disseminating the key findings and experiences to other engineering educators.

Relative to previous development of multimedia laboratory manuals, this project focuses 
specifically on addressing aspects of live laboratory learning that are not as well served by 
the one demonstrator per multiple students delivery approach and non-persistent 
explanations typical of live laboratories. These include explanations on how to use 
equipment to make accurate and meaningful measurements, explanations on how to 
construct circuits and verify that they function correctly, and explanations on practical skills, 
including detailed note-taking and circuit debugging. Also unique to this project are the high 
definition, multi-view video recording, which captures small but important visual details, and 



the high production values, which are perhaps similar to those employed in MOOCs. Finally, 
the project aims to provide a set of guidelines on the strengths and weaknesses of different 
approaches that can be taken to produce instructional materials of this kind for engineering 
education.

APPROACH
Following the principles for effective multimedia instruction (Mayer, 2008), a suite of videos of 
experimental electronics were designed, created and post-produced using five high definition 
cameras with viewing angles specifically selected to maximise insight into the laboratory 
processes and skills being demonstrated. The content included detailed, practical 
introductions to laboratory equipment, the correct use of this for taking meaningful 
measurements, electrical engineering design and construction conventions, specific 
laboratory techniques, troubleshooting, and engineering skills such as quality, detailed note-
taking. This content was chosen based on identification of fundamental lab skills for electrical 
engineers by teaching staff, feedback from students and lab demonstrators. The presenter 
team were high-achieving undergraduate students, closely supervised by the authors, and 
stringent production values were observed. The intended audience is first- and second-year 
students of electrical engineering. Throughout the project, the focus was not only on 
producing the course materials, but on building insight into how materials of this kind should 
be created in order to maximise their utility during teaching.

Two formative evaluations were conducted. One was a heuristic evaluation by experts, who 
assessed the materials created according to a series of effective multimedia instruction 
criteria (Mayer, 2008). The other was a questionnaire answered by students and laboratory 
demonstrators from a first-year Electrical Circuits course with 199 students, which was 
designed to understand how the introduction of the video laboratory guidance materials 
affected the learning and teaching behaviours within the course, and to elicit feedback on the 
utility of the materials.

DISCUSSION
A draft set of multi-view laboratory guidance videos were made available to a first year 
Electrical Circuits course. No specific instructions were given to students or demonstrators, in 
order that they should organically decide on how the materials should be best used. Around 
seven demonstrators and seventy students from the course responded to the questionnaire. 
Results showed that student-demonstrator interaction improved considerably, with students 
commenting that they were able to ask more informed questions during the lab: "The videos 
allowed me to ask more specific questions". Students also had more confidence in the 
measurements they were making: "I could easily recognise if I was using [lab equipment] 
improperly", "I knew how the equipment was supposed to work". Demonstrators 
spontaneously recommended that students use the videos to aid their learning. A large 
number of students used the materials to prepare for their laboratory exam, where previously 
very few revision opportunities existed. Students were overwhelmingly positive in their 
questionnaire responses, and among those who used the videos, 91% firmly recommended 
use of similar video materials in other courses (9% neutral). Nearly two-thirds of students 
who used the videos watched them more than once, and 10% watched them more than five 
times. Students and demonstrators also offered suggestions for improving the videos, which 
will be updated before a more extensive summative evaluation is held later this year.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Results from the evaluation conducted to date strongly support the value of high quality 
multi-view video-based laboratory guidance, for preparation, in-lab guidance and laboratory 
skills revision. Mayer's (2008) effective multimedia instruction criteria were generally found to 
be a good guide for the development of these materials, however there were a large number 
of insights specific to the engineering domain that were also gained. These include the need 
for careful camera positioning and wire colour coding, so that different camera views can be 



integrated in post-production without losing the logical arrangement of the experiment, the 
need for carefully designed, short takes for recording key technical or experimental concepts, 
the advantages of using pairs of closely supervised engineering student presenters, and the 
trade-off between pointing during recording vs in post-production, to connect the spoken and 
visual contexts during explanation. Initial evaluations suggest that this kind of multi-view 
video-based laboratory guidance can fill an important gap in laboratory learning, which is 
usually time- and supervision-constrained. The authors found that the importance of 
employing electrical engineering academics and students as the production team – for 
presenting, recording and editing – cannot be overstated in producing high quality, relevant 
materials.
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Students’ approaches to learning through self- and peer 
assessments

Badri Basnet and Robert Fulcher  
University of Southern Queensland

Structured Abstract
BACKGROUND OR CONTEXT
Self-& peer assessments  have been used as assessment tools by educators at various 
educational institutions around the world. As an assessment tool, self- & peer assessments 
encourage students' involvement, responsibility and contribution in the assessment process. 
They also allow students to focus on the development of their judgment skills. 

More importantly, self-& peer assessments can also be used as learning tools.  As learning 
tools, self-& peer assessments help students in deeper learning of the concepts and the 
principles through exposure to a wider range of materials made available to them during self-
&/or peer assessments. The mechanism on how students learn through self -& peer 
assessment is however, yet to be fully understood. Hence, there has been a need to 
understand students'   behaviour and learning approaches during self-& peer assessments.

PURPOSE OR GOAL
The purpose of this study was to understand the students’ behaviour and learning 
approaches during self- and peer-assessments.

APPROACH
First year university students were exposed to self-assessments and peer-assessment of 
assignment for a number of years. They were asked to assess and rate their own work 
during self-assessment and their peers’ work during peer assessment. They were provided 
expected assignment answers and guidelines to perform assessments.  They were required 
to provide detailed written comments to justify their ratings. They were also asked to provide 
survey feedback.  Students’ written comments and survey feedbacks were analysed 
qualitatively and quantitatively to understand their behaviour and approaches to learning 
during self-& peer assessments.

DISCUSSION
Self-assessments and peer assessments have been used as learning tools in many 
educational institutions around the world. We have used these tools successfully at the 
university for a number of years to help students’ in active learning through their involvement, 
contribution and responsibility in the assessment process.  Both of these assessment tools 
have been found useful in encouraging students for active learning. However, the ways in 
which these tools have acted to trigger learning differ substantially. Students’ self-
assessment was successful in bringing about the awareness of the deficiencies in their own 
self-assessed work and creating an environment of conflicting beliefs (or cognitive 
dissonance) which essentially compelled students seek for consonance through additional 
learning. On the other hand, peer assessment has allowed them to develop awareness 
through exposure to their peers’ works. It has made them think through the answers 
presented by their peers and comment about those answers. This action required additional 
learning. Thus, active learning was the outcome of both self- & peer assessments 
irrespective of the differences in approaches.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Both self- & peer assessments provided awareness. Self-assessment provided awareness of 
the deficiencies or sufficiencies of students’ own work when compared with the standards. 
Peer assessment provided awareness of the deficiencies or sufficiencies of their peers’ work 



when compared with the standards and with their own. In either case, awareness prompted 
for actions such as thinking through the problems, addressing issues, correcting problems, 
answering questions, making comments etc. Hence, deeper learning was inevitable. Since, 
self- & peer assessment tools act differently in bringing about awareness, it is recommended 
that the combination of both be used in reinforcing deeper learning.
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Distributed Constructionism in Engineering Tutorials

Chris Browne and Tharun Rajan  
Australian National University

Structured Abstract
BACKGROUND OR CONTEXT 
Constructionism – a process where knowledge is constructed through manipulation of real-
world things – is a natural pedagogical approach for the engineering discipline, where 
'making' is a fundamental aspect of professional practice. Yet, the pedagogy behind 
constructionism (see Papert 1980; Martinez & Stager 2012) is often overlooked when 
designing practical sessions, where the is a clear, convergent and often assessed outcome 
for any particular session.

Distributed constructionism (a term borrowed from Reznick 1996) extends  constructionism 
by putting the design and running of tutorials in the hands of students, similar to student-
facilitated learning (see Baker 2008; Smith & Browne 2013). 

I have built on these ideas by collaborating with honours students, who design hands-on 
engineering activities in courses I teach. In turn, I get students to design, develop and deliver 
tutorials incorporating these activities and the course theory in any given week.

PURPOSE OR GOAL
The purpose of this paper is to explore the application of the constructionist approach to 
teaching in undergraduate engineering. 

There are currently many innovations in the education landscape that are achieving 
widespread adoption, such as flipped classrooms and blended delivery; however, the surface 
adoption of these methods without understanding the underlying pedagogy (such as priming 
a student for learning) has many negative effects. 

This paper aims to explore the pedagogy behind and share the results of my experiment in a
distributed constructionist classroom (a term we do not share with my students!), separate of 
any technological advocation.

APPROACH
My question is to what extent students can design engaging and relevant learning activities 
for other students. 

In this paper, we will outline two honours student-designed activities, how they were 
incorporated into tutorials by student facilitators, and what the outcomes were for 
participants. The two focus activities include a requirements engineering activity, where 
participants were asked to select the most appropriate components for a bicycle, and a 
testing and evaluation activity, where participants were required to test a range of robots and 
select the best option in a scenario.

Each activity was a research project for an honours student, who were tasked to evaluate the 
students learning as a result of the activity. Results have been collected through group 
worksheets used throughout the activity, and through a final quiz to test student 
understanding incorporating a reflective survey.



DISCUSSION
The activities have been completed, but results at this stage are anticipated.

I expect to see that the activities generally had a moderate positive effect on student 
learning. However, I do not expect this to be a universal solution to developing a technical 
understanding of engineering topics. I expect that there will be many small insights into how 
students learn in a constructionist environment which will agree and perhaps build on other 
studies.

Based on the results, I expect that the primary outcome of this paper will be to provide a 
shortlist of what factors appear to make a difference to student learning in this experiment.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Ahead of analysing data, we anticipate that there will be two key implications and questions 
for further work. 

First, providing well-designed activity in a student-facilitated tutorial appears to lead to a 
reduced level of creativity for the facilitators; that is, in previous iterations of this concept (see 
Smith & Browne 2013) the creativity of some participants was quite high, whereas in this 
experiment many groups adopted the activity as given.

The second implication is for the balance of constructionist approaches and content delivery 
in undergraduate coursework. An anticipated outcome of the paper is that the activities were 
too well designed, and a follow-up approach will be to scaffold the students to take building 
blocks of an activity and reinvent it as their own.
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A Systematic Assessment Strategy for Grading Student Answers

Swamidoss Sathiakumara and Nandan Parameswaranb

The University of Sydneya and The University of New South Walesb

Structured Abstract
BACKGROUND OR CONTEXT
Assessment is an important component in  teaching where a student is assessed for his 
knowledge and skills in the concepts that were taught to him. Assessment strategies include  
written examination, viva voce, seminar, assignments, projects, etc., and are often based on 
assessor’s intuitive understanding of what has to be assessed,  and thus remains largely 
subjective in nature.

Written examinations comprise questions that are of different types:  objective, multiple 
choice, True/False, essay, problem solving and design. Marking techniques in written  
examinations primarily focus on the  correctness of results  often using numerical values. A  
score of 0 is offered for wrong answers, and 1 (full mark)  for correct answers. (We refer to 
this as 0/1 marking.) Partial marking is more exhaustive and fairer than 0/1 marking since  an 
incorrect answer can be partially correct. However, partial marking strategies are  not based 
on formal techniques, and may not be uniformly consistent. Techniques to improve objectivity 
in marking   include multiple choice,  short answers, and modularizing large questions into 
multiple smaller questions  minimizing their dependency on each other. However, the format 
and  structure of the questions may not permit effective partial marking.  Existing automated 
tools at best provide passive support to assessment and they do not explicitly model the 
concepts students learn in their curriculum. 

There is thus a need for providing a methodology for a more accurate method of assessing a 
student’s answer in  written examinations.

PURPOSE OR GOAL
Our goal in this research is to provide a systematic method of assessing a student’s solution 
to a given problem using marking techniques. We   focus on the solutions presented in  
written examinations, though our methodology can be applied to other types of  assessments 
as well. A problem(question) posed to the student often targets a set of concepts. Thus, it is 
necessary to identify these concepts explicitly from the student’s solution before marking 
begins. We achieve this by representing the solution as a task-data flow graph.  A task-data 
flow graph is a graph where each node represents a (sub)task,  and the data that are 
computed at a node  flow from one node to another.  Each  node is associated with a set of 
concepts that are relevant to the  task at the node. We represent a given solution at multiple 
levels of  abstraction organized as a hierarchy of task-data flow graphs.  The tasks (along 
with the associated concepts) and data become refined as we progress from the highest 
level to the lowest level in the hierarchy.   

We distinguish two types of concepts:  subject concepts and problem solving concepts where 
subject concepts  are derived from textbooks.  Problem solving concepts relate to solving 
problems using subject concepts. For example, Kirchchoff’s laws and Ohm’s laws are 
classified as subject concepts while  choosing  the minimum number of loops in an electronic 
circuit and solving them using mathematical techniques relate to  problem solving concepts.

APPROACH
Assessing a  (student’s) solution  S  involves comparing it with the  solution E  provided by 
the  instructor.  We perform this by first obtaining the task-data flow graph GS  from S and  
the task-data flow graph GE from E. We then   match GS with GE node by node. If  the 
match is successful at all nodes and at all levels of  the hierarchy, the score is 1. 



When the match is only partial, it signals the presence of error in the  student’s solution. In 
such casespartial marking is necessary.  To facilitate partial marking, we perform matching in 
two stages: a) checking the task flow  by examining the topology of the graph;    and b) 
marking the correctness of the solution by checking the actual result at each task node of the 
graph.  The partial score is then based on: (a) the subgraph in GS  that matches with the 
corresponding subgraph in GE;  and  (b) the data value that matches correctly at each node 
in the subgraph. This is repeated for each level in the hierarchy, and a weighted average is 
finally computed.  

To account for the relevance of concepts at each node, the weights of the nodes are chosen 
carefully: 

(a) the concepts at the node that are believed to be central to  learning are assigned higher 
weights. Note that such concepts may occur at any node in the graph. 

(b) concepts  that are considered prerequisite to the course or are part of assumed 
knowledge are  given lower weights.

DISCUSSION
We applied  our methodology for  marking the answers from the students in a course on 
Electronic Circuit Theory. It is a first level course and a typical  question posed to the 
students had two components: a) testing the knowledge of the concept taught from the 
textbook (also called the domain concepts); b) solving problems using the concepts taught.  
Certain questions emphasised the first and the others the second.  The task-data flow graphs 
of the sample solution were derived and domain concepts at each node were identified, and 
the nodes were then  initialized with weights. The weights were determined by the relevance 
of the concepts in the course and the problem solving skills required for this course.  
Applying our methodology and marking a bundle of  300 papers, we observed that about 
90% of them had to be partially marked. Marking involved both checking the task structure  
and the  data flow. Flow of wrong data were permitted in marking only when the task 
structure was valid, since permitting data flow across incorrect task structure is bound to 
produce semantically incorrect results.  

Errors in the student answers were noticed more in  the problem solving steps rather than at 
the concept level.  Validating our results with experts showed that our evaluation 
methodology was fairer and exhaustive. It was also possible for us  to identify and target  
chosen concepts and  task structure.  The details of the  results will be presented in final 
version of the paper.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The methodology we have proposed  was compared with marking results by tutors and we 
found that the marking by the tutors were ad hoc, inaccurate and lacked consistency.  
Sometimes the tutors had over penalized the student for a mistake and sometimes  under 
penalized.  Also, the tutors were not able to assess the conceptual severity of the errors they 
found in the solution.   

Our methodology is mechanizable since it is possible to obtain the flow graphs from a given 
solution. However, sometimes it can be a  time consuming process. This problem can be 
circumvented by building an interface where the students are guided to present the solution 
in a systematic manner, and the system can evaluate the partial structure interactively as the 
student presents the solution. This will considerably solve the problem of  deriving the task-
data flow graph from the student solutions.   

Our methodology also suggests that, well before teaching a course begins, a  teaching 
strategy should clearly identify the domain concepts  and the degree of their relative 
importance within the scope of that course in the curriculum, and the set of problem solving 



strategies that will be discussed and practised in the course.  Each question in the 
assessment scheme must explicitly target a chosen set of concepts and the associated 
problem solving skills. This will then help us  obtain the task-data flow graph systematically 
with relative ease and will help in easy implementation and effective partial evaluation.
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Relationships between Civil Engineering Students’ Learning 
Approaches and their Perception of Curriculum and Teaching 

Quality

Kali Prasad Nepal
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
Deakin University graduated its first cohort from four-year undergraduate civil engineering 
course/program in 2012. The internal annual Course Experience Survey, which has been 
running annually since 2012, targets to identify the graduating students’ learning approaches 
and students’ perceptions of the curriculum and teaching quality. Literature suggests that 
students’ learning outcomes can be achieved more efficiently when the students’ perceptions 
of curriculum and teaching quality are closely aligned with their learning approaches. Where 
the students’ approaches to learning and their perception of curriculum and teaching quality 
are mismatched, a series of frustrations can result for the students that may not only 
negatively impact their learning achievement but also their learning experience.

PURPOSE OR GOAL
This study explores the relationships between students’ learning approaches and their 
perception of curriculum and teaching quality in an undergraduate civil engineering 
program/course. This will help understand whether the curriculum and teaching quality 
provided by the university have actually accommodated ‘all’ enrolled students in the similar 
way.

APPROACH
To uncover these relationships, this study adopts questionnaire survey approach to collect 
response data over a two year period by asking students about their perception through a 
series of statements. 5-point Likert-scale questionnaire survey (strongly disagree, disagree,
neutral, agree, strongly agree) is developed and responses are collected. The responses are 
then statistically analysed in order to uncover the relationships between students’ learning 
approaches and their perception of curriculum and teaching quality provided by the 
university.

DISCUSSION
Deep learners and surface learners had a statistically different perception of curriculum and 
teaching quality. These results contradict the assumption that learners will have uniform 
preferences on the curriculum, teaching quality and the way they deal with the demands of 
specific learning situations. Anecdotal belief that ‘good course/program curriculum and good 
teaching approaches are good for all students and vice-versa’ may not be strictly true for 
contemporary heterogeneous student cohorts.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This finding highlights the challenge for curriculum designer to design appropriate course 
curriculum and teaching staff to implement efficient teaching strategies that benefit both 
surface and deep learners, who are usually enrolled together. It may be beneficial to provide 
diversity and flexibility in the curriculum and teaching approaches (rather than a uniform 
approach). However, this may demand additional resources and may also be questioned for 
equity and consistency of education. It is also important to note that due to relatively a small 
dataset, these results may not be generalised
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Gap Analysis in Concept Understanding

Ravi Prakash Gorthia, Nandan Parameswaranb

LNM-IIT  Jaipura and The University of New South Walesb

Structured Abstract
BACKGROUND OR CONTEXT
Teaching involves presenting concepts to students through definitions, illustrations and 
descriptions. However, it is often the case that  there is a difference (gap) between what the 
student has understood about a concept and what was originally presented by the teacher. 
Assessment is one way of estimating this concept gap, where a student’s knowledge and 
skills are evaluated as objectively as possible.   Quantifying concept gap  continues to 
remain  an important challenge  in Engineering education. 

Techniques for assessing concept gaps have not received much attention in the field of 
education. The only techniques that are often used appear to be assessment based such as 
examination, laboratory exercises, and oral interactions in which the instructor  probes the 
student with questions the answers to which will provide a quantitative  estimate for the gap. 
Sometimes, the lack of confidence in the student can be viewed as a sign of the presence of 
a concept gap. 

However, considerable attention has been  paid to minimize the concept gaps. This includes  
motivating students, demonstrating practical applications, using game based tools, 
increasing interactions during lectures,  making knowledge of concepts relevant to 
examinations, etc. 

In this paper, we argue that there is a need  for a methodology for estimating concept gap 
objectively based on a formal model of  gap analysis. We propose a methodology using an 
ontology of concepts from the domain of teaching for estimating the concept gap.

PURPOSE OR GOAL
Concepts can be primitive or abstract, and  explicit or implicit.  The objective in teaching is to 
inculcate correct knowledge about the concepts in the student’s  mind. However, depending 
on the  background knowledge, the knowledge about a concept  acquired by each student 
will vary, and this can be seen when the students choose to use them in situations such as 
during a written examination, viva voce, seminar presentation, etc. Both in teaching and in  
assessment, the challenge  is how  to estimate the concept gap between the student’s partial 
understanding of a concept  and the original concept as defined in the textbook. 

Our goal in this research is to provide an ontology based method whereby one can compute 
a measure of  the concept gap (henceforth denoted as  G) in an objective way. In order make 
the measure realistic, we take into account the implication of context as well.  

The measure G  will be useful in judging how far a student’s solution to a given  problem is 
correct thus enabling an assessor to  perform partial assessment of  an otherwise incorrect 
solution objectively. In will also be useful in distributing marks across questions and their sub 
parts more systematically. As a by product of this approach, we also will present a 
methodology for extracting concepts that are relevant in teaching from a textbook, and 
discuss  strategies for prioritizing them.

APPROACH
In our approach, we use an ontology O of all  concepts that we extract from the textbooks for 
the curriculum.  A subset C of the concepts from O are assumed to be  taught to the student 
in a course.  We then extract a set of concepts D from a student’s solutions (form his answer 
book). 



Next we compute the similarity between the two concept sets C and D.  The complement of 
the similarity will be taken as the measure of the concept gap between C and D.

Let C = {c1,c2,...,cn} and D = {d1,d2,...,dm} where ci and di are concepts. 

We define  the similarity between   ci   and  dj  using the  formula [Resnik,1999] sim(ci,dj) = 
maximum(-log(p(x)) where x  is an element of the set S(ci,dj) which is a set of concepts such 
that the concept x  subsumes both ci and  dj  in the ontology O. The expression  -log(p(c) 
intuitively captures  the ‘information content’ of  c. Thus,  as  -log(p(c) increases, the 
information content of c decreases. 

Finally, to estimate the similarity (R)  between the sets C and D,  we compute the weighted 
average of the similarity of all possible pairs between the concepts in both C and D. We then 
use this measure to estimate the concept gap (G)  as  G = 1 - R.

DISCUSSION
We applied  the above methodology for estimating G for  students’ answers from  Data 
Structures and Algorithms course from the field of Computer Science. Intuitively, G captures 
the notion of semantic gap between the reference concepts (from the textbook) and the 
concepts as used by the student. It is reasonable to assert that the partial assessment (M) 
provided by a human assessor is also a measure of the semantic gap. We demonstrate that  
a sound correlation exists between  G  and  M. 

We provide the following outcomes from our work:

a) A methodology for building an ontology specifically for the application of studying concept 
gap. In particular, we show how implicit concepts can be extracted from textbooks in the area 
of Data Structures and Algorithms. 

b) A technique for estimating  the concept gap between  two concept structures.  

c) A case study where we apply the techniques above to estimate the concept gap G for  
Data Structures and Algorithms and  compare it with the partial assessment results provided 
by a human marker.

Our methodology can be useful in objectively formulating guidelines for evaluating student 
performance in various assessment schemes. For example, in written examinations, 
incorrect answers can be more objectively marked. In  assignments, the work submitted by a 
student can be assessed at multiple levels: methodology level, procedural level, 
implementation level, and performance level.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Reactive assessment techniques, such as viva voce,  can be more effective when the 
questions asked at at any time t  depends on the performance until the previous moment  t - 
1.  Using our methodology, the assessor can estimate the conceptual deviation until the 
moment t, and can then use it to choose the next set of  concepts to assess the student in. 

The technique we have provided are easily  implementable and can be used flexibly to 
customize teaching strategies taking individual student’s strengths and limitations. Our 
approach can be used not only for assessment at any time, but also for  helping  a student 
acquire the knowledge the student lacks about a concept thus aiding him in the overall  
learning process.  

Our work raises a more fundamental question philosophically. The methodology we have 
proposed can be generalized to study the deviational behavior in several systems such as  
hardware systems, human task execution behavior, and  the performance behaviors of even  
social systems such as a  groups and teams.



Reference:

P. Resnik, “Semantic Similarity in a Taxonomy: An Information-Based Measure and its 
Application to Problems of Ambiguity in Natural Language”, Journal of Artificial Intelligence 
Research, Volume 11, pp. 95-130, 1999.
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Students Perspectives on Design Based Learning in Undergraduate 
Engineering Studies

Structured Abstract
BACKGROUND OR CONTEXT 
In engineering education, learning and teaching is delivered and assessed based on student 
learning outcomes. Student learning outcomes are basically matched with graduate learning 
outcomes (GLOs) at Deakin University. Deakin Graduate learning outcomes describe the 
knowledge and capabilities that graduates should acquired and able to demonstrate in their 
future career. This study aims to analyse the views of the cohort of students about design 
based learning from third and fourth year undergraduate civil engineering. Design based 
learning is used as one of learning and teaching process at Deakin in the School of 
Engineering. The design based learning (DBL) process helps students to be self directed 
leaners which enhances the student learning outcomes towards attaining graduate career 
expected skills.

PURPOSE OR GOAL
Design based learning (DBL) is a self-directed approach in which students initiate learning by 
designing creative and innovative practical solutions which fulfil academic and industry 
expectations. The focus of this paper is to analyse students’ perspectives on design based 
learning approach in engineering studies.. The purpose of this study is to analyse the 
reflections of third and fourth year students on DBL approach. This study will also helps to 
enhance student learning outcomes through design based learning environment for current 
and future engineering students and to develop better teaching practices for academic staff 
at Deakin University.

APPROACH
This research study examines students’ perceptions of design-based learning in their 
curriculum through an online survey given to a cohort of third and fourth year undergraduate 
engineering students. With ethics approval given by Deakin Human Ethics Advisory Group, 
online survey is conducted through the link provided for students in Cloud Deakin website. 
By conducting online survey, the research illustrated the perceptions of students about DBL 
in third year civil engineering. From the analysed quantitative and qualitative results, this 
research shows that students have adequate experience of project/design centric practice 
through design based learning approach in an engineering curriculum.

DISCUSSION
The purpose of analysing students views in learning and teaching is one of the ways for staff 
to evaluate and develop their academic performance. This academic performance and 
professional development will help to ensure the course learning outcomes and standards 
which are aligned with Deakin's Graduate Learning Outcomes, professional accreditation 
requirements and standards, and relevant Australian Qualifications Framework 
specifications.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The focus of this paper is to analyse cohort of student’s perspectives on design based 
learning approach. From analysed survey results, it shows students in third year civil 
engineering (undergraduate) have an adequate experience on DBL which gives a more than 
50% of course content focus on design and project oriented. The purpose of a design centric 
curriculum using DBL is more convenient for both students and staff at Deakin. 
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Text analytics visualisation of Course Experience Questionnaire 
student comment data in science and technology

Stuart Palmer and Malcolm Campbell
Deakin University

Structured Abstract
BACKGROUND OR CONTEXT
A version of the Course Experience Questionnaire (CEQ) has been included in the Graduate 
Careers Council of Australia national survey of university graduates from 1993 onward.  In 
addition to the quantitative response items noted above, the CEQ also includes an invitation 
to respondents to write open-ended comments on the best aspects (BA) of their university 
course experience and those aspects most needing improvement (NI).  These responses 
provide a rich source additional qualitative information that can help in understanding what 
students had in mind when agreeing or disagreeing with the numerical response items.  The 
collection of textual data in large-scale surveys is commonplace, due to the rich descriptions 
of respondent experiences they can provide at relatively low cost, however historically these 
data have been underutilised because they are time consuming to analyse manually, and 
there has been a lack of automated tools to exploit such data efficiently.

PURPOSE OR GOAL
The Faculty of Science, Engineering and Built Environment (SEBE) at Deakin University in 
Australia is made up of four academic Schools, including Engineering, and receives a 
relatively large volume of CEQ student comment data annually.  Historically these data have 
been difficult to interpret in a meaningful and timely way without extensive manual coding of 
the open-ended comment text.  Text analytics approaches offer analysis methods that result 
in visual representations of comment data that highlight key individual themes in these data 
and the relationships between those themes.  This paper reports on a research project to 
develop and evaluate text analytics methods for the visual analysis of CEQ open-ended
comment data from the SEBE Faculty at Deakin University, and to identify the important 
themes present in these CEQ student comment data.  The project aimed to visualise the 
themes in these CEQ comment data at the following levels: i) whole of Faculty; ii) intra-
Faculty/inter-School; and iii) individual School.  Via a case study of the analysis of an annual 
set of CEQ student comment data presented here, we describe in detail the process 
developed and offer it as a methodology that could be used by others.

APPROACH
The text analytics software package KH Coder was used to analyse an annual CEQ open-
ended comment set for the SEBE Faculty.  KH Coder was selected as it is free and provides 
a range of analysis and visualisation options.  Different analysis/visualisation methods were 
employed to evaluate the usefulness of the results obtained.  BA and NI comments were 
analysed separately.  The all-in comment sets for the entire Faculty were 
analysed/visualised.  Comments were then tagged with a School identifier and re-
analysed/visualised.  Individual School sets of comments were also analysed/visualised.  
The text concordance feature of KH Coder was used to explore the underlying student 
comments contributing to features observed in the visualisations produced.

DISCUSSION
A method for processing CEQ comment data and analysing them with KH Coder to produce 
relevant and informative visualisations was developed.  KH Coder supports the use of stop-
words to remove common English parts of speech from the analyses performed – a stop-
word list was developed.  KH Coder implements ‘stemming’ to consolidate inflected and 
derived words into their root form.  Here we used stemming via lemmatisation based on 
English parts of speech (nouns, proper nouns, adjectives, verbs, etc.).  Multi-dimensional 



scaling visualisations were found to provide a useful overall visualisation of the key 
words/themes in the CEQ comment data, showing the relative relationship between 
words/themes.  Co-occurrence network visualisations were found to provide a useful 
visualisation of the key word phrases/clusters in the CEQ comment data.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The text analytics method developed for analysing CEQ open-ended comment data using 
the KH Coder software package produced useful comment text visualisations that, in turn, 
provided a valuable perspective on these comment data in a straightforward and timely 
manner.  The text concordance feature allowed the comment data underlying the 
visualisations to be interrogated to understand the original context of the comments.  The 
method developed and documented here is a practical and useful approach to 
analysing/visualising CEQ open-ended comment data that could be applied by others with 
similar comment data sets.
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(How) Do Professors Think About Gender When Designing PBL 
Experiences?

Grace Panthera and Kacey Beddoesb

Oregon State Universitya and University of Massachusetts Lowellb

Structured Abstract
BACKGROUND OR CONTEXT
Integrating research-based teaching practices into classrooms that are student-centered is 
becoming more common at the university level. Specifically, Project Based Learning (PBL) 
has been implemented in a variety of engineering courses to provide students with a more 
authentic experience. Previous research has looked at the impact of PBL on student 
outcomes, experiences, and learning; however, the vast majority of research on PBL ignores 
gender.  This is a problem because other research examining women’s experiences in 
engineering has identified teamwork (which is a core component of PBL) as a problem. 
Furthermore, to date, no research has examined engineering professors’ knowledge and 
practices related to gender and PBL through interviews with professors themselves.

PURPOSE OR GOAL
Therefore, the purpose of this paper is to present literature highlighting the need to make 
gender a central part of the discourse around PBL and to present data on professors’ 
knowledge and practices related to gender and teamwork. Findings from this study will be
used to inform the creation of faculty development materials for use in engineering 
education.

APPROACH
In 2014 and 2015, semi-structured interviews were conducted with 39 engineering professors 
from three different universities in different regions of the United States. The interviews 
covered a wide range of topics, one of which was teamwork. They were designed to 
understand what and how engineering professors think about gender in engineering and 
women’s underrepresentation in engineering. For this analysis, the sections related to 
teamwork were analyzed utilizing a grounded theory approach.

DISCUSSION
Almost all participants utilized teamwork and PBL activities in their classrooms, but most had 
little to no understanding of the roles of gender within those team settings. For the most part, 
participants did not take gender into account when constructing and assessing teams, and 
they were unaware of the ways in which minority students might experience teamwork 
differently from majority students.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Though participants are using PBL and teamwork activities within their classrooms, the lack 
of knowledge surrounding teamwork and gender is a concern when it comes to creating a 
gender-inclusive environment within engineering education. These findings highlight the 
need to create faculty development materials that bring gender into the discourse 
surrounding PBL.



Engineering education is currently undergoing transformative changes in an attempt to better 
align educational experience with real-world engineering practice. For example, Project Based 
Learning (PBL) is being widely implemented within the university setting, providing students 
with a more authentic experience (Beddoes, Jesiek, & Borrego, 2010). While the benefits of 
PBL are being widely touted, attention to gender within PBL has been scant, despite the fact 
that PBL is a site where significant gender biases can surface. Notable exceptions include Du 
and Kolmos (2009) and Mills et al., (2010). Still, no study has examined what and how 
engineering professors think about gender and PBL. It is unknown to what extent professors 
are practicing gender inclusive PBL. Do they take gender into consideration when forming 
teams? How do professors think about gender in PBL? To begin to address such questions, 
our research examines professors’ practices and knowledge surrounding teamwork and 
gender. Understanding current practices and beliefs will facilitate the creation of faculty 
development materials that target the most pressing problems.  

A lack of previous research was found that pertains to how instructors think about gender when 
assigning PBL activities. A preponderance of research does exist from the students’ 
perspective and how they perceive and are affected by gender within a team setting 
(Opdecam, Everaert, Keer, & Buysschaert, 2014; Ro & Choi, 2011; Tonso, 2007; Vaz, Quinn, 
& Heinricher, 2013). While some work has been done specifically within engineering, a broader 
scope of disciplines will be analyzed to provide a more comprehensive picture. The literature 
discussed herein comes from the fields of accounting, business, engineering, information 
technology, management, medicine, and physics. The analysis at hand focuses primarily on 
the initial step that leads to teamwork; team formation. Within team formation, we will look at 
how teams are assigned, the effects of gender composition on team outcomes, and the roles 
that individuals play within a team. In our future work, we will discuss other parts of PBL, such 
as students’ experiences and assessment across a breadth of disciplines, including business, 
accounting, and STEM fields. 

One of the first considerations when implementing PBL into the classroom is how the instructor 
will assign teams. Instructors can allow for self-selection, random assignments, or take a more 
systematic approach. From the gender inclusive viewpoint, there is not one right answer, as 
each method has advantages (Mills, Ayre, & Gill, 2010). Research has shown that self-
selection (e.g. working with friends) does not seem to increase the overall satisfaction of 
teamwork (Hamlyn-Harris, Hurst, Von Baggo, & Bayley, 2006). Instead, it might actually teach 
students who they do not want to work with in the future. The consensus among the research 
in this area though is to have instructors select teams (Cur eu & Pluut, 2013; Rosser, 1998). 
When instructors select teams, they are able to take into account the unique characteristics of 
each student, which assists in maximizing the team learning experience (Cur eu & Pluut, 
2013). In particular, the characteristics that instructors should consider when assigning teams 
include race, abilities, experience, and gender (Rosser, 1998). This finding is echoed by the 
best practices constructed by the Center for Research on Learning and Teaching in 
Engineering at the University of Michigan who state that, “successful groups are 
heterogeneous in ability and background” (Bumbalough & Lu, 2014).  

The question remains though about how the characteristic of gender should be factored into 
the equation in a way that produces the greatest outcomes for all students. The research thus 
far is divided on this topic; whether homogenous or heterogeneous teams are most 
advantageous. Some of the research supports the well-accepted stance that gender diversity 
benefits group work (Cur eu & Pluut, 2013; Hansen, Owan, & Pan, 2015; Joshi, 2014; 



Kaufman, Felder, & Fuller, 2000; Lau, Beckman, & Agogino, 2012; Zeitun, Abdulqader, & 
Alshare, 2013), but that stance is rejected by others (Laeser, Moskal, Knecht, & Lasich, 2003; 
Okudan & Bilén, 2003; Okudan, Horner, Bogue, Devon, & Russell, 2002). Starting with a 
middle ground approach, a study by Hamlyn-Harris et al. (2006) asserted that the length of the 
project should dictate the level of gender diversity on a team. Specifically, it was found that 
long-term projects (5+ months) benefited from mixed gender teams but short-term tasks (5 
weeks) were better suited for homogenous gender teams. The additional time spent together 
during the long-term projects is thought to allow students to become better acquainted and 
capitalize on females’ communication skills. Further supporting the argument that there is not 
just one ‘right’ way to account for gender when assigning teams is research by Mills et al. (Mills 
et al., 2010) who, in response to how to divide up females among groups, state, “…this 
question must be worked out in the particular context that applies to those women in the 
course” (p. 144). 

Transitioning to the homogenous side of the argument, we see in physics education that when 
assigning lab partners, females paired together had higher lab quiz sores and an increased 
level of self-efficacy as compared to co-ed partners (Shi, He, Wang, & Huan, 2015). 
Interestingly, males in the same study were unaffected by coed or single-sex lab partner 
assignments (Shi et al., 2015). Additionally, it has been shown that first year students who 
participated in homogenous teams perform at a higher level as compared to mixed-gender 
teams (as measured by a revised design report scoring rubric, originally developed by Leydens 
and Thompson (Laeser et al., 2003; Leydens & Thompson, 1997). This is thought to relate to 
the maturity of the students and further supports the necessity to consider the characteristics 
of individuals when assigning teams (Cur eu & Pluut, 2013; Rosser, 1998).  Gender diversity 
has also been seen to have a negative effect on design team performance; in one study as the 
number of females on a team increased, design performance decreased (Okudan & Bilén, 
2003). Specific to engineering, it has also been found that the overall grade of homogenous 
teams are slightly higher than mixed gendered teams (Okudan et al., 2002). 

The research that supports heterogeneous teams indicate that mixed gender teams in 
engineering have, on average, higher group ratings (based on average of peer ratings) 
compared to same sex teams (Kaufman et al., 2000). This finding was also supported in non-
engineering courses, such as business, in which mixed gender teams performed better than 
homogenous groups (as measured by final group grade) (Zeitun et al., 2013). Though both of 
these studies were centered on classroom learning,  this finding has been shown to hold in 
research groups at a university as well (Joshi, 2014). Gender balanced faculty positively 
influenced these groups, and as the number of women increased within the research group, 
females’ expertise was more frequently capitalized on, further increasing the group’s overall 
productivity (as indicated by number of publications, weighted according to the prestige of the 
publishing source). This finding is further supported by additional research which indicates that 
gender diversity contributed to higher complexity of groups’ collective knowledge, which has 
direct benefits for emergent cognitive structures (Cur eu & Pluut, 2013).  

Though the research appears to be divided on whether gender diversity hinders or enhances 
PBL, it has mainly focused on the performance of the team as a whole and not the role that 
each individual took within the team. Understanding the roles individuals take in conjunction 
with team performance could provide additional insight on what aspects of gender diversity 
that can enhance individual outcomes. For instance, it has been found that in engineering, 
females typically take a supportive role in group work and less often a technical role (Meadows 
& Sekaquaptewa, 2013). They are the organizers and writers of the group instead of 
contributing technical knowledge to the project. Not only do females take the less technical 
roles typically, they are also less likely to recognize this gender bias (Meadows & 
Sekaquaptewa, 2013). Taking on this gender stereotypical role can negatively affect female’s 
learning, causing a greater gap in knowledge between them and their male peers. The 
problems are exacerbated when females are assigned singularly to an all-male team. The 
female takes on the role of ‘mom,’ and is often ‘picked on’ by other members of the team 



(Meadows & Sekaquaptewa, 2013). To combat this problem, it has been suggested that roles 
should be assigned and rotated by the instructor (Rosser, 1998). Not only does this strategy 
allow students to learn a role they are often not comfortable with, it also puts them at an 
advantage later on as they are better equipped to fully participate in a team and break free 
from their expected gender role (Rosser, 1998). 

In 2014 and 2015, semi-structured interviews were conducted with thirty-nine engineering 
professors from three different institutions in different parts of the United States. As 
summarized in Table 1, the interviewees represented a mix of Assistant (n=13), Associate 
(n=11), and Full (n=15) professors, and the full range of engineering disciplines that exist at 
each of the three institutions were included in the study. Several also held administrative 
positions. There were eighteen women interviewees and twenty-one men.  

Table 1. Overview of Participants and Response Rates

Group N Participated N Invited Response Rate 
Assistant professor 13 44 30 

Associate professor 11 46 24 

Full professor 15 66 23 

Women 18 63 29 

Men 21 93 23 

Recruitment was done through a combination of maximum variation sampling and purposeful 
random sampling (Patton, 1990), and recruitment efforts are discussed in greater detail 
elsewhere (Beddoes, 2015). The goal was to recruit interviewees who were randomly selected 
in order to avoid a participant pool who all had involvement with women in engineering 
initiatives, such as would have been the case if recruitment was done through listservs for 
women in engineering organizations, for example. (That is not to say that the random sampling 
did not enroll some participants with involvement in women in engineering initiatives). Public, 
departmental websites were used to randomly generate names. Yet, within the parameters of 
random sampling, purposeful steps were taken to recruit a full range of engineering disciplines, 
career levels, and an approximately even number of men and women.  

The interviews covered a wide range of topics that have been identified in prior scholarship as 
contributing to either the gendering of engineering and/or women’s underrepresentation in 
engineering. The overarching aim of the interviews was to better understand what and how 
engineering faculty members think about gender in engineering. Because they were semi-
structured interviews for which the majority of participants could not spare unlimited time, not 
every interview could cover every topic to the extent I would have liked. Two interviews did not 
cover the topic of team formation. Additionally, eight of the thirty-nine participants did not utilize 
teamwork, bringing the number of professors discussed in this analysis to twenty-nine.

Gender was largely not on participants’ minds when they thought about team formation. In fact, 
one participant described how her department had recently been having a lot of formal 
discussions about facilitating teamwork, but that gender has never come up in these 
discussions. Participants’ practices for forming teams spanned the full range of possibilities, 



as summarized in Table 2. Eight participants mentioned that they had changed their practices 
at some point, or that they vary it from year to year, and those numbers are accounted for in 
Table 2, with several participants being counted in more than one category. By far the most 
common practice was to let students choose their own teams.  

Table 2. Prevalence of team-formation practices 

Practice #  of Participants 

Students self-select teams 19 

Teams assigned with consideration of gender 7 

Teams assigned with no consideration of gender 6 

Other 1 

Those who allowed students to self-form had a variety of reasons for doing so. The two most 
common reasons were that they thought students should be able to work with people they felt 
most ‘comfortable’ with, and that the teams were working on projects with different topics and 
students should be able to pick the project that was most appealing to them topically. Likewise, 
participants who formed teams did so for a variety of reasons. Those who formed teams with 
no consideration of gender either had no specific rationale or engaged a discourse along the 
lines of “you don’t get to pick your team in the real world so they need to get use to that now.” 
Those who took students’ gender into consideration when forming teams differed in both 
practice and reasoning. Some spread the women out across teams, others tried to ensure they 
had more than one woman on each team, and others said it depends. One participant utilized 
a combination of strategies: she first allows students to form their own groups of two, and then 
she combines them into teams of four. Of the thirteen participants who did assign teams, there 
was no pattern in terms of correlation between professors’ gender, career level, or discipline 
and whether or not they took gender into consideration when assigning teams. However, they 
were all at two institutions, meaning that all participants at one institution let students self-
select teams.  

A common theme in the discussions was that participants did not know why they did what they 
did. The following quotation from a female full professor is representative of what many said: 

I just do it randomly right now. I’ve experimented with other models like putting all 
the girls together or making sure there are two girls in a team. I do it randomly now 
and I’m not exactly sure why I do it that way [laughter]…I don’t know. I don’t know 

why I’m doing it that way [laughter]. It could just be laziness. 

Similarly, when asked why he changed his practices, a male associate professor chalked it 
up to laziness: 

Participant: But actually, more recently in classes I’ve just allowed teams to form 
themselves and just allowed people to go with who they were closest to and not try 

to interfere too much. 

Interviewer: Was there a reason you changed? 

Participant: Laziness [laughter]. I think. Well, also, I mean…[women] tend to sit in 
groups that they’re comfortable with. So I just let it happen naturally. 

Eight participants had changed the way they form teams over the years, but most of those 
could not identify a reason why they changed.  



It was also common for participants to state that they knew the research says you should do 
one thing, but they ignore that and do another thing. A female full professor explained why she 
lets students self-select despite knowing it goes against recommended best practices: 

I know that the research says it’s better to have at least two girls in a group or 
something, and I think I just do it because I think well, work is like that, you’re 

going to be by yourself…I don’t know. I think it’s just mostly because you’re gonna 
have to deal with it, so you might be the only girl in a group and you have to just 

deal with it (laughter). I might do it differently now [after the interview]… (laughter) 

A male assistant professor echoed this: 

[In graduate school], I took a class in course design. There was a piece of 
research that suggested if you assign teams, it is better to have underrepresented 
students with other underrepresented students or always in the majority on a team. 
Just statistically they found the underrepresented students have better outcomes if 
you do it that way. For my classes though, I’ve been trying to let people self-select 

so they are more comfortable.  

Others went against recommended best practices for other specific reasons. For example, a 
male full professor said that he had had a negative experience one time: he had put the small 
number of women in the class together on one team (as the literature would recommend), but 
they were offended by this and had complained, so he stopped doing that. As another example, 
a male associate professor worried about getting in trouble. He reasoned that it is illegal to 
treat women any differently than men at the university and so he could lose his job if anyone 
knew he was taking gender into account when assigning teams. 

Gender and team roles were also almost wholly absent from teamwork discussions, with only 
two participants actively doing anything about team roles. A female full professor implements 
a rule that women cannot be the team note-takers, and a female assistant professor had a rule 
on team roles: all team members must take turns acting in each role to ensure that everyone 
has a chance to do everything. Otherwise, she said, the women get relegated to note taking 
and management roles and do not get experience with the hands-on technical work. Indeed, 
this was a common discourse that will be discussed further in future work: women often take 
on the ‘leadership’ roles in teams, and this was seen as a good thing. The issue, however, is 
that in engineering cultures, it is still the ‘technical’ work that tends to be more highly valued, 
despite increasing assertions that ‘soft’ skills should be valued. 

Professors’ previous experiences often influenced their chosen method of team formation, with 
the predominate method being self-selection. Though research suggests that students gain an 
understanding of who not to work with in the future through self-selection (a valuable lesson to 
learn), it often does not align with the intended outcomes of teamwork. Several instructors even 
acknowledged that their methods go directly against recommended ‘best practices.’ Those 
decisions were sometimes attributed to ‘laziness’, but other times to student feedback.  

Those professors who assigned teams were roughly evenly split when asked if they considered 
gender during the team assignment process. Though it is encouraging that at least a proportion 
of the instructors considered gender when assigning teams, previous research indicates this 
as a major component that should be taken into account when forming teams. As discussed 
in the literature review, not only has it been shown that gender composition of teams affects 
overall team performance, but also that students benefit on an individual level when gender is 
considered in combination with other student characteristics during team formation (e.g. 
maturity level of students or abilities). Our findings therefore suggest that there is a need for 
further integrating gender awareness into faculty development, especially around PBL.  



Less than one-fifth of the professors considered gender in team formation and even fewer 
considered how gender affects the roles played by students within a team. Two instructors did, 
and the rules they enacted for division of team roles directly discouraged females from taking 
on stereotypical roles. As noted, research supports this strategy because taking the less 
technical roles is detrimental to women in engineering education, and roles should thus be 
assigned and rotated to give all team members experience. The low number of faculty who 
take into consideration team roles is alarming and presents an opportunity for future faculty 
development materials.  

Being aware of the research appears to initially inform professors about ‘best practices,’ but 
their experiences and personal obstacles have prevented them from widely implementing 
those strategies in their classrooms. This lack of wide-spread use of ‘best practices’ in regards 
to teamwork is puzzling and suggests a possibility that recommended ‘best practices’ are too 
overarching and do not account for the intricacies found within an actual classroom and across 
varying levels of coursework. The conflicting evidence found in the literature review also raises 
questions about recommended ‘best practices’ and indicates that there is a need for further 
research on gender and PBL. Other research has found that transportation-engineering 
instructors focus most of their course planning and decision-making on lectures, as opposed 
to other course components (Peters et al., Forthcoming). Indeed, our interviews revealed that 
many professors had not put a great deal of time into reflecting upon their teamwork practices. 
It is promising however that three participants explicitly said that being asked about their 
practices in the interview made them realize that they needed to pay more attention to gender 
in teamwork or to change their practices.  

Our current research has brought to light areas within the field of teamwork research that need 
further development. As part of our ongoing work, we are exploring the topic of gender and 
teamwork through a systematic literature review, as well as expanding the analysis at hand to 
account for other aspects of teamwork, namely student experiences and assessment. 
Informed by these research findings, and in collaboration with faculty development experts, we 
are creating faculty development materials to promote increased gender inclusivity in 
engineering education.  
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Why are students choosing STEM and when do they make their 
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Structured Abstract
BACKGROUND OR CONTEXT
The higher education sector plays an important role in encouraging students into the STEM 
pipeline through fostering partnerships with schools, building on universities long tradition in 
engagement and outreach to secondary schools. Numerous activities focus on integrated 
STEM learning experiences aimed at developing conceptual scientific and mathematical 
knowledge with opportunities for students to show and develop skills in working with each 
other and actively engaging in discussion, decision making and collaborative problem 
solving. (NAS, 2013; AIG, 2015; OCS, 2014). 

This highlights the importance of the development and delivery of engaging integrated STEM 
activities connected to the curriculum to inspire the next generation of scientists and 
engineers and generally preparing students for postsecondary success. The broad research 
objective is to gain insight into which engagement activities and to what level they influence 
secondary school students’ selection of STEM-related career choices at universities. 

PURPOSE OR GOAL
To evaluate and determine the effectiveness of STEM engagement activities impacting 
student decision making in choosing a STEM-related degree choice at university.

APPROACH
A survey was conducted with first-year domestic students studying STEM-related fields 
within the Science and Engineering Faculty at Queensland University of Technology. Of the 
domestic students commencing in 2015, 29% responded to the survey. The survey was 
conducted using Survey Monkey and included a variety of questions ranging from academic 
performance at school to inspiration for choosing a STEM degree. Responses were analysed 
on a range of factors to evaluate the influence on students’ decisions to study STEM and 
whether STEM high school engagement activities impacted these decisions.  To achieve this 
the timing of decision making for students choice in study area, degree, and university is 
compared with the timing of STEM engagement activities.

DISCUSSION
Statistical analysis using SPSS was carried out on survey data looking at reasons for 
choosing STEM degrees in terms of gender, academic performance and major influencers in 
their decision making. It was found that students choose their university courses based on 
what subjects they enjoyed and exceled at in school. These results found a high correlation 
between enjoyment of a school subject and their interest in pursuing this subject at university 
and beyond. 

Survey results indicated students are heavily influenced by their subject teachers and 
parents in their choice of STEM-related disciplines.  In terms of career choice and when 
students make their decision, 60% have decided on a broad area of study by year 10, whilst 
only 15% had decided on a specific course and 10% had decided on which university. The 
timing of secondary STEM engagement activities is seen as a critical influence on choosing 
STEM disciplines or selection of senior school subjects with 80% deciding on specific degree 
between year 11 and 12 and 73% making a decision on which university in year 12.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Although the data does not support that STEM engagement activities increase the likelihood 
of STEM-related degree choice, the evidence suggests the students who have participated in 
STEM activities associate their experiences with their choice to pursue a STEM-related 
course.

It is important for universities to continue to provide quality engaging and inspirational 
learning experiences in STEM, to identify and build on students’ early interest and 
engagement, increase STEM knowledge and awareness, engage them in interdisciplinary 
project-based STEM practices, and provide them with real-world application experiences to 
sustain their interest.
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A Template for Change  - Demonstrating how reforms in 
engineering education can be delivered successfully

Keith Robinson  
The University of Auckland

Structured Abstract
BACKGROUND OR CONTEXT
Many employers’ organisations, industry practitioners and academics recognise that 
engineering education is in need of reform to meet the ever increasing complexities and 
challenges of today’s world. Teaching engineering science in specialist swim lanes - isolated 
from the essential professional skills of the “real” world is outmoded and places engineers at 
a disadvantage when it comes to competing for board room appointments against other 
professions.  Employers continue to be frustrated at the effort required to convert a new 
graduate into a “fit for purpose” professional engineer. Industry led professional 
development, post-graduation, can be a mixed bag, largely dependent on the company and 
the personalities involved. 

Like golf, bad habits can develop at an early stage in a profession and may take many years 
to correct. 

This paper demonstrates that it is possible to kick start professional life with a solid, well 
rounded, multidisciplinary, top down, system wide, foundation – particularly when its 
accompanied by some early exposure to leadership and best practice in major projects.  This 
“application led” “systems” approach offers many benefits but it does mean a distinct change 
in the way engineering education is delivered.  Such change is notoriously difficult * but this 
programme  shows that the necessary reforms can be achieved in spite of some very real 
challenges - producing engineers who can lead and integrate as well as engineer. 

*Achieving Excellence in Engineering Education: The Ingredients of Successful Change, The
Royal Academy of Engineering 2012)

PURPOSE OR GOAL
The overall aim of this programme has been to implement a worked example which 
demonstrates how a model “application led”, “systems” approach can be introduced into the 
challenging conditions of a large scale, faculty wide, application. The intention is to establish 
an exemplar and provide a template for change which others might follow as evidence of 
success is demonstrated by the results of this programme. 

The paper, which represents the culmination of a ten year journey, describes the teaching 
content, the teaching policies and how “the biggest change in 30 years” was delivered in 
Auckland. It characterises the barriers and enablers and describes the many lessons learned 
on route to a successful outcome.

APPROACH
The paper will discuss the author’s early experience at University College London 
(sponsored by the Royal Academy of Engineering) where a “systems approach” was 
introduced into the curriculum together with a series of ever challenging “systems scenarios”. 
These provide students with a representative, “fast forward” experience of a major project. 
The paper then describes how this “application led” approach was subsequently migrated to 
a large scale, faculty wide opportunity at the University of Auckland.  



The change was particularly challenging as each years’ cohort contained some 600 students. 
Nevertheless a full scale step change, across the entire faculty was successfully completed 
in 2014.  

The paper will describe the development of a constructivist, “learning by doing” approach.  It 
will describe the “systems” content and the “application led” teaching policies and the 
progressive longtitudinal, year on year, programme which was formally adopted by the 
faculty in 2013. Content now includes leadership, ethics and advocacy, managing the design 
-systems engineering, managing a project and managing a business.  The courses also 
covers advanced communications, innovation, and entrepreneurialism. Assignments include 
the preparation of a business plan as an entrepreneur and subsequent review as an investor.  
The Systems Scenarios, which are designed to replicate a representative experience of a 
major project, are undertaken as group work by students working in teams of up to 25. The 
scenarios cover topics as wide ranging as “the Recovery of Christchurch” (2011), “Managing 
a Movie” (2014) and Re-engineering Enterprise New Zealand (2014). A major advance on 
anything covered previously.  

DISCUSSION
Initial reaction to the new “systems” approach was mixed and the paper will discuss how 
views have changed since the programme started in 2010. It discusses the conflict with 
competing priorities for budget, timetabling and resources.  In particular the paper discusses 
the competing influence of a “research led” approach Vs an “application led” approach. The 
paper catalogues the many challenges which had to be overcome to make the programme 
succeed. It contrasts University College London and the University of Auckland and shows 
how their different attitudes influenced events and the outcomes. The paper indicates how 
content and teaching policies evolved in the light of experience during the transition. The 
barriers and enablers will also be discussed and the key lessons learned will be highlighted. 

Student surveys and course feedback shows that the “systems” content and the “application 
led” approach has now been fully accepted by students. During interviews with future 
employers they find their technical skills are taken for granted and instead, the interview 
concentrates on their leadership skills and their practical systems scenario experience. 
Feedback from alumni suggest that their new “systems” capabilities provide valuable benefits 
in the workplace and that they are now influencing more experienced colleagues as 
committed advocates of the “systems” approach.

The value of the “systems” as part of the curriculum is also increasingly recognised by 
employers – “Just the kind of course I would like to have been on”. Derivatives of the course 
are  being delivered as Executive Education programmes in Auckland.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The "systems" approach was formally adopted by the faculty in July 2013

“Systems” and the “application led” teaching approach now forms a key component of the 
Faculty’s forthcoming accreditation with IPENZ in August 2015. This particular accreditation 
is one of the first to be conducted against the latest revisions of the Washington Accord and 
the author is expecting to include an update at the conference.

The experience at Auckland shows that the “systems” approach is effective and “works”.  
The programme now enables students to master entirely new professional capabilities and to 
enjoy exciting new horizons with their longer term careers. 

The Auckland experience shows that complex change can be delivered successfully across 
a faculty even within a challenging, large scale environment. 



The success of the “application led” approach and its attendant teaching policies has been 
demonstrated as has the means of delivering the changes required. However, there are 
some important lessons to take on board to ensure success and the paper will summarise 
the key elements of a template for change. 

Given the success of this worked example and the benefits it delivers it is hoped that this 
paper provides some encouragement and some practical help for those “champions for 
change” who are on a similar journey.
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Success at tertiary level – analysis of factors that impact on 
improved performance

Tim Wilkinsona, David Loweb and Archie Johnstonb  
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Structured Abstract
BACKGROUND OR CONTEXT
“Success” at tertiary level is often measured by some combination of individual unit pass 
rates, individual marks and entire degree completion rates.  These measures are often highly 
influenced by students at the two ends of the performance spectrum, and can often fail to 
identify how the bulk of the students in the middle are performing other than passing.  This 
paper aims to consider if there is another way to measure success.  

A number of studies have explored the extent to which these measures can predict 
subsequent student University performance.  Wurf and Croft-Piggin consider not just ATAR 
but a range of other measures. Lowe and Johnston studied the correlation between students’ 
undergraduate performance and their responses to a range of broader questions regarding 
their motivation and aptitude prior to commencing their University studies. Knipe also 
considered whether ATAR could be used to predict the likelihood of completing degree 
programs.  Lowe, Wilkinson & Johnston have recently analysed a large data set of university 
entry scores compared with yearly average marks in engineering degrees to investigate 
correlation between specific subject choices at high school and engineering degree 
performance at a gross level, and are seeking to use this paper to refine the analysis and 
interpretation further.

PURPOSE OR GOAL
This paper investigates whether “improvement”, as defined by ranking with respect to marks 
within a cohort, is a reasonable measure of success.  Naturally the net improvement as 
measured by rank within a cohort must be zero – for every student who moves up in a 
ranking list of students another student must move down that list.  However this paper seeks 
to investigate if any specific groups, identified by gender, secondary school subject 
performance, or degree type shows a statistically meaningful level of improved performance 
(or otherwise).  The results could improve admissions processes through selection of 
students who are most likely to improve through the course, and maybe also an ability to 
better support those students who can be identified as most likely to struggle.

APPROACH
The data analyses the performance of local students enrolled in undergraduate Engineering 
and Information Technology related degrees at The University of Sydney for a period of 
approximately 10 years.  Incoming students are ranked in accordance with their ATAR.  
Students are then subsequently ranked within the cohort based on their average marks in 
their first year, and over the entirety of the degree.  Improvement or otherwise is then defined 
when a student’s decile within that ranking list changes.  Deciles were chosen as the most 
reasonable and smallest level of performance distinction for which a change could be 
assumed to be meaningful.  International students are not included due to the lack of 
consistency in the data in the entry scores.  Smaller cohorts were then chosen based on 
subject and level attempted at high school, both at individual subject level and broader 
contexts such as science or non science.  Gender differences and degree type (single or 
combined degree).



DISCUSSION
The current analysis is ongoing, so the results are not finalised yet.  However it is anticipated 
that the analysis will reveal if any specific groups, identified by gender, secondary school 
subject performance, or degree type shows a statistically significant higher or lower 
performance than the cohort mean.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Meaningful results from the discussion will hopefully identify from a new perspective if any 
cohorts appear to respond more favourably than others to the current education practices 
within engineering.  This will assist engineering educators in assessing if current practice 
needs to be adjusted if particular cohorts appear to be under-performing, and similar learn 
from what might be contributing to the better performing cohorts.
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Structured Abstract
BACKGROUND OR CONTEXT
More than 1000 students enrol in first-year engineering at The University of Queensland 
every year. They are required to enrol in a course titled “Engineering Design” in the first 
semester of their studies. They sign on to one of the mechatronics, chemical, civil and mining 
engineering projects. Each year, approximately 20 percent of these students elect the mining 
project. They experience a 13-week journey of individual and group work to undertake 
research, design, construction and operation of a scale-model of a mining machine. Since 
2012, a new mining project has been prepared and introduced to the students every year. 
The 2015 project exposed students to the full design, manufacturing and operational 
processes of a Load, Haul and Dump (LHD) machine used in underground mines. Students 
were provided with opportunities to think creatively and test new and ingenious ideas within 
an interactive hands-on learning environment. They received strong support and 
engagement from industry partners throughout their project work. The final demonstration 
and operation of each team’s unique machine impressed a panel of judges consisting of 
senior engineers and project managers. This paper presents the innovative strategies used 
in this project that enhanced student curiosity and engaged them in an interactive and 
industry-related learning environment.

PURPOSE OR GOAL
The project aims to use an industry based problem to provide student engineers with 
exposure to concepts and issues in engineering in order to achieve the required learning 
outcomes. These learning outcomes are: to gain an insight to engineering design, to provide 
an introduction to the engineering systems approach, introduce working effectively in teams, 
and experience in time a project management.

APPROACH
Achieving the project aims was completed by aligning assessment items with learning 
objectives, utilizing the three fundamental forms of learning. Individualistic learning is used 
during the first three weeks of semester while student undertake research into the field. After 
this, students were organized into teams to start working as a cooperative unit. They worked 
in these teams to complete the design, construction and operation of the LHD. The 
competitive form of learning was utilized throughout the semester, but is highlighted in the 
last week when students compete against each other to achieve the highest productivity, in 
order to receive the highest marks possible. Continuous monitoring and feedback is provided 
in various forms, both formally in class sessions, and through other mediums such as 
Facebook. Throughout the semester, industry professionals are invited to run workshops and 
seminars on various topics related to the project. These same guests are invited back to the 
demonstration day in the last week of semester to judge the competition, and provide prizes 
for several of the top teams, as well as sponsoring a barbeque lunch for all involved.

DISCUSSION
Through the targeting the project aims and using each of the learning styles effectively, 
students have become more engaged than previous years, and have ranked the project 
above the other available choices within the subject. Further to the project outcomes, the 



learning outcomes of the project can be extended into other academic endeavours, and 
further into each students’ professional career.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
It is evident through the use of the approaches outlined that student engineers perform at a 
higher level when each of the learning forms is used effectively, and there is exposure to the 
industry in which they are working. The use of social media provides a platform of which 
most students are familiar, making it an effective tool to further the communication and 
learning experience as a whole.



The importance of hands on education for the learning process of engineering students is 
well documented (Gibbs and Simpson, 2005). In the first semester of the engineering 
curriculum at The University of Queensland (UQ), students enrol in a project-based course: 
Engineering Design (ENGG1100). The course offers four different projects from which 
students elect one to enrol in. They cover all engineering disciplines taught at UQ. One of 
these projects is a mining project, which incorporates mechanical and electrical elements to 
produce a prototype of a piece of mining machinery. For many years, The Mining Project 
focused on theoretical design independent of any real practical context. Poor student 
performance and feedback indicated a low level of engagement and interest in the project. In 
2011, the course was significantly restructured to resolve the issues related to student 
learning and address students’ feedback. Since then, The Mining Project has put equal 
emphasis on research, design, build and operation of the prototype to reinforce student 
engagement and the hands-on learning experience. The Mining Project has included the 
production of a scale-model Dragline in 2012, a Bucket Wheel Excavator in 2013 and an 
Electric Mining Shovel in 2014 (Figure 1). 

Figure 1: (a) Dragline -2012 (b) Bucket Wheel Excavator-2013 and (c) Electric Mining 
Shovel-2014 

In 2015, The Mining Project involved students carrying out initial research, design, 
construction and operation of a Load Haul Dump (LHD) machine (Figure 2). The LHD 
machine is a key piece of equipment used in underground metalliferous mining for both 
development and production. These machines load broken ore or waste into a large bucket 
and haul it to the ore or waste pass where it is dumped from the bucket. LHDs can be driven 
by an on-board operator, operated remotely by an operator standing nearby in safety, or fully 
autonomous where the functions are repetitive – e.g. hauling from a draw point and 
delivering broken ore to an ore pass through the same drive every time. The machine is 
designed to operate in an underground environment with limited headroom and drive width. 
Consequently it is articulated but compact. 

Figure 2: Load Haul Dump (LHD) machine-2015 

This paper presents the journey of this project and the reasoning behind the methodologies 
that were put into place in order to promote deeper learning and provide a unique 
engineering educational experience. 

a b c



The Mining Project is structured such that continuous monitoring takes place through well 
designed assessment items that are aimed to encourage students to progressively reach 
important milestones in a timely manner on their project throughout the semester. Since it is 
the assessment that will most capture student attention, educators must leverage this to 
make as best use of it as possible (Craddock and Mathias, 2009). Assessment should be 
aligned to the aims, objectives, learning outcomes and course content (Hargreaves, 1997). 

In its basic form, learning (and the continuous monitoring and assessment that enables 
educators to measure this) can be structured in such a way so that students work together 
(collaboratively), on their own (individualistically) or, by competing with each other 
(competitively). These are not mutually exclusive and can occur concurrently. The 
individualistic approach tends to be the more traditional, in the sense that students are 
expected to absorb from their teacher or textbook and then reproduce this. The merits of 
working collaboratively are well publicised by authors including Johnson and Johnson (1995) 
and Johnson et al. (1995) as this utilises the social constructivism transmission model of 
learning. The notion that better decisions are made when working collaboratively by avoiding 
one another’s mistakes is extensively discussed by Awerbuch (2008) within a computer 
sciences setting. The Mining Project utilises all three basic forms of learning so that these 
complement each other to encourage deeper learning. Continuous monitoring of individual 
and group performance to provide formative feedback was carried out on a weekly basis with 
tutors meeting with their respective teams during project sessions. 

Continuous evaluation throughout the semester also enabled numerous opportunities for 
students to receive formal constructive feedback. The importance of continuous evaluation 
(assessment) in higher education to allow regular feedback has been well documented. 
Gibbs and Simpson (2005) provides a discussion around 8 key conditions under which 
assessment supports student’s learning. Interestingly, 5 of the 8 conditions in some way 
relate to feedback and the way this is given to students. To further show the importance of 
feedback, Ramsden’s (1991) study of student course evaluations shows that the most 
common distinguishing factor between the best and worst courses was whether or not 
students received helpful feedback on how they were progressing. Rapid and quality 
feedback in promoting deeper learning has been well established and can also provide 
students with additional motivation to push their learning further. It is important for students to 
know if the direction they are taking is appropriate. Rapid feedback allows them to clearly 
define the gap between their current level of knowledge and their desired level of knowledge 
(Sadler, 1989). This empowers them to take ownership of their learning. Students were 
required to submit progressive assessment (individual, cooperative and competitive) on a 
continuous basis throughout the semester. 

During their time in ENGG1100, students not only attend their designated project sessions, 
but also a series of workshops and lectures that are run for the entire course. These 
sessions provide the basic framework of the course that enables students to participate and 
achieve within their chosen project. Topics covered include, but are not limited to: 

• Safety in engineering;

• Project management;

• Data presentation;

• Sustainability;

• Failure mode analysis and effects; and,

• Engineering decision making.

Through these lectures and project sessions, eight learning outcomes are aimed to be 
achieved, these are the ability to: 



1. Approach a complex and realistic engineering design task;

2. Locate, evaluate, use and cite information from a variety of sources;

3. Communicate through professional standard written, oral and graphical mediums;

4. Use basic project management  processes, tools, and record keeping;

5. Work effectively in an engineering team, including critical evaluation of personal and
peer contributions;

6. Demonstrate competence in interpreting sustainability concepts, and incorporating
them in the engineering design process;

7. Demonstrate personal development, such as time management, ownership of
learning and critical reflection of personal professional development; and,

8. Demonstrate professional development, such as adhering to the responsibilities of a
professional engineer through critical reflection of engineering ethics, ability to meet
deadlines, and incorporation of risk management, as well as health and safety
aspects in design.

While the lectures and workshops cover the theory of many concepts that contribute to the 
learning objectives, students actively put them into practice in the project sessions with help 
from tutors and project leaders as required. The combination of lectures, workshops and 
project sessions provide the pedagogical framework to achieve the desired learning 
outcomes. 

The Mining Project has been offered in ENGG1100 for many years, and repeatedly proves 
popular with students, achieving the highest project scores during the end of semester 
course evaluations, significantly ahead of the other projects. As this project is taught with an 
emphasis on interactive and hands on learning, students are continuously using engineering 
practices to complete the task. While this project provides a clear introduction to both the 
mining industry and mining systems, the learning outcomes can be extended into any strand 
of available engineering degrees at UQ, and further into the student’s professional career. 

At the beginning of the first semester in 2015, students were provided with the project brief 
that outlined the learning objectives, details of the projects and set of tasks as well as 
providing a series of constraints that they should consider in their design (e.g. dimensions, 
budget, and limited number of motors). The project brief included the working space in which 
the designed and built LHD machine must operate (Figure 3). 

Figure 3: Working space for the LHD project. 



The working space had the following specifications: 

• The draw point is bounded by a wooden box (height=200 mm, width=300 mm);

• A wooden box with (height=350 mm, width=300 mm) bounds the ore pass;

• The roadway has a rectangular cross section (height=200 mm, width=250 mm);

• The entire working area except the starting area, draw point and ore pass has a roof;

• The sides and roof of the tunnel are made of clear Perspex to allow for vision; and

• The tunnel roof is removable in order to allow for cleaning and removal of machines.

Students’ prototypes were required to achieve the following four motions (Figure 4): 

1. Propulsion (travelling of the whole machine both forwards and backwards);

2. Articulation (steering);

3. Raising and lowering of bucket; and,

4. Tip and level the bucket.

Figure 4: Primary motions of an LHD 

The full operating cycle to be demonstrated included the following steps: 

• The LHD is initially positioned in the allocated starting area;

• The LHD travels to the ore pile;

• The LHD digs into and collects material from the ore pile;

• The LHD travels to the dump location;

• The LHD dumps the load into the dumping area; and

• The LHD repeats this process for the allowed time (5 minutes).

The LHD had to comply with the following design guidelines: 

• The fully assembled length is in the range of 0.3-0.5 m;

• The assembly includes only one bucket;

• No more than four motors can be used;

• Power is supplied by batteries. Battery location is optional (on-board, or external);

• Control philosophy is at the discretion of each team as is the number of operators;
and

• The LHD is able to dump over a 50 mm raised ledge into the ore pass.



With the project brief provided, students followed a well-developed learning pathway. This 
pathway started with a comprehensive review (research) of prior developments relating to 
the project, followed by the design, construction and operation of the prototype machine, as 
depicted in Figure 5. Students attended weekly workshops during the semester, which 
consisted of three weeks of individual research and preliminary design (weeks 1-3), four 
weeks of group work on conceptual design and critical evaluation (weeks 4-7), four weeks of 
group work on prototyping, building, trailing and revision (weeks 8-11) and two weeks of 
group work on testing, operation and demonstration (weeks 12-13). This learning pathway 
introduced the first year students to the engineering practices and processes that would be 
used throughout the rest of their academic and professional careers. 

Figure 5: Learning Pathway 

During the research stage of the project, students conduct a comprehensive review of 
existing LHD technologies, manufacturers, applications and new developments. Experts in 
the field and professionals from LHD manufacturers such as Joy Global, Sandvik and 
Hastings Deering were invited to present workshops to the students. These sessions ranged 
from how and where LHD machines are used in mining, the physical components of an LHD, 
to challenges in maintaining such machines in underground conditions. Students were 
provided with essential background knowledge to both the mining industry, and to the project 
at hand while working on their preliminary investigation reports. After three weeks of 
individual research and investigation, students submitted their reports which contained their 
individual findings on existing solutions to the problem to be overcome, as well as some 
initial design work that could be shared with their team. This initial report was submitted, 
marked and handed back to students within seven days in order for feedback to be given 
before they progressed further into the project. 

After students completed their preliminary investigation reports, they were sorted into the 28 
teams of five or six that they worked in for the remainder of the semester. These teams were 
formed by the course coordinator based on the students’ Belbin team role system results 
(BELBIN, 2103). To do this, each individuals two highest scoring roles were identified, then 
groups were composed such that between the five to six people, each of the nine roles in the 



Belbin team role system were represented. Teams were required to produce a team charter 
outlining who was responsible for handling various aspects of the project, as well as outlining 
meeting times, communication methods and team structure. As well as students being put 
into teams, the tutoring team was each assigned groups that they were responsible for. This 
provided each group with a first point of contact for any subject related matters, and allowed 
the tutor to provide continual feedback to both the groups, and the individuals within them. 
During this phase of the project, students shared designs from their initial research and 
combined elements of each to form the initial design of their LHD machine (Figure 6). 
Students refined their designs as they deemed necessary in order to meet all constraints and 
criteria. Once elements of the machines were finalised, students were able to begin 
construction. 

Facilities were provided for students on campus that had all basic hand tools and some 
power tools. This allowed students to construct their prototypes after appropriate training had 
taken place, and under competent supervision. Some students chose to build their 
prototypes off campus as they had access to other technologies. For example, some 
students used 3D printing to manufacture the LHD frame and bucket.  During week 9 of the 
semester, in the construction phase, teams presented a build milestone (Figure 7) that 
showcased what sections of their prototype were complete and functioning, as well as ideas 
to move forward with the rest of construction. This build milestone provided an opportunity for 
the project leaders, tutors and other students to ask questions and to learn from other 
groups.  

Figure 6: Students reviewing potential design 
options 

Figure 7: Students showcasing their building 
progress 

During the last two weeks of the semester, students finalised the construction of their model, 
examined the operational features of their LHD and made the final revisions to the structure. 
On the last Friday of semester one 2015, all teams in The Mining Project demonstrated their 
prototypes in three sessions starting from 9 am and finishing at 5 pm (Figure 8). 

Figure 8: Students demonstrating their LHD prototype on demonstration day 



In addition to the assessment carried out by the course staff, several industry professionals 
were invited to judge each machine on its creativity, robustness, innovation and simplicity. 

Each team’s prototype was measured and scrutinised to ensure that they met all the design 
criteria, and were within all constraints. In addition to this assessment of the prototype, the 
productivity of each teams unit was ranked against every other team in the project. This 
competitive assessment was what encouraged teams to produce the best prototype that they 
could in order to achieve the highest mark possible. 

The industry judges also sponsored prizes for many of the top placed teams, as well as a 
barbeque lunch for all involved. The main value of this engagement was the exposure of 
students to industry that involved experienced engineers from Sandvik, Anglo American, Joy 
Global and Hastings Deering. 

Social media was used to provide a platform for interactive discussions between students, 
tutors, project leaders and lecturers outside of the classroom. Students were also provided 
with a document that contained approximately 100 frequently asked questions that were 
related to project sessions, team issues, online resources, preliminary investigation report, 
design, build, logbook, library access, final report, and demonstration day. 

In order to maintain ongoing quality assurance, UQ conducts routine course and teaching 
evaluations which gives students the opportunity to voluntarily and anonymously rate and 
provide feedback. The success of The Mining Project is demonstrated by consistently 
positive evaluation scores from students since 2012 (Table 1). In 2015, The Mining Project 
received a student evaluation score of 4.0 out of 5.0 which was higher than the student 
evaluation scores obtained by other projects. As the course evolves there is an ever 
increasing student demand that must be satisfied to maintain consistently high evaluation 
scores. Each year these demands have been met by The Mining Project, which is a 
differentiating factor from the other projects.

Table 1: Student evaluation score (out of 5.0) 

Year Mining
Project

Other 
Projects 

A B C 

2012 4.0 4.1 3.7 3.4

2013 4.0 4.0 3.7 3.9

2014 3.9 3.6 3.9 3.5

2015 4.0 3.5 3.9 3.8

The Facebook initiative to promote student interaction was introduced in 2011 by The Mining 
Project and has been positively received by students (Table 2). This approach has also been 
adopted by other project leaders since 2013.

Table 2: Student feedback on the use of social media in the project (out of 5.0) 

Student Feedback Mining 
Project 

Other Projects 
A B C 

Facebook was helpful 
for getting answers 4.6 4.5 4.4 4.2 



The project has continually received industry support and attracted funding to support 
students and prizes for winning projects.  

“It was my pleasure to be involved and thank you very much for the invitation.  It was a great 
day.  There was excellent energy within the teams and some great work completed.  All of the 
students should be proud of their achievements and I would like for you to pass on my 
congratulations to them all, and to you and the tutors for the sound guidance they have 
provided.  Universities are crucial to the sustainability of not only our industry but to the 
community at large. People such as yourself should be lauded as heroes as you are nurturing 
innovation and fostering a lifelong love of learning amongst some of the best young brains in the 
country.” (Principal Engineer, Anglo American, 2015)

It is not only students completing The Mining Project and industry representatives 
participating in it that appreciate its merits. Later year students who completed the project 
several years prior are also still recognising the implications of the project in seeking 
employment or working as a graduate engineer as evidenced in the following quote: 

“Applying for scholarships in my first year of study was difficult as they ask you for examples of 
when you have displayed various qualities. With only high school and a few months of university 
as experience, I felt my responses would be limited. I was greatly rewarded however, when I 
was able to give numerous examples of my ability to work in a team, problem solve, time 
manage, communicate with my peers and staff and complete my goals all as a result of 
ENGG1100. Whenever I had the opportunity to tell these stories in an interview or during an 
application, the employer had positive responses as this evidence of qualities I say I have is 
invaluable now that I have examples. There are very few other opportunities through the 
curriculum at university to develop all of these skills and in this way I think ENGG1100 has 
helped me enormously on my journey to becoming a qualified engineer.” (ENGG1100 Student, 
2012) 

The most important aspect is the quality of the project team in The Mining Project. Students 
need to see a team (particularly tutors) that are enthusiastic, dedicated and approachable 
and that also understand the journey from start to finish. A diverse tutor team ensured a 
balanced mix of experienced and new tutors. The more experienced tutors were able to 
guide the newer team members. None of the achievements of The Mining Project would 
have been possible without tutors and project leaders that are committed to making this an 
enjoyable experience for all.  

Another vital aspect has been continued project renewal. Some other projects within the 
ENGG1100 course fell into the trap of recycling projects from past years without significant 
change. Students immediately notice this and begin questioning the dedication of the project 
team. Developing a completely new project each and every year is an extensive and time 
consuming task; it, however, maintains a higher level of alertness within the project team. 
Using a new project each year provides an opportunity for the project team and other 
academic staff to work collaboratively in the development of the project, by sharing their 
individual areas of research and expertise. While the structures and processes in producing 
the prototypes are largely known, having just enough unknown elements within the project 
ensures that the project team is undertaking the journey together with the students.  

Facebook was also integral to the success of the project. This provided a platform that 
facilitated easy and direct communication between students themselves as well as students 
and the project team. This did however require regular attention which can be time 
consuming. In some circumstances students tended to revert to asking questions on 
Facebook rather than undertaking some important research themselves. It was thus vital to 
distinguish between these circumstances and to provide the appropriate level of guidance. 
As with any larger project team, it is imperative that all members are consistence in 
answering student questions, marking assessment and providing feedback. Any major 
discrepancies between what one tutor and another say can lead to confusion and ambiguity 



and thus be detrimental to the overall experience. In order to minimise inconsistencies 
wherever possible it is vital all team members attend regular meetings throughout the 
semester, moderate all assessment and maintain clear and open communication channels. 

The Mining Project has confirmed the effectiveness of combining three modes of learning: 
Individualistic, collaborative, and competitive. Not only has this learning pathway proven 
highly successful over several years, it continues to be popular with students. The Mining 
Project incorporates a wide range of learning experiences. As such, it is inspirational for most 
students seeking to settle into a life-long commitment to the engineering profession. Working 
in a group of peers with whom they may have never met is in itself a broadening experience 
that introduces and reinforces essential life skills. This experience also exposes students to 
working in a multi-cultural learning environment.  

A valuable learning experience not at first evident involves the tutors. These are all students 
themselves from second, third and fourth year engineering, so the processes of group and 
project management for which they are responsible add greatly to their personal and 
professional growth. During the course of the project, interaction with mature industry 
personnel, and their factual presentations, ensures a formative understanding of industry 
realities and fundamental knowledge for aspiring engineers.  
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BACKGROUND OR CONTEXT
Conducting critical review and being a critical thinker are two major competencies expected 
from Civil Engineering students after graduation from university. Despite the emphasis on the 
above skills as the obtained graduate attributes, industry has expressed concerns about 
inability of students to integrate teamwork, communication, and oral presentation skills with 
critical thinking (investigators’ industry network and previously reported by Roy & Macchiette, 
2005 and Scott 2009). Although traditional teaching techniques such as lectures and 
classroom quizzes and exams help students to obtain the technical knowledge and assess 
themselves, implementing debates in engineering subjects can effectively facilitate critical 
thinking as well as oral presentation skills. Vo and Morris (2006) used debate to supplement 
the traditional lecture by engaging the learner allowing the teachers to create an environment 
that supports students move away from just receiving knowledge into an atmosphere of 
active participation. Additionally, as highlighted by Dickson (2004), debating contemporary 
issues in the classroom can be an invaluable approach for encouraging critical thinking.

The research team has attempted to improve the learning experience of Civil Engineering 
students by introducing debate activities in engineering subjects. This will encourage the 
students to be active learners (against passive learner or lecture receivers). The research 
team considers this process as an activity (what students actually do) and not a task (the 
work prescribed by the teacher). In this project, a main stream civil engineering subject, 
namely Soil Behaviour which is a third year undergraduate subject is targeted. 

PURPOSE OR GOAL
As students progress from orientation to graduation, they need to learn disciplinary research 
skills as well as actively participate in research activities and inquiry. Debate as a teaching 
tool, has a place in engineering educational methods because it allows students to enhance 
critical thinking through investigating arguments, engaging in research, gathering information, 
performing analysis, assessing arguments, questioning assumptions, and demonstrating 
interpersonal skills. The ultimate goal of this project is to improve communication and critical-
thinking skills of students and to enable students to develop characteristic ways of critical 
and creative thinking by participating in debates on current issues in civil/geotechnical 
engineering. 

The following outcomes will contribute to implementation of new combined eLearning and in-
class strategies to systematically improve skills, knowledge and behaviour of our civil 
engineering students to operate effectively in a changing global environment, in line with 
UTS strategic plan and model of learning as well as the graduate attributes of the faculty of 
Engineering and Information Technology:

• Encouraging students to support and listen to each other for clarifying ideas and
showing interest in respecting peers contributions

• Sharpening students’ ability to quantify issues from various perspectives

• Providing a vibrant learning environment for students to be active participants

• Strengthening students’ teamwork skills through delegation involvement, sharing tasks,
interacting and communicating effectively



• Developing specific skills such as analysing, synthesising and evaluating supported
arguments in students using debate as a learning tool.

APPROACH
After consultation with the industry partners and the senior civil and geotechnical engineers, 
we introduced In-Class Debate which is an active and flipped learning method for 
undergraduate students. It is believed that Civil Engineering students in their second and 
third year have acquired the fundamental knowledge (e.g. basic engineering and 
communication subjects) and skills which are the basic requirements to form a logical 
technical argument after research. Each semester eight to ten different debate topics 
including title/question, key challenges, opportunities, and a few initial references to start 
have been distributed in the tutorial classes. Students have been encouraged to form their 
groups and prepare their arguments in the group and the subject coordinator has been 
organising debate sessions in the tutorial classes as well as some of the lecture classes. The 
new collaborative theatres and collaborative spaces available at the University of Technology 
Sydney (UTS) have been facilitating the required collaborative group work for planning and 
presenting the debates.  The topics have been controversial, to persuade students to 
evaluate not only their own points of view, but other possible viewpoints as well. This has 
been a new learning activity in Civil Engineering with the express purpose of developing 
students’ oral communication skills, and developing the kinds of professional presentation 
skills students would require in the workplace.   Students learn how to research and prepare 
material for a debate on an infrastructure/socio-political issue. In addition, each debate group 
was mentored by senior engineering students (PhD students).

DISCUSSION
All the members of distinguished panel of judges including senior academics, engineers and 
strategists from both university and civil engineering firms involved in design and 
construction of infrastructure were invited to give comments to participating students. In 
addition, each group received the written comments and feedback of panel judges about 
group performance and aspects to improve. Students very much welcome these constructive 
comments.

Statistical analysis of results shows that students with better performance in debate activity 
have performed better in the final exam, which is totally independent assessment task. 
Clearly, the averaged final exam mark of students actively participated in the activity and 
presented a better debate is higher than that of other students.

Judges from both academia and industry believe the debate activity adopted in Soil 
Behaviour subject fosters teamwork and leadership, encourages critical thinking, research 
and communication skills of Civil Engineering students. In addition, the adopted in class 
debates help spontaneity and "thinking on your feet" and develop persuasion skills. 
Obviously, the "competitive" framework of a debate adds an element of individual urgency 
while at the same time the friendly/nurturing environment makes it non-threatening and 
enabling.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Considering the new campus development and innovative teaching/learning spaces 
available, and in line with the new teaching and learning initiatives at the University of 
Technology Sydney (UTS), by including In-Class Debates we can reengineer our 
approaches to teaching and learning to use new spaces and classroom facilities. Availability 
of new collaborative theatres and collaborative learning spaces will facilitate the required 
collaborative group work for planning and presenting the debates. Using online discussion 
boards and subject folders, students can access the digital sources available and prepare 
their arguments prior to coming to classes to be engaged in active and collaborative 



discussion while being mentored. Introducing the in-class debates are considered as flipped 
learning aligned. 

By selecting controversial topics, students were encouraged to evaluate not only their own 
points of view, but other possible viewpoints as well. This has been a new learning activity in 
Civil Engineering with the express purpose of developing students’ oral communication skills, 
and developing the kinds of professional presentation skills students would require in the 
workplace. Students learn how to research and prepare materials for a debate on an 
infrastructure/socio-political issue. 



Conducting critical review and being a critical thinker are two major competencies expected 
from engineering students after graduation from university. Despite the emphasis on the 
above skills as the obtained graduate attributes, industry has expressed concerns about 
inability of students to integrate teamwork, communication, and oral presentation skills with 
critical thinking (investigators’ industry network and previously reported by Roy & Macchiette, 
2005 and Scott, 2009). Application of eLearning combined with face-to-face activities 
(conveniently labeled “blended learning”) in the university education can give opportunities 
for small group discussions and collaboration, the possibility of creating extended learning 
communities, and access to specialists who are otherwise difficult to bring in to the 
university. According to Biggs (1999) and Prosser & Trigwell (1999), student factors and 
teaching/environmental factors are the key items significantly influencing the university 
students learning outcomes. As highlighted by Biggs (1999), what matters most is the nature 
of the students’ activity: what they do, what and how they think when working. Student 
activity is directly related to learning outcomes. Other factors such as the approach to 

Goodyear, 2002). 

Past re
from passive learners to active learners improves their learning experience and assist them 
to obtain the desirable skills much faster. Lectures and step by step problem solving in 
university classrooms are mainly dominated by the passive learning strategy, thus 
implementing active learning strategies, such as discussions, role playing, case studies, and 
debate can be adopted. Although traditional teaching techniques such as lectures and 
classroom quizzes and exams help students to obtain the technical knowledge and assess 
themselves, the use of debates in engineering subjects can effectively facilitate critical 
thinking as well as oral presentation. Vo and Morris (2006) used debate to supplement the 
traditional lecture by engaging the learner allowing the teachers to create an environment 
that helps students move away from just receiving knowledge into an atmosphere of active 
participation. Additionally, as highlighted by Dickson (2004), debating contemporary issues in 
the classroom can be an invaluable tool for encouraging critical thinking. 

An in-class debate has its own place in pedagogical methods allowing participating students 
to critically analyse a controversial topic while practicing other academic competencies such 
as writing, investigating arguments, gathering information through research and public 
speaking to name but a few (Scott, 2009). It is a public nature of the debate format that 
motivates participating students to perform well. Likewise, these debate participants would 
further acquire the time managing and organising skills, and teach themselves to collaborate 
efficiently with their partners. As suggested by Walker and Warhust (2000), the debates in 
the classroom have been effective in developing critical thinking by letting students to 
connect while learning subject knowledge. Evidently, the statistical report given by Walker 
and Warhust (2000) has revealed that 82% of students believed that they understood the 
subject matter, and 85% stated that they gained valuable experiences through the debate 
activity.     

Nevertheless, many Civil Engineering subjects and projects still require students to follow the 
existing national and international standards and procedures step by step for design and 



construction purposes. Thus these subjects do not give students the opportunity to build their 
critical thinking and communication skills by being active learners and not being only the 
recipients of the knowledge (passive learners). In this project, the research team shares the 
experience for providing alternative learning activity (in-class debate) in a core Civil 
Engineering subject named Soil Behaviour replacing parts of traditional tutorial classes and 
the assignment based assessment. 

After consultation with many industry partners and senior civil and geotechnical engineers, 
the research team introduced “In-Class Debate”, which is an active and flipped learning 
method for undergraduate students. It is believed that Civil Engineering students in their 
second and third year have acquired the fundamental knowledge (e.g. fundamental 
engineering and communication subjects) and skills which are the basic requirements to form 
a logical technical argument after research. Each semester eight to ten different debate 
topics including the title/question, key challenges, and a few initial references to start have 
been distributed in the tutorial classes. Students have been encouraged to form their groups 
and prepare their arguments in the group and the subject coordinator and tutors have been 
organising debate sessions in the tutorial classes as well as some of the lecture classes. The 
new collaborative theatres and collaborative spaces available at the university have been 
facilitating the required collaborative group work for planning and presenting the debates 
(see Figure 1). This has been a new learning activity in Civil Engineering with the express 
purpose of developing students’ oral communication skills, and developing the kinds of 
professional presentation skills students would require in the workplace.   Students learn how 
to research and prepare material for a debate on an infrastructure/socio-political issue. In 
addition, each debate group has been mentored by senior engineering students (PhD 
students). This learning experience has contributed to implementation of new strategies to 
systematically improve skills, knowledge and behaviour of our civil engineering students to 
operate effectively in a changing global environment.  

Fig. 1 New Collaborative Learning Space at the 
University of Technology Sydney (UTS) used by 
students to prepare for the debate 

The defined debate topics have been directly or indirectly related to some of the lectures 
which has allowed the research team to monitor the students’ improvement in that specific 
part as well as the whole subject. The instructors have introduced sufficient resources for 
research helping to support both opposing viewpoints, and the online subject website has 
been used for this purpose. 



This active learning activity has been running in class and students have been advised to 
form their groups and prepare their arguments in the group and there has been debate 
sessions in the tutorial classes as well as some of the lecture classes. The debate topics 
have been controversial, to persuade students to evaluate not only their own points of view, 
but other possible viewpoints as well. Sample debate topics adopted are as follows: 

Should Australia Invest on Extraction of Coal Seam Gas From the Ground (CSG)?

Is Shale Gas Viable Solution to Solve Energy Problem in Australia?

Shall We Construct More Large Dams in Australia?

Should We Build Airports Closer to Sea or Inland?

Does Australia Need to Invest on High Speed Rail?

Should Australia Invest More on Rail Transport or Road Transport?

Does New South Wales Need More Investment on Bridges or Tunnels?

In the first round of debate, each group member talks 1.5 min presenting the supporting facts 
and argument. We go back and forth between groups till all 4 members give their prepared 
talk (1 from one side of the argument then 1 from the other side of argument and back and 
forth). Thus in 12 min all group members had a chance to present their argument. In the 
second round, again each group member has a chance to present further argument and 
possibly try to respond to some the comments made by the other group or present more 
facts and evidence. Again, we will go back and forth between groups till all 4 members 
present their responses. After each debate, each panel member is given 2 min to give short 
comments about the debate.  There have been two assessments in the grand final debate 
session; one done by panel of distinguished judges and another people’s choice. On the 
basis of the presented arguments, bonus mark up to 10% (considered as an optional part of 
the assessment) were offered to the participants. Alternatively, incentives such as certificate 
of participation or success, book vouchers and cinema tickets were also offered for 
encouraging the students to deliver higher quality arguments.  A  ballot was hold among 5 
members of the panel of judges to select the best presented discussion. Criteria of 
assessment and selecting the best side of the argument have been as follows: 

Presenting argument logically supported by facts and evidence

Professional presentation of argument

Extent of literature review conducted and understanding of the topic.

Consideration of technical, social, environmental and political aspects in the
argument

How properly the group could respond to the arguments of the other group

Research students possess many skills that make them great mentors, such as their 
technical expertise, critical thinking and ability to review available information, to synthesise 
and present the outcome. PhD students can also act like a reviewer or a person who can 
steer the group work so that quality of arguments would be brought to a new high level. PhD 
students who worked with debate groups were advised to stress the importance of team 
work. Team arguments need to be strong and fully backed by reliable data. Arguments need 



to be sorted into groups of arguments, which was then assigned to 
each responsible member. They should be also able to assess and respond to any possible 
opponents' arguments. Initially, a few groups were weak at communication skills; hence to 
make sure everything goes smoothly, mentors asked participating students to report back to 
the mentors frequently. The other challenge was to work with those who initially lack 
motivations and enthusiasm. One way to get through this was to set them high, but realistic, 
expectations. Mentors and the subject coordinator taught students how to relate what they 
debate with practical real life examples, as well as with students' own experience. It was 
evident that successful groups were those who took the ownership of what they were doing.  

On average 40% of students participate in this optional activity each semester (total number 
on subject enrolment varies between 170 and 210 per semester). The debate training 
sessions were organised for participating students and a professional trainer from the 
Institute for Interactive Media & Learning (IML) provided several debating skills supported 
with hints and examples. Discussions such as how participants would define terms clearly, 
brainstorm ideas and arguments in a short period of time, or provide evidence and ethical 
data to support arguments etc. were highlighted. In the training sessions, importance of 
maintaining coherence and eloquence throughout the speech and some strategies to 
achieve this ability were discussed. Based on students’ feedback, one of the most useful tips 
was to start off the speech in an academic manner by using some popular debate phrases 
(e.g., I agree/disagree with…, in addition to your comments…,), and these phrases could 
handsomely link arguments together and engage the audience. While managing an engaging 
explanation, the trainer was able to exude sense of humour throughout the training sessions 
and participants could successfully gain some presentation skills from the training session. 
The tips given in the training session could help the students to structure their speech 
logically and deliver sufficient information within the time constraint. Some participants further 
developed their eloquence and confidence in front of the crowded. Furthermore, as 
emphasised by the panel of judges most of participants were able to show eye contact with 
the audience while giving a speech.  

Students enrolled in the Soil Behaviour subject and more specifically the students who have 
been involved in this activity were asked to participate in a survey and give the lecturers 
(investigators) some feedback about the implemented active learning model through 
debates. Samples from anonymous online Students’ Feedback Surveys about application of 
debate activity helping with student learning experience are presented below: 

“Throughout the soil behaviour subject, debating was the most exciting activity. This activity not only 
motivated me to do research to understand more about my debate topic, but it also helps me to 
combine all the knowledge that I have learnt from all the previous subjects. In addition, doing research 
for my debate topic with my team helps me update my knowledge and understand different aspects 
when building a project in the civil engineering area. That will definitely be a good preparation for me 
before I come out the work field”. Survey 105567, 48330-SPR-U-S-LEC1-01. 

“I like the idea of debating. It is such a new and interesting activity. Instead of doing normal/ original 
report research, debate is much more fun and it is also great to listen to other student's points of view 
about the current engineering issues. My friends and me absolutely like it”, Survey 105567, 48330-
SPR-U-S-LEC1-01. 

Debate and discussion boards were setup on Facebook as well as UTSOnline (using 
Blackboard Learn). As mentioned earlier, eight to ten debate topics will be available and 



debate boards were setup for each topic and students could choose their preferred topic and 
join either side of the debate. Different sides of the debate can comment on each other’s 
arguments for or against. In other words, students will form two perspectives of pros and 
cons, and express their opinion and contradict each others' arguments. Instructors will 
monitor the debate discussions and if necessary introduce some new references to be 
considered. As mentioned earlier, each debate group was coached by PhD students helping 
the debating students to refine their arguments and guide them through to find reliable 
sources to support their arguments.  

All the members of distinguished panel of judges including senior academics, engineers and 
strategists from both university and civil engineering firms involved in design and 
construction of infrastructure were invited to give comments to participating students. In 
addition, each group received the written comments and feedback of panel judges about 
their group performance and aspects to improve. Those constructive comments were well-
received by students.  Some highlights of students’ feedback about the comments from the 
distinguished panel of judges are as follows: 

“The feedback that our group has received from the panel of judges, lecturer and our tutor are very 
useful. It helps our group to _understand clearly the tasks that we have to do _perform better 
teamwork _present ourselves in a professional way and _improve our arguments to perfection”, 
Survey 105567, 48330-SPR-U-S-LEC1-01. 

“It was a very good experience to participate in the debate as I was able to further my thinking about 
the complex issues involving transport. It was great to listen to the response from the judges was 
constructive”, Interview undergraduate student R.G. who participated in the debate Activity in Autumn 
2015. 

Members of panel of judges particularly those involved in strategic planning and design and 
construction of infrastructure were interviewed to receive their feedback on different aspects 
of this activity. Following are the highlights of comments made by them: 

“I believe the debate activity adopted in Soil Behaviour Subject at UTS fosters teamwork and 
leadership, encourages critical thinking, research and communication skills of Civil Engineering 
students. In addition, the adopted in class debates help spontaneity and "thinking on your feet" and 
develop persuasion skills. Obviously, the "competitive" framework of a debate adds an element of 
individual urgency while at the same time the friendly/nurturing environment makes it non-threatening 
and enabling”. Written Feedback received from a Member of Distinguished Panel of Judges, Executive 
Manager, Research and Innovation Office (RIO). 

In the next step, a statistical analysis has been undertaken based on the performance of the 
students in Soil Behaviour subject as summarsied in Figs 2 and 3. 



Fig. 2 Statistical Analysis Results for Soil 
Behaviour Subject Autumn 2015 

Fig. 3 Statistical Analysis Results for Soil 
Behaviour Subject Spring 2014 

As shown in Figs. 2 and 3, students with better performance in debate activity have 
performed better in the final exam, which is totally independent assessment task. Clearly, the 
averaged final exam mark of students actively participated in the activity and presented a 
better debate has been higher than that of other students. The feedback received from 
students show that the debate activity had encouraged students to do research and they 
were motivated to learn more about soil behaviour. It should be noted that better students 
were strongly motivated to succeed, thus overall they performed much better in both debate 
and the exam. 

Considering the new campus development and innovative teaching/learning spaces 
available, and in line with the new teaching and learning initiatives at the University of 
Technology Sydney (UTS), by including In-Class Debates, research team could reengineer 
their approaches to teaching and learning to use new spaces and classroom facilities. 
Availability of new collaborative theatres and collaborative learning spaces could facilitate the 
required collaborative group work for planning and presenting the debates. Using online 
discussion boards and online subject website, students could access the digital sources 
available and prepare their arguments prior to coming to classes to be engaged in active and 
collaborative discussion while being mentored. Introducing the in-class debates are 
considered as flipped learning aligned.  

The following outcomes will contribute to implementation of new combined eLearning and in-
class strategies to improve skills and knowledge civil engineering students need in the 
workplace, in line with the university’s strategic plan and model of learning as well as 
faculty’s graduate attributes: 

Providing a proper opportunity for students to know and understand their peers better
for further teamwork activities
Engaging students in active learning through online and in-class ‘activities’.
Encouraging students to support and listen to each other for clarifying ideas and
showing interest in respecting peers contributions
Developing specific skills such as analysing, synthesising and evaluating supported
arguments in students using debate as a learning tool
Strengthening students’ teamwork skills through delegation involvement, sharing
tasks, interacting and communicating effectively



Encouraging students to develop critical thinking, active listening, researching,
problem solving, reasoning, questioning, and communicating skills through the
debate process
Inspiring students and staff to adopt active learning and interactive teaching,
respectively
Familiarising Civil Engineering students with debatable/challenging topics in
Geotechnical discipline
Sharpening students’ ability to quantify issues from various perspectives
Providing a vibrant learning environment for students to be active participants

This research can be further developed by monitoring students' performance in other 
university subjects needing team work, communication skills, and critical review and 
research skills to further evaluate effectiveness of the adopted debate activity. In addition, 
graduates can be interviewed after joining industry to assess how the debate activity has 
helped them to be successful in the workplace, while further feedback from the employers 
would be beneficial.  

The research team has attempted to improve the learning experience of Civil Engineering 
students by introducing debate activities in engineering subjects. This could encourage the 
students to be active learners (against passive learner or lecture receivers) and we consider 
this process as an activity (what students actually do) and not a task (the work prescribed by 
the teacher). In this project, a main stream civil engineering subject, namely Soil Behaviour 
has been targeted. Feedback received from the students has indicated that the developed in-
class debate activity has been effective in improving communication and critical-thinking 
skills of students. Availability of new collaborative theatres and collaborative learning spaces 
could add great advantages to enhancing the efficiency of collaborative group work, in terms 
of planning and preparation for the debates. In addition, available online discussion boards 
and online subject website would provide flexibility for students to access digital resources 
and prepare their arguments.  

The professional training sessions, on the other hand, could equip participants with important 
tips to improve the argument presentation skills while were trained to overcome the panic 
and fear of making mistakes during the speech. International students, whose English is not 
their first language, were particularly encouraged to attend the training sessions helping them 
to obtain profound presentation skills not only for Soil Behaviour debate but also for their 
future career.   
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Volunteering for success: strategic design and implementation of 
the Icarus Program

Kevin Sevilla and Joseph Gattas
The University of Queensland

Structured Abstract
BACKGROUND OR CONTEXT
The traditional model of engineering education that incorporates a series of lectures, 
homework sets, practical sessions and exams have been in place for quite some time, and is 
practiced at a large number of institutions throughout the world. Within the context of 
engineering education literature, the debate over the merits of design-based education and 
other alternatives tends to reside within a credit-based context. As seen by the results of this 
paper, the potential of co-curricular programs that complement curricular efforts remains an 
understudied and potentially exciting field of inquiry within engineering education.

PURPOSE OR GOAL
This is a practice-based paper outlining the development and implementation of a co-
curricular program in the school of civil engineering. The paper outlines four phases of 
development, the details of each phase, how it was received by academic staff, and how the 
experience lead to the next iteration describe a story that is applicable to other institutions 
seeking the same or similar outcomes. As illustrated by the acceptable model of 
implementation, the ideal situation for academic reform resides in a mutually beneficial 
situation that connects students with realistic experience in engineering that simultaneously 
assists academics in the progression of their research interests.

APPROACH
This paper outlines four phases of pitches for educational reform within the school of civil 
engineering and the corresponding response from the committees and personnel in charge 
of adopting them.

DISCUSSION
The major outcome of this paper is a description of the pilot Icarus Program, what conditions 
were accepted by the staff in charge of implementing them, and the initial application data.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Based on the experiences outlined in this paper, it is apparent that drastic curricular change 
has many hurdles that can be difficult to overcome in the short term. In place of curricular 
change, co-curricular programs offer a viable lens to pilot educational innovations in a non-
threatening way such that potential benefits can be seen without speculation. Moving 
forward, fine tuning the model and recommendations regarding structure, staff effort, and the 
effects of participation will be studied and disseminated further.
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Abstract concepts made real: A pilot study examining pedagogical 
approaches in thermodynamics tutorials

Bianca Capraa, Les Dawesb and Richard Brownb  
The University of Queensland a and Queensland University of Technology b

Structured Abstract
BCKGROUND OR CONTEXT 
Thermodynamics is a core concept for mechanical engineers yet notoriously difficult. 
Evidence suggests students struggle to understand and apply the core fundamental 
concepts of thermodynamics with analysis indicating a problem with student 
learning/engagement. A contributing factor is that thermodynamics is a ‘science involving 
concepts based on experiments’ (Mayhew 1990) with subject matter that cannot be 
completely defined a priori. To succeed, students must engage in a deep-holistic approach 
while taking ownership of their learning.  The difficulty in achieving this often manifests itself 
in students ‘not getting’ the principles and declaring thermodynamics ‘hard’

PURPOSE OR GOAL
Traditionally, students practice and “learn” the application of thermodynamics in their 
tutorials, however these do not consider prior conceptions (Holman & Pilling 2004). As 
‘hands on’ learning is the desired outcome of tutorials it is pertinent to study methods of 
improving their efficacy. Within the Australian context, the format of thermodynamics tutorials 
has remained relatively unchanged over the decades, relying anecdotally on a primarily 
didactic pedagogical approach. Such approaches are not conducive to deep learning 
(Ramsden 2003) with students often disengaged from the learning process. Evidence 
suggests (Haglund & Jeppsson 2012), however, that a deeper level and ownership of 
learning can be achieved using a more constructivist approach for example through self-
generated analogies. 

This pilot study aimed to collect data to support the hypothesis that the ‘difficulty’ of 
thermodynamics is associated with the pedagogical approach of tutorials rather than actual 
difficulty in subject content or deficiency in students. 

APPROACH
Successful application of thermodynamic principles requires solid knowledge of the core 
concepts. Typically, tutorial sessions guide students in this application. However, a lack of 
deep and comprehensive understanding can lead to student confusion in the applications 
resulting in the learning of the ‘process’ of application without understanding ‘why’. The aim 
of this study was to gain empirical data on student learning of both concepts and application, 
within thermodynamic tutorials. The approach taken for data collection and analysis was:

1. Four concurrent tutorial streams were timetabled to examine student
engagement/learning in traditional ‘didactic’ (3 weeks) and non-traditional (3 weeks). In each 
week, two of the selected four sessions were traditional and two non-traditional. This 
provided a control group for each week.

2. The non-traditional tutorials involved activities designed to promote student-centered
deep learning. Specific pedagogies employed were: self-generated analogies, constructivist, 
peer-to-peer learning, inquiry based learning, ownership of learning and active learning. 

3. After a three-week period, teaching styles of the selected groups was switched, to
allow each group to experience both approaches with the same tutor. This also acted to 
mimimise any influence of tutor personality / style on the data. 



4. At the conclusion of the trial participants completed a ‘5 minute essay’ on how they
liked the sessions, a small questionnaire, modelled on the modified (Christo & Hoang, 2013) 
SPQ designed by Biggs (1987) and a small formative quiz to gauge the level of learning 
achieved. 

DISCUSSION
Preliminary results indicate that overall students respond positively to in class 
demonstrations (inquiry based learning), and active learning activities. Within the active 
learning exercises, the current data suggests students preferred individual rather than group 
or peer-to-peer activities. Preliminary results from the open-ended questions such as “What 
did you like most/least about this tutorial” and “do you have other comments on how this 
tutorial could better facilitate your learning”, however, indicated polarising views on the non-
traditional tutorial. Some student’s responded that they really like the format and emphasis 
on understanding the concepts, while others were very vocal that that ‘hated’ the style and
just wanted the solutions to be presented by the tutor.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Preliminary results indicated a mixed, but overall positive response by students with more 
collaborative tutorials employing tasks promoting inquiry based, peer-to-peer, active, and 
ownership of learning activities. Preliminary results from student feedback supports evidence 
that students learn differently, and running tutorials focusing on only one pedagogical 
approached (typically didactic) may not be beneficial to all students. Further, preliminary data 
suggests that the learning / teaching style of both students and tutor are important to 
promoting deep learning in students. Data collection is still ongoing and scheduled for 
completion at the end of First Semester (Australian academic calendar). The final paper will 
examine in more detail the results and analysis of this project.
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TRIZ Evolutionary Approach in Engineering Education

Komsomolsk-on-Amur State Technical University 

Structured Abstract
BACKGROUND OR CONTEXT
Currently, learning technologies are required to transfer huge amount of knowledge within a 
limited time in the condition of continuous creative process. This is clearly contradictory 
requirements. Certain educational technologies do not meet these requirements (Gin, 2004). 
In traditional educational technology, there is a gap between requirements applicable to the 
student in the educational process, and requirements that arise later in a real professional 
activity. Multilevel differentiation (Balliro, 1997) means formatting groups of students on the 
basis of their age or skills, adapting the learning process to the cognitive abilities of each 
student. It allows using time for learning effectively. However, it does not solve the issues 
related to the obsolescence of knowledge. Project-based learning (Markham, 2011) gives 
insufficient attention to the creative part of a learning process and can be reduced to the 
creation of "templated" learning projects of similar content. One of the new methods that 
rapidly gain popularity in the world, is a problem - contextual study based on cases (Trowle, 
2010). The Case - study method proved to be highly effective; however, it does not solve the 
problem of limited time to learn the necessary amount of knowledge. Analyzing the 
considered approaches in respect to the contradictory requirements, three ways to improve 
educational technologies are identified: improvement of the multi-level differentiation 
approach to maximize the amount of acquired knowledge; improvement of the project-based 
learning approach to maximize eliciting students' creative potential; improvement of the case-
study method in order to minimize the time spent on learning.

PURPOSE OR GOAL
The paper aims to identify main trends of the learning concepts development and describe 
the TRIZ evolutionary approach (Berdonosov, 2006) as a method, which allows resolving the 
fundamental contradiction in education.

APPROACH
The TRIZ evolutionary approach (Berdonosov, 2006) allows realizing these ways of 
improvement and is defined by the following conceptual statements. Firstly, evolution of a 
system starts from a base system’s element. Such an element can be initial or the significant 
development stage (fragment) of an initial element. Secondly, contradictions occurred in a 
system are considered as moving forces of its evolution. Thirdly, a system moves to the next 
evolutionary stage when contradiction(s) are eliminated. TRIZ tools that help eliminate 
contradictions can be always identified. Fourthly, all stages of the base element (system) 
evolution can be visualized with the help of a TRIZ evolutionary map. Such a map is a tree 
where the base element is a root and stages (iterations) of evolution are branches. Such a 
representation allows systematizing knowledge in different fields effectively. The map not 
only represents cause-effect relations of a system development, but allows predicting the 
next stage of the system evolution. Fifthly, after mastering the base element and 
fundamentals of TRIZ, students independently “discover” all following stages of the base 
element evolution of a knowledge field, i.e. students independently construct a TRIZ 
evolutionary map with the help of active teacher consultancy.

DISCUSSION
Such TRIZ evolutionary approach was used by educators of Komsomolsk-on-Amur State 
Technical University for structuring knowledge in different subjects: numerical methods 



(Berdonosov, Redkolis, 2011), CASE systems (Berdonosov, Redkolis, 2011), programming 
paradigms (Berdonosov, Sycheva, 2011), object-oriented programming languages 
(Berdonosov, Zhivotova, 2012), etc. The preliminary assessment of such learning technology 
acknowledged the effectiveness of the approach.  On the basis of this approach, the authors 
have developed the educational book on the object-oriented programming (Berdonosov, 
Zhivotova, 2015), which received high accolade from specialists and was approved by the 
Russian Academic Methodological Association of Education in Applied Informatics.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Learning technology based on TRIZ evolutionary approach allows students to independently 
construct the knowledge structure of a knowledge field that is a base for adding elements to 
a tree of evolution even after finishing a university. In such a case, students are studying in a 
condition of continuous creative process. The authors consider the approach as an effective 
tool which allows students to master skills of effective learning that means getting an 
unlimited amount of knowledge in the form of systematized blocks related to each other in 
the condition of eliciting the creative potential of a student. Such skills would be demanded 
by students throughout their life.
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Quick Start to First Year Student Motivation and Better 
Employability

PJ Radcliffe and Heiko Rudolph
RMIT University

Structured Abstract
BACKGROUND OR CONTEXT
Student motivation in first year engineering is often low and this impedes learning and 
employability.  The literature reports superior motivation in mature age students  and we 
started wondering how to help the straight high school graduate leave behind the “High 
School mentality” more quickly and move to the  motivation seen in mature age students. 
Mature age students are reported to have goals which drive them along and so we started 
searching for what goals might drive a recent high School graduate.

PURPOSE OR GOAL
We aim to improve student motivation by focusing students’ attention on their employability.  

This benefits the student as they become more motivated, are more preferred as employees. 

The university will benefit as for all universities employability is a key strategic goal. 

Employers will find graduates more closely aligned to their needs.

APPROACH
We worked out the gap between what students think employers wanted and what employers 
actually wanted.  We noted that many students had no realistic understanding as regards 
employment rates and the fact that not all graduates get desirable jobs in their area of study.  

We developed a four lecture plan, taking about 15 minutes per lecture, to introduce the issue.  
This culminated in two 8 minute videos featuring employers who pointed out that 1) not all 
students will find good employment, and 2) what employers really looked for in graduates  
(which was not what students had assumed). 

Students were then very receptive to the message that- 

“Your time at university must be spent activity working out what employers want,  acquiring 
these attributes, and getting evidence of these attributes.”

In order to consolidate the student’s we asked them to do the same task a number of 
employers  ask their job applicants to do;  produce a four minute video clip applying for a 
position.  After producing the video, students were asked to reflect on their skills now, and 
the skills they would need in order to be attractive as a job applicant.

We have practiced this strategy of focusing students on “what employers really want”  in less 
formal ways over the years. 

As the formal approach is currently a work in progress the final student evaluations are not 
yet available,  but results will be available by the time the conference is held and would be 
available for presentation.

DISCUSSION
The key outcome we expect /hope to see  is that students become aware of what employers 
really want, i.e. not only technical skills, (which are often assumed as a given baseline), but 



the vital importance of soft skills such as oral and written communication.   We highlight the 
importance of a “can do” attitude, enthusiasm, and team work in finding a good position.

Our work helps to refocus students, and helps them to understand the new priorities and to 
leave the “high school” mentality behind. In short this assists the maturation process.

Given the real possibility of not obtaining a good job, our approach motivates a large majority 
of students.  For the more ambitious, who desire a top job, these students will be especially 
actively in pursuing the key skills required.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
They key benefits are that: 

For very little time spent in lectures, students can become more focused and motivated. 

A better motivated student cohort has other obvious benefits for the rest of curriculum. 

The time requirement to deliver the lecture component of our approach is modest, 
approximately 15 minutes for a four lectures.  The time spent is worthwhile as it really does 
appear to motivate students.  

The key videos are on Youtube and can be used freely.

Suggestions:

The job interview assignment might be 10% of a semester’s workload and we are happy to 
provide the assignment guidelines we have used.  

We recommend other lectures adopt this simple assignment in order to consolidate students 
understanding, and particularly the gap between what they can do now, and where they need 
to be by the end of their degree program.

Even at this early stage we have found that students are more motivated and thinking about 
how to acquire evidence they have the attributes and skills that employers want.  This bodes 
well for our  students’ employability in the long term.
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Videoconferencing for teaching and learning using highly 
interactive pedagogy

Graham Moore, Robin Stevens an son T
he University of Melbourne

Structured Abstract
BACKGROUND OR CONTEXT
Videoconferencing software is gaining increased prominence in provision of teaching and 
learning opportunities to students in communities that are remote from teachers.  Various 
situations where videoconferencing may be used include the provision of education to 
students in geographically remote locations such as indigenous communities, provision of 
education to groups of students where sufficient numbers are not present to justify a teacher, 
and bringing together international experts with extremely talented students or teachers.  In 
some cases the interaction does not depend too much on the time delay or latency in 
transmissions between teacher and student, whereas in other cases latency causes 
significant challenges to pedagogy.

PURPOSE OR GOAL
This project explored the use of video conferencing in a very demanding situation where 
audio and visual interaction between the teacher and student are paramount.  We were 
interested in discovering whether one-on-one instrumental music teaching could be 
successfully implemented using videoconferencing software.

APPROACH
An action research approach was used to develop knowledge of the interaction between 
student and teacher using a range of videoconferencing software.  We trialed both consumer 
level videoconferencing software such as Skype, VSee, Big Blue Button, and Zoom,  and 
also professional corporate level software hardware such as Medialinks and Polycom.  
Professional music teachers were based at the Melbourne Conservatorium of Music, while
senior high school students were based 120 km away at a college in Ballarat, for the delivery 
of weekly, one hour, extracurricular music lessons.  All lessons were recorded, while the 
teachers wrote reflective journals on their experience.  At the end of each teaching term the 
teachers and researchers came together to discuss the issues they faced and changes in 
practice to trial over the next period

DISCUSSION
Latencies of greater than 100 ms between teacher and student are highly noticeable when 
communicating by videoconference.  Most commercial video conferencing software uses an 
audio codec that delivers mid frequencies and preferences audio over the video signal if 
bandwidth is restricted.  For music tuition a codec that preserves and transmits a wide 
frequency range is required so that the student and teacher can faithfully discern the quality 
of the playing.  It is also desirable in most situations to keep faithful synchronization between 
the video and audio signals. While initially concentrating on the bandwidth and speed of the 
Internet connection, we found most of the delays occurred in the cameras and monitors.  
Despite the problems, the teachers found by modifying their traditional pedagogy, they were 
able to deliver meaningful lessons.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Further development of videoconferencing software to use high frequency range audio 
codecs is important for this application.  It is also as important to consider the teaching 
practice as the technical performance to achieve good outcomes.



Learning is inherently a task that can be done alone, but arguably can never be done without 
feedback.  There are countless examples of learning without human intervention.  For 
example, birds can learn to use simple tools to get food, and children can learn what types of 
foods they like through simple sensory feedback.  Kolb (1984) used the term experiential 
learning to describe the cycle of experimentation, experience, reflection, and 
conceptualisation that typifies much of our learning.  While learning can take place without 
the intervention and feedback from a teacher, the assistance of a teacher can obviously 
increase the productivity of learning many fold by guiding a learner to resources or 
experiences they may not have otherwise had, and to assist in the reflection process. 

While it is most common for the teacher and learner to be co-located, this is not always 
possible for reasons of logistics, economics, or social reasons.  Examples are K-12 lessons 
delivered to students in remote locations such as achieved by the Alice Springs School of the 
Air (http://www.assoa.nt.edu.au/the-school/), and adult learners such as engineering 
technicians receiving instruction on repairs on equipment far away from the person with the 
expertise about that equipment. 

When one considers the three learning domains – cognitive, affective and psychomotor 
(Krathwohl, Bloom, & Masia, 1973), the challenges that face distance education are 
somewhat different for each domain. While the cognitive and affective domains may be less 
dependent on real time feedback and are often successfully achieved in an asynchronous 
environment, learning skills in the psychomotor domain arguably more suited to synchronous 
teaching and learning because often the number of tasks is great and duration of a task is 
very short.  Take for example the task of learning how to print the alphabet. The time taken to 
print each character is very short as would be any feedback from a teacher on how to form 
the letter.  An asynchronous environment would achieve very slow progress in learning such 
as skill. 

It follows that there are tasks involving psychomotor skills to be learnt and in some 
circumstances it is not practicable for the teacher and learner to be in the same location.  We 
came together from different disciplines, engineering education, music psychology and music 
education, to explore a particular teaching task that is usually only attempted in a face-to-
face setting.  The task is learning how to play a musical instrument.  While some people 
learn without the help of a teacher, becoming an accomplished musician typically involves a 
teacher.  Learning an instrument is a complex task that requires complex mix of visual, 
auditory and tactile senses.  Both teacher and student need to observe aspects such as 
posture, dynamic movements of major and minor limbs, sound frequency and amplitude, 
timing, sequence of events, etc of each other, as well as the student being aware of these 
characteristics within themselves. Because of the complexity of the task, lessons are usually 
face-to-face and since explaining verbally a particular aspect is often so complex so to as 
make it totally impractical, physical demonstration of a particular aspect by the teacher is 
often used.   

It is postulated that many students miss out on the opportunity to learn an instrument due to 
lack of a teacher to conduct a face-to-face lessons.  Our discussions with secondary school 
music departments in large regional centres of Victoria reveal that it is common not to be 
able to source teachers of a range of classical instruments and voice.  In both urban and 
regional areas, music teachers commonly spend a significant portion of their day driving 
between schools to give lessons because there is insufficient demand to give a full days 
tuition at one location. 

With the advent of the Internet in the late 20th century, there has been modest interest in on-
line tuition and collaboration in the realm of instrumental music.  None have resulted in 
ongoing use of the systems. The most advanced is the LOLA (LOw LAtency audio visual 



streaming) system which attempted to solve the latency problems by designing and selecting 
all components to specifically reduce latency of transmissions (Allochio, Claudio, Buso, 
Nicola, & Drioli, 2012).  Table 1 outlines features, technical and pedagogical issues of the 
systems reviewed. 

Table 1.  Published literature on research and deployment of music tuition. 

Author System 
Name 

Year Features Technical 
Problems 

Pedagogical Problems 

Ruippo, 
(2003) 

Sibelius 
Academy 

2003 Combination of 
asynchronous and 
synchronous 
technology 

Slow 
connection 
speed 

Greater degree of 
preparation required from 
teachers and they must 
ensure that students are 
engaged. General lack of 
ICT skills among music 
teachers. 

Tait & 
Blaiklock, 
(2005) 

Riverina 
Conservat
orium of 
Music 

2005 Video conferencing 
system 

Equipment 
compatibility, 
require high 
connection 
speeds 

Lack of 360 degree view 
(especially for piano and 
harp) 

Lancaster
, (2007) 

Ultra-
video-
conferenc
ing 
system 

2007 Low-latency IP based 
video conferencing 
system 

Network 
latency 

None documented 

Duffy et 
al., 
(2012) 

Remote 
Tuition 
System 

2012 Video conferencing 
system, 1 camera at 
teacher’s location, 3 
cameras at student’s 
location 

Video system 
delays 

Teachers unable to get 
adequate views of 
students playing harp and 
piano 

Allochio 
et al, 
(2012) 

LOLA 2012 Low-latency IP based 
video conferencing 
system 

Network 
latency 

None documented 

There are many challenges to reproducing an authentic communication experience with a 
video conferencing system.  Of utmost importance is the latency or time delay involved in 
signal transmission.  Lester & Thronson (2011) have comprehensively documented issues of 
latency and indicate that the delay in signal transmission of touch from a persons finger to 
their brain is in the order of 30 ms. When a sound signal travels 20m in air from a source that 
can also be visualised, the latency of the audio signal is 60 ms and can just be detected by a 
human.  In an audio-only system such as telephony, designers attempt to keep latency below 
150 ms, and if it reaches 200 ms it is quite noticeable to users.  Apart from latency in face-to-
face communication human aural and visual sensory systems can recreate the three 
dimensional environment and for example detect the location of a sound in a room. Such 
information cannot be determined by receiving the same sound from a single microphone 
and speaker (Cooperstock, 2011).  He also reports on the issues of how many visual clues 
are used in communication. 

All commercial videoconferencing systems favour quality and low latency of the audio signal 
over the video signal.  These systems also filter the audio signal to remove both low and high 
frequency components of the audio signal not typically featured in voice signals to reduce the 
processing time and transmission bandwidth required. This results in very poor reproduction 
of music signals that require the complete range of frequencies. 



Our overall observations from the literature are that there have been significant efforts to 
reduce latency by many researchers.  Less effort has been spent on adjusting teaching 
approaches to cope with the shortcomings of videoconferencing systems or simple changes 
to videoconferencing to favour music rather than voice transmission.  We therefore decided 
to take a more holistic approach favouring development of a system that used consumer 
electronics and modified teaching approaches.  While we chose to examine music tuition, 
one-on-one or small group collaboration in engineering education faces the same challenges 
in a videoconferencing environment. 

An action research methodology was utilised for this project. Members of the project team 
included the co-researchers, associated personnel (including online instrumental teachers) 
and, postgraduate research students, as well as the school music teachers/supervisors were 
be involved in a cyclic pattern of planning, implementing, observing, and reflecting, before re-
entering the cycle again. Hardware and software infrastructure testing and/or development 
was both laboratory-based—at the University—as well as field-based— at the regional 
school location. School music teachers and student participants were recruited to take part in 
trialing of online tuition to be given by city-based instrumental teachers that allowed for the 
testing of equipment and online connectivity. The data collected was based principally on 
observation (recorded in the form of field notes by school music teachers and specialist 
instrumental teachers and as video recordings) of student-teacher interactions. In addition, 
student participants were asked to document their experiences of online tuition after each 
session through student journals. The project team (together with school music teachers 
where appropriate via teleconferencing) were involved in post-tuition reviews of the video 
recordings, student journals and field notes and in group discussion.  Concurrently 
videoconferencing and other digital streaming software and hardware was tested and 
promising solutions tested by the teachers and students. Development of a means of 
communicating music scores and annotations was undertaken in an associated project.  The 
research was conducted with ethics approval from the Human Research Ethics Committee of 
the University. 

As anticipated the principal advantage of video-conference-based tuition was that this 
medium allowed students in this regional setting to access specialist tuition that otherwise 
would not have been available in their local area.  This point was well made by the Director 
of Music at the regional school location – who acted as the on-site supervisor – who 
commented that this medium was the only way that Year 12 students, some of whom were 
aspiring to undertake further musical training, could access tertiary level teachers with the 
obvious expertise to enrich student learning.  One of the students whose chosen instrument 
– the oboe – requires highly specialised teaching remarked: “Having lessons each week
using the Internet and the programs was amazing. I was able to learn so much from a very 
accomplished teacher, and for an oboe player in a regional area, there are not many oboe 
teachers. So it was really useful to learn from someone who had a different perspective and 
teaching style to the one [local] oboe player I currently (and have always) learnt from.”  The 
same student summarised her experience in the project, stating “Overall it has been an 
amazing experience, especially being an oboe player and only having learnt from one person 
before, to learn about new techniques and approaches.” 

Even with an instrument such as drums, where there is likely to be a greater pool of teachers 
in more rural areas, the student concerned stated that he was grateful to have had the 



opinions of a someone other than local teacher:  “Although there were a few issues with the 
lessons which could only really be overcome by having lessons in the same room, it was 
worthwhile to have another view on my VCE syllabus.” His online teacher certainly 
recognised that at the end of the program, this student has gained from the online 
experience: “This being the last lesson of term, possibly the last between us, I felt that many 
learning outcomes had been achieved and that [my student’s] playing has improved. 
Together with his teacher at school ... , I feel he is able to see an overall picture of what lies 
ahead and how he can improve. The online learning experience, while having technical 
hiccups, has certainly been a positive experience and one that I can see a future in.”  This 
was endorsed by the on-site supervising teacher who remarked: “Feedback from ... who was 
[the student’s] on-site drum teacher ... was that the online tuition added value to [his] learning 
of drums. {The online teacher] covered some different aspects that [the on-site teacher] 
didn't, so [the student] received a comprehensive education.” 

In the case of the contemporary voice student, the on-site supervising teacher commented: 
“... with [the vocal student], her teacher ...  said that it was really good that [she] could work 
on a particular area – i.e. scat singing / jazz genre – that added to her learning.  It brought an 
additional dimension that the on-site teacher could not provide.”  The on-site supervising 
teacher commented further: “The availability of the online teacher allowed for learning of 
additional aspects not covered by the on-site teacher.  This was not because of any lack of 
knowledge or perceptiveness on the part of the on-site teacher, but because there was an 
additional perspective available – in this case from a tertiary level teacher compared with a 
secondary level teacher. It wasn't just the extra tuition time per week from the online 
teacher.” 

The overall advantages of the video-conferencing medium was summed by the online oboe 
teacher as follows: “Obviously, the main strength of this program is that one is able to 
eliminate distance/cost as a deterrent to high quality individual music lessons. It was also 
extremely helpful to me, as I assume it was to those undertaking the research, to have the 
program run over such an extended period of time (as opposed to a token few weeks). This 
allowed a relationship to be built and, while the program was never exclusively about 
measuring actual improvement in artistic outcomes for the student, I felt that the research 
(problems etc) and outcomes were able to be measured in as close to a real-life situation as 
possible where artistic improvements are expected, and are being achieved.” 

Nevertheless, there were some problems and therefore shortcomings with the video-
conference medium experienced by the teachers and students participating in the project.  
Foremost among these was the problem of latency which is fully discussed below.  In 
addition, there were problems, particularly in the initial stages of the project with technical 
aspects such as audio quality, video quality and internet connectivity, as well as placement 
and operation of equipment in the respective studio spaces.  Many of this latter set of 
problems were essentially hardware and software issues, most of which were at least 
partially remedied during the course of the project. 

One aspect that proved to be highly significant was the choice of the video-conferencing 
software. The project commenced with VSee software (VSee Lab, LLC) which to date has 
had telemedicine as its primary market.  However, despite local technical support, there were 
on-going problems particularly with sound quality.  One of the online teachers commented in 
his journal entry for the week: “The first three or four lessons were incredibly difficult due 
largely to problems with VSee. “There were problems at both ends ... at the technical level 
but once established our teacher-student relationship, both of us adapted to accommodate 
the technology. The key aspect for me was adapting to the different audio environment.  
Processing in music, particularly with drums, is the relationship of the performance to time. 
There is also the problem of the spatial direction of the sound. I tended to overly compensate 
with physical movement – i.e. exaggerate my gestures – in order to try to overcome timing 
issues – e.g. I gave a large gesture to convey the instruction to the student to stop.” This 
highlights that fact that most video-conference software has been designed from an audio 



perspective principally for speech rather than music.  The frequency response is therefore 
rather limited which in the case of music makes perception of finer details of timbre and 
dynamics particularly difficult. 

Towards the midway point of the project, the decision was made to transfer video-
conferencing software from VSee to Zoom (Zoom Video Communications, Inc).  The reaction 
of the online teachers, the instrumental music students and the supervising teacher was 
unanimous in finding that Zoom provided superior video images and superior audio.  The 
situation was well summed up by the online oboe teacher with the comment, “The Zoom 
software is working more than adequately, compared with VSee, and any problems (such as 
sound delay) can be easily worked around in lessons. [My student] is progressing very well 
and I feel as though the consistency of the software has allowed us both to focus more 
exclusively on the craft of playing the oboe, rather than being distracted by the quality (or 
otherwise) of the software.” Some weeks later, the same teacher was even more impressed 
with the superior performance of Zoom: “For the first time, I felt as though I knew exactly 
what [my student] looked like! This has obvious advantages in that I am able to more clearly 
see the way she sets up when playing (and fix any issues accordingly). I could see her 
embouchure very clearly and we were able to work (for essentially the first time) on correct 
set up of the embouchure, working specifically on the relationship between the top and 
bottom jaw (they should be essentially in line vertically when looking at the student side-on). 
The improved vision has also had a less obvious benefit in that I feel it has improved the 
relationship between teacher and student.  While this bond takes some time to develop, and 
would naturally be expected to improve at around this stage even in normal face to face 
lessons, I noted significant improvement today. I put this down in large part to the vision and 
sound being clearer. We are able to converse more freely and are also able to react and 
adjust to the various visual cues which one relies upon in all human interaction. In this way, 
Zoom is further advanced than VSee in attempting to replicate face-to-face communication.” 

Another significant aspect was the level of technical support available to the teachers and 
students at their respective sites.  Neither the teachers nor the students entered the project 
with any particular technical background, skill or knowledge about video-conferencing.  In the 
case of the online teachers, a half-day workshop was arranged prior the online tuition 
commencing in which two of the three teachers were able to participate.  For the students, 
there was no formal induction but at both video-conference sites, there was technical 
assistance available which contributed significantly in solving many of the practical difficulties 
that arose.  For example, the support given at the regional school site, although not always in 
the form of ‘stand-by’ personnel, was nevertheless planned for in terms of ‘user support 
materials:‘ I am not very tech-savvy so at first I was a little nervous about using the 
equipment. But the school made it very easy, printing out instruction sheets and laminating 
them so they were always with the computer we used. These sheets went through very 
clearly the steps of how to log onto the computer (passwords, usernames etc) how to turn 
the microphones on and get into the program. The instructions were very explicit and 
included pictures and screenshots which meant I felt confident in being able to set everything 
up. Most sessions I would go in, set up, join the meeting, [my teacher] would be there on the 
other end and [for the most part] everything would be fine.”  This was supported by a 
statement from the contemporary voice student who remarked, “The new setup [Zoom 
replacing VSee] as of last week, I felt was a lot more beneficial as it felt more like a lesson 
and more face-to-face than when we first started.” 

Unlike, the situation with VSee, there was provision for using an audio codec for Zoom that 
would specifically cater for the wider frequency and dynamic ranges of musical instruments 
and thereby enhancing the sound quality being transmitted to the remote location. 

Nevertheless, there were frequently problems with audio that related to aspects other than 
software that included microphone placement, sound distortion, echo, hardware malfunction, 
etc.  However, given the experimental nature of the project, overcoming such problems was 
generally taken as being ‘par for the course’.  The contemporary voice teacher explained one 



of several such situations as follows: “We had serious echoing problems to begin with, which 
seemed to be happening at both ends, making it impossible to communicate. It took about 
15-20 minutes to get things working well enough to be able to proceed with the lesson. The 
technical assistant at their end experimented with speaker placement and volume, and 
checked the mic, and at our end [our technician] changed to a more directional mic.  By me 
using headphones, the echo was eliminated coming from my end and we had things working 
well enough to proceed with the lesson.”  In some instances, problems were easily solved by 
checking increasing volume level on the audio mixer.  In other cases, the internet connection 
appeared to be at fault as reported by the oboe teacher: “Only two issues to report today. 
That being that a message came up stating that ‘bandwidth is low’ at the [regional school] 
end. This meant that, especially in full screen mode, the picture was a little bit fuzzy and also 
movements would be unclear etc. A second issue was with the sound. Initially this wasn't 
working (possibly due to bandwidth issues), and even when it did arrive, it was very soft- 
almost like it had been muted somehow. The speakers at my end were up and to the best of 
my knowledge the microphones were functioning at the Ballarat end.” 

The literature cited concentrated on the issue of latency in the Internet connection between 
teacher and student.  While this is important, our observations were that the other 
components in the system were much more likely to be a cause of significant latency.  A 
typical videoconferencing endpoint consists of a digital video camera, one or more monitors, 
a microphone, other input devices such as keyboard and mouse all connected to an Internet 
enabled computer. In order to reduce the Internet bandwidth use the video and audio signals 
are compressed prior to transmission and then decompressed at the receiver to output on 
the monitor or speaker.  Each of these components and operations has latency involved.  We 
worked with several hardware developers and AV system vendors who had high 
expectations of the performance of their products, but when put together into real end-to-end 
systems the total signal delay between endpoints was disappointing with delays of 500 to 
1000 ms being common.  This was also poorer performance than the best consumer level 
videoconferencing system we used (Zoom, https://zoom.us/).  Our conclusion from this work 
is that for systems that are going to be widely deployed rather than using specialist studios, 
latencies of greater than 60 ms (the threshold of human perception) or 150 ms (the design 
standard for telephony) are likely to be a fact of life and that adjusting the teaching approach 
will be the best way forward. 

In a face-to-face class a student may typically have a workbook and a music score that both 
the student and teacher can work from.  The teacher may also have other printed music 
scores they can quickly refer to in particular situations.  Furthermore, the teacher can write 
on the student’s score or workbook to emphasise certain points or to give homework 
instructions.  This aspect did not receive much attention in the literature, except in an 
asynchronous system where scores, annotations and text comments.  Being asynchronous, 
live interaction between the student and teacher was not practiced.  For synchronous 
lessons various options were trialled.  Using the video signal stream to send an image of a 
music score and annotations is one possibility, however it is quite expensive in resources to 
consider this as an operational means.  It also does not allow the student and teacher to both 
write on the same item.  All the videoconferencing software used had a screen sharing option 
which was successfully used.  The teacher could share a screen that has a PDF file of the 
music score and make annotations on it.  This method was reasonably well received.  
Teachers also emailed music scores and notes to the students, which was very successful 
because the technology was well understood and easily used, although any interactivity was 
lost.  



As part of the overall project development an information technology student project 
investigated other options for sharing music scores (Vadakkeveettil 2014).  He developed a 
prototype ‘chat room’ style software application that relied on HTML5 protocols to use a 
browser for student teacher interaction.  A mark-up language called MusicXML was used to 
render a music score in a browser window that both the student and teacher could observe.  
Using a central server to control that window, both the student and the teacher could 
annotate and highlight objects and regions on the score.  Since only XML instructions and 
vector instructions for annotations were being shared between the teacher and student the 
bandwidth required was low and latency determined by network latency only.  The other 
advantage of the system is that the instructions for annotations could be stored and retrieved 
at some future date, for example the next lesson or when the student was doing their 
homework.   

During the final weeks of online tuition and after the program had concluded, all participants 
were invited to summarise their experiences.  Despite the technical and interactional 
difficulties experienced by all participants, the following comments reflect the general 
satisfaction with and worthwhile nature of both their experiences of and the future potential of 
online instrumental music tuition.  

“I have thoroughly enjoyed being a part of this program. Whether I am making a difference to 
[my student] as an oboist I cannot be certain as yet, though I'd like to think that she has taken 
some different approaches to playing the oboe as a result of these lessons. Perhaps more 
importantly, I hope that the work being done by everyone involved with this project is work 
that can bear fruit for the University in the coming years, as we expand upon these new 
possibilities in the teaching of music.” (online teacher of oboe). 

Some worthwhile suggestions for future action were also made by the online teachers 
including the desirability of a dedicated studio for online teaching that is set up with cameras 
and microphones tuned to the space, the desirability of have quick access to technical 
assistance if problems are encountered with the complex set up of computers and 
peripherals, and the desirability of having an initial face-to-face lesson to help ‘calibrate’ the 
quality of interaction in subsequent online lessons. 

This research investigated various aspects of using videoconferencing technology to assist 
learning of a psychomotor intensive activity, playing a musical instrument, by students in 
remote locations.  Significant advances were made on a number of fronts, however, latency 
in the videoconferencing environment remains an issue that is unlikely to be solved due to 
technical limitations.  Our research found that by subtle adjustments of teaching methods, 
and a willingness on the part of the teachers to accept that they were not working in a face-
to-face environment, significant progress could be made by the learners.  If possible 
occasional face-to-face classes should be held, but of the two alternatives of no tuition by a 
specialist teacher and tuition by videoconferencing, the latter is clearly advantageous.  In 
designing teaching and learning activities using videoconferencing, whether it be for music 
tuition or engineering education, as much attention needs to be paid to the associated 
aspects of the activity such as document exchange and annotation and teaching or 
collaboration style as is paid to the technical aspects of video and audio transmission.  Even 
with broadband networks, if it is important that the video and audio signals are synchronised 
then noticeable latency will be inherent in the system and therefore the activity must be 
designed around that delay.  There are many consumer level video conferencing solutions 
available but the performance is not uniform and careful testing is advised to find one that 
meets the need.  Professional level video conferencing solutions are not necessarily any 



better because they are largely optimised around giving priority to audio transmission which 
may not suit specific applications. 
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2D versus 3D Collaborative Online Spaces for Student Team 
Meetings: Comparing a Web Conferencing Environment and a 

Video-Augmented Virtual World
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Structured Abstract
BACKGROUND OR CONTEXT
Teamwork is an integral component of any engineering degree, but students often have 
difficulty organising team meetings outside of class times due to discrepancies in their 
individual study timetables as well as their family and work commitments. Rich-media 
synchronous online technologies such as video/web conferencing and virtual worlds can be 
used to help address this problem by enabling anyplace, anytime interaction, while at the 
same time mirroring the communication modes students will encounter in their future 
workplaces. However, not much is known about how these technologies compare with one 
another for facilitating different types of collaborative learning task and in terms of their 
student-perceived affordances.

PURPOSE OR GOAL
In this study, the researchers sought to elicit student perceptions of and experiences using 
Adobe Connect, a 2D web conferencing application with video capabilities, and iSee, a 
hybrid desktop video conferencing and 3D virtual world environment. The goal was to 
examine, from a user standpoint, the appropriateness and efficacy of these software 
platforms for supporting student-directed project team meetings. Such research is of value to 
the academic community because it is important for educators and students to be able to 
make informed decisions about the modalities to be used for collaboration and concept 
representation, since these can impact heavily upon the effectiveness with which joint 
meaning-making and knowledge co-construction occur.

APPROACH
A quasi-experimental approach was adopted in which half of the student teams in a project-
based engineering subject were assigned to use Adobe Connect and the remaining half were 
assigned to use iSee for their online team meetings. The research design was specifically 
targeted at identifying differences that might exist between the Connect and iSee users in 
terms of: (a) time required to learn the software; (b) perceived ease of use; (c) perceived 
communicative affordances; (d) perceived enablement of co-presence, user/information 
representation, and collaboration; and (e) overall satisfaction. An end-of-semester survey 
was used to gather data from students relating to each of these aspects and to facilitate 
between-groups comparisons.

DISCUSSION
Basic measures of central tendency pointed to iSee requiring less time to learn and being 
easier to use than Adobe Connect, but the differences observed were not statistically 
significant at the .05 alpha level. The survey data pertaining to perceived communicative 
affordances similarly tended to favour iSee, but the differences were again not statistically 
significant. However, iSee was rated as being effective at fostering co-presence and enabling 
collaboration by more students who used it than was the case for Connect, at a level 
approaching significance (p = .090). A significantly higher proportion of iSee users than 
Connect users said they would recommend the use of the software for student team 
meetings (p = .035), which can be seen as early evidence that iSee, with its combination of 
3D spatial interaction and video-based communication capabilities, lent itself to a more 
productive and enjoyable online collaboration experience within the application context.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Engineering educators would be well advised to carefully consider the unique characteristics 
and affordances of 2D and 3D rich-media synchronous technologies as they continue to 
emerge and evolve, with a view to deciding whether they deserve a place in the standard 
kitbag of digital tools for learning and teaching. Though it is not possible to make sweeping 
statements or generalisations based on the results of this small-scale, exploratory study, 
augmented virtuality platforms like iSee that integrate live user video and other real-world 
elements into a 3D virtual environment hold much promise, warranting further investigation 
and exploration as spaces for peer-to-peer learning and collaborati
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Factors Affecting Deep Learning of Engineering Students

M. A. Karima, Sabrina Fawziaa and MM Islamb 
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Structured Abstract
BACKGROUND 
Engineering professionals deal with the design and management of products, processes, 
services and supply chains and considers the acquisition, development, and effective and 
efficient utilization of resources. Unlike other majors, content of the units in engineering 
majors are wide and vast. Student engagement is critical for engineering student learning as 
the topics covered are complex and critical. Literature emphasised that engaging students is 
vital for deep learning and it is more important for engineering majors because of the nature 
of engineering courses. Although there is increasing evidence of a relationship between 
student engagement and achievement in deep learning, there is a lack of studies in 
engineering contexts. 

PURPOSE OR GOAL
The purpose of this study is to identify factors that affect deep learning in engineering units. 
This study also examined the assessment methods that facilitate better learning and 
understanding of complex engineering units.

APPROACH
A systematic approach of empirical research was used in this study. The research problems 
and broad areas of investigation were first formulated from the literature and a pilot 
investigation. Data was then collected by a carefully designed questionnaire survey. A total 
of 160 engineering students studying in two different engineering majors (mechanical and 
civil engineering) at Queensland University of Technology were randomly selected. 

DISCUSSION
The study reveals that more than 80% students think that efforts by the teaching staff to 
make the units interesting is the main factor for deep learning. Learning environment in the 
university and flexibility in teaching and learning emerged to be the next important factors.
Interestingly, field trips/industry emerged as the least preferred learning method. Engineering 
student prefer open book assessments over close book assessments probably because too 
many formulas and steps involved in solving the problems.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This study clearly identified the learning practices that significantly impact students’ deep 
learning and engagement. These findings will significantly help engineering academics in 
designing their course and assessments to ensure deep learning of their students. As lecture 
recording is considered very helpful for students, all Australian universities should take 
initiative to implement this. Small sample size was one of the limitations of this study. Future 
study can expand these finding by increasing the sample size and also by surveying students 
from other majors.
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Structured Abstract
BACKGROUND OR CONTEXT
The employability of ICT graduates is declining, according to Australian Government figures 
[ICT skills 2014], with a large number of employers claiming they were unable to find 
applicants with the right mix of technical and communication skills.  Recently, the Australian 
Federal Government Office for Learning and Teaching (OLT) set employability as a priority 
strategic area for Australian graduates and funded three projects around this theme. In one 
of these OLT projects, we set out to explain the gap between employer, graduate, academic 
and professional body in their expectations of employability skills in graduates.  As part of 
this project, we developed and published an employability framework [Jollands 2015,  Dacre 
Pool & Sewell, 2007], which helped to identify and highlight some good practices.   

In this paper, we present the research into the ICT academics and their expectations around 
the development of employability skills in their prospective graduates.  This research entailed 
focus groups and interviews with academics who were asked how they were developing 
employability skills in their students, as well as what they were doing to maintain their own 
knowledge and skill currency.  This can be compared with student perspectives, as well as 
with the attitudes of employers who were previously invited to explain what they look for 
when recruiting ICT graduates. 

We aim to explain the push for improved employability goals for ICT students and provide 
directions for further research into professional development initiatives for academics and 
educational developers to encourage inclusion of employability  into curriculum and teaching 
practice. 

PURPOSE OR GOAL
Each year the Australian Federal Department of Employment conducts research to identify 
skill shortages in the Australian labour market. In 2014, they reported issues with employers 
recruiting software engineers:

"Employers recruiting for workers with appropriate government security clearances, though, 
face some difficulties. This is particularly evident for software engineers."

The report also highlights the fact that employers are placing a high value on soft skills (such 
as communication and stakeholder engagement), as many jobs require the successful 
applicant to liaise with clients and other stakeholders.  They require prospective graduates to 
have an understanding of their business, and are looking out for the business acumen skills, 
as well as their problem solving and listening skills among other things [breakfast with 
employers paper]

We decided to ask ICT academics about their attitudes towards the employability skills of 
students.



APPROACH
We invited academics who deal with industry projects to a round table meeting and asked 
them five specific questions: 

What do academics do to develop students’

1) knowledge of industry and the job market?

2) employability skills from experience (work or life)?

3) employability skills concerning their Degree subject knowledge and skills?

4) communication skills?

5) self awareness and self management?

DISCUSSION
In this paper we present the responses of academics to these questions and discuss them in 
relation to what students have already said, and employers are expecting.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
We present our recommendations on how to engage academics of ICT more with issues of 
student employability.

We discuss implications and recommendations for redesigning curriculum with a student 
employability centred approach, in line with the best practice identified from the OLT project 
and the entrepreneurial approach of academics from another discipline.
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Structured Abstract
BACKGROUND OR CONTEXT
Within project-based learning (PBL) courses, students often engage in peer-learning teams 
to solve real-world project scenarios. PBL is an ideal and increasingly common pedagogical 
approach in courses which develop skills in critical thinking, design, and problem solving, 
such as engineering. However, while the benefits of PBL are well established, substantial 
issues remain around efficient and effective implementation in tertiary courses; it is often 
difficult to achieve intended learning and teaching outcomes within reasonable academic 
workloads. From a student’s perspective, PBL courses may challenge them in ways they 
may not have experienced in more traditional learning environments; for some, it may put 
them outside of their comfort zone. For instructors, creating a rich PBL environment is likely 
to be time intensive compared with more traditional pedagogies; especially when students 
are new to this approach, they require substantial support to understand expectations and 
learn in this way.

PURPOSE OR GOAL 
This paper examines first-year students’ responses to their experience within an engineering 
PBL course, creating a case which can be used to provide recommendations on how to 
better implement PBL with students new to the approach. A feature of the course under 
study is that it is heavily scaffolded to guide students through the PBL process, with multiple 
points of formative feedback and opportunities for student reflection and peer-evaluation. To 
meet course outcomes, students are required to participate in multiple team projects, 
culminating in the completion of a comprehensive portfolio of work. This case will highlight 
continued challenges, even when best practice approaches are adopted, and provide 
recommendations about what students found most beneficial.

APPROACH
This case study is the result of collaboration between the course coordinator and two 
autonomous researchers as part of a larger [Higher Education Partnership Programme 
(HEPP) funded] project designed to examine first year students’ use of assessment supports. 
In order to protect student confidentiality, the researchers obtained university ethical 
clearance and collected data from students in the PBL course. The course was delivered to 
188 first-year Engineering students studying across four campuses, with 28% enrolled via 
distance mode. The course coordinator obtained access to the de-identified data only after 
grades were finalised. Two data sets were collected. First, throughout the course, student 
access to course resources via the online Moodle platform was monitored, allowing the 
research team to identify which resources were being most utilised. Additionally, all students 
were invited to participate in a follow-up questionnaire. This questionnaire asked them to 
identify the aspects of the course which most contributed to their learning and share their 
opinions about the utility of particular assessment support mechanisms and resources. 
Descriptive statistics of these responses will be provided in the paper, alongside data around 
student usage of the resources.

DISCUSSION
While data collection and analyses are still underway, it is expected that this case will shed 
light on what students find most valuable and actually use for supporting their learning within 
a PBL course. Early findings indicate good uptake of all assessment support mechanisms. 



These data will identify if there are resources which students consider to be high value which 
are relatively easy to develop and maintain and could be possible alternatives to particularly 
time-intensive support strategies which students view as less valuable.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The paper will provide recommendations that can help course coordinators make decisions 
about what kind of support is most effective to provide given limited human and material 
resources.
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Australian Primary School Students' Perceptions of Engineering
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Structured Abstract
BACKGROUND OR CONTEXT
STEM education is argued to be vital to Australia’s future prosperity (Office of the Chief 
Scientist, 2014). In the context of primary school education, STEM learning often focuses on 
science and mathematics without explicit reference to engineering. While there have been 
some studies conducted in the United States which have investigated primary-school-aged 
children’s conceptions of engineers, there is a lack of research which has been conducted 
regarding Australian students’ conceptions of engineers and engineering. Several studies in 
the United Sates have used a ‘Draw an Engineer Test’ (DAET) to capture primary students’ 
thinking. The DAET is an adaptation of the ‘Draw a Scientist Test’ developed by Chambers 
(1983). 

When used in the United States, the DAET has shown that students typically view engineers 
as performing one of five main roles. That is, they either build, fix, create, design or drive 
(Knight & Cunningham, 2004). Capobianco, Diefes
their observations using the similar categories of, mechanic, laborer, technician and 
designer. For the first time in 2017 ‘Design and Technologies’ will be a mandated component 
of the Australian Curriculum (ACARA, 2014) and will include primary-level assessment 
standards for engineering activities. If Australian students display similar conceptions of 
engineering as American students, these conceptions will be at odds with aspects of the new 
Australian Curriculum and the general aims of promoting engineering through STEM 
education.

PURPOSE OR GOAL
The primary purpose of this study is to gather data regarding Australian primary school 
students’ conceptions of engineers and engineering. Just as similar data gathered in the field 
of science (Symington & Spurling, 1990) has been used to guide teacher practice, this data 
may serve a secondary goal of helping frame engineering education in a primary setting. In 
science education, students’ conceptions of scientists have been seen to affect levels of 
student participation in science, attitudes towards science and general scientific literacy 
(Brown, Grimbeek, Parkinson, & Swindell, 2004). Students’ perception of engineers may 
have a similar impact on participation in engineering education. Thus, if engineering 
processes are to be developed in primary schools by the ‘Design and Technologies’ 
component of the Australian Curriculum, then assessment of students’ prior conceptions of 
engineering may be used to guide implementation of the curriculum. 

This study also occurs as part of a broader intervention (the ESTEME Partnership Project) 
designed to promote engineering in primary schools. The study also seeks to evaluate the 
utility of the DAET as a data collection tool as the intervention program develops.

APPROACH
An adapted Draw an Engineer Test (DAET) (Knight & Cunningham, 2004) was administered 
in ESTEME Partnership schools. There are seven Melbourne primary schools involved in the 
ESTEME partnership between primary schools, and the Melbourne Graduate School of 
Education, Melbourne School of Engineering and the Faculty of Science at the University of 
Melbourne. The DAET was administered to children whose teachers are involved in the 
partnership across the seven schools. This resulted in 154 DAETs being gathered from 
students from foundation level to year 6. 



Students were asked to draw a picture of an engineer and write a sentence explaining their 
picture. Younger children were assisted writing about their picture by their classroom 
teacher. Critics of the DAST (upon which the DAET is based) have claimed that when asked 
to ‘draw a scientist’, students may believe that they are being asked to draw the publicly 
accepted stereotype of a scientist (Boylan, Hill, Wallace, & Wheeler, 1992; Symington & 
Spurling, 1990). Therefore a single drawing does not represent their actual understanding 
and knowledge. To address this potential flaw of the DAET, students drew and annotated a 
second engineer. 

Once collected illustrations were analyzed and coded for common features (for example, 
cars, robots, machines etc.) in both their pictures and in the accompanying explanatory 
sentence. 

DISCUSSION
Results show that Australian students most commonly perceive engineers as mechanics who 
fix cars. The word ‘fixing’ is the most common word used in students’ explanatory sentences 
and this usually accompanies pictures of tools, cars and protective clothing. Another 
common conception was of engineers as construction workers. These representations 
featured the words ‘build’ and ‘building’ in the explanatory sentence and featured hardhats, 
tools and construction sites in their accompanying pictures.

A much smaller group of students included terms such as ‘design’ in their explanatory 
sentences. When they did, their accompanying pictures tended to be more likely to show a 
range of activities including designing roads, robots and chemicals. These pictures were also 
more likely to show engineers as working in offices, at desks with computers. 

Studies based in the United States have shown a majority of students perceiving engineers 
as builders (Knight & Cunningham, 2004). Our study found that Australian students’ 
conceptions of engineers – while similar – are more closely aligned to stereotypes of a 
mechanic. Like American students, Australian students generally had an extremely limited 
understanding of the roles and variety of work that constitute engineering and that engineers 
participate in. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The results of this study suggest that Australian primary school students have a limited 
understanding of what engineers do. This limited understanding – primarily the idea that 
engineers fix cars – may form a barrier to efforts to incorporate engineering principles in the 
‘Design and Technology’ component of the Australian Curriculum. More broadly, engineering 
skills are being promoted as an important part of STEM education (Office of the Chief 
Scientist, 2014). Yet, primary school students do not associate engineering with the design 
and problem solving components of the curriculum. Hence, one may ask, where is the ‘E’ in 
STEM in Australian primary schools? The data presented in this study suggests that, even if 
a design process was to be used in primary schools, it’s unlikely that students would be able 
to associate it with engineering given their current conceptions of engineering.

Further research should address how Australian children’s conceptions of engineers and 
engineering can be broadened and more accurately reflect the work that engineers do. The 
data presented in this study represents baseline data for a larger study which aims to test 
whether students’ conceptions of engineers can be changed though a community partnership 
project between primary schools and the University of Melbourne.
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The case study of failure analysis of engineering components: 
Effects on students’ employable skills, conceptual understanding, 

and perception

Eyitayo Olatunde Olakanmia, Joseph B Agboolab and Eunice Eyitayo Olakanmia
University of South Africaa and Federal University of Technology, Minna. b

Structured Abstract
BACKGROUND OR CONTEXT
There is a need to ensure engineering students develop skills that cannot be assessed in 
traditional written examinations yet are essential for work as engineer; and at the same time 
bring realism into the study of engineering by integrating previous experience of theory and 
practice. This necessitates that a new approach of training should be incorporated into the
traditional lecture-based engineering curriculum (Heywood, 2005; Stojcevski, and Fitrio, 
2008; Holgado-Vicente, Gandia-Aguera,  Barcala-Montejano, and Rodríguez-Sevillano, 
2012). Such a training programme should equip engineering graduates with excellent 
planning, communication skills, team working ability and sound analytical and evaluation 
skills in line with employers’ expectations (Stojcevski and Fitrio, 2008; Anderson, Torrens, 
Lay, and Duke, 2007). The case study, an innovative educational teaching and learning 
methodology grounded in social cognitive theory (Bandura, 1997; Mayer, 2007),  inspires a 
higher degree of students’ involvement in learning activity (Gibson, 2005; Holgado-Vicente, 
Gandia-Aguera,  Barcala-Montejano, and Rodríguez-Sevillano, 2012). In social cognitive 
theory, students are expected to engage in socially mediated group problem-solving 
processes. The case study is implemented with students learning through engagement with 
engineering projects similar to that which will be encountered in professional practice 
(Fernandez-Samaca, and Ramírez, 2010; Holgado-Vicente, Gandia-Aguera, Barcala-
Montejano, and Rodríguez-Sevillano, 2012). The incorporation of the case study into the 
materials selection and design curriculum is aimed at meeting the need for a new approach 
of engineering training which ensures the development and assessment of work-based skills 
that cannot be imparted and examined via traditional instructional delivery and written 
examinations respectively.

PURPOSE OR GOAL
Despite the popularity of case study approach within engineering, the practice of using cases 
in the Nigerian materials design and selection module has not become widespread as most 
educators have limited knowledge of how to implement cases into their classrooms. In 
addition, empirical studies on the effectiveness of case studies are limited and the research 
that does exist had primarily focused on students’ perceptions of their learning rather than 
how it imparts conceptual understanding and employable skills into students offering 
materials design and selection module. In line with the goal of the mechanical engineering 
programme of the Federal University of Technology, Minna, Nigeria (FUT Minna) to foster an 
atmosphere of self-directed, self-paced and flexible learning within a framework of desired 
outcomes, a 20-week case study on the concept of failure analysis was incorporated into the 
final year materials design and selection module in order to introduce our students into the 
real practice of engineering profession. It is expected that graduates from the mechanical 
engineering programme should be able to diagnose/analyse failure problems, formulate, and 
develop cost-effective solutions to the problem of component/facility failure in industries. The 
specialty of failure analysis covers different aspects of mechanical engineering such as: 
manufacturing/production, material selection, design, corrosion, and mechanical testing e.t.c. 
The requisite knowledge to acquire competences in failure analysis can be obtained through 
case-study of relevant industrial projects that students are likely to encounter in practice 
upon graduation.



Approach

This study explored the following research questions: 

What employable skills and conceptual understanding are imparted to students offering
materials selection and design module when case-studies are adopted to teach failure
analysis?

What are the students’ perceptions on the adoption of case-based teaching instruction
in a materials design and selection module?

How case-based teaching instruction of the concept of failure analysis does impart
employable skills and conceptual understanding to students offering materials selection
and design module?

To answer these research questions, continuous assessment of the competences gained by 
students via involvement in weekly review meetings, oral presentation, working models, 
written project reports, and interviews were carried. The main emphasis of the assessment 
was on comprehension of the researched material, methodology and content of the case 
study. Qualitative analysis of data mainly from responses given by students during oral 
presentation, interviews and our observation notes of students’ interactions during their 
fortnight briefings were implemented via categories of conceptual understanding and 
employable skills (Gibson, 2005). Students’ responses and group’s written reports were 
assessed based on the assessment criteria employed by Gibson (2005) who alongside a 
colleague used it to obtain measures of achievements in a project based learning in an 
undergraduate geology course. 

DISCUSSION
Learning about the concepts of  failure of engineering components entails rigorous analysis 
through case study because of its inter-disciplinary nature which demands prior knowledge in 
manufacturing/production, material selection, design, corrosion, applied mathematics, 
modelling/simulation, and mechanical testing to carry out the given tasks successfully. The 
application of the inter-disciplinary knowledge is seen in the solution options proposed by 
students who re-designed the wind damaged signboard. Hence, the rigorous and inter-
disciplinary nature of case study facilitates the development of conceptual understanding, 
analytical thinking, evaluation, optimisation, and problem formulation skills in participants 
because as emphasis on syllabus was replaced with the establishment of learning outcomes; 
meetings, seminars, and presentations which complemented formal lectures; while 
assessment was undertaken through a variety of complementary methods. For example, 
students’  testimonial during oral presentation established that site visit, de-
assembly/observation of the damaged key engine of a door and group discussions/meetings 
helped in developing the group’s capabilities to analyse and evaluate the group task. 
Students’ responses during interviews show that case study provided group members with 
similar goals with opportunity to direct their own learning process, develop leadership skills, 
and learn from one another within a team. The use of assessment methodology which 
requires that students meet regularly as a group to brainstorm and to present their 
contribution to the group projects as well as demonstration of re-designed and re-
manufactured components promoted awareness and development of hands-on-skills, time 
management and planning skills, communication skills, and ability to work in a multi-cultural 
working environment among students.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This study employed case-based approach to impart employable skills and conceptual 
understanding of failure analysis of engineering components into final year mechanical 
engineering students in a Nigerian University. The case-based approach developed took into 
account problem formulation, team working and communication skills, oral presentation, and 



the use of hands-on activities to manufacture working models. These aspects are integrally 
related to give the student a suitable learning environment for knowledge acquisition, and 
employable skills development. The case-based approach designed in this study facilitates 
the use of facilities already available in the University without requiring specialised ones. 
Consequent upon the implementation of the case-studies, students’ conceptual 
understanding of failure analysis was enhanced while they also developed skills in 
independent critical thinking, formulation, analysis, optimisation and evaluation of the 
performance of their designs and communication of their ideas effectively. Students are more 
self-dependent and organised as they were able to schedule meetings and activities by 
themselves, and consult their tutors, through their own initiative. The use of hands-on
activities enabled students to understand the subject in a different way from the traditional 
lecture because they believe these activities are suitable to motivate control learning. In the 
future, we aim to investigate various roles of tutors in facilitating greater student retention in 
case studies, the role of learning environments and resources in implementing case studies 
in mechanical engineering modules as well as comparison among case study approaches for 
mechanical engineering and case study approaches that integrate several engineering 
courses.
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The Pedagogical Content Knowledge Involved in Teaching for 
Student-centred Learning in Engineering

Hannah Jolly  
University of Southern Queensland

Structured Abstract
BACKGROUND OR CONTEXT
Student-centredness has long been considered an ideal condition for maximising the 
learning of students in all disciplines, including engineering education (Heywood, 2005). 
Educational theory now generally accepts that the best way to give learners access to and 
ability to perform in the educative process is to make them an active participant in that 
process (Killen, 2007). However, discussions of ¨student-centredness¨ often read as if it is a 
simple, off-the-shelf pedagogical alternative to traditional teaching in didactic disciplines; as if 
any given teacher may simply alter their approach to instructional design and the student will 
become ¨active¨, regardless of what is being learned or how. 

This treatment of the concept ignores the realities of the classroom and the complexities of 
the teaching task, as well as the importance of the role of content for disciplines such as 
engineering. It also undermines the importance and expertise of the teacher, which is 
increased rather than decreased when student-centredness is the goal. That is not to say, 
however, that student-centredness should not be an important aspiration for individual 
teachers, and for engineering education as a whole. Rather, we require a more sophisticated 
understanding of the skills and circumstances that can bring it to life. This is necessary if 
engineering teachers are to be supported in pursuing this principle in their practice. 

PURPOSE OR GOAL
This paper will show how the development of student-centred learning is directly linked to the 
specific teaching skills of an engineering teacher, as much as being linked to the nature of 
learning activities themselves. Rather than being considered as only resulting from 
redesigning learning activities to be less didactic (although of course this can play an 
important role), student-centredness will be shown to result from how teachers organise and 
present their subject matter and concepts (even during seemingly didactic activities), and 
how they act and respond in interactions with their students. Their skill in doing so will be 
shown to arise directly from the component knowledge areas that these teachers use to 
inform their teaching, how those knowledge areas are integrated, and the degree and 
manner in which the teaching process is reflected on by the teacher. Park and Oliver´s 
(2008) model of Pedagogical Content Knowledge (PCK) is applied in order to organise and 
unpack what this looks like when it occurs in engineering teaching. This construct also 
highlights the component knowledge, skills and processes that may be missing when 
teaching that is intended to be student-centred misses the mark.

APPROACH
This paper draws on data collected for the PhD Understanding Pedagogical Content 
Knowledge for Engineering Education: the role of field and habitus. Data for this project were 
collected in a staged research design culminating in a series of ethnographic case studies, 
with a focus on the observation of teaching in context using the PCK model. Data from these 
comparative case studies provide a rich picture of engineering teachers´ differing 
preparedness for creating student-centred learning environments. 

These ethnographic data clearly show that the ability to provide opportunities for student-
centred learning goes beyond an approach to instructional design, and instead is closely 
linked to the teacher´s own cognitive constructions of their subject matter and how to teach it 
for their students. Teachers that are better able to create a student-centred learning 



environment are those that have a clear and current picture of their students´ own 
understanding of a specific topic or concept. Such teachers organise and present content 
and conceptual knowledge and structure activities according to their students´ cognitive 
conceptions, rather than according to their own. Furthermore, such teachers can be seen to 
integrate knowledge from a greater range of component knowledge areas in reflective 
process of teaching. This skill of integration and reflection facilitates their ability to 
understand and respond to their students concepts of what is being learned.  This constitutes 
a particular type of Pedagogical Content Knowledge.

DISCUSSION
Students of teachers with this type of PCK are seen to be highly focussed during class and 
ready to ask and respond to questions about subject matter. When encountering difficulties 
with understanding something, they can often identify the nature of their difficulty. Their 
teacher, likewise understands how they are thinking about a given topic, the common 
misconceptions they may encounter, and can plan and revise their teaching accordingly so 
as to maximise the learning in response to these interactions. How the teacher approaches 
the subject matter responds to the students, rather than exclusively to the instructor´s own 
predefined canon of declarative knowledge. 

Conversely, teachers who organise and present their topics only according to their own 
conceptions can be associated with increased passivity of students during class, and a 
reluctance to ask or answer questions. Where students are seen to have difficulty with a 
concept it becomes unclear what the source or nature of this difficulty is. The teacher usually 
only draws on one component knowledge area; that is, a canon of declarative knowledge 
about the topic that is derived from the teacher´s own experience of the subject matter. 
Teaching does not involve the integration of other relevant knowledge areas which can help 
to inform the process of teaching in a more responsive way. It also can be seen to involve 
much less reflection on the teaching process itself. Thus, their PCK has a very different 
fundamental structure which is significant for the degree to which it may promote student-
centredness.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The integration of a variety component knowledge areas during teaching, as well as 
reflection on the teaching process are necessary for the complex PCK development that 
underpins successful teaching for student-centredness. Without the active development of
such knowledge and processes, the degree to which a learning environment can be 
authentically student-centred will be limited. This is because a lack of responsiveness to the 
students´ own conceptions of the subject matter ignores their role in the educative process. 

Rather than treating student-centredness as an easily adopted pedagogical principle to be 
installed in existing curricula and practices, it should be treated as one outcome within an 
ecosystem of pedagogical complexity for any given teacher, and one that results from a 
whole range of other factors that are at play during teaching. Furthermore, such an 
ecosystem of pedagogical factors will always have a cultural basis, according to the beliefs 
that a teacher brings to their practice, the institutional context in which they are operating in, 
and how they are recognised and rewarded for their work. If the development of the skill 
involved in promoting student-centredness is not something that will help to sustain an 
academic in their role (be it through personal or extrinsic reward) then the community as a 
whole cannot expect this skill to increase in teaching practice.  As such, discussions of 
student-centredness and how it can be achieved need to begin to account for the systemic 
factors that can act to reward the specific pedagogical behaviours that promote it. 









Table 1 - Components of PCK (adapted from Park & Oliver, 2008, p. 





Table 2 - Example data from ´Angel of the North´ example showing alignment with student-centred principles 











Improving Links between Mathematics and Engineering: Digging  
Beneath the Topics

Elena Pasternak, Sally Male and Alice Niemeyer
The University of Western Australia and RWTH Aachen University

Structured Abstract
BACKGROUND OR CONTEXT
Engineering students are required to learn fundamental mathematics in first year. Students 
often struggle with these units and cannot foresee their relevance to future engineering 
courses. 

Threshold concepts are transformative concepts that are critical to future learning in a 
discipline (Meyer & Land, 2003). It is important to support students to become comfortable 
with threshold concepts in their disciplines. In an Australian study to identify engineering
foundation threshold concepts, many mathematical threshold concepts were identified (Male, 
2012). Engineering students in the study raised the abstract nature of mathematics, and the 
apparent lack of relevance to engineering, as troublesome features of threshold concepts in 
mathematics.  They suggested indicating the engineering application of mathematical 
concepts when each is first introduced to students (Male, 2011; Male & Baillie, 2014). The 
idea to integrate engineering applications when teaching mathematics has been adopted or 
recommended elsewhere in Australia, and in Europe and the USA (Güner, 2013; Hirst, 
Williamson, & Bishop, 2004; Wandel, 2010).

The first author of this paper is a mathematician and engineer in an engineering school and 
teaches second, third and fifth (Masters) year engineering units. She collaborated with the 
third author who is a mathematician who taught mathematics to first year engineering 
students, in order to connect the teaching and application of mathematics between their units 
and thereby support students’ learning.  This enabled a detailed analysis of the mathematics 
in both disciplines.

PURPOSE OR GOAL
This paper investigates mathematics concepts as represented in first year mathematics with 
their representations in engineering applications in a second year unit called Motion, and 
petroleum engineering units. The findings will be valuable to academics in mathematics and 
engineering who seek to provide clearer links to help students understand mathematical 
concepts and apply them in engineering.

APPROACH
This study was undertaken within the theoretical framework of threshold concepts. In this 
framework it is understood that curriculum developers can improve student learning by 
identifying the concepts that are most transformative and critical to future learning or practice 
in the discipline, and ensuring that students have sufficient opportunity and support to 
develop understanding of these. By identifying the troublesome features of concepts, 
educators can develop initiatives to support students to overcome the thresholds.  A common 
troublesome feature of threshold concepts is language: new language or language used 
differently from how students are familiar with using it (Meyer & Land, 2003, p. 9). 

For certain topics in a first year mathematics unit, we identified relevant and important 
applications in a second, third year engineering and Masters of Professional Engineering 
unit. The study is novel because, beyond identifying the mathematics topics that engineering 
students need and engineering applications of these topics,  we study the presentation and 
explanations of mathematical concepts, comparing that used where concepts are taught in 
mathematics with that used when the concepts are applied in engineering.



The first and third authors peer reviewed each other's classes, focusing on   how 
mathematics topics were presented and how students responded to this. The peer-reviewed 
classes were selected to include teaching or application of the same mathematical concepts. 
Significantly, the first author’s interdisciplinary background enabled a detailed analysis in 
both disciplines. The first and third authors noted student reactions such as questions, 
comments and difficulties.

DISCUSSION
The analysis reveals differences in terminology that could be overlooked by academics either 
because the connections between the representations are tacit for the academics or because 
the academics work in their own disciplines and are not aware of the representation 
presented to the students outside their own field. We found that if these differences are left 
for students to unravel they can lead to unnecessary angst. 

While assisting academics to help students recognize connections between the disciplines, 
at a higher level, discussion of the gaps identified could inform students’ knowledge 
capability development,  meaning their ability to identify and build the best approach for a 
particular problem  (Booth, 2008), as well as enhance epistemological views on 
mathematical methods (Gainsburg, 2015). 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This study is preliminary work that draws attention to the need for further investigation. A 
rigorous study of students' experiences of learning is required. 

The findings demonstrate that the idea to reveal to engineering students the engineering 
applications of mathematical concepts at the time when these are introduced is not as simple 
as it might at first seem. Different mathematical language is used in different contexts and an 
educator should be aware of the differences in order to help students make the connections. 

The findings show that reviewing the use of mathematics in engineering more deeply than 
the topic-level revealed potential for improving engineering education. With further 
investigation of students' experiences of learning, findings could be used by educators to 
build consistency between representations in mathematics and engineering, and make cross 
references between mathematics and engineering units. Additionally, especially with 
advanced students, further investigation could inform facilitated discussions about alternative 
representations.

We used the early findings to achieve greater consistency by in some cases adapting the 
notation used in first year mathematics and in other cases adapting the notation used in 
engineering, and we also added cross-references between mathematics and engineering 
units. Evaluation of students’ experiences of such initiatives will be necessary in order to 
make recommendations. Further investigation of the nuances in conceptualisation reflected 
in the differences between the language used in mathematics and in engineering could also 
lead to deeper understanding and improved collaboration between the disciplines.



At The University of Western Australia, similarly to many others, engineering students are 
expected to learn fundamental concepts in mathematics in their first year and to apply them 
later in engineering. Students often struggle with these concepts and cannot foresee their 
relevance to engineering. This study contributes understanding that will be important to 
educators seeking to address this problem. Whereas other studies, including a thorough 
approach at our university, have coordinated mathematics topics and their engineering 
applications as part of curriculum development, this study delves deeper than previous 
studies by investigating how the mathematical concepts are presented and explained in 
mathematics and engineering.

The study is framed by threshold concept theory. Within this framework it is understood that 
curriculum developers can improve student learning by identifying the concepts that are most 
transformative and critical to future learning or practice in the discipline, namely ‘threshold 
concepts’, and ensuring that students have sufficient opportunity and support to develop 
understanding of these (Meyer & Land, 2003). This study follows recommendations based on 
an Australian study to identify engineering foundation threshold concepts, in which many 
mathematical threshold concepts were identified (Male, 2012).  Engineering students in that 
study identified the abstract nature of mathematics, and the apparent lack of relevance to 
engineering, as troublesome features of threshold concepts in mathematics.  They 
suggested indicating the engineering application of mathematical concepts at the time each 
is first introduced to students (Male, 2011; Male & Baillie, 2014). The idea to integrate 
engineering applications when teaching mathematics has been adopted or recommended 
elsewhere in Australia, and in Europe and the USA (Güner, 2013; Hirst et al., 2004; Wandel, 
2010).

The obvious way to integrate engineering applications when teaching mathematics is to 
include engineering applications in mathematics classes. However, informed by threshold 
concept theory, we asked whether the issue is complicated by additional factors beyond lack 
of examples demonstrating the relevance of the mathematics. Threshold concept theory 
proposes that by identifying the troublesome features of concepts, educators can develop 
initiatives to support students to overcome the thresholds. Threshold concepts can be 
troublesome for any reason and several common reasons are identified in threshold concept 
literature. In addition to other reasons, students can find concepts troublesome due to 
abstract knowledge, language, complexity, unfamiliar ways of thinking, and features that are 
counter-intuitive (Perkins, 2006). Troublesome language can include new language or 
language used differently from familiar usage (Meyer & Land, 2003, p. 9). We analysed the 
language of mathematics including the terminology and notation, comparing that used where 
concepts are taught in first year mathematics with that used when the concepts are applied 
in engineering.

We asked:

1. What are some real-world engineering examples that can be used in first year
mathematics to demonstrate the relevance of the mathematics?

2. How is the language used to present mathematical concepts when they are applied in
engineering similar to and different from the language with which the concepts are
first introduced to engineering students in mathematics?

3. How do students respond to the identified mathematical concepts in engineering and
mathematics as they are presented and explained?



The first author of this paper is a mathematician and engineer in an engineering school and
teaches second year, third year, and masters (fifth year) engineering units. She collaborated
with the third author who was teaching mathematics to first year engineering students, in
order to connect the teaching and application of mathematics between their units and
thereby support students’ learning.  For certain topics in a first year mathematics unit, we
identified relevant and important applications in a second, third year engineering and Masters
of Professional Engineering unit. The third author peer-reviewed at least two lectures and
one tutorial taught by the first author in both 2012 and 2014 in the third year unit Reservoir
Characterisation, and also in 2014 in the second year unit Motion and masters unit
Petroleum Engineering. The first author peer-reviewed three first year mathematics lectures
and a two-hour tutorial of the third author. The foci of the peer reviews were how
mathematics topics were presented and how students responded to this. The peer-reviewed 
classes were selected to include teaching or application of the same important mathematical
concepts. Significantly, the first author’s interdisciplinary background enabled a detailed 
analysis of the mathematical concepts in both disciplines. The first and third authors noted 
student reactions such as questions, comments and difficulties.

We found differences between the notation used in mathematics and engineering, and that
the engineering units employed mathematical tools with little reference to the material
learned in first year. Potential for improving the connections between mathematics and
applications were identified for flow rate or flux (which applies to calculation of velocity),
binomial distributions (which apply to calculation of effective permeability of a sample), and
coordinate transformations (with application to calculation of directional permeability). The
binomial distribution was applied in petroleum engineering in mixtures of random variables in
geological sediments and notation from mathematics required further explanation before 
application in order for the students to recognise it. Coordinate transformations were applied 
and derived in petroleum engineering to rotate coordinates when permeability was measured
in core sample plugs of various orientations.

The example of flux or flow rate is described below. Following engineering applications, we 
present the mathematics as it appeared in a first year mathematics unit, and describe how 
we addressed the inconsistencies. 

Flux is the change of a quantity over a surface, often per unit time. Many types of flux are 
calculated in engineering. Applications in the units investigated in this study included mass 
flow rate and thermal flux.

In the second year engineering unit Motion mass flow rate was calculated and used in the 
conservation of mass or mass balance equation. The rate of accumulation of mass within a 
system equals the sum of the mass flow rates into the system minus the sum of the mass 
flow rates out of the system.

    
where is the mass flow rate or rate at which mass cross the boundary in kg/s. 



In equation 1, students were presented with the dot notation that is commonly used in 
engineering to indicate differentiation with respect to time t. While this is likely to be tacit to 
engineering academics, several engineering students were not familiar with it. Flux was
presented in this application as summation rather than integration. 

Equation 1 presents the concept of a conservation and accounting principle in a rate form. 
Mass is a scalar variable and in equation 1 the system is represented without dimensions. 
The formal representation of this idea requires integration over the volume and boundary of 
the system. In the engineering unit this appeared later in the example of velocity calculation.

(2)

where is the density of the fluid (kg/m3) and  vn is the normal component of the velocity 
vector (m/s).

In the third year and masters level petroleum engineering units, thermal flux was presented 
in Fourier’s Law:

gradient
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where: 

k is thermal conductivity (Wm-1K-1).

A is the area of the surface through which heat flows, normal to the direction of flow which is 
aligned to x.

Q is heat (J). 

T is temperature (K).

t
Q is heat rate (W), with the negative sign indicating direction of flow.

In equation 3, flux was presented to students using increments rather than derivatives and no
integral was necessary. The increments were used instead of derivatives, to facilitate 
visualisation of the concept.

Despite no integral appearing in either of the above two cases where flux appeared, “flux 
across a surface” was introduced to students in mathematics in first year as follows (Bassom 
et al., 2014, p. 73).

Given a vector field F of R3 and some surface S with a parametric representation S(u, v) for  , the flux across S (in the standard direction of the unit normal vector n) is



   
If C is a closed surface, we make sure that N points outwards (by interchanging the roles of u
and v if needed).

The notation used in the first year mathematics unit (equation 4) was thus very general as it 
allowed for a vector field and a generic surface. It could be adapted readily to any specific 
application in engineering. Examples of adaptions are given in equations 1, 2 and 3. Other 
examples of applications in engineering include topics such as electrodynamics where 
magnetic flux is calculated. 

Students indicated that they found the mathematical definition very abstract. Though some 
schematic visualisations were provided in the mathematics unit, the future relevance to 
specific three dimensional visualisations was not yet apparent to students. Moreover, 
connections of the mathematical definition to the applications in engineering were often very 
difficult for students to see. For example, the mathematics unit sometimes used a double 
integral to represent integration over the surface (right hand side of equation 4), whereas in 
the Motion unit a single integral was used (equation 2). Students described the single integral 
for integration over a surface as conflicting with their intuition that the single integral was  
used for integration along a curve and not a surface. 

The mathematical concept of flux across a surface was developed visually in the 
mathematics unit, based on ideas of the Riemann integral. Here, increments in u and v
directions were considered. Some students reported in the Motion unit that they considered 
these explanations to be solely relevant to understanding the mathematical foundations and 
therefore they tended to disregard the explanations and memorised the final formula. 
However, the importance of the mathematical explanation can be seen from the application 
of the increments in Fourier's Law (equation 3). 

This study revealed that the links between different notations and explanations used in
mathematics and engineering were not clear for the students in the classes taught by the first
and third authors. A possible source of the problem is that the links are tacit for academics
and therefore not presented explicitly. This could lead to further unrecognised complications
for students if academics in the two disciplines do not discuss their teaching with each other
so that they are aware of similarities and differences between the notations and conceptual
explanations that they use. We recommend continued communication between academics in
mathematics and engineering regarding their teaching, especially notations and explanations
used and the applications of mathematics in engineering. Interdisciplinary workshops
involving academics who teach into engineering programs from various scientific disciplines
and in various engineering fields could stimulate academics to coordinate their teaching not
only at the topic-level but also such that students are supported in recognising connections
within programs and diversity in terminology and notation is clarified for students.



If not consistently represented, concepts and how they are presented and explained could be 
cross-referenced between units. Eccles’ expectancy value theory explains that one of the 
factors that motivates people towards a task is ‘perceived utility value’ which is perceived 
value for the person’s future (Brown, McCord, Matusovich, & Kajfez, 2014). If academics in 
mathematics refer to future relevance, not just of the topic in general but the conceptual 
understanding of the explanation, this could motivate students to follow the explanations, and
also equip them with the skill to adapt the concepts to future applications.  

By teaching mathematics with engineering, rather than referencing engineering applications 
when teaching mathematics, it might be possible to reduce the problem identified in this 
paper. Hennig, Mertsching, and Hilkenmeier (2015) taught mathematics alongside 
engineering in a fundamental electrical engineering unit, to address issues of diversity in 
levels of mathematics studied among the engineering students. For similar reasons, Bhathal 
(2015) provided online tutorial systems to support students to revise relevant mathematical 
concepts before new engineering physics topics were introduced.

This investigation has drawn attention to a problem that requires rigorous investigation to be 
understood more thoroughly in order to design and test interventions.  Better understanding 
of the thresholds that students face in applying mathematical concepts in engineering will 
require further investigation of how students experience the development of understanding of 
mathematical concepts at various stages in their education programs.

Baillie, Bowden, and Meyer (2013) combined threshold concept theory and capability theory 
to develop threshold capability theory. A student who has developed a threshold capability 
can respond to an unseen problem by identifying the significant features of the situation and 
developing and implementing a plan to build on relevant knowledge and respond 
successfully to the situation. Threshold capabilities rely on one or more threshold concepts. 
Our vision is for engineering students to have the capability to approach an unseen 
engineering problem and be able to recognise the salient features of the problem and identify 
and apply relevant mathematics including mathematical threshold concepts. Consistent with 
this perspective, Booth (2008) recommends that engineering students be supported in 
developing the ability to address a problem by working out what they can use of what they 
know and what they need to know. A repertoire of mathematical tools including a variety of 
notations is likely to be valuable for this purpose. The vision raises questions for further 
investigation.

While consistency in notation may simplify students’ learning, there are also potential 
benefits to demonstrating diverse representations especially where these indicate nuanced 
conceptual understanding. Leppävirta (2011) recommends greater focus on conceptual 
understanding. It is not clear whether consistent notation or diverse notation would be most 
helpful in achieving this. Furthermore, Gainsburg (2015) draws attention to the importance of 
engineering students developing different levels of epistemological views towards 
mathematics methods, and recognising links between diverse approaches is part of this 
development.

Considering these perspectives on mathematics education for engineering, in responding to 
the preliminary findings of this study, discussion and cross-referencing between units could 
be preferable to uniform selection of notations and terminology. We expect it will be most 



valuable to encourage students to discuss, connect, and try to use various notations and 
consider the features of situations in which they are most suitable.

This investigation found troublesome features of applications of mathematical concepts
experienced by engineering students in the units investigated. To develop curriculum
improvements, further study is needed to investigate students’ experiences of understanding
and applying mathematical threshold concepts.

Further research will be required to evaluate the impact of efforts to improve links between 
mathematics and engineering. Exercises in which students identify and discuss connections 
between mathematics and various applications in engineering could be developed to both 
collect data and facilitate capability development by the students.

Further investigation of the nuances in conceptualisation reflected in the differences between 
the language notation used in mathematics and in engineering could also lead to deeper 
understanding and improved collaboration between the disciplines.  

The applications of mathematics identified in this study were in mechanical and petroleum 
engineering units. Examples in other engineering disciplines should also be identified, 
especially as engineering is often taught with common foundation units in mathematics

In this study we have identified examples of engineering applications of mathematics and 
discovered that there are significant differences in notation and explanations in mathematics 
as taught in mathematics and applied in engineering. Representations in mathematics are
abstract and general compared with those used in engineering. Identifying engineering 
examples for the mathematical concepts may not provide sufficient support for students. 
Possible strategies to support students in overcoming thresholds in mathematics are to 
improve the consistency in notation, or to introduce cross references between units including 
notations and explanations of the mathematical concepts. Discussion and trial of alternative 
representations and their suitability for various contexts could also be found to be valuable. 
We recommend that academics who teach mathematics to engineering students, and those 
who teach engineering units, discuss how they teach and apply mathematical concepts.
They should delve beyond identifying mathematical concepts and applications in 
engineering, and consider development of levels of abstraction throughout the engineering 
program such that students can develop capability to apply mathematics in unseen 
engineering problems. 

Baillie, C., Bowden, J. A., & Meyer, J. H. F. (2013). Threshold Capabilities: threshold concepts and 
knowledge capability linked through variation theory. Higher Education, 65(2), 227-246. 

Bassom, A., Cripps, E., Devillers, A., Jennings, L., Niemeyer , A., & Stemler, T. (2014). Mathematical 
Methods 2 Unit Reader. Perth: The University of Western Australia.

Bhathal, R. (2015). An appraisal of an online tutorial system for the teaching and learning of 
engineering physics in conjunction with contextual physics and mathematics, and relevant 
mathematics. European Journal of Engineering Education, 1-8. doi: 
10.1080/03043797.2015.1095162

Booth, S. (2008). Learning and teaching engineering mathematics for the knowledge society. 
European Journal for Engineering Education, 33(3), 381-389. 



Brown, P. R., McCord, R. E., Matusovich, H. M., & Kajfez, R. L. (2014). The use of motivation theory 
in engineering education research: a systematic review of literature. European Journal of 
Engineering Education, 1-20.

Gainsburg, J. (2015). Engineering Students' Epistemological Views on Mathematical Methods in 
Engineering. Journal of Engineering Education, 104(2), 139-166. doi: 10.1002/jee.20073

Garmendia, M., Guisasola, J., & Sierra, E. (2007). First-year engineering students' difficulties in 
visualization and drawing tasks. European Journal of Engineering Education, 32(3), 315 - 323. 

Güner, N. (2013). Senior Engineering Students' Views on Mathematics Courses in Engineering. 
College Student Journal, 47(3), 507-515. 

Hennig, M., Mertsching, B., & Hilkenmeier, F. (2015). Situated mathematics teaching within electrical 
engineering courses. European Journal of Engineering Education, 40(6), 683-701. 

Hirst, C., Williamson, S., & Bishop, P. (2004). A holistic approach to mathematics support for 
engineering. In C. Baillie & I. Moore (Eds.), effective learning & teaching in engineering (pp. 100-
121). Abingdon, Oxon: RoutledgeFalmer.

Leppävirta, J. (2011). The Impact of Mathematics Anxiety on the Performance of Students of 
Electromagnetics. Journal of Engineering Education, 100(3), 424-443. 

Male, S. A. (2011). Today’s Relevance of Feminist Theory and Gender Inclusive Engineering Curricula 
to Help Students Overcome Thresholds in Engineering Education. Paper presented at the 15th 
International Conference of Women Engineers and Scientists, Adelaide.

Male, S. A. (2012). Integrated Engineering Foundation Threshold Concept Inventory. Sydney: 
Australian Government Office for Learning and Teaching.

Male, S. A., & Baillie, C. A. (2014). Research guided teaching practices: Engineering thresholds; an 
approach to curriculum renewal. In A. Johri & B. Olds (Eds.), Cambridge Handbook of Engineering 
Education Research (pp. 393-408): Cambridge University Press.

Meyer, J. H. F., & Land, R. (2003). Enhancing Teaching-Learning Environments in Undergraduate 
Courses Occasional Report 4  Retrieved 31 May 2010, from 
http://www.etl.tla.ed.ac.uk/docs/ETLreport4.pdf

Perkins, D. (2006). Constructivism and troublesome knowledge. In J. H. F. Meyer & R. Land (Eds.), 
Overcoming Barriers to Student Understanding: Threshold concepts and troublesome knowledge
(pp. 33-47). London and New York: Routledge.

Wandel, A. P. (2010). Linkages between Courses: A Holistic Approach to Programmes. Paper 
presented at the 21st Conference of the Australasian Association for Engineering Education: Past, 
Present, Future - the 'keys' to engineering education, research and practice, Sydney.

Copyright © 2015 Pasternak, Male, Niemeyer: The authors assign to AAEE and educational 
non-profit institutions a non-exclusive licence to use this document for personal use and in 
courses of instruction provided that the article is used in full and this copyright statement is 
reproduced. The authors also grant a non-exclusive licence to AAEE to publish this document 
in full on the World Wide Web (prime sites and mirrors), on Memory Sticks, and in printed form 
within the AAEE 2015 conference proceedings. Any other usage is prohibited without the 
express permission of the authors.



Educational Utilities of Virtual Laboratories for Engineering 
Education

Ali Altalbe, Neil Bergmann and Mark Schulz
The University of Queensland

Structured Abstract
BACKGROUND OR CONTEXT
The widespread availability of the Internet has led to a dramatic increase in the development 
of on-line learning resources for university-level education. On-line learning materials are 
used both to provide additional learning support for on-campus students and to allow a 
broader range of activities and participation models for distance education students. 

For university-level engineering courses, laboratories are seen as an integral component of 
student learning. There has been significant recent interest in the provision of virtual 
engineering laboratories, either via remote Internet access to physical laboratories or through 
simulated laboratories, and considerable debate about the advantages and disadvantages of 
virtual laboratories versus physical laboratories.

The evaluation literature is very subjective in this area of virtual laboratories – individual 
authors tend to argue their own point of view which depends on whether they are looking to 
promote or refute the use of virtual laboratories. In their review, Ma and Nickerson (2006) 
state “The debate over different technologies is confounded by the use of different 
educational objectives as criteria for judging the laboratories: Hands-on advocates 
emphasize design skills, while remote lab advocates focus on conceptual understanding.”   

The best attempt to formulate a consolidated set of learning objectives for laboratories was 
based on a workshop organized on behalf of ABET (Accreditation Board for Engineering and 
Technology, in the USA) in 2002 (Feisel and Rosa, 2005). The workshop proposed 13 
objectives in the areas of Instrumentation, Models, Experiment, Data Analysis, Design, 
Learning from failure, Creativity, Psychomotor Skills, Safety, Communication, Teamwork, 
Ethics, and Sensory Awareness.

PURPOSE OR GOAL
The purpose of this theoretical paper is to undertake an extended literature review and 
critical analysis of the advantages and disadvantages of virtual laboratories (both remote 
laboratories and simulation laboratories) compared to physical laboratories in terms of the 13 
learning objectives of engineering laboratories proposed by ABET in 2002:

1: Instrumentation. Apply appropriate sensors, instrumentation, and/or software tools to 
make measurements of physical quantities.

2: Models. Identify the strengths and limitations of theoretical models. 

3: Experiment. Devise an experimental approach, specify appropriate equipment and 
procedures, implement these procedures, and interpret the results.

4: Data Analysis. Demonstrate the ability to collect, analyze, and interpret data, and to form 
and support conclusions. 

5: Design. Design, build, or assemble a part, product, or system using appropriate tools to 
satisfy requirements. 

6: Learn from Failure. Identify unsuccessful outcomes due to faulty equipment, parts, code, 
construction, process, or design.. 



7: Creativity. Demonstrate appropriate levels of in-dependent thought, creativity, and 
capability in real-world problem solving. 

8: Psychomotor. Demonstrate competence in selection, modification, and operation of 
appropriate engineering tools and resources. 

9: Safety. Identify health, safety, and environmental issues and deal with them responsibly. 

10: Communication. Communicate effectively about laboratory work with a specific audience. 

11: Teamwork. Work effectively in teams. 

12: Ethics in the Laboratory. Behave with highest ethical standards, including reporting 
information objectively and interacting with integrity. 

13: Sensory Awareness. Use the human senses to gather information and to make sound 
engineering judgments in formulating conclusions about real-world problems.

APPROACH
This paper is predominantly a critical review and analysis of the published literature relevant 
to the topic of the effectiveness of virtual laboratories.

This discussion will be structure around the 13 learning objectives of engineering laboratories 
from the 2002 ABET workshop.

While this work is relevant to many disciplines of engineering, our research particularly 
focusses on laboratory work in the electrical, computer and software engineering disciplines.

DISCUSSION
Summarising our analysis of virtual laboratories (VLs) and physical labs (PLs) against the 13 
learning objectives:

Instrumentation. VLs potentially allow access to a much broader range of virtual instruments 
than PLs, but less psychomotor experience such as connecting sensors..

Models.  VLs are just as suitable as PLs provided they model deviations of physical systems 
from the mathematical models.

Experiment.  VLs are equally suitable for developing experimental design skills given 
sufficient design choices.  

Data Analysis.   Appropriate VLs are similar to PLs, provided system imperfections are 
modelled.

Design.   Building a physical prototype is not practical with VLs, but initial simulation-based 
design is suitable for VLs.

Learn from Failure. VLs can be designed to simulate faults and can provide more structured 
and repeatable “failures”.

Creativity. Creativity is equally possible with well-designed VLs..

Psychomotor. It is practically impossible for a VL to provide some psychomotor skills, such 
as learning to solder PCBs.  

Safety. It is difficult for a virtual lab to convincingly educate students on safe working 
practices (such as safety around high voltages).

Communication. VLs can be equally useful in this regard.



Teamwork.  Simply undertaking laboratory experiments in a group does not address the key 
objectives here.  This is much more about team members with differentiated roles working 
cooperatively on a significant task.  Such teamwork is certainly possible with VLs, especially
given modern communication tools.

Ethics.  High ethical standards apply to all professional activities, not just laboratories.

Sensory Awareness. VLs are mostly restricted to visual information, with perhaps limited 
audio information.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Our first observation of the existing literature is that much of the research in this area of 
virtual labs has been based on analysis of specific virtual laboratory implementations.  
Learning objectives are not explicitly considered as part of the design.  

Our experience is that most physical laboratory activities are also designed without specific 
attention to a clear set of desired learning outcomes.  Furthermore, there is limited 
correlation between the assessment of laboratory components of courses and these learning 
objectives.

Based on the analysis summarised in the “Discussion” virtual laboratories are unlikely to be 
able to fully replace physical laboratories.

In terms of explicit learning about the correspondence between theory and practice, well-
designed virtual laboratories can provide similar learning experiences.  They can encourage 
experimentation and creativity.

In the areas of psychomotor skills, familiarity with physical equipment, building of physical 
prototypes, safe working, and learning from unanticipated failures, it is difficult for virtual labs 
to fully replicate the experience of physical labs.

The areas of creativity, communication, teamwork and ethics are learning objectives which 
are relevant across the whole curriculum, and are not specific to virtual labs.  These 
objectives do not depend on the availability of physical labs.

As an adjunct to physical labs, virtual labs bring significant potential advantages in the 
learning objectives of models, experimental design, data analysis and creativity.  Combined 
with advantages of reduced capital cost and more flexible availability to students, we believe 
virtual labs will have an important role in future engineering education
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Research Methodology employed in PBL Facilitation Studies

Wan Hamiza Wan Muhd Zina, Anthony Williamsb and Willy Shera  
The University of Newcastlea and Avondale College of Higher Educationb

Structured Abstract
BACKGROUND OR CONTEXT
In higher education, there is both a desire and a necessity to improve the quality and 
effectiveness of teaching. We need to understand the characteristics of effective PBL 
facilitation to improve PBL implementation particularly in engineering education. The PBL 
facilitation research community has clearly grown and developed since its development in 
the 1980s. This is reflected in the growth of the number of peer-reviewed journals and the 
numbers of papers published relating to PBL facilitation research. For PBL facilitation 
research to progress, it is important for researchers to carefully select the methods they will 
employ. The impact of PBL facilitation studies depends upon the appropriateness and rigor 
of the research methods chosen

PURPOSE OR GOAL
To date there has been limited studies into the qualities of effective facilitation, especially in 
the context of engineering education. The purpose of this paper is to investigate the 
trends/patterns emerging in the use of various research methodologies in PBL facilitation 
studies. We compare and contrast research methodologies from the middle 1990s with those 
up to 2014 to examine patterns in current practices. Examination of such patterns provides 
insights into the possible future development of research methodologies in PBL facilitation

APPROACH
Using 55 published empirical articles in academic journals as a database, this paper 
identifies the trends in the methodologies employed in the study of PBL facilitation.   
Published studies that empirically investigated effective facilitation in PBL were located 
through library databases and document retrieval systems. Using descriptors, the following 
key words were searched: Problem based learning, PBL facilitation, PBL tutor role, effective 
PBL facilitation. Three broad classifications were used for summarising the methodologies 
adopted within the papers as follows:

(1) Quantitative –methods rooted in a positivist research paradigm.

(2) Qualitative –methods rooted in an interpretative research paradigm.

(3) Mixed methods – comprising a combination of both quantitative and qualitative research 
methods.

DISCUSSION
The review revealed that the number of qualitative and mixed method investigations has 
increased significantly over the past decade. Dolmans et al. (2002) reported that trends of 
PBL facilitation research have emphasized the need for detailed and rich descriptions about 
what happens in PBL environments and what the outcomes of PBL implementations are for 
different settings and conditions. Since then, many researchers have conducted qualitative 
studies to investigate effective facilitation in PBL.  As reflected in this research methodology 
paper, quantitative studies were clearly the most common research design used by PBL 
researchers between 1994-2004 (58% of the studies). However, during the last decade 
(2005-2014), qualitative studies have increased significantly by 68%, mixed method design 
has increased the highest by 71%, whereas quantitative studies decreased by 9% to 
compare with the previous decade. This shows the research trend shifts from quantitative to 
qualitative and mixed method approaches.



RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
In the literature on PBL implementations, multiple methods and methodologies are identified 
that can be used to develop detailed and insightful understandings of what it means to 
facilitate and learn. Qualitative and mixed method approaches are the research 
methodologies used most frequently for PBL facilitation over the past ten years. A number of 
significant articles of PBL facilitation studies that adopt quantitative, qualitative and mixed-
method approaches are summarised in this paper. It is argued that qualitative research is 
able to provide detailed and in-depth knowledge on how different features of PBL facilitators' 
tasks and characteristics can be shaped, facilitated and how they constrain self-regulated 
learning. Engineering education with its rich history of quantitative research needs to, as with 
education generally, shift its methodological approach to studies which employ qualitative 
methods so as to better understand our practice.  





















 



The Beginning of a Scholarly Conversation on Impact in 
Engineering Education: A Synthesis of the Three Major Difficulties 

Associated with Studying Research Impact

Jeremi London and Monica Cox  
Arizona State University and Purdue University

Structured Abstract
BACKGROUND OR CONTEXT
In the social and political context of increased accountability and limited support for research 
and developments (R&D), engineering education researchers and practitioners are being 
asked to identify the tangible impacts of their work. More broadly speaking, the value of 
research is being scrutinized because its importance is not well understood by society, and 
research is often considered to have no practical significance. Unfortunately, this issue is 
exasperated by the dearth of scholarship on how impact should be defined, characterized, 
and evaluated—both in general, and in the context of engineering education. Additionally, 
researchers tend to express feels of disinterest or lack of expertise when asked to respond to 
inquiries about the impact of their work. A synthesis of scholarly literature on the difficulties 
associated with studying research impact reveal that researchers are not alone in their 
struggle to understand and articulate the impact of research.

PURPOSE OR GOAL
The purpose of this paper is to start a more sophisticated conversation about the impact of 
research in the engineering education community by providing a synthesis of the difficulties 
associated with studying research and proposing next steps for advancing the field of 
engineering education’s collective understanding of impact.

APPROACH
This paper presents a synthesis of the litany of reasons why studying research impact is 
difficult, and results in three major difficulties associated with studying research impact (both 
in and beyond the field of engineering education).

DISCUSSION
Existing literature on research impact includes a myriad of difficulties associated with 
studying the impact of research. However, a synthesis of this literature has resulted in three 
categorizations across three headings: difficulties associated with connecting impact with 
research or the researcher; difficulties associated with assessment and evaluation; and 
difficulties associated with interpretations of impact.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
There are many things the engineering education community can do to enhance our 
understanding of research impact. As individuals in the engineering education community, 
we can allow insights about how research impact is defined in scholarly literature and what 
makes it difficult to study to inform how we conceptualize and communicate research impact. 
As a community, one necessary first step is to articulate a nuanced description of what 
impact looks like in our context. A framework characterizing the impact of research in 
engineering education would not only be a way to raise the conversation on impact to a more 
sophisticated level among engineering education researchers and practitioners, but it will 
also advance the scholarship on impact that extends beyond this field
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Improving Graduate Attributes through Project Based Learning

Alex Stojcevski, Hayrettin Arisoy, Jaideep Chandran and Beverley Webster
RMIT University

Structured Abstract
BACKGROUND OR CONTEXT 
The study looks at how project based learning as a pedagogical method can improve 
students’ graduate attributes through personal development and early feedback. 

PURPOSE OR GOAL
The study was performed in order to understand what students think about personal 
development in the form of self-study, and understand what activities would be most 
appropriate in order to improve the graduate attributes. 

APPROACH
The research was performed through a survey as well as focus interviews. 

DISCUSSION
The key result, which came out of this study, indicates that in order to achieve alignment of 
learning tasks to learning outcomes and therefore improve graduate attributes, the student’s 
activities must be focused and project based. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Aligning meaningful student activities to student learning outcomes through a student 
centered learning model such as project based learning can easily achieve and meet 
graduate attributes required for the 21st century.
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Building Collaborations through Storytelling while Revising 
Mechanics of Materials Curriculum for Implementation

Grace Panther, Devlin Montfort and Shane Brown 
Oregon State University

OVERVIEW 
This workshop is the second in a series of workshops funded by the U.S. National Science 
Foundation to target engineering student misconceptions. Through co-development of 
curricular materials for a Mechanics of Materials course, we expect to increase adoption 
rates and foster and strengthen collaborations among instructors. Our previous research in 
this area has emphasized the importance of storytelling during the initial development of a 
collaboration. Consequently, this workshop will not only provide an environment for 
instructors to develop collaborations but it will also produce tangible materials that instructors 
can incorporate in their classrooms. Materials created at a previous workshop (manipulatives 
to assist in student understanding) will be revised at this workshop. 

ORGANIZERS’ BACKGROUNDS 
Grace Panther is a doctoral student in engineering conducting engineering education 
research at Oregon State University(OSU) in the United States. She led the design and 
implementation of a 1.5 day material-development workshop for instructors which inspired 
this research. 

Dr. Devlin Montfort is an Assistant Professor at OSU. His past research focused on students’ 
conceptual understanding in mechanics of materials which revealed common student 
misconceptions. This research directly informed the creation of the original workshop. 

Dr. Shane Brown is an Associate Professor at OSU. His expertise includes conceptual 
change and situated cognition. He has published a ranking task book for Mechanics of 
Materials based upon his previous research on common student misconceptions. Most 
recently, he has served as a program chair for the American Society for Engineering 
Education’s 2015 conference and exposition. 

PURPOSE OR GOAL
The goal of the workshop is to increase awareness of previously researched misconceptions 
that students have about mechanics of materials and provide an avenue for instructors to be 
active participants in the material-development process. Sharing of experiences (storytelling) 
with other instructors will also assist in developing collaborations with other instructors who 
share similar objectives. 

Specifically, the workshop will
• Provide educators with a brief summary of previously researched student misconceptions in
Mechanics of Materials 
• Allow instructors a chance to reflect and share classroom experiences with other instructors
who have similar interests. 
• Adapt previously created course materials to suit individuals’ specific concerns
• Enable use of adapted materials through edits done by workshop presenter

Though this workshop can stand alone, an accompanying paper has been submitted that will 
provide additional research findings specific to storytelling during the formation of 
collaborations. Preferably, the paper would be presented prior to the workshop to enhance 
the intended outcomes.



APPROACH

The workshop will be broken down as follows: 

5 minutes – Introductions
15 minutes – Brief overview about the project findings to date and of the previously
researched misconceptions specific to a Mechanics of Materials course.
15 minutes – Small group activity. Participants will organize themselves into groups
based upon one of the pre-defined topic areas that most interests them. From their
own experiences teaching or learning, they will share what areas students have
difficulties grasping.
5 minutes – Groups will report back on their discussions to the entire workshop
25 minutes – Small group activity. Participants will run through materials created at a
previous workshop and discuss areas that need improvement and make suggestions.
10 minutes – Groups will report back on their discussions to the entire workshop,
sharing what they thought could be incorporated into the activity or improved upon.
5 minutes – Closing remarks.
10 minutes – Open forum for asking questions

DISCUSSION
TARGET AUDIENCE 

The target audience is instructors who teach or are interested in teaching a Mechanics of 
Materials course and want to contribute to material-development. Students who are also 
interested in engineering education are encouraged to participate and contribute their own 
perspectives. Prior knowledge about topics commonly presented in a Mechanics of Materials 
course is helpful but not required. 

OUTCOMES 
Through participation in the workshop, instructors will have access to the course materials 
that are revised and the option of implementing them in their classrooms. Additionally, 
students will benefit from the implementation of the created materials as they target 
previously researched misconceptions. 
A more abstract outcome involves instructors’ reflecting on the information gained from the 
workshop and incorporating it in the design and/or revision of their courses. It is also 
expected from the nature of the group work and structure of the workshop, that an increase 
in collaborations between participants may occur. 

In summary, the intended outcomes are: 
• Implementation of revised course-materials into participants’ classrooms
• Updating of curriculum based upon presented misconceptions
• Increase number of collaborations between participants

KEYWORDS
Material-development, collaboration, misconceptions 



Toward a Community-Informed Framework Characterizing the 
Impact of Engineering Education R&D

Jeremi Londona, Maura Borregob and Anne Gardnerb

Arizona State Universitya and University of Texas Austinb

BACKGROUND OR CONTEXT 
Funding and other resources to support engineering education scholarship are shrinking. In 
an environment of increased accountability, engineering education researchers and 
practitioners are being asked to identify the tangible impacts of their work. Unfortunately, 
there is a dearth of scholarship on how impact should be defined and evaluated in the 
context of engineering education. The engineering education community lacks a shared 
understanding and language around the topic of impact. As a result, many of us struggle to 
articulate the impact of our work to diverse audiences, and we are unable to advocate for 
engineering education using consistent messages. It is imperative for the global engineering 
education research community coalesces on a shared meaning of what impact looks like in 
this context – or else an inability to clearly communicate the impact of our work may lead to a 
loss of public support for engineering education R&D. Because the engineering education 
research community spans many geographic regions, it is important that the conversation 
around this topic engages members of worldwide engineering education community. 

PURPOSE OR GOAL
Building on the authors’ ongoing work (London, 2014), this AAEE workshop is the first in a 
four-part series that will take place at engineering education research conferences around 
the world throughout 2015-2016 to engage the community in widespread discussion on 
characterizing the research impact in engineering education R&D. Following the workshop, 
participants will be able to: 
1. Describe the basic characteristics and scope of existing research impact frameworks from
fields outside engineering 
2. List several potential measures of impact for engineering education research and
development work 
3. Identify key measures of impact that are particularly relevant to engineering education
4. Discuss the impact of engineering education research and development with colleagues,
administrators, and other audiences

APPROACH
This interactive session will be structured in the following way: 

15 mins Introduction
20 mins Brief summary on existing literature on impact, highlighting the difficulties
associated with studying research impact and frameworks developed to characterize
research impact in other disciplines—some of which include frameworks developed
for medical science research, arts & humanities research, informal science education,
and science, in general (Allen et al., 2008; Donovan & Hanney, 2011; Godin & Doré,
2005; Kuruvilla, Mays, Pleasant, & Walt, 2006; Levitt et al., 2010).
30 mins Small group activities to identify and rank which elements of existing
research impact frameworks should be included in a framework characterizing the
impact of engineering education R&D
10 mins Report out
15 mins Large-group discussion on new, distinct ideas that should be included in an
engineering education research impact framework and feedback for future workshops

This workshop will be highly interactive, as evidenced by the group discussions. We do not 
have a framework that we want to present to the participants; rather, they will be actively 
engaged in developing the framework. We feel strongly that the success of the framework 



relies on input from engineering education researchers and practitioners from around the 
world. This ensures a robust framework that coalesces messages about the value of 
engineering education to enable stronger advocacy. 

DISCUSSION
The target audience is anyone with enough interest in engineering education to attend the 
AAEE conference. No prior knowledge is required, but participants with some experience 
arguing for the impact of their own engineering education work would benefit most. The 
insights from the group discussions will be documented, analyzed and summarized in a 
report that will be written after the workshop series and published as a conference paper or 
journal article. The expected outcome of the is a valid, comprehensive framework 
characterizing the impact of engineering education R&D that reflects the priorities and 
perspectives of the global engineering education research community and will be useful to 
engineering education researchers, practitioners, and policymakers alike.

KEYWORDS: 
Research, Impact, Framework 



Understanding Gender in Teamwork to Increase the Numbers of 
Women in Engineering

Kacey Beddoesa and Grace Pantherb

University of Massachusetts Lowella and Oregon State Universityb

BACKGROUND OR CONTEXT 
The low numbers of women in engineering remains a concern in many parts of the world, 
including Australasia. Prior research on students’ experiences demonstrates that classroom 
experiences and interactions with other students and faculty disproportionately cause 
negative experiences for female and other minority students and lead to attrition from 
engineering programs. For a variety of reasons, teamwork is one component of engineering 
education frequently experienced differently by women and other minority students than by 
male students. Given that teamwork is of central and increasing importance, it is vital that 
faculty member understand how to maximize gender inclusivity of their teamwork 
components. A study conducted over the past year examined professors’ practices and 
discourses surrounding teamwork and gender (among other topics): this workshop is one 
outcome of that study. 

PRESENTERS: 
Kacey Beddoes is an Assistant Professor at the University of Massachusetts Lowell. This 
workshop is based on a U.S. National Science Foundation grant for which she is Principal 
Investigator (http://www.nsf.gov/awardsearch/showAward?AWD_ID=1427553). Dr. Beddoes 
has previously organized and led workshops at AAEE, the American Society for Engineering 
Education, and Frontiers in Education conferences. 

Grace Panther is a doctoral student in engineering conducting engineering education 
research at Oregon State University. She has previously led the design and implementation 
of a multi-day faculty development workshop for engineering instructors. She is leading a 
systematic literature review of gender and teamwork (in progress), which will inform the 
proposed workshop. 

PURPOSE OR GOAL
The purposes of this workshop are to: 1) disseminate knowledge of recommended best 
practices for gender inclusive teamwork; 2) raise awareness of gendered dimensions of 
teamwork and problematic discourses surrounding teamwork; 3) provide a forum for 
instructors to reflect upon their own practices; and 4) identify challenges and questions for 
the creation of a research agenda for gender and engineering teamwork. Materials 
implemented will be based upon the research project described in the Background. 

The outcomes of this workshop will be: 
1. Practical, takeaway suggestions that instructors can implement in their own courses.
2. A research agenda for gender and engineering teamwork.
3. Ideas for improving mechanisms of team assessment.

Outcomes 2 and 3 will be shared with the engineering education community via future 
publications and a website that is being created for the larger project. 

APPROACH

• Introductions [10 minutes]
• Interactive presentation of problems and best practices [30 minutes]
• Small group, then whole group, discussions on how to improve mechanisms for evaluating
teamwork [20 minutes] 



• Small group, then whole group, discussions of challenges participants face and questions
they have that they would like to see included in a research agenda for the community [25 
minutes] 
• Summary wrap-up [5 minutes]

DISCUSSION
The primary audience is engineering faculty members, and future faculty members, who 
utilize teamwork in their courses. A secondary audience is engineering education 
researchers who are interested in contributing to the development of a research agenda on 
gender in engineering teamwork and/or the creation of mechanisms to better account for 
gender biases in teamwork. No prior knowledge is needed to participate. Easel paper and 
markers are requested for group work portions. 

The learning outcomes of the workshop for participants are that they will leave with: 
knowledge of how to facilitate more gender-inclusive teamwork; knowledge of ways in which 
gender biases occur in team settings; and ideas on how to better assess teamwork in ways 
that mitigate gender biases. The learning outcome for the larger community is a list of topics 
on which further research is needed. 

KEYWORDS: 
gender; teamwork; faculty development 



Benchmarking Graduate Quantitative Skills in Engineering

Janelle Wilkes and Jackie Reid
The University of New England

BACKGROUND OR CONTEXT
Quantitative skills (QS) are defined as “the ability to apply mathematical and statistical 
thinking and reasoning in context” (Rylands et al. 2013). The need for QS in engineering is 
clearly articulated as an element of competency, “1.2 Concept understanding of the 
mathematics, numerical analysis, statistics and computer and information sciences which 
underpin the technology domain” (Engineers Australia, 2013). In 2014 the Office for Learning 
and Teaching (OLT) funded an extension project that developed comprehensive lists of key 
graduate QS and mapped the first-year QS in science and engineering courses. The 
Bachelor of Engineering Technology (BET; Civil and Environmental), which is offered via 
blended modes of learning (on-campus and distance), was included in this project. 
Cross-institutional benchmarking forms part of Engineers Australia accreditation, and this 
mapping would allow visual representation of QS across the curriculum. Detailed analysis of 
QS covered at each institution would identify gaps and disparities between disciplines and 
courses within and between institutions. However, to allow benchmarking to occur, the 
graduate QS need to be identified. 
The list of graduate QS for the BET has been completed at one institution. To evaluate its 
validity, it would be invaluable to compare the list with other institutions and disciplines; and 
for Bachelor of Engineering (BE). 
Dr Wilkes will facilitate this workshop. She has over a decade of teaching experience, was 
awarded an OLT Citation for her work using technology to help alleviate mathematics anxiety 
in a blended learning environment, and has been involved in two OLT projects examining 
first-year mathematics. 

PURPOSE OR GOAL
The purpose of this workshop is to present an overview of the development of a list of 
graduate QS including 3 levels of proficiency; and then for the audience to help identify the 
desired QS for graduate BET and BE students in the disciplines represented by the audience 
participants.

APPROACH
In this workshop the following will be undertaken:

1. Introduction to the project and workshop (10 min)
2. Explanation of the levels of proficiency (5 min)
3. Workshop participants, divided into discipline groups, will use the list of graduate

QS developed by the authors as a starting point to identify the desired graduate
BET and BE QS (30 min)

4. Each group reports back on modifications to the list that may also be relevant for
other disciplines (10 min)

5. Groups continue to refine their list of QS (10 min)
6. Round up where groups compare final output and each discipline refines final QS

list (15 min)
7. Demonstration of how the QS mapping tool was used to map first-year units and

how the course map was created for BET Civil and Environmental majors (10
min)

DISCUSSION
The target audience of the workshop is academics interested in developing their 
understanding of the QS required by graduates in their BET or BE degree. No prior 
knowledge is required. The learning outcomes of this workshop are to gain an understanding 



of the 3 levels of QS proficiency; and gain a deeper understanding of the graduate QS for 
BET and BE students in various disciplines.

KEY WORDS
benchmarking, curriculum renewal, blended learning, quantitative skills



ePortfolio Basics - How to construct a template for a project-based 
assessment portfolio using PebblePad

Yasmine Tolentino 
Western Sydney University

BACKGROUND OR CONTEXT 
There are good reasons for students to use ePortfolios. They have been used successfully in 
engineering education (Blicblau, 2008; Campbell & Schmidt, 2005) and have been used to 
help students understand engineering graduate attributes (Palmer & Hall, 2006). Campbell 
and Schmidt (2005) outline a number of benefits of ePortfolios including providing students 
with a way to store work so the students can identify their development over time; ePortfolios 
help students reflect on their development over time; and ePortfolios can showcase student 
work to potential employers (Goodyer & Milne, 2009). 

This workshop will focus on creating a template for an assessment eportfolio that is designed 
to "produce evidence that relevant parties will find credible, suggestive, and applicable to 
decisions that need to be made...thinking in advance about how the information will be used, 
and by whom" (Astin et al., 2004). This would also contain certain pages that could contribute 
to a showcase eportfolio that can be used to represent best practices for the purpose of 
fostering self-reflection and peer review (Fowler, 2014) and provide expert certified evidence 
of their competencies to potential employers. 

Presenter: Yasmine Tolentino - Blended Learning Advisor (University of Western Sydney-
School of Computing Engineering and Mathematics) has been in the educational design 
circle for the past five years. Helped in the design, implementation, support & evaluation of 
using Pebblepad as an eportfolio assessment for four units in Industrial Design from 2014 to 
present.

PURPOSE OR GOAL
This workshop aims to let participants create sample templates for a hybrid (assessment & 
showcase) eportfolio that follows the 7-phase model of project based learning. After the 
workshop, the delegates should be able to: 
* identify the basic elements that a project based assessment portfolio should contain;
* practice basics for creating a template using pebblepad;
* create a template; and
* present it to the group for constructive feedback

APPROACH
To start off the workshop, a scenario will be given to the delegates for them to brainstorm on 
the elements that would build the template based on the context and the 7-phase Model of 
Project Based Learning design. They will be asked to brainstorm in groups, then type in their 
responses in a shared google doc. When everyone's basic structure is ready, we will open up
pebblepad test accounts for certain groups and let them build specific pages using certain 
elements, e.g. blank tables, guiding questions, pre-made / self-made rubrics, blog page, etc. 
During the building stage, a presentation explaining the different elements of a pebblepad 
template that would support the 7-phase model will be playing on the screen. Since there will 
be a need for small group discussions, a round table with movable chairs would be ideal. If 
there can be at least one computer on each table that is wifi connected, the participants can 
have a go at building their templates. A main computer for sharing all group's templates, 
running the demonstration & accepting google doc entries will also be needed.



DISCUSSION
This workshop would be ideal for anyone looking for ways to efficiently implement the use of 
eportfolios as an assessment. Pebblepad uses an HTML5 drag and drop interface which 
should be intuitive enough to be used by people who have basic WYSIWYG editing skills.



Student centred learning approaches to creating humanitarian 
engineers

Jenny Turnera, Nick Browna, Jolan Pricea, Julian O’Sheaa, Jeremy Smithb and Alison 
Stoakleya

Engineers Without Boarders Australiaa and Australian National Universityb

BACKGROUND OR CONTEXT
The humanitarian engineering movement has gained increasing momentum in recent years 
with a greater focus on the responsibility of engineers to create positive social impacts in 
both a humanitarian context and within the engineering profession in Australia. This has led 
to an increase in the number of student based learning programs and opportunities centred 
on humanitarian engineering within universities. These include the EWB Challenge, 
Humanitarian Engineering Design Summits and the Humanitarian Research Program 
coordinated by Engineers Without Borders Australia (EWB), as well as dedicated course and 
project work developed within universities. 

With this critical mass of educational opportunities comes a need to create learning pathways 
to promote cumulative learning for students and for a collaborative effort between universities 
and practitioners to define competencies and student learning outcomes required to for a 
humanitarian engineer. This workshop will provide participants with an opportunity to 
participate in a working group facilitated by EWB focusing on creating such learning 
pathways within Australian universities. 

PURPOSE OR GOAL
This workshop aims for participants to leave with a deeper understanding of the current 
opportunities that their students have for developing their understanding of their global 
responsibility to use their engineering and professional skills to create positive social change 
in both a humanitarian and Australian context. By the end of the workshop participants will 
have mapped the current learning pathways within their university, brainstormed tangible 
ways to build on these pathways and identified potential collaborative opportunities. 

APPROACH
The aims of this workshop will be achieved through group discussions, brainstorming and 
mapping exercises. 

DISCUSSION
This workshop is for anyone interested in encouraging student learning outcomes in 
humanitarian engineering and the use of engineering professional skills to create positive 
social change. No prior knowledge is required to participate. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This workshop will provide practical mechanisms and resources for developing humanitarian 
engineering courses and programs. Further to this, we will build a network of academics 
interested in curriculum programs related to humanitarian engineering and community 
engaged engineering projects. 

KEYWORDS 
Humanitarian engineering, student-centred learning, Engineers Without Borders



Reflective Practice in 3 Domains

Juliana Kaya Prpic 
The University of Melbourne

BACKGROUND OR CONTEXT 
Reflective practice is a skill vital to professional engineers engaged with both complex 
problem solving and professional practice. As such, reflective practice is an important skill to 
teach engineering students. Increasingly, students are expected to keep a reflective journal 
as part of their assessable work and ongoing development. However, this often proves 
difficult is terms of both the structure of reflective journals and the assessment of student 
writing.

PURPOSE OR GOAL
The purpose of this Workshop is to introduce participants to a successful framework for 
reflective practice that has been developed over five years, with very positive evaluation by 
students. This framework allows students to reflect on their learning experience within the 
affective, cognitive and conative learning domains, all of which are important for deep 
reflection. The workshop will also introduce an iPad app that has been developed recently to 
assist with assessment of student reflective writing.

APPROACH
In this Workshop, participants will have the opportunity to: 

- share their experience of developing student reflective practice within their subjects; 
- use the reflective practice framework to reflect on a personal learning experience;
- experiment with the iPad app to assess their reflective writing.

DISCUSSION
The discussion of this Workshop will allow: 

- greater understanding of reflective practice within the three domains of learning; 
- practical experience with a successful framework for reflective practice; 
- an opportunity to develop questions that can guide the reflective process; 
- clarity about the elements of student reflective writing that can be assessed.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
This Workshop offers participants the opportunity to explore how they might: 

- better facilitate reflective practice in their own context; 
- develop a structured framework to assist student reflection;
- develop a set of questions to guide and assess student writing.



Shifting Perspectives - Changing direction. Integrating Aboriginal 
Engineering into modern engineering curricula

Elyssebeth Leigha, Tom Goldfincha, Les Dawesb, Kaya Prpicc, Jade Kennedya and Timothy
McCarthya (University of Wollongong) 

University of Wollongonga, Queensland University of Technologyb and University of 
Melbournec

BACKGROUND OR CONTEXT
All societies develop their own engineering solutions to the common problems of housing, 
sustenance and health. The chosen solutions are the result from combining practical actions 
with what is philosophically acceptable to particular social groupings. Research has 
demonstrated that Australian Aboriginal peoples had 40,000 years to devise and implement 
ways to survive and live comfortably in the wide range of climatic conditions of the Australian 
continent (Blainey, 2015). Clearly succeeding generations were educated about how to 
sustain these appropriate combinations. While the vast time scale is now generally accepted, 
what is less well understood is the manner in which those engineering solutions contributed 
to creating a stable, long-lived, diverse and sophisticated set of inter-connected national 
cultures. At the time of European settlement these solutions had been in place for thousands 
of years, but were so different from solutions familiar to the new arrivals that they were 
virtually invisible to the newcomers. This 'invisibility' made it difficult for succeeding 
generations – both newcomers and traditional occupants - to value the achievements of 
those Aboriginal nations. Today they are scarcely understood or seldom acknowledged, yet 
they continue to have the potential to teach modern engineers much about how to live on this 
continent sustainably.

This workshop presents the results of an OLT project focused on Indigenous Student 
Support Through Indigenous Perspectives Embedded in Engineering Curricula (Goldfinch, et 
al 2013). 

The project team comprised Aboriginal and non-Aboriginal academics from three Australian 
universities, and this workshop presents the results of their collaboration.

PURPOSE OR GOAL
The project goals aimed to make academic engineering contexts more welcoming for 
Aboriginal students, given the paucity of their numbers. Considering how to achieve this led 
to recognition of a much larger question to be addressed along the way. Since students are 
more likely to be at-tracted to a discipline with which they have some familiarity and prior 
engagement (Purdue 2007), answering the question of 'what is Aboriginal engineering?' was 
seen as a stepping-stone to helping engineering educators embed Aboriginal perspectives in 
specific course content. 

However, it was soon evident that the concept of 'Aboriginal engineering' with records and 
accessible information was virtually unknown, so the project took on an additional, and 
larger, purpose of addressing the essential prior questions of a) how to discover, identify, 
explore, and record for general use, information about Aboriginal engineering? B) given 
enough evidence, how to provide a means whereby engineering educators can integrate 
Aboriginal perspectives into their curricula? C) how to make such information generally 
available?

This workshop provide participants with a pathway for exploring these questions for 
themselves and work out how to address these questions from within their own knowledge 
domains.



APPROACH
An interactive and immersive learning approach will introduce the models, concepts and 
knowledge developed by the project team. The learning process will apply some Aboriginal 
approaches to learning and teaching and provide some means by which engineering 
educators can incorporate Aboriginal knowledge into their particular curriculum content. 

Participants will have the opportunity to use our resources to begin their own exploration of 
the questions 'what is Aboriginal engineering' in regard to their own discipline or research 
area.

The workshop will only require the usual teaching resources.

DISCUSSION
The target audience is engineering educators interested in discovering what aspects of 
Aboriginal engineering principles and practices coincide with, and overlap, their current 
course content. It will particularly address ways of engaging with such knowledge in a 
respectful, developmental and innovative mindset. 

No prior knowledge is required, curiosity will an asset.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
We did not expect to encounter the need to explore the questions of ‘what is Aboriginal 
engineering?’ Our research journey has led us to conclude that there is much to be done to 
rectify the gaps in general knowledge about this topic, and even more to fully understand the 
deeper engineering knowledge involved in living sustainable for 40,000 years in Australia. 

The implications of this project are far reaching, involving re-writing texts, conducting 
engineering-focused research on Aboriginal achievements and re-thinking how to teach 
engineering students to engage with Aboriginal issues in current and future engineering 
projects across the Australian landscape. The workshop will explore a number of these 
issues with the goal of inviting participants to engage in their own on-going explorations of 
relevant questions that emerge from the workshop. 



PPIR: Introducing Professional Performance to Engineering 
Students

John Nurse and Ashley Brinson, 
The Warren Centre for Advanced Engineering

BACKGROUND OR CONTEXT:
The Professional Performance, Innovation and Risk in Australian Engineering Practice
program (“PPIR”) and its associated Protocol for Performance have been developed by The 
Warren Centre for Advanced Engineering, a not-for profit think tank located at the 
University of Sydney. Ashley Brinson is Executive Director at The Warren Centre. John
Nurse is a member of the PPIR Advisory Board, with long-term experience in the 
development and coordination of PPIR training programs.

This workshop presents PPIR and the potential for PPIR-based teaching within 
engineering education. The aim is to assist in the development of “industry ready” 
graduates, with exposure to cross discipline engineering skills and cross-entity skills 
(owner/engineering company/construction company/equipment supplier), and
exposure to a professional performance methodology and “real world” case studies.

PURPOSE OR GOAL: 
The specific outcomes from participation in this workshop are the understanding and 
appreciation of: 

The PPIR program and its role in delivering professional performance in the Australian
engineering industry and profession
The benefits of inclusion of Professional Performance (based on the PPIR Protocol) in
engineering education curricula.
The application of specific learning approaches, including case studies and role play
exercises.

Participants will take part in activities applying the principles of the PPIR Protocol for 
Performance: 

Simple Case study: assessment and implement of a task assigned to a graduate
engineer identifying hidden complexity in the (apparently) simplest task.
Complex Case study: applying PPIR to a more complex real world case study,
involving multiple contractual parties and consideration of technical, project and
contract risk.
Role-play:  delegation of a task, using the PPIR Protocol to ensure a common
understanding and alignment between the parties.

DISCUSSION:
The target audience is those teaching or developing curriculum content related to professional 
practice / management / project management. No prior knowledge is needed. The intended 
learning outcome is an understanding of an approach for inclusion of Professional 
Performance, based on the PPIR Protocol, within engineering education.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSIONS
professional     performance



Exploring Questions of Sequence in Engineering Curricula

Hans Tilstraa and Rodger Hadgraftb
RMIT Universitya and Curtin Universityb

BACKGROUND OR CONTEXT 
An Australian Bachelor of Engineering (Honours) program needs to meet Engineers 
Australia’ sixteen expected outcomes and the Australian Qualifications Framework’s 11 
Learning Outcome Descriptors. In addition, universities may aim to incorporate the CDIO’s 
Syllabus, the university’s own graduate attributes etc. 

The volume and range of expected outcomes pose a challenge in ensuring a coherent 
engineering curricula. Capodagli and Jackson (2001, page 259) described a risk of such a 
crowded curriculum as contributing to a 'spray and pray' approach - spraying on the training 
and praying it sticks. Faust and Miner (1986) noted that without theory, categories proliferate, 
and any a-theoretical system will eventually fall of its own weight as will classification 
systems that are based on inadequate theory. 

What are the theories and metaphors guiding sequence in engineering curricula? 

In this workshop we aim to leverage the contributions of a group of engineering educators to 
explore the tensions and possibilities of a ‘blank slate’ approach to the design of a Bachelor 
of Engineering (Honours). We bring to the table key milestones along an optimal learning 
trajectory, and ask AAEE participants to help locate expected outcomes and processes 
optimally placed in the beginning, the middle or the end of the four years of a Bachelor of 
Engineering (Honours).

PURPOSE OR GOAL
The aim of this proposed master class is to bring together in a scaffold which provides a 
detailed overview of optimal sequence in engineering curriculum design. 

Participants will be able to select those constructs they find of most use. For example, we will 
provide Engineers Australia’s 16 expected outcomes, the five (5) Theshold Learning 
Outcomes for Engineering and ICT, as well as the CDIO’s 15 expected outcomes and the 
AQF’s 11 Learning Outcome Descriptors at level 8. We will also add to the repertoire key 
learning milestones from a literature review (see appendix).

APPROACH
Outline of the workshop structure 

1. 25 minute briefing, starting with a series of discussion statements for participants to orient
their own views on that of other participants. We will be using a ‘speed dating’ process to 
increase the participation rate. This 1:1 discussion stage is followed by a debrief, which leads 
into an overview of the why and how questions of this workshop, including sharing our 
experiences of grappling with taxonomies of engineering education. Invitation to explore what 
a new start could look like. 

2. 45 minutes of participants physically helping sequence together an ideal engineering
curricululum using large table as the ‘blank slate’. Pausing on occasion to elicit and expand 
on observations of patterns, identifying tensions. 

3. 25 minute debrief. In what ways and from which perspectives does sequence matter in
engineering curricula? What are the implications of a re-sequencing, for example in many 
university first year courses? Participants will be asked to discuss the co-created prototype 
curriculum design from several vantage points: 



- the anticipated learning experience 
- implications for course coordinating, assessments 
- an Engineers Australia audit perspective 

DISCUSSION
Becher highlighted the importance of metaphors when we think about how we organise 
knowledge. Goldman notes a shift in metaphors of knowledge from the static logic of 
foundation and capstone. Finding from a literature review on sequence will be incorporated 
into the workshop. 

To illustrate, excerpts of ideal beginnings include: 

• Dewey’s narrative pattern of inquiry begins with "a felt need, tension, or puzzlement that
impels a learner to resolve an indeterminate situation" 

problem space and contextual restraints. 
s-Oriented Guided Inquiry Model and Howard’s meta-analysis of

engineering design and cognitive psychology begin with identifying a need to learn 

Excerpts of theoretical views on the middle: 
own to what needs to be

known. 

opposing or diverse positions, experiences of uncertainty, cognitive conflict, disequilibrium, 
nudging to cooperative controversy, epistemic curiosity and information search. 

Excerpt of theoretical views on endings: 

anomalies begin to appear in the collected data which demand new concepts and theoretical 
models to explain them fully, thus setting the stage for paradigm shifts 

over time, and the applying of new knowledge and skills, seek evidence to reason with. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Bringing together engineering educators provides a unique opportunity for action research. 
Both Roger Hadgraft and Hans Tilstra have grappled with curriculum design challenges in 
cross-disciplinary settings, generating a range of hypotheses about optimal sequence. In this 
workshop the proposal is to provide a forum to prototype an engineering curriculum with 
colleagues likely to be interested in co-creating visual map with likely application in guiding a 
shift to PjBL. 



RALfie – Remote Access Laboratories for Fun, Innovation and 
Education

Alexander Kist, Maxwell Andrew, Lindy Orwin, Peter Albion, Ananda Maiti, Ting Wu and 
Ryan Burtenshaw

University of Southern Queensland

BACKGROUND OR CONTEXT 
A lack of high school graduates with sufficient Science, Technology, Engineering and 
Mathematics (STEM) skill has been identified as a challenge for continuing economic 
development in many countries around the world. No enough children developing an interest 
in STEM topics. In particular in Australia, student engagement and participation rates in 
STEM in secondary schools are low. Laboratory activities play an important role in science 
and engineering education and many projects have made laboratory activities available 
online. Some of the major initiatives include iLab, Labshare and VISIR. Most activities are 
developed and hosted by Universities and used for undergraduate teaching. More recently 
remote laboratories have also been proposed in the context of school education. 
Traditionally, remote laboratories are hosted in centralized locations and experiments are 
built by experts and used by students. However, this does not reflect the way experimental 
learning is traditionally used in schools. Here setting up the experiment and building the 
apparatus or rig from an important part of the learning activity. An alternative to the 
traditional, centralized approach are peer-to-peer remote access laboratories were the 
experiments are designed, build and hosted in a distributed manner by students. In such an 
environment students are provided with the necessary tools to conceive, design and build 
experiments. Those are shared with others who run the activities remotely. Both the maker-
experience as well as the user-experience are important learning activities. To make a 
system like this possible a number of challenges need to be addressed. 

PURPOSE OR GOAL
Remote Access Laboratories for fun, innovation and education (RALfie) is a collaborative 
research project between academics from engineering and education with the aim to 
promote STEM (Science, Technology, Engineering and Mathematics) subjects among young 
learners. RALfie uses a Peer-to-Peer approach where the users build remotely accessible 
experiments. This system also allows for collaboration between students and allows them to 
develop and share their expertise through a quest-based engagement framework. The 
process of creating and hosting of experiments includes the following activities: assembling a 
rig, programming experiment control, implementing the user interface and connecting the 
experiment to the Internet. The experiments that are developed as part of this approach are 
often improvised in nature and are generally simpler than rigs that are part of traditional 
remote laboratories. This approach uses a low cost model of building an experiment with 
microcontroller units, sensors and actuators. Once the experiments are ready, they are put 
on the Internet as part of the larger quest-based learning methodology to allow easy access. 
This allows users to build and host their own experiments.

APPROACH
To realize the aims of the project a number of issues had to be addressed including to 
enable managed connectivity between experiment and learner sites, provide an engagement 
and collaboration model, provided a way how the experiments are controlled and how the 
online user interfaces are designed. 

Micro-controller units are used to control experiments in RALfie. Controllers provide a 
generic platform for building a variety of experiments and include LEGO Mindstorms EV3, 
Arduino, BeagleBone Black and Raspberry Pi. Makers can build any kind of rig and connect 
it easily to the RALfie system. 



To safely access experiments remotely, access control, authentication and mediation are 
necessary. This is particularly important in the context of working with children. This is 
addressed by providing each experiment site with an access gateway (“RALfie Box”). Local 
experiments and cameras are connected to the RALfie Box and accessed via a central 
server. 

Two aspects require programming skills of the user, writing the control logic for the 
experiment and the graphical (online) user interface. There are a number of programming 
languages to teach young learner to programming; for example Scratch and SNAP. This 
project is SNAP use to interface with the RALfie system. 

Game-based learning environment is used to engage students. Upon completing quests 
users gains experience points and other incentives. The 
game based approach encourages the users to perform activities and provides support to 
build the rigs. The RALfie system thus ensures collaboration both actively e.g. building the 
rigs together and passively by using others creations. 

DISCUSSION
The workshop will introduce the RALfie approach in detail and provide an end-to-end walk 
through the systems. Participants will have the opportunity to build, program and test simple 
experiments. The main objectives of the demonstration include: 
• to introduce and contrast the P2P RAL paradigm;
• to describe the unique RALfie approach form and educational as well as technical
perspective; 
• to create a simple experiment rig using an MCU (BeagleBone/ Arduino), LEDs, wires; to
design the program logic for the experiment and the user interface; 
• to connect and operationalise the experiment including cameras by joining the RALfie
network using a RalfieBoxes ; and 
• to reflect on the approach and to discuss its merits.

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
Remote access laboratories are online platform for performing experiments from remote 
locations. Usually these systems follow a centralised client-server paradigm. This workshop 
shows a peer-to-peer remote access laboratory architecture where participants are both 
users of experiments as well as makers. The system allows direct connections between 
learner and makers’ experiential rigs. A graphical programming language SNAP is the basis 
of programming and interfacing with experiments. Apart from experiment and interfaces, 
quest-based learning strategy is used that presents the experiments as a set of hierarchical 
groups of activities or quests. This distributed design of RAL allows more hands-on
experience to build any experimental setup and provides opportunities to collaborate with 
fellow students. While RALfie is normally used by children, this workshop allows participants 
to see how it works first hand.



How to prevent and mitigate gender inequity in engineering 
disciplines

Palaneeswaran Ekambaram, Patrick Zou, and Piratheepan Jegatheesan.
Swinburne University of Technology

OVERVIEW OF WORKSHOP  
Gender inequity is a noteworthy concern in many engineering disciplines. Our literature 
review and exploration of statistics from several regions revealed low representation of 
females in ‘Science, Technology, Engineering and Mathematics’ (STEM) domains. This 
workshop aims to collate the perceptions and suggestions of participants. A qualitative risk 
management tools/ techniques such as ‘Root Cause Analysis’, ‘Consequence/ Likelihood 
Matrix’, and ‘Bow Tie Analysis’ will be used for identifying, analysing and evaluating a range 
of risks perceived by the workshop participants. Also, a set of highlighted best practices and 
novel approaches/ innovative ideas will be collated for strategic recommendations. 

ACTIVITIES
The workshop will be conducted as a facilitated group activity session. Targeted workshop 
activities include:

Introductory presentation by moderators – which provides an overview of the
workshop topic, scope, instructions and templates. Estimated time:  10 minutes.
Analysis of key root causes and sample scenarios of gender inequity – which
include identifying and analysing fundamental root causes and sample scenarios.
Recommended tools/ techniques: Root Cause Analysis. Estimated time: 20 minutes.
Breakdown of main consequences/ impacts of low representation of females –
which include identifying and analysing main consequences and potential chances.
Recommended tools/ techniques:  Consequence/ Likelihood Matrix template.
Estimated time: 15 minutes.
Compilation of prevention controls and mitigation measures. Recommended
tools/ techniques: Bow Tie Analysis. Estimated time: 20 minutes.
Discussion and consolidation of best practices and novel approaches/
innovative ideas. Recommended tools/ techniques: Strength, Weakness,
Opportunities and Threat (SWOT) analysis. Estimated time:  15 minutes.
Summary of Recommendations and Conclusions. Estimated time: 10 minutes.

TARGET AUDIENCE 
The target audience for this workshop are Higher Education academic staff in STEM 
disciplines. No prior knowledge is expected to participate in the workshop activities. 

OUTCOMES
Main outcomes aimed from this workshop are:

An improved awareness on root causes and consequences of disproportionate
female representation in engineering disciplines
A list of best practices and novel approaches for prevention and/ or mitigation of
gender inequity issues

REFERENCES (OPTIONAL) 
ISO/IEC 31010:2009 Risk management - Risk assessment techniques
Engineers Australia (2012). Women in Engineering - A Statistical Update, Engineers
Australia



KEYWORDS 
Gender inequality, risk assessment, engineering, higher education, profession

PRESENTERS’ BACKGROUNDS
The presenters are currently conducting a HEPP funded research on “Attracting, retaining 
and developing low SES and female students in engineering courses”. Brief overview of 
presenters background is provided below. 

A/Prof Palaneeswaran Ekambaram is currently the Program Coordinator of Construction 
Management and Risk Management courses in the Faculty of Science, Engineering and 
Technology at Swinburne University of Technology, Australia. He completed BE and ME 
(Honours) degrees from India and received his PhD from the University of Hong Kong. Prior 
to joining in Swinburne, he served at the University of Hong Kong and City University of 
Hong Kong and also both academia and industry in India. He has published 100+ peer-
reviewed research papers and recipient of several prestigious awards/ grants including 
competitive grants from Australian Research Council and Hong Kong Research Grants 
Council.

Prof Patrick Zou is currently affiliated as a Professor of Construction Engineering and 
Management in the Faculty of Science, Engineering & Technology at Swinburne University of 
Technology, Australia. Before, he served at the University of Canberra and University of New 
South Wales, where he obtained his PhD in 1999. He is Supervisory/ Guest Professor at 
Hunan University and Shenzhen University. Also he held visiting positions at University of 
Cambridge, Tsinghua University, University of Florida, National University of Singapore and 
Renmin University. He has undertaken many research projects, published 200+ research 
papers, several books/ book chapters and government/ industry reports, won 10 major 
awards.

Dr Piratheepan Jegatheesan is the current Program Coordinator of Construction 
Engineering undergraduate course in the Faculty of Science, Engineering and Technology at 
Swinburne University of Technology, Australia. He completed his PhD from University of 
New South Wales and his professional affiliations include membership in Australian 
Geomechanics Society. He has published several research papers and recipient of various
awards/ grants such as highly commended 2012 AustStab Excellence in Education or 
Research award. 



Engineering Pathways for Regional Australia

Mark Symes and Peter Doe
University of Tasmania

OVERVIEW OF WORKSHOP  
Engineering Pathways for Regional Australia is a consortium of regional HE and VET 
providers that is supported  by an Australian Government Office of Learning and Teaching 
grant to create a Learning Platform for Engineering (Symes ,Allison, Dowling, Ranmuthugala, 
& Broun, 2014) which aims to provide access to higher education (HE) particularly from 
students in regional Australia to engineering pathways, by expanding curriculum choice and 
coverage in what is a thin and dispersed HE market The project will develop shared 
curriculum, a joint portal, blended learning and multi-mode delivery. By partnering regional 
campuses it will reconfigure resources and reduce costs, resulting in broader access, 
coverage and choice in regional areas. It reduces individual campus delivery costs and 
cross-institutional barriers and improves the availability of engineers and associated para-
professionals for regional resource and manufacturing economies.  

This workshop is designed to disseminate progress to date of this Australian Government 
Office for Learning and Teaching (OLT) funded study (the EPRA Project).  

ACTIVITIES
Overview of the current platform structure and demonstration of the EPRA portal
Recommendations for the ongoing structure of the platform

TARGET AUDIENCE 
Engineering educators, including academics and professional staff who have an interest in 
providing pathways into engineering. No prior knowledge is assumed to participate in the 
workshop.

OUTCOMES
Participants will gain an understanding of a collaborative learning platform enabling a 
streamline cross institutional enrolment portal. Provide feedback and advice as to where the 
team might progress 

REFERENCES
Symes, M., Allison, J., Dowling, D., Ranmuthugala, D., & Broun, D. (2014). Engineering 
Pathways for Regional Australia built through Knowledge Partnering. Paper presented at the 
Australasian Association for Engineering Education Annual Conference 2014, Wellington, 
New Zealand.

KEYWORDS 
Engineering pathways, cross-institutional enrolment platform

PRESENTERS’ BACKGROUNDS
Dr Peter Doe: Retired Associate Professor of Mechanical Engineering, University of 
Tasmania.  Formerly Head of Engineering of the University Department of Engineering in 
Launceston and for a time also Head of Architecture.  He was Head of Engineering at the 
Australian College of Kuwait from 2006-2008 when he designed a pathway for TAFE 
diplomates to articulate into a UTAS Bachelor of Engineering Technology program.  He was 
appointed Project Manager of the EPRA program in August 2015 and has been responsible 
for the development of the EPRA portal.  Dr Doe has an active interest in Engineering 
Education, particularly the integration of ICT into learning and teaching.  His manages and 







teaches into the University of Tasmania’s School of Engineering and ICT 2+2 programs in 
China. He is the project manager for the OLT funded research project

Mr Mark Symes: Lecturer and Course Coordinator Co-operative Education (Engineering) and 
Associate Degree in Engineering, National Centre for Maritime Engineering and 
Hydrodynamics, AMC - University of Tasmania. Mark is currently undertaking a PhD in 
Engineering Education. He is involved in curriculum development and student attainment of 
Graduate Attributes within the National Centre for Maritime Engineering and Hydrodynamics 
and is Course coordinator for the Co-operative Education program at AMC. Mark has 
implemented and assessed Work Integrated Learning (WIL) practice across the three degree 
disciplines offered under the Co-op programme. Mark has worked extensively on the 
development of the Associate Degree program offered as a pathway to Higher Education 
and is a member of the Tasmanian Articulation and Credit Transfer committee (Engineering). 
He is the academic leader for the OLT funded research project.

The views expressed in this activity do not necessarily reflect the views of the Australian 
Government office for Learning and Teaching.  



CDIO in the Australian and New Zealand Context

Duncan Campbella, Nicoletta Maynardb, Natalie Lloydb and Veronica Mier Del Rosalc
Queensland University of Technologya, Curtin Universityb and Universidad de Oviedoc

BACKGROUND OR CONTEXT 
CDIO is a global initiative with 126 member universities and institutes around the world, 
including seven in the Australian and New Zealand Region. CDIO is an active community of 
practice which shares tools and innovation in engineering education. In recent years, the 
CDIO initiative has revised the "CDIO Syllabus" and the 12 CDIO Standards placing greater 
emphasis in a number of areas including leadership, entrepreneurship, sustainability, 
internationalisation and mobility. Member institutions engage CDIO in many ways which 
include improving their own engineering programs, to share their own experiences, to 
benchmark against other institutions, to achieve accreditation, and to assist in student 
mobility. AAEE was the first Affiliate Member of CDIO. The communities and aims of both the 
AAEE community and the CDIO community have much in common.

PURPOSE OR GOAL
The overarching goal is to leverage the synergy between the AAEE and CDIO communities. 
The purpose of this workshop is to present the revised CDIO framework and for workshop 
participants to explore opportunities on how CDIO may benefit them, or how they may see 
opportunity to contribute to the global CDIO community. 

APPROACH
Participants will be presented with an overview of the CDIO organisation, Syllabus and 
Standards, with a particular emphasis on recent developments and initiatives. Participants 
will be asked to reflect on how the CDIO framework resonates, or otherwise, in the Australian
and New Zealand context. They will be further asked to share opportunities and benefits they 
may identify in adopting parts, or all, of the CDIO framework. Participants will be also asked 
to workshop contemporary issues including internationalisation and mobility, leadership, 
entrepreneurship, innovation and the "IO" of CDIO.

DISCUSSION
It is envisaged that this workshop will require 1.5 hours minimum. 

RECOMMENDATIONS/IMPLICATIONS/CONCLUSION
The outcomes of this workshop will be summarised and shared with both the AAEE and 
CDIO communities. Apart from the specific topics discussed, this workshop is seen as one 
mechanism to draw the two communities together.
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