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Introduction

Many students who are attracted to nurse education programmes lack a background in foundational science concepts.  This reality presents significant challenges to programme designers and teachers, as learning those concepts is an integral aspect of these programmes. 

In this article, we identify and discuss these challenges, describe an initiative taken to address them in a New Zealand Bachelor of Nursing (BN) programme through the use of narratives of everyday events in nursing life, and report on an investigation of students’ and teachers’ response to their use.  This investigation was the focus of a major funded project
 and the authors, who have academic development and science educator roles respectively, were co-researchers for the development of the initiative and the research. 

The article begins with a brief description of the nurse education programme and the specific challenges that teachers identified in relation to their students learning science concepts.  A review of the literature provides potential explanations for these challenges and suggests the use of narratives as a possible solution.  The article then describes the overall research initiative, outlines and reports on the evaluative research and discusses the findings and their implications.

The nurse education programme
Students in the BN programme at an institute of technology in New Zealand reported science as difficult and time-consuming, and their achievement results reflected this.  Science was seen as a barrier to overall programme success (Gibson et al., 2005).  We wondered if changes to conventional nursing science pedagogies would help students engage with learning science and lead to improved achievement outcomes.  The literature reviewed led us to believe that the links between classroom science and nursing practice would be largely tacit.  We wanted to make the links between abstract science knowledge and applied nursing practice explicit, so that students could see the relevance of their science learning.  
Science education 
The science education research literature suggested that the de-contextualised nature of science learning can be an obstacle to many learners.  For such learners, it may be necessary to create explicit ‘border crossing’ strategies so that they come to understand the mismatch and make the necessary translations between the differing worldviews (Aikenhead, 1996).  Another obstacle is that science ideas are often expressed in formal, abstract logico-scientific modes of communication, whereas people mostly use more informal and storied narrative modes of communication (Bruner, 1986).  It takes practice and careful support to learn to use these new modes and learners may not see a need to make this effort unless they can see an identity for themselves as learners and users of science knowledge (Gilbert, Hipkins & Cooper, 2005) as future nurses.
Research on the use of science knowledge in science-based occupations highlighted another set of related dilemmas.  Such research “produced one clear and consistent finding: most often, canonical scientific knowledge is not directly useable in science-related everyday situations”  (Aikenhead, 2005, p.245, emphasis in the original).  Aikenhead (2005), along with others who have researched work settings, found that nurses are most likely to draw on their procedural knowledge when making decisions on the job; in other words, their knowledge of what to do and how to do it.  Nutley, Walter and Davies (2003) point out that such procedural knowledge is likely to be tacit; that is, “you know how to do something but cannot readily articulate this knowledge” (p.129).  They contrast this type of knowledge with declarative knowledge, “knowledge that you can state”, which is what is more likely to be taught and assessed in science modules for nursing (Benner, 2010).  They suggest that there is a need to investigate “whether practice is more a case of ‘from doing to knowing’ (the social construction of knowledge) rather than ‘from knowing to doing’ (rational EBP
 models)” (Nutley, Walter, & Davies, 2003, p.129).  Of course, procedural knowledge is not unrelated to declarative knowledge.  As Aikenhead (2005) points out: 
... [T]here is a relationship between scientific knowledge and professional knowledge of nursing.  Some professional content used today was certainly developed as a result of the deconstruction and reconstruction of scientific concepts in a context of specific interest to most nurses, but it would not be recognised in its present form as legitimate science content to a science instructor (p.271, emphasis added).

In light of findings such as these, helping students to see clearer connections between their science learning and their goal of becoming registered nurses became central to our project.  
Conventional nursing pedagogies

Conventional nursing pedagogies are based on outcomes and/or competencies, and focus on content knowledge as the foundation to thinking (Diekelmann, 2002; Ironside, 2003).  Assumptions underpinning this approach include a direct correspondence from theory (content knowledge) to practice (application in clinical contexts) and the transferability of students’ knowing in a-contextual situations to “drawing on this knowledge in context” (Ironside, 2003, pp. 509 – 510).  One of the difficulties associated with a focus on content is constantly adding to the curriculum in an effort to keep up with new developments in nursing knowledge and health care systems.  These “additive curricula” (Ironside, 2004, p. 6) can lead to teacher centred transmissive teaching strategies in order to cover the content (Benner, 2010).   

New pedagogies
New pedagogies, also referred to as “interpretive pedagogies” (Kear, 2012, p. 32), recognise that while content knowledge is necessary for contemporary practice it is not enough by itself, and students need to be engaged in understanding of and persistent thinking about both the context and the clients’ experiences (Ironside, 2003, p. 510).  Narrative pedagogy is included as one of the new pedagogies (Brown, S.T., Kirkpatrick, M. K., Mangum, D., & Avery, J., 2008).  Diekelmann, who is attributed with first researching and analysing narrative pedagogy, notes that “using this approach, teachers and students form a partnership and publicly share and interpret their experiences” (p. 283).  The partnership between teachers and students shifts the focus from teaching strategies aimed at ‘covering content’ towards “decenter[ing] content, equally emphasising thinking and discourse between and among students and teachers” (Ironside, 2004, pp. 6-7).  According to Benner (2010), narrative pedagogies are “among the best teaching strategies … they are effective in developing students’ sense of salience, clinical reasoning and clinical judgement” (pp. 225-226).  
Using narratives

Sharing narratives, or stories, has a longstanding history in both nursing education and practice.  For example, in nursing practice, illness narratives are used to gain an understanding of the patient’s experience of a chronic or acute condition (Kear, 2012).  In nursing education, stories are told for a number of reasons: to develop reasoning and skills in clinical settings, promote critical thinking, transfer information, capture interest, uncover the knowledge embedded in practice and enable recall (Benner, 2010; Davidhizar & Lonser, 2003; Kawashima, 2005; Brown, S.T., Kirkpatrick, M. K., Mangum, D., & Avery, J., 2008).  Brown et.al. (2008), also link stories to developing ethical knowledge and learning about the meaning of caring, while McAllister et al. (2009) have used stories to challenge dominant nursing and healthcare paradigms and practices.  
Overall, storytelling “offers a powerful tool that contextualises and humanises nursing knowledge as well as facilitating a deeper understanding of self and others within ethical cultural contexts” (Davidhazir & Lonser, 2003, p.218).  Benner (2001) noted that expert nurses’ “know how” can lead, rather than follow, new theory building when it is systematically documented as narratives that can be shared and compared.  Narratives can increase relevance and help address the concern about the practice-education gap, as it becomes harder and harder for nursing education to keep pace with rapid changes (Benner, 2010; Brykcynski, 2012).  By using the context and “know how” of nursing stories to illustrate the link between scientific knowledge and the professional knowledge of nursing we hoped that students would see clearer connections between their science learning and their goal of becoming registered nurses:
The use of narrative as a pedagogical strategy for interweaving theory and practice was central to the intervention.  …  The short, focused narratives were designed to put the theoretical ideas and the contexts of life and work into closer juxtaposition (Gibson-van Marrewijk, K., Hipkins, R., Stewart, J., Dannenfeldt, G., Stewart, K., McHaffie, J., 2008).  

The overall research initiative
 
The research aimed to find new ways of teaching the necessary science knowledge in BN programmes, without creating an obstacle to overall programme success.  We wanted to support students to make links between theory and practice.  We anticipated that this would require a change from conventional pedagogies, which tends to leave students to create links for themselves.  The overall thrust of the research is summarised in the following diagram:  
[Insert Figure 1 here]

There were two phases in the project, completed over two years
.  In the first phase we asked ourselves: What science do nurses really need?  A narrative approach (Aikenhead, 2005; Benner, 2001) was used to collect stories from nurses about their daily practice, in multiple New Zealand sites.  These were later analysed to uncover the underpinning science concepts.   
The research question in the second phase was: How can science be taught more effectively to help students make more meaningful theory/practice links?  This question was addressed by designing, delivering, and evaluating the effectiveness of a pilot initiative in the first-year nursing science module, based on the “essential” science knowledge and skills identified in Phase One, matched to aspects of the current curriculum being taught.
The following sections focus on the second phase, in particular the use of stories in teaching the cardiovascular system (CVS) to first year nursing students.  Broader implications and challenging conclusions are drawn from these research findings.  

Heart stories: Narratives for teaching 
In Phase One of the research when nurses discussed their daily practice in the focus groups, clinical contexts where cardiac problems were identified were often noted.  Consequently, ‘heart stories’ became one of the notable ‘rich practice themes’ for the research project.  In one focus group, nurses talked about monitoring vital signs, particularly heart rate:  

Understanding the function and physiology of the heart allows you to answer the question: “What is the heart rate telling you?”.   “If you don’t understand the function, how can you understand the pathophysiological changes and how they can affect the person, O2 transport etc?”. 

Sometimes, ‘hearts’ arose in the focus groups in conjunction with other contexts.  Nurses discussed the trend towards having to care for sicker patients: “These days there is much more co-morbidity” as secondary and tertiary health care becomes more complex.  Two of the stories provide examples of this:

I work in a cardiac ward.  We had a patient come in with heart failure and he also had schizophrenia and he was also a drug taker.  Those three often go together ...

We always say, make the links.  Bring a detective and bring the pieces together.  If there is a problem in the lungs, how will this affect the heart?

However linking these practice stories into teaching materials was not as simple as first thought.  The difficulties noted in the literature went some way to explaining the limitations that became evident during the research project.  The last quote highlights the difference between a-contextual and contextualised science learning; the former separates the pieces, while the later brings them together.  It was this separation that led to one of the difficulties encountered in the research.  We had hoped that the stories collected in the focus groups could be used in lectures as teaching narratives, as a bridge, so students could make links between the more abstract science and everyday nursing experiences.  As it turned out, all of the examples of practice from Phase One drew on concepts of ill health or ‘deviations from normal’.  

This was a mismatch with the existing first year curriculum, in which the nursing science modules focused on wellness and normal body functioning.  Focusing on normal body functioning had been a considered curriculum choice, made to ground students’ understanding in well-functioning contexts before they were exposed in the second year curriculum to the pathophysiology of situations where health care may be more directly implicated.  As the science tutors noted, the stories told did not make a distinction between pathophysiology and physiology, “they were all mixed up together”.  The science tutors used considerable ingenuity to try and overcome the mismatch between the first year curriculum and examples from practice collected in Phase One of the research.  They developed stories that, while related to the nursing practice contexts, drew on more familiar life contexts, albeit often implicating a need for health care in the very near future!  

Phase Two - A pilot teaching initiative 

A mixed-method design was used in Phase Two; an approach considered useful in evaluation research (Patton, 2002, cited in Giddings and Grant, 2006).  The design suited the practical focus of overcoming the significant challenge of teaching the necessary science knowledge in the BN programme.  Ethical approval was gained from the institution’s Human Ethics in Research Committee and the project was explained in detail to the BN first year students (n=160) by one of the researchers, who was not teaching on the programme.  Both qualitative and quantitative data were gathered as evidence of the impact of the changes in teaching approaches on students’ understanding of the science, their attitudes to the science module, and their ability to see links between the science and their prospective role as registered nurses.  
The evaluation sought evidence of impact from: 

· students’ responses on the Ticket out of Class (TOC) (Angelo, T.A., & Cross, K.P., 1993);
· their responses to the additional laboratory worksheet questions; 

· tutor self-review of teaching the subject and a peer interview with another research team member; 

· student feedback via an established group evaluation process called Small Group Instructional Diagnosis (SGID)
; 

· a routine end of module evaluation process, known as a SETMAP
;   

· results from summative assessments undertaken by all students at the end of the module.  
Using stories in the pilot teaching initiative
The stories for the cardiovascular system (CVS) were used in the lectures, associated tutorial and laboratory session.  An example of the stories included in the lecture follows:

Mr Jarvis had a cardiac arrest while walking down the street and his heart stopped beating.  A bystander administered CPR and performed external chest compressions.  When doing CPR the chest is compressed and this squashes the heart so that the blood in the heart is pushed out.  When the pressure on the chest is released, the heart fills with blood.

The story used in the laboratory:

Sarah took her 1 year old baby, Ben, to her GP for a routine check. The doctor used a stethoscope to listen carefully to Ben’s respiratory and heart sounds. After a while he told Sarah that Ben had a heart “murmur”.  He gave Sarah the stethoscope and she first listened to her own heart and heard the double beat that the doctor described as “lub-dub”. When she listened to Ben’s heart (using the other side of the stethoscope) it was not as loud and sounded different. She described it more as a “swish-dub”. 

Sarah was very concerned and asked the doctor questions such as - what is the reason for the different sound? What effect will it have on Ben? Is it likely to be permanent? Can it be treated? She continued to ask questions of the nurse after leaving the doctor’s office.
Different learning activities/tasks were associated with the stories, depending on the context.  In the lectures, the stories were told at the beginning to frame the explanations about the cardiovascular system.  Later in the lecture, questions were asked in reference to the story, to recap or highlight important aspects, “How will your know that the chest compressions on Mr Jarvis are effective?”.  In the laboratory sessions, ‘nursing related’ stations/activities were added, such as pulse measurements and chest X-Ray analysis.  Additional questions were added to the existing laboratory worksheets, “What would you tell Sarah was the most likely explanation for the different heart sounds in her baby?”.  These questions sought evidence that the students realised there were links between their science learning and their future role as nurses by asking them about ways the activities they had just carried out might align with the sorts of information nurses might contribute to patient’s care.
Making space in the curriculum for the effective use of these stories was a challenge.  The science tutors carried out a review of module materials they intended to use, with a view to content reduction.  To support them in this challenging endeavour the whole research team took part in extensive discussion regarding possible changes to the topics and how resources could be reshaped.  This review was underpinned by principles of content reduction derived as part of a large-scale science education initiative called Project 2061 in the USA (American Association for the Advancement of Science, 2001).  Review of all materials led to revision of visual aids such as complex diagrams and introduction of more relevant examples in different mediums.  
Staff aimed to increase the level of student interaction through online activities, as well as in-class/laboratory discussion and activities.  One way of increasing the level of student interaction was with ‘tickets out of class’ (TOC) (Angelo & Cross, 1993).  At the completion of each lecture students were invited to write on a slip of paper (TOC), which prompted them to recall what they saw as the main idea of the lecture, and to ask any outstanding questions about the content of the lecture.  Anonymous responses were posted into a box and reviewed by the science tutors.  This strategy was seen as workable with a large class (approximately 160 nursing students in this case).  It provided opportunities to increase student participation and interactivity, and encouraged them to reflect on the intent of the lecture and on their own learning.  Time was allocated in the following lecture for students’ outstanding questions from their ‘ticket out of class’ feedback.  The outstanding questions arising from the stories were perceived initially as slightly problematic, as they could not all be answered during class, mainly due to time constraints.  Changing the view of the stories and the related questions as ‘slightly problematic’ rather than supporting students’ science learning, held by members of the research team, was a turning point in the project. Responses from students led to modifications of the stories for use in future lectures. 

All these changes challenged the science tutors to rethink the ways they used their expertise to support the students’ learning.  Content reduction was one of the biggest challenges for the research team.  Despite the support from the science education literature, the science tutors voiced concern that “students will lose key concepts” and “links to next year are not covered”.  This rethinking of roles is summarised in the next figure, which stands in contrast to conventional pedagogies focused on ‘telling’:
[Insert Figure 2 here]
Evaluating the effectiveness of the pilot teaching initiative
As noted earlier, several different data collection methods were used to gain evidence of the impact of the initiative on students’ learning.  The data from ‘ticket out of class’ (TOC), Small Group Instructional Diagnosis (SGID) and student evaluation questionnaires (SETMAP) provided the basis for our evaluation of the narrative initiative.  
The student responses for the TOC activity were analysed to seek evidence of students’ engagement with science.  The responses to asking outstanding questions, written on the TOC, showed that the purpose the stories were intended to serve was not necessarily clear and for some students they added to confusion rather than helping build links between theory and prospective practice.  The students’ questions highlighted the continuing gaps in their understanding of science concepts, which was discouraging for the science tutors. 

The second strategy used to seek evidence of the impact of the stories was gathering student feedback via an established group evaluation process called Small Group Instructional Diagnosis (SGID) (Baker, 1996).  This is a confidential process in which consensus about what helps or hinders learning is debated, along with suggestions for improvement (51 students participated for the CVS topic).  The data were sorted from the least to the most frequently recorded.  These data were also categorised according to the evidence of the impact of the changes in teaching initiatives on students’ understanding of the science, their attitudes to science and ability to see links between science and their prospective roles as nurses.  From the SGID feedback, a few students noted that using stories or real-life examples had been helpful for learning. They also noted that they understood better and the stories helped put learning into context.  However, the SGID data most frequently reported visual resources, activities, clear and simple explanations, the chance to gain answers to their questions, and enthusiastic and approachable staff as the most help to their learning.  Information overload, difficulties with language and the fast pace were aspects which hindered learning.  Suggestions for improvement included clear learning outcomes, simplifying the language used, reducing the content, more interaction with students and more revision for assessments.  Therefore, the most frequent responses suggested that the role the stories played in student learning was not as central as we had hoped.  Alternatively, perhaps the stories were not perceived by students as a feature of teaching and learning and therefore not worth reporting.  
Another evaluation strategy used was a routine end of module evaluation process, known as a SETMAP.  A questionnaire comprising 20 Likert Scale statements was developed by the research team to test some of our assumptions around teacher actions focusing on content reduction; the inclusion of narratives; clinical practice and TOC; and around learner actions, comprising questions about revision/study; clinical practice; learning outcomes and laboratories, e.g.:

The stories helped the science make sense

The stories helped me to see links between the science course and clinical practice

The “Tickets out of Class” were a good way to ask questions about things that I still didn’t understand

Written feedback about aspects of the module that helped and hindered their learning and aspects in need of improvement was also elicited by the questionnaire. 
What we learnt from working with narrative teaching materials 

The CVS stories shaped for this topic cued students to situations where interventions might need to be sought if this body system malfunctions.  Such situations were likely to be familiar to students and introduced suggestions of pathophysiology to the module.  The heart stories were compact narratives; that is, something happened and the consequence was an intervention.  These narratives gave a contextual illustration of the relevance of the intended conceptual learning, but the context did not link in any necessary way to the concepts being taught.  Effective presentation of the concepts did not depend on the concurrent introduction of the narrative.  The ‘content’ of the lecture could proceed as planned, with or without the narrative.  
Consequently, we learnt that working with narrative teaching materials is not just a matter of ‘adding them in’.  It is a matter of using the narratives in a conscious way, to ensure that they opened up questions of importance for conceptual understanding, in a context where interventions could be implicated.  Narratives needed to be written with two explicit purposes in mind.  First, to open up questions to aid students’ conceptual understanding and second, to develop awareness of real-world contexts which illustrate the relevance of the intended conceptual learning.  In other words, contexts and concepts needed to be interwoven, and invite discussion to draw students into a more personal response to the intended learning.  In this case, the TOC feedback strategy would become central to the teaching intervention.  Student questions would be given priority because they are evidence of students’ attempts to make links to practice and enable the science tutors to check on the meaning that students have ascribed to the narratives.  
Broader implications
We learnt broader lessons as well, which had implications beyond the pilot teaching initiative.  An issue raised, by the science tutors, related to the timing and alignment of curriculum content.  The nursing practice stories, from the first phase of research, focused largely on pathophysiology, which is not taught until the second year.  The science curriculum currently separates out physiology from pathophysiology.  The argument for the separation is that students need the building blocks of human physiology before moving on to learn about the pathophysiology often associated with nursing practice.  As noted earlier, the narratives told did not make a distinction between the two.  This finding not only challenged the way the science curriculum is currently delivered, it also suggests a fundamental limitation of the research project, in focusing the intervention on the first year science modules only.  Given the narratives told, we may have been better to intervene across the first two years of science teaching.  

A second broader lesson related to rethinking the assessment strategies for first year science.  End of year summative test results for 2006 and 2007 were compared for five topics taught during the year, including the teaching initiative topics.  Some of the questions asked were slightly different in 2007, yet similar enough to be compared.  Despite the considerable efforts with the pilot teaching initiative, assessment results in 2007 were similar to those for 2006 and there was no apparent improvement.  Discussing why this might be, the science tutors identified a mismatch between the intent of the intervention and the assessment tools they were currently using.  They felt they needed to revamp the multiple choice questions because their general tenor was still about remembering detail, whereas the pilot teaching initiative focused on the application of science to practice situations.  Interestingly, the students themselves did not seem to see this mismatch.  When completing the SETMAP exercise, approximately three quarters of the nursing students agreed or strongly agreed that “assessment requirements relate closely to the topics and content of the module.”   

Although the overall failure rate of students remained the same in 2007, the science tutors wondered if the change in students’ results would be more noticeable in the subsequent year, Year Two of the BN.  At the beginning of 2008, they reported that the failure rate for the science test on the cardiovascular system for second year students (Year One participants in 2007) had reduced from approximately 30% to 15%, with half of those failing by only one or two marks.   Although this could be attributed to different variables, the science tutors were encouraged by this result and wondered if participation in the pilot teaching initiative the previous year contributed to the reduction in the failure rate in the students’ second year of study.
Challenging conclusions
The students provided positive feedback overall regarding teaching methods and resources used.  There was evidence of increased motivation and engagement of students compared to other years, but there was no clear evidence of improvement in the summative achievement results.  Nevertheless, the science tutors were planning to carry the principles of content reduction and inclusion of narratives into science they taught in other modules because they were convinced of the improvement in student engagement and learning.  An emergent focus was to address assessment practices, so that they better reflected the intent of the initiative.

The following quote, from one of the Phase One focus groups, reminded us that contextualised science learning in the classroom is only the beginning of learning the professional knowledge of nursing.  In this case, a new graduate nurse was discussing her role in assessing a patient, often before the other clinical team members got there:  

Anatomy and physiology terminology and pathophysiology are the bases of the common understanding of the patient.  We’d be stuffed if we spoke in layman’s terms.  [It was] covered quite well in university.  Links to practice was what baffled us both - human bio-science, I found that really difficult because you were memorising it, you have not got anything to apply it to for real, because you are not in hospital yet and you are not doing pathophysiology yet.  It wasn’t till I did pathophysiology when I had a light bulb moment.  

Using narratives may only be a beginning, but important first step, in achieving links between classroom science and nursing practice.  Contextualising science learning in the teaching initiative in a first year nursing programme was challenging, as noted in science education literature.  Nevertheless, the increased engagement with science learning is encouragement that the first year nursing students have begun to see an identity for themselves as learners and users of science knowledge (Gilbert, Hipkins & Cooper, 2005).
[insert Appendix One here]
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A shift from conventional pedagogies:
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To this model:


Figure 1. The type of change to conventional pedagogies sought by the research
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Figure 2. Rethinking the use of subject expertise in teaching
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Figure 3.  A summary of the research activities and data sources 
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� “Addressing Obstacles to Success” was a two year (2006-7) collaborative research project (see Appendix One)


� See Appendix One for a diagrammatic representation of the research project


� This is a confidential process in which consensus about what helps or hinders learning is debated, along with suggestions for improvement. SGIDs were completed for both intervention topics (117 students for the CVS topic and 108 for the Renal topic);
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