
Proceedings of International Distance Education Conference (iDEC) 2011  

Open and Distance Learning: Achieving Sustainable Development for the Bottom Billions iDEC004   
 

1 

 

INVESTIGATING ONLINE LEARNING ENVIRONMENTS EFFICIENTLY 

AND ECONOMICALY 

 

JOHN CLAYTON

 

 

ABSTRACT 

 
The use of electronic learning and teaching technologies in formal educational settings, in a variety 

of formats, is, and has been, a common teaching practice. The advent of the microcomputer in the 

1980s, the development of the Internet and the explosion of the World Wide Web has  influenced  

all aspects of modern society including  learning.  Increasingly  the  perceived  benefits  of  using  

these  networked technologies in learning activities are being exploited within all curricula  areas. 

As web-based and online software applications such as digital-document storage, search engines, 

communication tools, social-media and multi-media data-bases mature, so does educator’s use of 

this medium for teaching and learning. A key question to be addressed is what are the educational 

impacts of this increased use of online learning on the educational experiences of learners? The 

purpose of this paper is to report on the development of a learning environment  instrument 

designed to investigate the online learning experiences of learners in an efficient and economical 

way. 
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1. INTRODUCTION 
 
 
1.1 Evaluation of Learning Environments 

In monitoring performance or evaluating the success or failure of time and resources 
spent in  educational  settings,  a  number  of  quantitative  measures  such  as  grades 

allocated,  total  number  credits  earned,  participation  rates  in  specified  activities, 

graduation rates, standardized test scores, proficiency in identified subjects and other 

valued  learning  outcomes  could  be  used  [4].  However,  since  these  quantitative 

measures are in general focused on educational outputs, they are somewhat limited. 

They  do  not  adequately  measure,  monitor  or  truly  evaluate  the  details  of  the 

educational process [13]. Other measures can be used that are just as effective, for 

example, student and teacher impressions of the environment in which they operate 

are vital. Their reactions to, and perceptions of, this environment have a significant 

impact on individual and group performance [13]. Indeed, research indicates student 

achievement  is  enhanced  in  those  environments  which  students  feel  comfortable 

within and positive about [21:25]. 

 

The  essence  of  a  learning  environment  is  the  interaction  that  occurs  between 

individuals,  groups and the setting within which they operate. The investigation in, 

and  of,  learning  environments  has  its  roots  nourished  by  the  Lewinian  formula, 
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B=f(P,E). This formula identifies that behavior (B) is considered to be a function of (f) 

the person (P) and the environment (E). It recognizes that 'both the environment and 

its interaction with personal characteristics of the individual are ‘potent determinants 

of human behavior’ [14: p 529). Learning environment instruments and surveys seek 

the perceptions of the milieu of inhabitants and as such are high inference measures. 

They ask the respondent to make judgments about the meaning of what is going on 

around him/her or what she/he feels about the psychosocial environment he/she has 

worked  within [1]. The ability to measure,  gather and  analyze data on activities 

occurring in educational environments through these instruments can be seen to be a 

decisive component in the evaluation of teaching practice and for the prediction of 

educational performance [10]. 
 
 
1.2 Characteristics of e-Learning Environments 

 
In practice e-Learning typically involves interactivity, such as student engagement 

with digital  content, online interaction between  learners and their instructors and 

online interaction between  learners and their peers. It is facilitated by the use of 

computers (stand-alone and networked),  digital communication tools (such as chat, e-

mail, forums, messenger, VoIP) digital content creation tools (such as Wikis, Blogs and 

Web-folios) and digital content (such as web- pages, CD-Roms and DVDs) [5]. By 

focusing on our understanding of the process of learning and the relationships 

created in this process we can outline five relationships associated with e-learning. 

[3:15]. These are outlined below; 

 
1. Learner - Interface Interaction: What are the features of the interface created that 

enhance / inhibit learner learning and navigation? 

2. Learner - Learner Relationships: How, why and when learners communicate with 

each other and what is the nature of this communication? 

3. Learner - Tutor Relationships: How, why and when learners communicate with 

their tutor and what is the nature of this communication? 

4. Learner - Media Interaction: How is the learner engaged with digitally stored 

information and how do they relate to the information presented? 

5. Learner Reflection  Activities:  How are learners encouraged  to  reflect  on  their 

learning,  are  they satisfied  with  the  environment  and  how  do  they relate  to  the 

environment created? 

 

1.3 Psychosocial Instrument Development 

In  the  field  of  learning  environment  research  a  general  methodology  in  the 
development and validation of instruments is followed [1]. The pattern established by 

these studies involves three core stages [3]: 

 
1. Stage 1; Identification of salient dimensions and items related to the field of study. 

2. Stage 2; Coverage of social climate dimensions identified by Moos. [18]. 

3. Stage 3: Field testing and analysis. 

 

The above description of the three phases of instrument development is based to a 

large extent upon what is regarded by instrument developers as an intuitive-

rational approach [26]. In essence, the intuitive-rational approach involves 

developers in the identification of salient dimensions, the writing of items, and field 

testing. To reduce the bias of researcher-generated scales and items, the  validation 

of the scales rests heavily on the subjective opinions of the researcher and other 
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experts in the field [9]. This intuitive-rational approach can be, and often in learning 

environment research is, complemented by statistical analysis and factor analytic 

approaches [1:9]. To ensure internal consistency of instruments (i.e. how well the 

items in the scale measure the construct identified), the statistical procedure 

Cronbach Alpha coefficient is generally used  [4].  To  ascertain  discriminant  

validity  (i.e.  how  well  the  individual  scales measure  the  construct  they  are  

designed  to  measure  and  how  the  scales  in  the instrument diverge from each 

other and measure separate  constructs), the statistical process of using the mean  

correlation of a scale with the remaining  scales  as a convenient  index  is  

generally  used  [23].  Principal  Component  Analysis  (PCA) procedures are used 

to firstly, potentially reduce the number of variables in the scale and secondly, to 

detect structure in the relationships between variables [22]. Recent learning 

environment studies have used the procedures of PCA with varimax rotation [3: 26]. 

Although applying these mathematical functions is potentially challenging too many 

researchers, the procedures described can be performed with desktop computers 

using statistical computer packages now widely available [1]. 

 

2. OLLES: ONLINE LEARNING ENVIRONMENT SURVEY 
A number of instruments have been developed to explore the use of computers in 
education [3] and the interactions that occur in computer mediated environments 

[2:19] and  online  learning environments  [4].  Using these previous  studies  as  a 

guide a learning environment instrument, The Online Learning Environment Survey 

(OLLES), consisting of 7 scales and 35 items has been developed [3]. The matrix 

below, table 1, provides a descriptive overview of the scales and items used in the 

instrument. 

 

Table 1: Matrix of dimensions, scales and items of OLLES instrument. 

 

Scale Description Sample items 

Computer 

Competence 

Extent to which the student feels 

comfortable and enjoys 

using computers in the 

online environment. 

I have no problems using 

a range of 

computer 

technologies. 

Material Environment Extent to which the computer 

hardware and software 

are adequate and user 

friendly. 

The instructions provided 

to use the tools within 

the site are clear and 

precise. 
Student Collaboration Extent to which students work 

together, know, help, support 

and are friendly to each other. 

I communicate regularly 

with other students in 

this course. 

Tutor Support The extent to which the 

tutor 

guides students in their 

learning and provides 

sensitive, ongoing and 

encouraging support. 

The feedback I receive 

from my tutor helps me 

identify the things I do 

not understand. 

Active Learning The extent to which the computer 

activities support students in 

they’re learning and provide 

ongoing and relevant 

feedback. 

The feedback I receive 

from activities / quizzes 

is meaningful. 
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Information Design 

and Appeal 

Extent to which class materials 

are 

clear, stimulating and 

visually pleasing to the 

student. 

The material presented is 

visually appealing. 

Reflective Thinking Extent to which reflective 

activities 

are encouraged and how 

students enjoyed learning and 

participating in this 

environment. 

I am satisfied with my 

experience of using 

the internet and 

learning online. 

 

 

3. FIELD TESTING 
 
 
3.1 The Sample 

The data  collected  contained  294  rows  of  responses,  however,  10  of  the  rows 

contained limited or no response, (i.e. at least 60% of the items were not completed). 

These could be regarded as unsolicited responses and they were deleted from the final 

sample. Of the 284 rows of responses remaining some items had not been completed 

(216 non-response to the 15,848 identified responses) and the mean of the item was 

used  as  a  substitution  for  the  non-response.  The  age  range  of  the  sample  was 

reasonably spread from 15 years to over 50 years with no age group being in the 

majority (see figure 1. below). 

 

 
 

Figure 1: Number and age range of 

participants. 
 
3.2 Statistical Procedures 

Factor analysis is undertaken to identify and describe the pattern of co-relationships 
between  variables,  (i.e.  detect  structure),  and  to  investigate  the  reduction  of  the 

number  of   variables  and  associated  data  collected  [22].  Principal  Components 

Analysis (PCA), a technique used to transform the number of correlated variables to a 

smaller number of uncorrelated variables called principle components, is a common 

mathematical procedure used in factor analysis [24]. To increase the interpretability 

and usefulness of the factors identified, learning environment researchers often rotate 

the axes orthogonally or obliquely. Orthogonal analytic rotation methods, in which the 

factor axes are kept at right angles to each other (coordinates are equal to 90 degrees), 

could be  regarded as the most common rotational method used. The most popular 

appears to be Varimax  rotation [27] although Equimax rotation has also been used 
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[11]. Oblique analytic rotation methods, in which the factor axes are not kept at right 

angles to each other (coordinates are not equal to 90 degrees), are not as common as 

orthogonal methods but when used the most popular appears to be Oblimin rotation 

[23:26]. 

 

As well as selecting the most appropriate factor analytical rotation technique to be 

used, learning environment researchers also need to clarify the factor loading used in 

the retention of items and scales. In learning environment research the value of factor 

loadings used is variable. For example, factor loadings of between 0.30 and 0.35 of 

items on their a priori scale and no other scale were  acceptable in some studies 

[11:16], while other studies argued factor loadings below 0.50 were unacceptable 

[23]. It appeared a large number of learning environment studies have worked within 

these two ranges and regarded a factor loading of 0.40 for an item on their a priori 

scale and no other scale, as acceptable [12:20]. 

 

In checking if firstly, each item within the same scale is assessing a common construct, 

internal consistency, and secondly, each scale within a measure is assessing a separate 

construct,   discriminant   validity,   learning   environment   researchers   follow   two 

common procedures. The Cronbach alpha reliability coefficient is generally used as 

an index of scale internal consistency and a convenient  discriminant validity index 

(namely, the mean correlation of a scale with other scales) is used as evidence scale 

measures a separate dimension distinct from the other scales in this measure [3]. 

 
In  the  analysis  of  data  for  the  OLLES  instrument  firstly,  two  PCA  rotational 

techniques,  orthogonal (varimax) and oblique (oblimin), using an identified factor 

loading  of  0.40,  will  be  employed  and  secondly,  the  internal  consistency  and 

discriminant validity of the scales will be reported on. 

 

4. STATISTICAL ANALYSIS AND RESULTS 
 
 
4.1 Factor Analysis 

Because the OLLES instrument had been developed using a seven scale structure a 7 
factor solution was explored. This 7 factor solution appeared to be a logical fit to the 

data investigated. A review of the identical scree plots and eigenvalues, generated by 

SYSTAT 11 in  varimax and oblimin rotation, confirmed this factor solution was 

acceptable. Factor seven had an eigenvalue of 1.68 and, using Cattell scree test, was 

visually above the factorial scree or debris [22]. See figure 2 below. 
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Figure 2: Scree plot identifying factors for analysis in 

OLLES. 
 
Further  factor  analysis  confirmed,  in  both  oblimin  and  varimax  rotations,  the  
refined instrument was structurally sound (see figure 3 below). 

 
An unusual discrepancy noted is the apparent ‘swap/replacement’ of the factors tutor 

support and  material environment in the oblimin and varimax rotations; they have 

replaced each other in either column 1 or 7. However, this ‘swapping/replacement’ does 

not affect the confirmed scale structure of the instrument and was ignored. The



Online Learning Environments 

7 

 

table highlights only two items (M3 and ID1) in which the factor loadings show some 

discrepancies. M3, I am able to install the appropriate software needed to participate in 

this course with ease, in the varimax rotation loads highly (0.41) on another factor other 

than its a priori factor but in oblimin rotation this loading disappears. Similarly ID1, The 

choice of colours and style used in the text assisted my being able to read clearly, in the 

varimax rotation loads highly (0.45) on another factor other than its a priori  factor  but  in  

oblimin  rotation  this  loading  disappears.  In  order  to  retain consistency of presentation 

and retain a balanced distribution of items on factors it was decided to retain both these 

items. 
 

 
 

Figure 3: Factor loadings for the OLLES instrument. 
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% of Variance 26.36 9.55 8.66 5.70 4.93 4.32 3.42 

Cumulative % 26.36 35.91 44.57 50.27 55.20 59.53 62.95 

Eigenvalue 12.92 4.68 4.24 2.80 2.42 2.12 1.68 

Cumulative 

EV 

 
 

12.92 

 
 

17.60 

 
 

21.84 

 
 

24.64 

 
 

27.05 

 
 

29.17 

 
 

30.85 

 1.00 2.00 3.00 4.00 5.00 6.00 7.00 

 

4.2 Variance 

The factor loadings and percentage of variance for both oblimin and varimax rotations 
were exactly the same and these are shown in table 2 below. 

 

Table 2: Varimax and Oblimin rotation Eigenvalues and percentage of variance 

accounted by each factor 
 
 
 
 
 
 
 
 
 
 

Factor 

 

The cumulative variance of all of the seven scales is 65.75% and, while 34% of the 

variance is  unaccounted  for, this cumulative variance total is consistent with the 

reports of variance of other learning environment research studies [3:8:23]. 

 
4.3 Internal consistency and discriminant validity 

In checking if firstly, each item within the same scale is assessing a common construct, 

internal consistency, and secondly, each scale within a measure is assessing a separate 

construct,   discriminant   validity,   learning   environment   researchers   follow   two 

common procedures [1: 2:17]. The Cronbach alpha reliability coefficient is generally 

used as an index of scale internal consistency and a convenient discriminant validity 

index (namely, the mean correlation of a scale with other scales) is used as evidence 
scale measures a separate dimension distinct from the other scales in this measure. 
These procedures were used in the analysis of data from the OLLES field test and the 

results are detailed in table 3 below. 

 

Table 3: Internal consistency and discriminant validity for OLLES instrument 

 
 
Scale 

 
Items 

 
Discriminant 

Validity 

 
Alpha Reliability 

 
Computer Competence 

 
5 

 
0.16 

 
0.86 

 
Material Environment 

 
5 0.31 

 
0.75 

 
Student Collaboration 

 
5 0.09 

 
0.83 

 
Tutor Support 

 
5 0.37 

 
0.85 

 
Active Learning 

 
5 0.33 

 
0.90 

 
Information Design and Appeal 

 
5 0.32 

 
0.85 

 
Reflective Thinking 

 
5 0.33 

 
0.84 
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The alpha for the scale, Active Learning (at 0.9) can be considered to be 

excellent. The alpha for the scales Information Design and Appeal, Reflective 

Thinking, Tutor Support, Student Collaboration, Order and Organization, and 

Computer Competence (all  above  0.8)  could  be  considered  to  be  good.  The  

remaining  scale,  Material Environment (alpha above 0.75) can be considered to be 

acceptable. The discriminant validity results for 2 of the scales, Student 

Collaboration and Computer Competence (all below 0.16) indicate these scales 

appear to be measuring distinct aspects of the learning environment. While the 

discriminant validity results for  the  5 remaining scales, ranging from 0.32 to 0.37, 

indicate the scales appear to be measuring distinct but overlapping elements of the 

learning environment and are acceptable [3]. 

 

4.4 Limitations 

In presenting the validation and reliability results for the OLLES instrument it must 
be 
acknowledged  the  procedures  explained  do  not  exactly  match  those  followed  

in previous learning environment instrument developments and validations [3:26]. 

This is caused in part by the initial capture of data where individuals, but not 

individuals’ responses as part of an identified class group, were captured. In essence 

the sample was web-based and, since responses were solicited from a potentially 

unlimited group, the  sample  was  not  as  well  defined  as  with  conventional  

samples  drawn  from identified class groups. In previous research, class data has 

been used to enrich the findings investigating the degrees of similarity and 

difference  between two units of statistical analysis, that of the individual student 

and that of the class mean.  This analysis was not undertaken in this research. It 

must also be noted the responses were from  self-selected  participants  with  a  

potential  affinity  towards  web-based/online learning  environments.  Those  

students  who  might  not  have  the  same  affinity  to web-based/online learning 

may have chosen not to respond. Therefore the results of the study should be 

treated with particular care [3]. 

 

5. SUMMARY 
This paper has reported on the extensive investigations and data analysis 
undertaken 
in  confirming  the  validation  and  reliability  of  a  perceptual  measure,  

OLLES. Investigations undertaken with 284 respondents

 confirmed the operational functionality of the instrument. 

Principal components analysis with firstly oblique, oblimin and  secondly 

orthogonal varimax rotations, confirmed the structure of the 

35-item  OLLES  instrument. The  internal  consistency,  confirmed  by  

Cronbach Alpha  coefficients, all above 0.75 are deemed to be acceptable. The 

discriminate validity scores ranging  from 0.09 to 0.37 indicated the scales did 

overlap but not sufficiently to violate the psychometric  structure of the 

instrument and are small enough to confirm each scale generally measures 

distinct aspects of the participants’ online environment. The cumulative variance 
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of all of the seven scales was 65.75% which is deemed acceptable. 

 
In presenting the validation and reliability results for the OLLES instrument it must 

be acknowledged  the  procedures  explained  do  not  exactly  match  those  

followed  in previous learning environment instrument developments and 

validations. In previous research class data has been used to enrich the findings 

investigating the degrees of similarity  and  difference  between  two  units  of  

statistical   analysis,  that  of  the individual student and that of the class mean. This 

analysis was not undertaken in this research. Therefore the results of the study 

should be treated with particular care. 

 

However, the analysis conducted thus far is sufficient to draw tentative 

conclusions about the reliability and validity of the scales and individual items 

used in the OLLES instrument and the method of instrument administration and 

data collection. It would appear from preliminary analysis, the 7-scale 35-item 

OLLES instrument will allow conclusions to be drawn about student perceptions 

on  the interactions occurring in their online environments in an economical and 

efficient manner. 
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