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ABSTRACT
Distance education has been acknowledged as a mechanism through which sustainable development can
be achieved. The objective of the study is to develop the instrument that measures the effectiveness of
distance education in inculcating sustainability among distance learners as the researchers have observed the
absence of comprehensive and contextually appropriate measures for the effectiveness of distance education
in nurturing sustainability. A mixed method research design was employed by following the six-phase
sequential exploratory instrument development process. The quantitative validation of the instrument was
done via a survey on 663 learners from the selected public universities in Malaysia. The SmartPLS 3 used
by the researchers, produced a new 61-item measure of the effectiveness of distance education as regards
sustainability. The findings have enabled the establishment of a comprehensive and contextually appropriate
measurement tool applicable to a larger population of distance learners. It also provides an evaluation tool
for practitioners in determining the effectiveness of distance education programs and courses that have led
to the attainment of sustainability outcome among learners. Future studies may pursue further processes
to improve the rigor and construct validation of the instrument besides uncovering other areas which are
necessary to be incorporated in the scope of the measures.
Keywords: Distance education, distance learning, effectiveness, instrument development, Partial Least
Squares - structural equation modelling, sustainability.
INTRODUCTION
Sustainability has become an important item for the agenda in institutions of higher education. Universities
and other tertiary education providers have played a major role in knowledge creation and transforming
decision-makers, policymakers, leaders, entrepreneurs and academics in finding solutions regarding
sustainability in various aspects (Cortese, 2003). The United Nations decade for Education for Sustainable
Development (DESD) 2005-2014 has encouraged innovative approaches in education (Buckler and Creech,
2014) so that meaningful contributions can be crafted to assist society in making the transition towards
sustainability through both the formal education system and non-formal and informal learning settings.
The Industrial Revolution 4.0 has propelled distance education programs to meet the need of learners over
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conventional learning whether in local or international settings by creating various learning opportunities.
The Internet has transformed the way knowledge is communicated which has enlightened practitioners as
regards the further potential of distance education in nurturing sustainability.
The recent outbreak of Covid-19 has also witnessed the resurgence and flexibility of distance education in
delivering lessons to students (Castaman and Rodriguez, 2020; Gulseven et al., 2020). The potential of
distance education to be the main educational mode can be further unleashed (Castaman and Rodriguez,
2020) following the outbreak. A silver lining in this pandemic is that governments have begun to realize
their shortcomings in their educational policies and are offering updated distance education delivery systems
extensively (Gulseven et al., 2020; Zhu and Liu, 2020). This has created an opportunity for distance
education to be implemented in such a way that it is no longer a mere supplementary system but is a cogent,
effective and distinctive solution. Since distance educations has had to serve this digital generation for their
survival needs, its essence in nurturing sustainability has become unequivocally significant.
As far as past studies on sustainability in higher education are concerned, research has been carried out
from several main perspectives. The first perspective has focused on management issues in sustainability
of higher education which consists of topics such as sustainability assessment tools (Findler et al., 2018;
Drahein, De Lima and Da Costa, 2019; Caeiro et al., 2020), sustainability reporting (Ana, Laura and
Garcia-Benau, 2018; Coco, Remmer and Elisa, 2019; Sahar, Udo and Hossein, 2019), and challenges in
managing sustainability in higher education (Molthan-Hill, Dharmasasmita and Winfield, 2016; Aleixo,
Leal and Azeiteiro, 2018; Tormo-Carbo, Seguí-Mas and Oltra, 2018). The second perspective centers on
the definition and elaboration of sustainable development competencies comprising those required by the
university faculty in teaching the sustainability content and necessary competencies for student achievement
(Grant, Lips-Wiersma and Soebagio, 2017; Foster and Stagl, 2018; Lavey, 2019) The third perspective
is related to the implementation of higher education for sustainable development which addresses the
purposes, scopes, and challenges of sustainable development associated with teaching and learning (Leal
Filho and Dahms, 2018; Molderez and Fonseca, 2018; Michel, 2019). Although there was no bias towards a
particular type of research methodology in past studies (Hallinger & Chatpinyakoop, 2019), it is suggested
that further research be done on the effectiveness of the different approaches in understanding the notion of
higher education for sustainable development.
PURPOSE OF THE STUDY
Although distance education has been acknowledged in previous studies as a mechanism through which
sustainable development can be achieved (Aleixo et al., 2018; Ramos et al., 2015), the learners’ grasp of
knowledge and practice regarding the concept of sustainability have been below expectation (Azeiteiro et al.,
2015). This has made the assessment of the sustainability nurtured through distance education programs/
courses, a complex issue (Md Harizan & Hilmi, 2019) and lacking, particularly in achieving the intended
outcome of the sustainability agenda among students. New technologies on which modern distance education
is based, are insufficient because they did not encourage the development of key learning skills, attitudes and
values towards environmental conservation and sustainable development to the same level as face-to-face
fieldwork (Oliveira, 2012; Oliveira et al., 2017). This situation has triggered a need to incorporate factors
which would enhance the evaluation criteria underlying the effectiveness of distance education in nurturing
awareness regarding sustainability and positive behaviors among learners.
To date, only a few studies which addressed the notion (Bacelar-Nicolau et al., 2009; Azeiteiro et al.,
2015). While Bacelar-Nicolau et al. (2009) evaluated the extent towards which the Master’s program, which
comprised environmental and social sciences contents succeeded in expanding students’ awareness and
knowledge through e-learning, Azeiteiro et al. (2015) have conducted a descriptive analysis to assess the
effectiveness of e-learning in delivering education related to sustainable development using a case study
approach. However, the dimensions proposed by the findings of the study require further elaborations in
terms of its indicators. Therefore, further investigation which enriches and transforms the dimensions into
the form of items which provide operational definitions of the mentioned construct, to enable generalizability
of findings in the future are required. Based on the identified gaps, the absence of a comprehensive, yet
contextually appropriate measures of the effectiveness of distance education in nurturing sustainability has
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strongly motivated this study. The objectives of the study are to develop an instrument which measures the
effectiveness of distance education as regards sustainability, and to validate the developed instruments among
the distance learner population.
LITERATURE REVIEW
Distance Education and Sustainability
Distance education is an education system within which the teaching and learning actions are performed
via communication technologies and mailing services by the teachers with the students being in different
environments (Isman, 2005). It focuses on the pedagogy, technology, and instructional system designs that
aim to deliver education to students who are not physically on site in a traditional classroom or campus
(Tavukcu, Arap and Ozcan, 2011). The ‘separateness’ between teaching and learning forms a distinctive
attribute of distance education which is deemed to be unique from the conventional face-to-face classroom
setting, which requires the presence of instructor and students in the physical classroom setting. Such unique
attributes enable distance education to overcome certain obstacles posed by conventional methods of lesson
delivery by overcoming the problems of the dearth of qualified instructors, the geographical barriers between
instructors, institutions, and student, and flexible time management (Of, Kahraman and Kudu, 2018).
Distance education is regarded as vital to sustainable education (Bourke and Simpson, 2009; May et al.,
2011). The use of online technology can have an important role within education for sustainable development,
namely for knowledge about sustainability, assessment practices competencies and outcomes assessment
(Azeiteiro et al., 2015). Through distance education, universities can embrace sustainability in its different
ways and domains and university graduates who have been confronted with ways to make our world more
sustainable are able to tackle issues of sustainability and translate sustainable development declarations into
real actions while reducing the carbon footprint in the higher education sector. (Bell et al., 2017). Distance
education is more environmentally-sustainable than conventional forms of higher education (Roy, Potter
and Smith, 2001; Herring and Roy, 2002; Roy, Potter and Yarrow, 2008). Distance-taught courses reported
90 percent less energy consumption and CO2 emissions than campus courses, although electronic delivery
did not result in a reduction in energy or CO2 emissions compared to print-based distance learning (Herring
and Roy, 2002). In another study of distance education in the UK, Roy, Potter, & Yarrow (2008) found
that the distance learning delivery method consumed 87% less energy and emitted 85% less CO2 than
traditional brick and mortar classes. In Malaysia, it was found that distance education enables environmental
preservation and facilitates sustainability particularly in reducing travel needs and thus, the carbon emission
of the vehicles to/from campus can be lowered dramatically (Md Harizan et al., 2015; 2016; 2017). The
sustainability criteria of distance education are remarkable during the Covid-19 pandemic, and have been
found to be integrated satisfactorily with distance learning (Trung et al., 2020).
As distance education could ensure that sustainability is achieved to a great measure, the advances in
technology are important for the future of distance education (Rovai and Downey, 2010; Venkatesh et al.,
2013). By providing the appropriate tools and techniques for individuals to access and organize information,
the existing distance education practices that maximize learner independence can be sustained (Swan,
Garrison and Richardson, 2009).
Effectiveness of Distance Education as regards Sustainability
The concepts of sustainability affect the way educational providers in higher learning institutions operate, design
the curricula and the method of delivering learning across different disciplines, and prepare the students to
incorporate sustainable values, attitudes, and behaviors into their lives (Stephens, Hernandez, Roman, Graham,
& Scholz, 2008). The evaluation of the effectiveness of distance education in delivering lessons was made by
researchers in comparison to the conventional face-to-face instruction where both methods resulted in relatively
the same learning outcomes and similar or higher student satisfaction levels. In addition, a negligible effect was
noted between the degree of student-teacher interactions and the number of lessons learned (Shee and Wang,
2008; Campbell and Campbell, 2009, 2011; Salimi and Kornelus, 2018; Filipovska, Filipovska and Petreski,
2019). Although new technologies on which modern distance education is based on are important, they are not
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sufficient because they did not encourage the development of key learning skills, attitudes and values towards
environmental conservation and sustainable development to the same level as face-to-face fieldwork (Oliveira,
2012; Oliveira et al., 2017). Such inconclusive findings have prompted the study to delve into the factors which
would enhance the evaluation criteria underlying the effectiveness of distance education in nurturing awareness
regarding sustainability and behavior among learners.
Studies have modelled the evaluation of the effectiveness of distance education in nurturing awareness regarding
sustainability and behavior through several factors, some of which consisted of the distance learning experience
of its learners (Wessel et al., 2019). Martinho et al. (2010) and Ana Pinto de Moura et al. (2010) found
that an extremely high level of learners’ motivation and satisfaction with the online programs changed their
attitudes about the environmental domains and contributed to others’ changing their attitudes and behaviors.
Besides, the study also found that online students are equally satisfied with their courses and revealed the same
confirmed general expectations and acquired competencies which indicated that online education is as effective
as face-to-face education. Figueiro and Raufflet (2015) reviewed several aspects which contribute toward
the effectiveness of sustainability in education namely the pedagogical challenges, teaching techniques and
curriculum orientation. Student’s motivation, satisfaction, and issues pertaining to quality were also found to
be strongly linked to the effectiveness of distance education in delivering the sustainability message (Goulimaris,
2015; Harris & Martin, 2012; Markova et al., 2017). In order to gauge the effectiveness of distance education
programs and courses with regards sustainability, a comprehensive and contextually appropriate measure is
required by encapsulating the important and relevant indicators and items.
METHOD
The study used the mixed method research design by employing a sequential exploratory instrument development
process. The process started with three main phases namely a series of qualitative interviews done with a small
number of distance learners, followed by measurement instrument item generation, and the validation of the
developed instruments via a quantitative survey done on the larger population of distance learners. The item
development process was done according to the first six phases suggested by Onwuegbuzie, Bustamante and
Nelson (2010) (refer to figure 1), recommendations and empirical validation (Rowan and Wulff, 2007; Imran
and Yusoff, 2015) and exemplars from mixed methods studies (Rossiter, 2012; Witry et al., 2016).

Figure 1. Instrument development and construct validation (IDVC) process (adapted from Onwuegbuzie,
Bustamante and Nelson (2010)
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Phase 1 – Conceptualisation of the Construct of Interest
Phase 1 involved the development of the construct of interest i.e. the effectiveness of distance education as
regards sustainability based on the extensive review of the literature. The initial dimensions of the construct
were derived from Azeiteiro et al., (2015), which examined the effectiveness of education for sustainable
development through e-learning in higher educational institutions based on several aspects namely the
motivation of learners, expectations of their studies, satisfaction towards their studies, learning quality, and
sustainability acquired competencies. Besides, the components raised by Bacelar-Nicolau et al., (2009) in
evaluating course performance namely student motivation, student-content interaction, student-student
interaction, student-teacher interaction, learning activities, type of evaluation, students’ environmental
citizenship attitudes and behaviors were also considered during the identification of the dimensions of the
construct. The construct was then modified and contextually defined by incorporating attributes pertaining
to distance education. Field experts were also consulted in establishing face validity for the construct.
Phase 2 – Identify and Describe Behaviours that Underlie the Construct Using Qualitative
Interviews
Phase 2 dealt with the identification of items for the construct. This was done by performing qualitative
interviews with a selected number of distance learners. A series of 72 semi–structured interviews, each lasting
between 15 to 30 minutes was conducted among distance learners who were enrolled in a Bachelor’s degree
program of management studies delivered via distance education mode in a public university between January
and February 2019. The objective was to locate factors that are important in determining the effectiveness
of distance education in nurturing awareness regarding sustainability among learners. Participants were
prompted to express their feelings, satisfactions, and expectations about their studies based on their experiences
as the distance learners. Interviews were recorded, transcribed and coded using the NVivo software. The
identification of items for the constructs was made by going through the interview transcripts and the coding
by looking for statements underlying the earlier mentioned dimensions which define the effectiveness of
distance education as regards sustainability namely expectations of distance education programs, learning
quality, assessment, sustainability acquired competencies, satisfaction towards distance education programs,
and motivation. Learning quality was further coded into seven sub-themes namely quality of online activities,
quality of instructors, quality of teaching materials, quality of collaborative work, learning strategy, acquired
competencies, and quality of the e-learning/Learning Management System. The reliability of procedure was
ensured by having other researchers to perform the interview coding independently before an uninterrupted
comparison was made until the final consensus was obtained.
Phase 3 – Develop Initial Instrument
Phase 3 consisted the generation of developed items for each construct. Initially, a total of 70 items were
generated, comprising expectations of distance education programs (9 items), learning quality (35 items),
assessment (3 items), sustainability acquired competencies (8 items), satisfaction towards distance education
programs (4 items), and motivation (10 items). Seven initial sub-themes which constituted learning quality
consisted of quality of online activities (6 items), quality of instructors (5 items), quality of teaching materials
(5 items), quality of collaborative work (4 items), learning strategies (5 items), acquired competencies (5
items), and quality of e-learning/Learning Management System (5 items).
Phase 4 – Pilot Test the Initial Instrument
Phase 4 involved receiving feedback on the initial instrument. The items were arranged and checked by other
researchers. The initial instrument also underwent a pilot test among a few distance learners in a campus.
Ambiguous, leading, unclear, double-barreled, and duplicated items were either deleted or modified. Two
items, motif3 (which focuses on job promotion) and expectation3 (which focuses on career advancement)
which initially represented motivation and expectation respectively were found to be almost similar in
meaning and thus, modified.
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Phase 5 – Designing and Field Testing the Revised Instrument
Phase 5 required researchers to refine and discard problematic items. This phase saw the distribution of
a field test of the revised instrument to 600 randomly selected distance learners in a public university in
Malaysia. The collected data was analyzed in an exploratory factor analysis with Promax rotation, which
can be calculated more quickly than a direct oblimin rotation for large datasets (IBM, 2019). The results of
the exploratory factor analysis showed that the KMO measure of sampling adequacy was 0.957 indicating
sufficient inter-correlations while the Bartlett test of sphericity was significant (Chi-square=27392.600,
p<0.01). Eigenvalues were greater than 1.0 and the total variance explained was 72.937% of total variance,
which established the construct validity of items (Hair et al., 2006). Several initially coded items which
formed learning quality were removed due to low communalities (learning_strategy4) and cross-loadings
(quality_eportal2, quality_eportal3).
Eleven factors were generated comprising the initially coded themes; expectations of distance education
programs (11 items), learning quality (32 items), assessment (3 items), sustainability acquired competencies
(8 items), satisfaction towards distance education programs (4 items), and motivation (8 items). Learning
quality constituted six factors namely quality of online learning activities (including e-learning / Learning
Management System) (9 items), quality of instructors (6 items), quality of teaching materials (5 items),
quality of collaborative work (4 items), acquired competencies (6 items), and quality of network connections
(2 items). None of the earlier coded items of the learning strategy section was loaded into a distinct factor
as they formed part of the items for other factors. The percent of variance explained by each factor were
based on expectations of distance education programs (41.616%), quality of online activities (6.968%),
sustainability acquired competencies (5.070%), quality of instructors (3.210%), quality of teaching
materials (2.849%), motivation (2.733%), quality of collaborative work (2.595%), satisfaction towards
distance education programs (2.504%), acquired competencies (2.080%), assessment (1.780%), and quality
of network connection (1.532%).
Phase 6 – Quantitative Validation of the Revised Instrument
Phase 6 required the quantitative validation of the instrument via a survey analysis. The measurement scales
were operationalized using the 4-points Likert scale: 1 = “Strongly disagree”, 2 = “Disagree”, 3 = “Agree”, 4
= “Strongly agree”. Besides, the age, gender, marital status, monthly income, past education level, religion,
race, occupation type, and field of study were included as items in the demographic profiles of the sample.
A total of 1000 invitations to participate the online survey were sent via emails to undergraduate students
who are currently enrolled in the off-campus or distance education programs offered by a selected number
of Malaysian public universities. Permission to conduct the survey was granted by respective administrators
of the programs before obtaining access to students’ emails. The survey was done from August 2019 to
November 2019. Data were coded into the Statistical Software for Analysis (SPSS) software. Analysis of
frequency was done to examine the demographic profile of the respondents. The goodness of measures was
further examined using SmartPLS3 software.
FINDINGS
A total of 1000 email invitations were sent to the students. 663 students responded, which constituted a
response rate of 66.2%. Most of the respondents were between 25 to 34 years old (54.9%), female (60.5%),
married (58.5%), having personal monthly income between RM2,000.00 to RM2,999.00 (37.9%), and
had previously obtained Diploma (55.5%). The respondents were predominantly Muslims (87.5%) from
the Malay ethnic group (85.4%), working in the government sector (57.0%), and pursuing management
studies (58.4%).
The ‘goodness of measures’ was evaluated based on several criteria which comprise internal consistency
reliability, convergent validity, and discriminant validity. Using the Smart-Partial Least Squares 3 software,
the first criterion to be assessed was the internal consistency reliability. The Cronbach alpha, composite
reliability, and coefficient Rho for all latent constructs exceeded 0.80 (see table 1 in Appendix). This
indicated that the measures were internally consistent (Nunnally, 1978). Besides internal consistency
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reliability, both convergent and discriminant validity are also required to establish a good measurement
model. Convergent validity can be evaluated by considering the outer loadings of the indicators and the
average variance extracted (AVE) (Hair et al., 2017). Discriminant validity can be assessed based on twoapproaches namely the Fornell-Larcker criterion (Fornell & Larcker, 1981) and cross-loadings (Chin, 1998).
The Fornell-Larcker (1981) test for discriminant validity (see table 2 in Appendix) showed that the square
root of each construct’s AVE was greater than its highest correlation with any other construct, which was
an indication of discriminant validity for the developed measurement items. In cross-loading (see table
1 in Appendix), each indicator loaded highest on the construct it is intended to measure (values higher
than 0.70) and thus, concluding a discriminant validity of the developed measures (Chin, 1998). Several
items were deleted due to low loading such as motif4 (“To increase one’s competitiveness in the job”) from
the expectations of distance education programs construct, sac3 (“Since following a distance education
program, I have always been involved in activities related to sustainability”) from the sustainability acquired
competencies construct, and motif8 (“I would like to improve my skills via distance education”) from the
motivation construct. A total of 61 items were finally derived in forming the measures for the effectiveness
of distance education as regards sustainability. These items comprise the expectations of distance education
programs (10 items), learning quality (30 items), assessment (3 items), sustainability acquired competencies
(7 items), satisfaction (4 items), and motivation (7 items). Learning quality was generated by the quality
of online learning activities (including e-learning / Learning Management System) (9 items), quality of
instructors (6 items), quality of teaching methods (5 items), quality of collaborative work (4 items), and
acquired competencies (6 items).
The Standardized Root Mean Square Residual (SRMR) and the Normed Fit Index (NFI) were used to
measure the estimated model fit namely. For SRMR, a value less than 0.10 or of 0.08 is considered a good
fit (Hu and Bentler, 1998). The closer the NFI to 1, the better the fit (Bentler & Bonett, 1980). The table
3 (see Appendix) shows that this study’s model’s SRMR was 0.04, while the NFI was 0.787 which is almost
closed to 1, indicating a good model fit.
DISCUSSIONS AND CONCLUSION
In summary, the objectives of the study are to develop an instrument which measures the effectiveness
of distance education as regards sustainability and to validate the developed instruments among the
distance learner population. The mixed method research design was employed by undertaking a sequential
exploratory instrument development process based on phases as suggested by Onwuegbuzie, Bustamante
and Nelson (2010). The mixed method item development combined both qualitative and quantitative
approaches in generating the measurement items as extended from the earlier conceptualization of the
education for sustainable development effectiveness through e-learning in higher education. The analysis
produced a reliable and valid measurement instrument which comprised a total of 61-items for measuring
the effectiveness of distance education as regards sustainability. The evidence from the study also shows that
distance education is deemed to be effective in delivering sustainable development agendas to the learners
via courses offered at institutions of higher education particularly in Malaysia as supported by earlier studies
(Azeiteiro et al., 2015; Harris and Martin, 2012; Figueiro and Raufflet, 2015; Goulimaris, 2015; Md
Harizan, Hilmi, & Atan, 2015; 2016; 2017; Markova, Glazkova and Zaborova, 2017). Such enthusiasm
must be backed by curriculum of the highest calibre, infrastructure, and support systems which will facilitate
the students’ learning process. This may in turn, enhance their motivation, expectations, and satisfaction
towards distance education particularly in preparing them to be the agents of sustainability for the sake of
national well-being. The outcome of the study has produced a measurement instrument that functions as
a platform from which the extent of distance education’s effectiveness in nurturing sustainability awareness
and desired sustainability behaviors among learners can be assessed.
Theoretical implications comprise the contribution of the study in analyzing the effectiveness of distance
education as regards sustainability from learners’ perspectives. The study also has a methodological
contribution as it has developed and validated the measurement scales for the mentioned constructs by
expanding the earlier works of Azeiteiro et al. (2015). By incorporating inputs from distance learners, the
mixed method approach enables the establishment of a newly developed measurement tools which is more
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comprehensive and contextually appropriate ensuring the generalizability of items to a larger population
of study. The findings of the study will enable university administrators to acknowledge the significance
of distance education not only as a delivery mode which embraces sustainability itself, but also as a mode
through which the sustainability curriculum can be delivered effectively to the learners. The findings may also
produce an evaluation tool which will benefit academic assessors and auditors in determining the viability of
courses delivered via distance education.
The outcome of having sustainable distance education programs will be the ability to develop the
competencies necessary to live sustainable lifestyles and create sustainable livelihoods among learners. It
also prepares the institutions to survive the fourth industrial revolution by embarking on the technologicalbased learning to help individuals, particularly those who have missed out on their tertiary education early
in life, thus, supporting the country’s aims in attaining the United Nation’s Sustainable Development Goal
4, by promoting lifelong learning opportunities for all. The national agenda of building a knowledge-based
society and a nation of lifelong learners while nurturing skills and values that promote sustainable economic
progress and development may also be achieved. Distance education will also pave the nation towards the
betterment of the world through the attainment of the United Nation’s Sustainable Development Goal 13,
having been acknowledged as an environmentally friendly learning option by taking urgent action to combat
climate change and its impact.
This study has a limitation. It only employed the first six phases of instrument development and construct
validation suggested by Onwuegbuzie, Bustamante and Nelson (2010) in establishing sufficient validity
required for a quantitative instrument. Further evaluations of instrument development are strongly
suggested to improve the rigor and construct validation of the revised instrument as well as to uncover other
areas for further growth of the instrument. This can be done by validating the revised instruments via the
qualitative analysis phase, performing mixed analysis (which comprise the qualitative-dominant crossover
analyses followed by quantitative-dominant crossover analyses), and instrument development evaluation.
Besides, the measurement instrument was developed based on the perspective of distance learners within
the Malaysian educational setting. Future research may incorporate other countries’ educational settings and
learning cultures to increase its operational generalizability.
In conclusion, distance education has been deemed to be effective in transforming sustainability agenda via
courses taught at higher educational institutions. However, studies pertaining specifically to the effectiveness
in transforming sustainable development agenda through courses and programs via distance education
mode have been lacking, particularly in achieving the intended outcome of the agenda among students.
Moreover, the extent to which the notion can be defined is still unclear and vague which may be caused
by the prevailing usage of existing heterogeneity of measurement scales. A comprehensive, yet contextually
appropriate measure is required to provide a concrete operational definition for the above-mentioned notion.
Using a mixed method approach, this study has proposed a validated 61-items measurement instrument for
measuring the effectiveness of distance education as regards sustainability. The study contributes theoretically
by transforming the existing descriptive definition of the construct into the empirically based operational
definition to enhance the generalizability of future studies to a larger population. The study has strengthened
the significance of distance education, not only as a delivery mode which embraces sustainability itself,
but also as a mode through which the sustainability curriculum can be delivered effectively to the learners.
The developed measures may also serve as an evaluation tool to facilitate academic assessors and auditors
in determining the sustainability impact of courses/programs delivered via distance education. Future
development may pursue further processes to improve the rigor and construct validation of the instrument
besides uncovering other areas which are necessary to be incorporated in the scope of the measures. Future
studies may also enhance the operational generalizability of the measures by incorporating other countries’
educational settings and learning cultures.
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Quality of online
learning activities

Learning Quality:

Expectations of
distance education
programmes

Latent constructs

0.768

To improve self-education.

0.812
0.852
0.791
0.805
0.821
0.746

Online learning is interesting.

Online learning activities make it easy for me to interaction with
the instructors.

Online learning activities have increased my comprehension of
the course.

Online learning activities are flexible with my working hours.

Self-learning is ideal for part-time students.

0.831

Online learning activities have enhanced my achievement in the
courses I studied.

Online learning activities save time.

0.82

The contents of online learning materials are systematic.

0.838

0.817

To continue studies to a higher level.

Online learning activities facilitate the preparation of
assignments / projects.

0.862

0.86

To enhance career advancement.
0.857

0.889

To be the catalyst/role model for the success of other family
members.

To master the areas of knowledge learned.

0.891

To increase the socio-economic status of self / family.

0.894

To benefit the individual and the community at large.

0.909

0.909

Factor
loading

To be knowledgeable compared to graduates of other
universities.

To apply aspects of knowledge in life.

To enjoy improved work performance.		

Items

9

10

Number of
items

0.746 - 0.852

0.768 - 0.909

Factor loading
range

Table 1. Convergent validity of the measurement items

0.936

0.963

Cronbach
alpha

0.946

0.968

0.943

0.965

Coefficient Rho

Reliability
Composite
reliability

0.661

0.751

AVE
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Acquired
competencies

Learning Quality:

Quality of collaborative
work

Learning Quality:

Quality of teaching
materials

Learning Quality:

0.898
0.883
0.751

The instructors are knowledgeable in the fields of study taught.

The instructors are able to explain a particular topic in an
interesting way.

It is easy for me to communicate with the members of the
faculty

0.836
0.87

The contents of the given learning materials are up to date.

The learning materials provided are useful.

0.826
0.861

My confidence levels have increased since I enrolled in distance
education.

I have become more responsible since I enrolled in a distance
education course.

0.887

0.876

Distance education makes me more independent.		
		

0.839

Group assignments eased my workload.

0.886

Group assignments nurtured a spirit of teamwork.

Group assignments can still be carried out even when group
members are in different locations.

0.897

0.804

The learning materials provided are compact.

Working in a group facilitated the preparation of assignment.

0.878

The learning materials provided are easy to understand.

0.866

0.889

The instructors provide valuable feedback to students.

The learning materials provided are comprehensive.

0.911

0.915

Factor
loading

The instructors have in-depth experience in teaching the subject
matter.

The instructors are innovative.

Learning Quality:

Quality of instructors

Items

Latent constructs

6

4

5

6

Number of
items

0.748 - 0.887

0.839 - 0.897

0.804 - 0.878

0.751 - 0.915

Factor loading
range

0.903

0.899

0.906

0.938

Cronbach
alpha

0.926

0.929

0.929

0.952

0.91

0.915

0.925

0.941

Coefficient Rho

Reliability
Composite
reliability

0.676

0.765

0.725

0.768

AVE
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Satisfaction

Sustainability Acquired
Competencies

Assessment

Latent constructs

0.773
0.786
0.751

Courses offered via distance education provide knowledge and
integrated skills in the field of sustainability.

Distance education has made me more aware of and sensitive
towards multicultural and religious communities.

Distance education has increased my professional competency
in the topic of sustainable development.

0.83
0.857
0.869

My study environment has provided a good learning experience.

The learning opportunities I have experienced have resulted in a
good learning outcome.

I am satisfied with learning via distance education.

0.789

0.789

Since enrolling in the distance education programme, I have
developed the keenness towards joining public programme
related to sustainability.

Through distance education, I am able to achieve the same
efficiency as obtained through full time learning.

0.87

0.813

Distance education has made me more concerned about the
environment.

Distance education has nurtured my awareness towards the
goals of sustainability.

0.871

0.832

The level of complexity of the course assessment is appropriate.

Distance education has made me a more responsible citizen as
regards social welfare.

0.913

0.748

My time management skills are improving since I enrolled in
distance education.

The composition of the assessment items for the course work
and final examination are appropriate.

0.768

I experienced unique learning strategies through distance
education.

0.918

0.833

I am better at using computer related apps since I enrolled in
distance education.

Course evaluation methods are appropriate (examples:
continuous exams, quizzes, presentations, final year projects to
name a few.)

Factor
loading

Items

4

7

3

Number of
items

0.789 - 0.869

0.751 - 0.871

0.832 - 0.918

Factor loading
range

0.858

0.911

0.869

Cronbach
alpha

0.903

0.929

0.918

0.872

0.914

0.908

Coefficient Rho

Reliability
Composite
reliability

0.701

0.654

0.79

AVE
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0.743

I would like to improve my skills via distance education.

AVE: Average variance extracted

0.829

0.854

The reputation of the university where I am studying is
outstanding in the field of sustainability.
0.827

0.802

My family encouraged me to pursue distance education.

The university milieu is attractive.

0.853

I would like to acquire a campus-like learning experience.

I would like to enjoy flexibility in my learning experience.

0.739

My friends encouraged me to pursue distance education.

Motivation

Factor
loading

Items

Latent constructs

7

Number of
items
0.739 - 0.854

Factor loading
range
0.911

Cronbach
alpha
0.929

0.915

Coefficient Rho

Reliability
Composite
reliability
0.653

AVE

194

0.676

0.79

0.751

0.653

0.765

0.768

0.661

0.725

0.701

0.654

Acquired
competencies

Assessment

Expectations of
distance education
programmes

Motivation

Quality of
collaborative work

Quality of instructors

Quality of online
learning activities

Quality of teaching
materials

Satisfaction

Sustainability
Acquired
Competencies

AVE

0.507

0.657

0.641

0.698

0.698

0.496

0.672

0.655

0.632

0.822

Acquired
competencies

0.398

0.651

0.512

0.589

0.542

0.467

0.508

0.464

0.889

Assessment

0.425

0.433

0.514

0.547

0.601

0.35

0.792

0.867

Expectations
of distance
education
programmes

0.526

0.525

0.548

0.569

0.59

0.355

0.808

Motivation

0.333

0.464

0.478

0.468

0.487

0.875

Quality of
collaborative
work

0.423

0.59

0.612

0.676

0.876

Quality of
instructors

0.407

0.593

0.621

0.813

Quality
of online
learning
activities

0.443

0.539

0.851

Quality of
teaching
materials

Table 2. Fornell-Larcker criterion – Inter-construct correlations and squared AVE (in bold)

0.444

0.837

Satisfaction

0.809

Sustainability
Acquired
Competencies

Table 3. Model fit summary
Criteria

Achieved values

SRMR

0.04

NFI

0.787
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