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This study used the Unified Theory of Acceptance and Use of Technology (UTAUT) model to examine factors that influence students' adoption of the Moodle virtual learning environment (VLE) at a university in Slovenia. An online survey was administered to 235 undergraduate students to measure the constructs in the UTAUT model as they relate to Moodle use. These included performance expectancy, effort expectancy, social influence, facilitating conditions, behavioral intention, and actual system use. The results of structural equation modeling showed that performance expectancy and social influence significantly impacted students' attitudes toward using Moodle, and that social influence and attitudes significantly determined students' behavioral intentions. Behavioral intentions were also found to be a strong determinant of actual Moodle use.Read less
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	1. An Empirical Study  Of Virtual Learning Environment
Adoption Using UTAUT
Boštjan Šumak, Gregor Polančič, Marjan Heričko
Institute of Informatics
University of Maribor, Faculty of Electrical Engineering and Computer Science,
Maribor, Slovenia
bostjan.sumak@uni-mb.si; gregor.polancic@uni-mb.si, marjan.hericko@uni-mb.si
Abstract—When users are presented with a new technology or
service, a number of factors influence their decision about how
and when they will use it. To measure how students and
teachers are going to accept and use a specific e-learning
technology or service, an appropriate instrument is needed. In
this paper common theories that can be used for measuring
students' acceptance of e-learning technologies and services are
presented. The Unified Theory of Acceptance and Use of
Technology (UTAUT) model was used to develop the
measurement instrument. The measurement items have been
adapted to Moodle, an open source web-based Virtual Learning
Environment (VLE). Empirical data was conducted using an
online survey with undergraduate students (n=235). To
understand students’ perceptions about using Moodle, the
UTAUT research model and hypothesized relationships
between UTAUT constructs were empirically tested using the
structural equation modeling (SEM) approach. The results
indicate that performance expectancy and social influence have
a significant impact on students’ attitudes towards using
Moodle. Social influence and attitudes toward using are
significant determinants of students' behavioral intention.
Students’ behavioural intentions were shown to be strong and
significant determinant of actual use of Moodle. The
implications and limitations of the present study are also
discussed.
Keywords - e-learning; VLE; acceptance; UTAUT; SEM
I. INTRODUCTION
E-learning is an upgrade form common learning,
supported by information communication technologies (ICT)
and services. It simplifies education delivery and enables
training to anyone, anytime and anywhere. The rapid
developments of ICTS are of exceptional importance for new
and innovative ways of educating. The increasing tendency
today is to implement a virtual learning environment (VLE),
sometimes called learning management system (LMS), or
web based courseware management system (CMS). For the
rest of the paper, the term “e-learning system” will be used
for VLE systems. E-learning system is a system that
provides necessary services for handling all aspects of a
course through a single, intuitive and consistent web
interface. E-learning system usually provides a wide pallet of
tools like course content management, communication, the
uploading of content, the return of students’ work, peer
assessment, student administration, the administration of
student groups, the collection and organization of students’
grades, questionnaires, quizzes, tracking tools, etc. In the
light of new Web 2.0 technologies and services, e-learning
system are being extended with new features, like wikis,
blogs, RSS, Twitter, Tagging the content, 3D virtual spaces
(like Second Life), etc.
Many educational and business institutions are
significantly investing resources in implementing e-learning
systems. According to Cortona Consulting, corporate e-
learning in the US and Europe will reach $50 billion by 2010
[1]. Whenever a learning environment is presented, it needs
to be adapted and different learning styles have to be
deployed [6]. Therefore, the main challenge for e-learning
providers is how to attract learners to offered e-learning
services. Developers, designers, and institutional purchasers
of e-learning systems must carefully consider the needs and
values of system users and ensure that the system in question
effectively meets these demands [14]. Learners’ perceptions
about the use of an e-learning system can be influenced by
different individual factors, like age, gender, previous
experience with computers, level of technology acceptance,
etc.
Although e-learning environments are popular, Liaw et
al. [9] claim that there is minimal research on instructors’
and learners’ attitudes towards e-learning environments.
Furthermore, Liao and Lu [8] stated that despite the
continuous growth of the e-learning market, there is still a
lack of discussion on the individuals’ behavior in the
adoption and continued use of e-learning. The adoption of an
e-learning system or service by users may be treated as a
web-based e-service adoption. Because e-learning can be
defined as a subgroup of e-services, user adoption and
continuance requires an understanding of consumer’s
contextual factors, as stated by Kamaljeet Sandhu [4]. There
are different theories available (discussed in the next section)
that can be used in searching for the primary reasons why
users are adopting/not-adopting and consequently using/not
using a specific e-learning system.
This study aimed to investigate the factors, affecting the
adoption of an e-learning system – Moodle. Moodle provides
different activity modules (like Assingments, Forums, Wikis,
Blogs, Quizzes, Tracking, etc.), and can therefore be applied
in different ways. It can be used as a tool for delivering
content to students and assess learning using assignments or
quizzes. More interestingly, it can be used to build rich
collaborative learning communities. Moodle has a large and
a diverse community [12] with over 755,336 registered
2010 Second International Conference on Mobile, Hybrid, and On-line Learning
978-0-7695-3955-3/10 $26.00 © 2010 IEEE
DOI 10.1109/.11
17
2010 Second International Conference on Mobile, Hybrid, and On-line Learning
978-0-7695-3955-3/10 $26.00 © 2010 IEEE
DOI 10.1109/eLmL.51
17
2010 Second International Conference on Mobile, Hybrid, and On-Line Learning
978-0-7695-3955-3/10 $26.00 © 2010 IEEE
DOI 10.1109/eLmL.2010.11
17
 


	2. users, speaking over  78 languages in 202 countries and
36,003 registered Moodle deployments. Moodle has been
successfully deployed and used at the Faculty of Electrical
Engineering and Computer Science, Maribor, for the last five
years. Through a unified web environment implemented
using Moodle, students enroll in courses, download learning
materials, communicate with other participants using forums,
write blogs, contribute in content creation using wikis,
communicate with professors and teaching assistants through
the built in messaging system, finish their activities and
upload files, check grades, etc. Professors and teaching
assistants use Moodle to manage learning content materials,
manage students and their grades, check the uploaded
students’ work, prepare quizzes, create content using Wikis,
aggregate news from different RSS feeds, etc. To understand
students’ perceptions about using Moodle, the UTAUT
research model and hypothesized relationships between
UTAUT constructs were empirically tested using the
structural equation modeling (SEM) approach.
The presented paper is organized as follows: in the next
section, theoretical backgrounds about acceptance theories
are given. The following section reveals the research model
and provides a list of research hypotheses. In section four the
research methodology is described, where the development
of a measurement instrument is explained and the data
collection and statistical analysis processes are described. In
section five, data analysis and results are given. The
following section discusses the results and the last section
concludes the paper with the implications and limitations of
the study.
II. THEORETICAL BACKGROUNDS
The most common theory in the field of adoption is
Technology Acceptance Model – TAM [3]. Davis proposed
TAM to explain the potential user’s behavioural intention to
use a technological innovation. TAM has become one of the
most widely used models in IS because of its
understandability and simplicity [5] and is applicable to
different information technologies. TAM involves two main
independent variables (see Figure 1): perceived ease of use
and perceived usefulness. Perceived usefulness is the degree
to which a person believes that using a particular system
would enhance his or her job performance. Perceived ease of
use stands for the degree to which a person believes that
using a particular system would be free of effort. The TAM
model has one dependent variable – behavioral intention,
which is the degree to which a person has formulated
conscious plans to perform or not perform some specified
future behavior.
Figure 1 - Technology Acceptance Model
In existing literature, different research, which applied
TAM to e-learning technologies, resulted in mixed
outcomes. For example, in [7] the perceived ease of use was
not a significant predictor of attitudes toward use and
intention of using an e-learning system. Van Raaij and
Schepers [15] also did not find a significant connection
between perceived ease of use and intention of using the e-
learning system. On the other hand, in the study performed
by Ngai, Poon, & Chan [13], perceived ease of use showed
to be a dominant factor, the attitude of students using an e-
learning system. The statistical significance of the path
between the perceived ease of use and attitude towards using
an e-learning system was also found by Liu et al. [10], where
the authors studied a user’s acceptance of streaming media
for e-learning. Because of the mixed results, TAM remains
an area for future research in the field of e-learning
technologies and services.
Performance
Expectancy
Effort
Expectancy
Social
Influence
Facilitating
Conditions
Behavioural
Intention
Use
Behaviour
Gender Age Experience
Voluntariness
of Use
Figure 2 - The UTAUT Model
Venkatesh et al. [16] reviewed user acceptance literature
and empirically compared eight models - the theory of
reasoned action (TRA), the technology acceptance model
(TAM), the motivational model (MM), the theory of planned
behaviour (TPB), the model of PC utilization (PCU), the
innovation diffusion theory (IDT), and the social cognitive
theory (SCT). The studied models are being used to predict
and explain user behaviour using a variety of independent
variables. Finally, Venkatesh et al. [16] formulated a unified
model, called the Unified Theory of Acceptance and Use.
The UTAUT model (see Figure 2) presents a more complete
picture of the acceptance than any other individual model is
able to do. The UTAUT model contains following direct
determinants of behavioural intention and use behaviour:
performance expectancy, effort expectancy, social influence,
facilitating conditions. Gender, age, experience and
voluntariness of use are posited to mediate the impact of the
four key determinants on usage intention and behaviour.
A mixed support in terms of the reliability of the scale
items representing UTAUT constructs and the hypothesized
relationships was found by Marchewka et al. [11] that
applied UTAUT for understanding student perceptions about
using Blackboard. Students agree that Blackboard is a good
idea, but are not fully exploiting its features. Effort
18
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	3. expectancy and social  influence were significant
determinants of students’ behavioural intention. The results
of the study performed by Chiu and Wang [2] indicate that
performance expectancy, effort expectancy, computer self-
efficacy, attainment value, utility value, and intrinsic value
are significant predictors of individuals' intentions to
continue using Web-based learning, while anxiety can have a
significant negative effect.
III. RESEARCH MODEL AND HYPOTHESES
Figure 3 - The research model
Because of its novelty in the field of user acceptance
research and relatively little presence in existing literature
regarding e-learning, UTAUT was chosen as a ground theory
in this study for investigating students’ perceptions about
using. Figure 3 presents the research model with
hypothesised relationships between UTAUT constructs.
Performance expectancy is the degree to which an
individual believes that using the system will help him or her
to attain gains in job performance. We propose the following
hypothesis:
H1: Performance expectancy is related to attitudes toward
using Moodle.
It has been shown by Venkatesh et al. [16], that
performance expectancy is the strongest predictor of
intention to use a technology. Accordingly, we propose the
following hypothesis:
H2: Performance expectancy is related to behavioural
intentions.
Effort expectancy is the degree of ease associated with the
use of a system. We proposed:
H3: Effort expectancy is related to attitudes towards using
Moodle.
The perceived ease of use assumes that a system
perceived to be easier to use is more likely to induce
perception of usefulness and behavioural intention.
Therefore, the following hypothesis was formulated:
H4: Effort expectancy is related to behavioural intention.
Social influence is the degree to which an individual
perceives that important people believe they should use the
new system. Venkatesh et al. [16] stated that social influence
as a direct determinant of behavioural intention is
represented as a subjective norm in various. Accordingly, the
following hypotheses were proposed:
H5: Social influence is positively related to attitudes
towards using Moodle.
H6: Social influence is positively related to behavioural
intention.
Facilitating conditions are defined as the degree to which
an individual believes that an organisational and technical
infrastructure exists to support the use of a system. The
construct facilitating conditions stands for the factors and
resources that an individual believes exist to support their
activities. We propose the following hypothesis:
H7: Facilitating conditions is related to use of Moodle.
Attitude toward using technology is an individual’s
overall affective reaction to using a system. It stands for an
individual’s liking, enjoyment, joy and pleasure associated
with technology use. The attitude toward using a system has
been shown as a determinant of behavioural intention in
different studies. We therefore suggest the following
hypothesis:
H8: Attitudes toward use is related to behavioural intention.
The behavioural intention is a significant determinant of
actual use of technology in different intention models,
therefore the following hypothesis is proposed:
H9: Behavioural intention is related to actual use of the
Moodle system.
IV. RESEARCH METHODOLOGY
Quantitative research in the form of an online
questionnaire based survey was performed to test the
hypotheses, stated in section three. UTAUT variables were
operationalized according to the items that were used for
estimating UTAUT by Venkatesh et al. (2003). The items
were set into the context of Moodle. The theoretical
constructs adopted from UTAUT were assessed by a seven-
point Likert-type scale, where the respondents gave the
extent to which they agreed or disagreed with each statement
of the constructs.
A pre-test of the questionnaire was performed with nine
faculty colleagues. The main goal of the pre-test was to
improve the content of the measuring items, therefore the
colleagues were asked to examine the questionnaire for
meaningfulness, relevance and clarity. With remarks and
propositions, the measurement items were improved and
some new were added. After the pre-test, a pilot test of the
questionnaire was performed with twenty volunteers from
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	4. faculty staff and  students, who were available at the time.
According to the pilot test results, some minor changes to the
questionnaire were carried out before a request for
participants in an online survey was sent out to students.
The study participants were comprised of undergraduate
students at the Faculty of Electrical Engineering and
Computer Science in Maribor, Slovenia. At the Institute of
Informatics, a common Moodle system is established, where
115 courses were registered at the time of the research.
Through the news system in the Moodle, a request form with
the link to the online survey was dispatched to 609 students,
currently enrolled in different undergraduate courses. 284
online surveys were started, of which 235 were successfully
finished and 49 returned incomplete. The usable response
rate was thus 39%.
V. DATA ANALYSIS AND RESULTS
To understand students’ perceptions about using Moodle,
the UTAUT research model and hypothesized relationships
between UTAUT constructs were empirically tested using
the structural equation modelling (SEM) approach. The
research model shown in Figure 3 was analysed using SEM,
supported by AMOS 17.0 software. The measurement model
(or confirmatory factor model) was tested before testing the
structural model.
A. Measurement items reliability and validity
Before testing the hypotheses, measurement items in the
questionnaire were first assessed for content and construct
reliability and validity. A confirmatory factor analysis (CFA)
was used to examine the reliability and validity of the
measurement model and the structural model. To assess the
reliability and validity of the measurement instrument used
in this study, internal consistency, composite reliability and
convergent validity were estimated for each construct.
Internal consistency of the constructs was assessed by
Cronbach’s α that is commonly used for estimating the
extent to which multiple indicators for a latent variable
belong together. The estimated values were above the cut-off
value 0.70. To further confirm the reliability of the
measurement items, a composite reliability was estimated.
The composite reliability measures for all of the constructs
exceeded the recommended level of 0.70. The third indicator
of convergent validity, average variance extracted (AVE),
measures the overall amount of variance that is attributed to
the construct in relation to the amount of variance
attributable to measurement error. AVEs for individual
constructs were between 0.560 and 0.756, consequently the
measurement model passed the convergent validity check.
Moreover, the correlations of potentially overlapping
constructs were used to assess discriminant validity. All the
AVE estimates exceeded the squared correlation values
suggesting that constructs are more strongly correlated with
their indicators than with other constructs in the model.
According to the modification indices provided by
AMOS, some indicators have been cut off from the initial
measurement model. The final measurement model is
presented in Figure 4. The overall fit model for the final
measurement model was estimated to ensure a good data fit
with the model. The measurement model analysis has shown
a good fit according to the goodness-of-fit indices
(χ2
=195.214, df=120, p<0.000, χ2
/df=1.626, GFI=0.918,
AGFI=0.884, CFI=0.968, RMSR=0.053, RMSEA=0.052,
NFI=0.922, NNFI=0.959, 0.723).
B. The measurement model
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Figure 4 - The measurement model
C. The structural model
The structural model analysis has also shown a good fit
according to the estimates of different goodness-of-fit
indices, as listed in the table 1. The Table 1 provides the
recommended values for individual goodness-of-fit indices
and the estimates for the final structural model.
TABLE I. MODEL FIT SUMMARY FOR THE STRUCTURAL MODEL
Fit index Recommendation Estimates
χ2
Non-significant 265.884
df n/a 174
p 0.000
χ2
/df < 3.00 1.528
GFI > 0.90 0.904
AGFI > 0.80 0.872
CFI > 0.90 0.963
RMSR < 0.10 0.054
RMSEA < 0.05 0.048
NFI > 0.90 0.902
NNFI > 0.90 0.955
PNFI > 0.60 0.747
The results of the final structural model are shown in
Figure 5. The analytical results show that performance
expectancy (β=0.550, p<0.001) and social influence
(β=0.244, p<0.01) positively effect attitudes toward using
Moodle. These results provide support for hypotheses H1
and H5. Social influence had also a significant impact on
behavioural intention (β=0.246, p<0.05), resulting in support
for H6. Facilitating conditions is also a significant predictor
(β=0.205, p<0.05) of actual use of Moodle, thus the
hypothesis H7 was supported. In the end, as was the result in
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	5. many different studies,  behavioural intentions were a strong
indicator behind the actual use of Moodle (β=0.488,
p<0.001), supporting hypothesis H9.
However, there was statistically insufficient evidence
regarding the impact of performance expectancy and effort
expectancy on behavioural intention. This means that the
analysis did not support hypotheses H3 and H4. There was
also no significant relationship found between effort
expectancy and attitude toward using Moodle; therefore the
hypothesis H3 was not supported. There was also no proof of
a link between attitude toward using Moodle and behavioural
intentions. Therefore, the hypothesis H8 was rejected.
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Figure 5 – The structural model
TABLE II. HYPOTHESIS TESTING RESULTS
Hypothesis Effect
Path
coefficient
Remarks
H1 PE  ATU 0.550*** Supported
H2 PE  BI 0.218NS
Not supported
H3 EE  ATU 0.113NS
Not supported
H4 EE  BI 0.015NS
Not supported
H5 SI  ATU 0.244** Supported
H6 SI  BI 0.246* Supported
H7 FC  U 0.205* Supported
H8 ATU  BI 0.099 NS
Not supported
H9 BI  U 0.488*** Supported
Notes: *p  0.05; ** p  0.01; *** p  0.001; NS p  0.05
VI. CONCLUSION
The main purpose of this study was to empirically
validate the UTAUT model in the context of an e-learning
system. According to the literature review, this study is one
of the few attempts to investigate students’ perceptions about
acceptance and use of an e-learning system using the
UTAUT as a ground theory. The measurement model was
confirmed with adequate convergent and discriminant
validity metrics. The measurement and structural models
showed a good fit to the data.
The results of the present study showed that performance
expectancy and social influence have had a significant direct
effect on attitudes toward using Moodle, where performance
expectancy was the strongest determinant of attitudes for
students. Meantime, the effort expectancy doesn’t influence
students’ attitudes toward using Moodle. There was no proof
for significant influence of performance expectancy, effort
expectancy and attitudes toward using on students’
behavioural intention. However, students’ behavioural
intention is predicted by social influence. The actual use of
Moodle was determined by the facilitating conditions and
behavioural intention, where the latter showed to be the
strongest indicator of actual use.
The implications of the results of this are important to
different e-learning stakeholders. Students do not use an e-
learning system just because it is easy to use, but rather
because they find it useful for their studies. E-learning
system developers should therefore keep up with new
technology developments and exhaustively look for and
build extensions with new and innovative solutions and build
them into the e-learning system. In the next years, a third
generation of web technologies (Web 3.0) is expected to
radically change the development and use of web
technologies and services. E-learning system developers
should therefore be ready to upgrade existing e-learning
system designs to fully exploit the potential of future
technologies and their use capabilities.
The finding about the importance of usefulness in use of
an e-learning system is also significant for e-learning content
providers. Professors, teaching assistants, and mentors have
to take advantage of an e-learning system to make the best of
it when providing students with learning materials, news,
asynchronous and synchronous communication, etc. The
findings of this study can also be a direction for researchers
for their future work. Since performance expectancy plays an
important role in students’ attitudes toward using an e-
learning system, researchers should extend the UTAUT
model in the context of e-learning by investigating other
potential constructs and factors that may influence student
perceptions of performance expectancy in the learning
process.
VII. LIMITATIONS AND FUTURE RESEARCH
As in all empirical research, this study has some
limitations that need to be identified and discussed. First, the
sample is limited to students at a faculty that is more or less
technically oriented. Although the results from this study are
useful for describing the characteristics of a large population
of students, the generalizations of the results are limited to
full time undergraduate students. The students that
participated in this study are mostly obliged to use Moodle in
their studies students are also mostly male and already
possess technical skills when it comes to internet use.
According to these limitations, the moderator role of gender,
age, experience and voluntariness in different UTAUT
constructs connections could not be empirically validated.
Although Moodle is a modern and well accepted e-
learning system, the generalization of the results is limited to
the characteristics and features provided by it. The actual
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	6. implementation and deployment  of Moodle can affect
different students’ perceptions like usefulness, easiness,
attractiveness. Because Moodle deployments’ primary
objectives are not the same in every case, this is another
variable that will have to be addressed in future work as well.
The actual implementations and deployment characteristics
should be considered when asking users how they feel about
using the system. In our future work, we will also try to
examine new variables that could be used to extend the
UTAUT model for e-learning domain. The role of the user in
the use of Moodle is therefore another aspect for our future
research, where we will try to answer what factors influence
professors’ and teaching assistants’ perceptions in accepting
or not accepting an e-learning system like Moodle. Or in
other words, is an e-learning system like Moodle really an
acquisition of any kind in their pedagogical process?
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