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Abstract

E-learning systems, also known as a virtual learning environments (VLE’s), are systems that use
modern information and communication technology to support education and training efforts. In this
paper we present the evaluation of a newly developed Compendium Platform (CP) that can be used to
create educational applications that support effective learning of statistics and related analytical skills.
Using the web-enabled CP, students are empowered to easily archive, exchange and reproduce
statistical computations. The CP was applied in three statistics courses. Based on behavioral concepts
from the Technology Acceptance Model (usefulness, ease of use and future usage intention) and
object-based beliefs about the e-learning environment (information and system qualities), we tested an
integrated and predictive e-learning acceptance model. Using a sample of 200 students, we report that
the CP was well accepted and that the majority of our hypotheses are confirmed. System quality has a
considerable impact on ease of use and does directly influence the students’ intention to use the CP in
the future. The effect of information quality on intention is fully mediated by relative advantage.
Relative advantage was used as an alternative to usefulness and is clearly a better predictor of usage
intention. A detailed analysis indicates that the attractiveness of the user interface, the presence of
appropriate search options and the availability of sufficient relevant information are critical success
factors of the CP’s acceptance.
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1. INTRODUCTION

E-learning systems, also known as virtual learning environments (VLE’s), are systems that use
modern information and communication technology to support education and training efforts [23]. E-
learning consists of a repository for courses, manuals, exercises, interactive options and also (mass)
communication functionalities that can assist the study process of individuals or groups of students.

There are several advantages that can be achieved such as the creation of an (a)synchronous
learning network, and the possibility to offer the learners a wide range of information sources and
examples. The goal of e-learning is to increase the quality of learning activities by re-using and
sharing information and knowledge, while the learner can determine his own pace [23],[15],[13].

In this paper we present the evaluation of a newly developed Compendium Platform (CP) that can be
used to create educational applications that support effective learning of statistics and associated
analytical skills (see [9]). The novelty of the CP lies in the fact that students are empowered to easily
archive, exchange, reproduce, and reuse statistical computations. Using full text search phrases or
keywords, students can access an archive of statistical manuals and exercises. The CP was
implemented in three statistics courses and assessed by students in a survey. The goal of this article
is two-fold. First we aim at evaluating the success of the CP. Second we want to propose a predictive
and re-usable success model (on which the survey was based).

The paper is structured as follows. In section 2 we give a concise overview of the literature on
technology acceptance and IS success. This literature provides the underlying rationale for the
research model and the hypotheses that we present in section 3. The research setting, applied



methods and the used measures are presented in section 4. In section 5 and 6 we analyze the data
and present the results and the conclusions.

2. LITERATURE REVIEW

E-learning seems to be on the verge of becoming the new learning paradigm. Some estimate that the
e-learning market has a growth rate of up to 35% [23]. However, the benefits of such systems cannot
be realized if learners do not accept or use the system in an appropriate manner [20],[15]. It is
therefore important to investigate the drivers or determinants of e-learning success to assist VLE
designers and lecturers in building systems that are useful and accepted by the end-user, being the
learners.

The use, success, and acceptance of information systems have been investigated in an overwhelming
amount of studies. In general, two widespread and successful research models to measure and
predict IS success can be distinguished: the technology acceptance model (TAM) created by Davis [1]
(and extended into TAM2 [27]), and the IS success model of Delone and Mclean [7],[8]. Both models
focus on the individual end-user and have been applied to assess a diversity of IT systems (like ERP,
systems, GSS systems, CRM systems, e-Commerce, etc.) (e.g. [1],[12],[20],[6],[29]). Recently, these
models also have been successfully applied to study the success of VLEs (such as in
[23],[15],[25],[17],[18]).

The TAM is a parsimonious model with grounded concepts and standardized measures. A strength of
TAM is that it is specifically developed to predict and explain human behavior by measuring behavioral
beliefs like “ease of use”, “usefulness” and ‘“intention to use”. The TAM assumes that an IS is
successful and accepted if users (will) use the system voluntarily. The TAM has been compared
favorably with competing models such as the theory of planned behavior and the theory of reasoned
action [27]. It is robust and has been used across different cultures, settings and information systems.
Despite the fact that several studies have extended the model with a variety of explanatory variables -
a number of personality traits like computer anxiety or perceived self-efficacy (e.g. [25],[18]); social
influences and service quality (the TAM2 ([27]); and concepts from the innovation literature ([29]) - the
TAM in itself does not propose guidelines about design options or information qualities that can impact
the acceptance of information technologies [28],[26].

Contrary to the TAM, the Delone & McLean’s IS success model identifies more objective system and
information characteristics that may enhance user satisfaction and the usage and value of an
information system [7],[8]. By focusing on design attributes (like system reliability or the quality of the
provided information), the IS success model is more appropriate to provide designers with guidelines
to build improved IS’s. Object-based concepts that measure specific system qualities however are
mostly weak direct predictors of system usage [28]. Also a concept such as user satisfaction (often
used in the Delone and McLean’s approach) constitutes a general attitude that tends to correlate only
to a limited extent with single behaviors such as the future usage of an information system [28],[5].

Although a number of studies have used certain concepts (or measures) from the TAM and the IS
Success model interchangeably, Wixom et al. ([28]) have integrated both approaches on a theoretical
and conceptual level. These authors also validated their integrated research model using a sample of
465 users of data warehousing software. In short, Wixom et al. propose to use design characteristics
(system and information qualities from the IS Success model) as determinants of Davis’ behavioral
beliefs. Since two research goals guide this study — explaining and predicting the acceptance of the
compendium platform and improving and extending its design — we use the integrated model as a
starting point.

3. RESEARCH MODEL

Drawn from Wixom et al [28] and thus using a combination of the TAM and the IS success frame of
reference, we propose the parsimonious model shown in Figure 1.
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Figure 1: The Research Model used in this paper

In this model, “intention to use” is employed as a predictor of future usage. It was not useful to
measure “the frequency of usage”. Although students did receive additional texts and papers, usage
was mandatory because they had to use the CP to do their assignments, and they did not receive any
lectures in addition to the compendium platform. The three concepts on the right side of the model
belong to the TAM and are behavioral beliefs. Information and system quality are object-based
concepts from the IS success model of Delone & Mclean.

In correspondence with the literature, the model assumes that “perceived usefulness” and “ease of
use” will mediate the influence of respectively “information quality” and “system quality” on “intention to
use”. The quality of the information content of the system should indeed lead to the perception of
functional usefulness and therefore to the intention to use the system in the future. On the other hand,
the quality of the system itself (e.g. technical stability and reliability, sufficient search and navigational
functionalities, attractiveness of the user interface) is supposed to lead to a system that is easy to use,
which again is assumed to contribute to the perceived usefulness and an increased intention to use
the e-learning environment. In order to investigate whether the mediation effects are partial or full, a
direct relationship is added between system and information quality and intention to use.

System quality can be defined as the stability, reliability and suitability of the hardware and software
that provides the information that is required. It is a broad concept that has been measured in different
ways [7],[30],[22]. Because our project is a web-based solution, we turned to the website usability
literature to give the concept a concrete meaning. Following this literature we included dimensions
such as navigation features, reaction speed, stability of the system, responsiveness (the ability of the
software to give error messages or to recover actions), and (online) help functions (see [19],[31],[24],
[16]). Information quality is a multi-dimensional concept that covers dimensions such as the
understandability, the relevancy, the completeness and the effectiveness of the information provided
by an information system [7],[15].

4. RESEARCH DESIGN

4.1. Sample and Procedure

In January 2008, a field survey was conducted to test our research model and to evaluate the CP. At
the end of the semester, after their final exam in statistics, students were given a printed, anonymous
guestionnaire to evaluate the compendium platform.

The CP has been applied in three courses (three groups of students). At that time, students had been
using the system for three months. They had received a hands-on training during the first classes but
they were not given any additional lectures on statistics. The groups met every week to receive their



assignments (which were to be performed in small groups of 3 to 5 students). Questions could be
asked through the electronic forum in the CP and groups were also given the assignment to evaluate
the performance of their peers.

After the exclusion of missing values, the sample that we tested in this study consists of 200
respondents, corresponding to a response rate of 81%. All respondents belong to the same cohort.
Students were on average 21 years old, and they were preparing for their final master year. They
either possessed a professional bachelor’s degree in business economics or business administration
or they were in the final year of their bachelor in business economics. All students had previously
received one or more basic statistical courses. The level of the statistics course in which they were
using the compendium platform can be considered as intermediate.

4.2. Measurement

Several items were used per construct. We based ourselves on existing scales and adapted or
completed them if required. All items were measured on a 5-point likert-scale, ranging from 1 (totally
disagree) to 5 (totally agree).

Perceived Ease of Use, Perceived Usefulness and Intention to Use

These three concepts stem directly from the TAM. We used an adapted version of the items that were
proposed by Davis (1989). A concept that is similar to “perceived usefulness” is “relative advantage”
(see for example [12]). By comparing the usefulness of a current system with an alternative, relative
advantage implies a benchmark. In this study, all students had received statistical courses before, so
we asked them to compare the CP with the more traditional lectures they had received in statistics so
far. We tested the research model twice, altering between usefulness and relative advantage as a
determinant of intention to use.

Each construct was measured using 2 to 5 reflective items. The questions can be found in the
appendix.

System Quality

In other to measure the quality of hard- and software of the compendium, we chose to use 11 items
from the CSUQ (Computer System Usability Questionnaire). The CSUQ was developed at IBM and is
composed of 19 questions [24],[14].

The 11 items measure several dimensions of website usability, including navigation possibilities
(scrolling, navigating between pages, hyperlinks), (reaction) speed, stability of the system,
responsiveness (such as error messages and recovery options) and help features (the available online
help). System quality was measured with formative items because several features are independent of
each other (e.g. good navigation features do not guarantee that the system has sufficient online help).
The 11 items can be found in the appendix.

Information Quality

Since the CSUQ is a broad questionnaire measuring several aspects and dimensions, we also used it
as a source to measure information quality. We kept and adapted 5 items, measuring: the
organization, understandability, effectiveness and completeness of the information (the content) that is
provided by the CP. Because of the different meanings of the dimensions, information quality was
measured using formative items.

4.3. Research Method

Next to descriptive statistics, we used PLSGraph and thus applied “partial least squares” (PLS) to test
our explanatory model. PLS is less restrictive than covariance-based structural equation modeling
such as LISREL or AMOS in terms of sample size and distributional requirements [3],[2]. PLS
combines a structural model (i.e. theoretical relationships (or paths) between constructs) with a
measurement model (i.e. relationships between a construct and its indicators (or items)). Contrary to
other SEM methods, PLS does not require normality of the dependent variables. It has become very



popular in the past 10 years with multiple applications in I1S-related journals such as “Information &
Management”, “Computer & Education” or “Information Systems Research”.

According to a generally accepted guideline, a sufficient sample to conduct PLS should be: (i) at least
10 times the number of formative items belonging to the most complex construct; or (ii) at least 10
times the highest number of structural paths leading to one factor, if this number exceeds the highest
number of formative items [4]. In this paper, the number of structural paths is limited and system
quality has 11 formative items, thus a sample of 110 would have been sufficient.

Convergent validity was evaluated by examining the factor loadings; the recommendation of Hair et al.
[11] is that those greater than 0.5 are considered to be significant. All factor loadings of the reflective
items in the model are greater than 0.7, demonstrating more than adequate convergent validity.
Discriminant validity is achieved (i) when the PLS indicators (items) load much higher on their own
latent variable than on other variables, and (ii) when the square root of each construct's Average
Variance Extracted (AVE) is larger than its correlations with other constructs [3]. In our sample both
condifitions are met. The relevant loadings, correlations and AVE’s can be obtained from the authors
upon request.

5. RESULTS

Based on the sample of 200 students, the mean scores on intention, relative advantage and perceived
usefulness are respectively 3.84, 3.54 and 3.56 on a 5-point Likert scale. These results show that CP
is well accepted in general. In particular, 157 students give a positive score (more than a neutral “3")
for intention, thus indicating that they accept the CP and intend to use in the future. For relative
advantage and perceived usefulness, the number of respondents giving a positive evaluation (more
than 3) are respectively 128 and 149. Although usefulness and relative advantage are similar
concepts and significantly correlated (a correlation coefficient of 0.52), the scores on relative
advantage are more dispersed. Whereas only 16 respondents give a negative score for usefulness
(less than 3), 35 students give a negative evaluation for relative advantage. These results are not
surprising. As students had no real alternative for the compendium, it is likely that most of them will
find it more or less “useful” to use the compendium to perform their assignments and to prepare for
their final exam. Relative advantage, i.e. the extent to which an information system is perceived as
being better then a known alternative, on the contrary, invites students to take a more critical stance
and to compare the compendium to a reference point; the previous courses they have had in statistics.

The difference between usefulness and relative advantage is also reflected in our research models in
figure 2. We tested 2 similar models, alternating between usefulness and relative advantage as
predictors of intention. The coefficients and R squares are presented in figure 2.
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Figure 2: Research Model Results, using PLS

Figure 2 shows that most of our hypotheses are confirmed. Information quality and system quality are
important object-based concepts that directly influence behavourial beliefs like relative advantage,
usefulness and ease of use. The effect of these concepts on intention needs more explanation.
Figure 2 indicates that relative advantage was the best predictor of “intention to use”, fully mediating
the impact of information quality. However, usefulness did not even partially mediate the impact of
information quality on intention and could not be used in our sample to predict intention. Again, this
result does not come as a surprise. It seems reasonable that only students who compare the CP
favorably to an alternative with which they are familiar are likely to use it in the future. We therefore
claim that to evaluate an innovative technology like a virtual learning environment a concept such as
relative advantage is preferable to a more general concept like “usefulness” that lacks an explicit
reference point. This is in correspondence with some findings in the literature (e.g. [12]).

The fact that ease of use is not a direct predictor of intention has also been confirmed in the literature
on the TAM [10]. Ease of use does influence usefulness (and to a much lesser extent relative
advantage), but providing an easy to use learning platform is not sufficient. As students get more
acquainted with the technology, they focus more on its instrumental value and the information content
that it provides.

The importance of system quality is also depicted in Figure 2. A well-designed platform should be
stable and provide the learner a number of functionalities (help, feedback, search options) so that the
information that it contains can be retrieved and accessed as required. In both models, system quality
is not only a strong predictor of ease of use, but it also directly impacts intention. Additional tests also
reveal that system quality does not directly impact usefulness, but it does have a significant effect on
relative advantage. In sum, a sufficient level of system quality can be seen as a necessary and
important condition for future use.

In order to have more clues as to how we can improve the CP, we looked at information and system
quality on a more detailed level. In Table 1 we present the different indicators of information quality
and their correlation with the key concepts of the TAM. In Table 2 a similar correlation table is shown
with the indicators of system quality.



a1 |2 |3 |4 |ias
intention 047" 1 013" 0.19** | 0.13* | 0.34**
rel.adv. 0.327* | 0.28™* | 0.37*** | 0.16™ | 0.52***
usefulness 0.34** | 0.33** | 0.39"* | 0.12* 0.36***

Table 1: Kendall Correlation Coefficients between Information Quality items
and TAM constructs (see also http://www.wessa.net/rwasp _iceri20081.wasp)

5Q-1 5Q-2 |SQ-3 |SQ4 |SQ-5 |SQ-6 |SQ-7 |SQ-8 5Q-9 | 5Q-10 | SQ-11

intention | 011 | 045 | 0.2 | 0217 | 0.26™* | 0.28"* | 0.15" | 0.12* | 0.20"* | 022 | 0.15*

ease of 0.26** | 0.17*** | 0.23*** | 0.36*** | 0.36™** | 0.25"** | 0.11 0.16** | 0.1 0.14* 0.05
use

Table 2: Kendall Correlation Coefficients between System Quality items and TAM constructs
(see also http://www.wessa.net/rwasp iceri20082.wasp)

Table 1 shows that all the information quality (IQ) indicators correlate significantly with relative
advantage (coefficients from .16 to .52), usefulness (coefficients from .12 to .39), and intention
(coefficients from .13 to .34). IQ-4, the organization of information on different website pages, is least
correlated with usefulness and relative advantage. The direct correlations of 1Q indicators with
intention are, as can be expected, significantly lower. In general, “content sufficiency and
effectiveness” (1Q-2, 1Q-3, 1Q-5), and “ease of finding information” (1Q-1) are important dimensions of
information quality that correlate well with relative advantage and usefulness.

Table 2 indicates that 10 items of system quality are significantly correlated with intention. 8 items are
significantly correlated with ease of use. The presence of sufficient functionalities (SQ-5) and the
“quality of the interface” (SQ-3, SQ-4, SQ-6 and SQ-8) are the most important dimensions of system
quality, correlating strongly with ease of use and intention to use.

In sum, we conclude that (course) content, search options, and the attractiveness of the user interface
should receive special attention to improve the CP. This finding is in correspondence with our own
experiences. The CP contains more than 4800 pages of information and for students it is a challenge
to search for the appropriate pieces of information when completing an assignment.

6. CONCLUSIONS

In this study we present the evaluation of a newly developed Compendium Platform (CP) that can be
used to create educational applications that support effective learning of statistics and associated
analytical skills (see [9]). The novelty of the CP lies in the fact that students are empowered to easily
archive, exchange, reproduce, and reuse statistical computations. The goal that guides this study is
two-fold: evaluating the usage of the CP and testing a predictive acceptance model that can help us in
improving and extending the compendium and other virtual learning environments.

Based on the literature on technology acceptance and IS success, we developed a parsimonious
model, integrating the behavioral beliefs of the technology acceptance model (TAM) with the object-
based concepts of the IS Success Model of Delone and Mclean. In particular, the model includes
information and system quality as multi-dimensional concepts that are supposed to have a direct
impact on the usefulness and ease of use of the compendium. As an alternative to usefulness, we
also used relative advantage, i.e. the comparison of the compendium to conventional statistical
classes that students had received previously.




Usefulness (or relative advantage) and ease of use are proposed as a direct predictor of the intention
to use the system. The model also tests the direct impact of information and system quality on
intention. Because CP is a web-based solution, we turned to the website usability literature to
measure system and information quality (both concepts include several dimensions). Multiple items
were used per construct and scales from the literature were adapted or completed if required.

Based on a survey with a sample of 200 students across three comparable courses in statistics, the
scores on intention and relative advantage show that CP is well accepted. In particular, more than 150
students give a positive score for intention. After performing reliability and validity checks, the “partial
least squares” (PLS) method was used to test our research model. We report that the majority of our
hypotheses are confirmed. System quality has a considerable impact on ease of use and does directly
influence intention. The effect of information quality on intention is fully mediated by relative
advantage. Relative advantage is clearly a better predictor than the perceived usefulness of the
system (as defined in the TAM).

On a detailed level, “content sufficiency and effectiveness”, and “ease of finding information” are
dimensions of information quality that correlate most with relative advantage, usefulness and intention.
The presence of sufficient functionalities and the attractiveness of the user interface are important
dimensions of system quality, correlating strongly with ease of use and intention. In sum, (course)
content, search options, and the user interface should receive special attention to improve the CP.

In the future, new variables will be added to increase the explanatory power and practical use of the
research model. Unlike traditional e-learning environments, the CP allows us to measure in an
objective way activity-based learning processes which yields information that was never observed
before, for example: actual use of the computational framework; the creation of archived
computations; the reproduction of archived computations for the purpose of peer review; social
collaboration between students who work on assignments; actually submitted feedback messages to
peers; observed fraud and free riding. This objective information will be complemented with
examination results that measure conceptual understanding, and additional personal characteristics
such as: attitudes towards learning and critical thinking; prior knowledge; and perceived learning
experiences.

The CP can and will also be used to build new applications that allow us to research a variety of
computer-assited, pedagogical learning styles (for example the learning-by-doing approach based on
educational games). The underlying research question relates to our conjecture that technology
acceptance does not only depend on usability, system quality, and relative advantage, but also on the
pedagogical paradigm in which the course is embedded. Finally, in order to present more general
results, there is a need to use the usability model and to evaluate the CP in a more diverse student
population (including non-academic education, and academic master students).
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Appendix

Intention to Use
1. lintend to use this website when | need to apply statistics in the future
2. Next year, | will probably use the website/software again if | have to do statistical assignments

Relative Advantage
1. Learning Statistics with this website is more effective than with a traditional handbook
2. To learn statistics, this website is better than the statistical courses | have had so far

Perceived Usefulness
1. I can effectively complete my work using this website
2. | am able to complete my work quickly using this website
3. lam able to efficiently complete my work using this website

Perceived Ease of Use
1. It was simple to use this website
2. | feel comfortable using this website
3. Itwas easy to learn to use this website
4. | believe | became productive quickly using this website

Information Quality (IQ)

It is easy to find the information that | need

The information provided by the website is easy to understand

The information is effective in helping me complete the tasks and scenarios
The organization of information on the website pages is clear

The content of the website meets my expectations

aprpODE

System Quality (SQ)
1. Whenever | make a mistake using the website, | recover easily and quickly
2. The information (such as online help, online messages, and other documentation) provided
with this website is clear
The interface of this website is pleasant
| like using the interface of this website
This website has all the functions and capabilities | expect it to have
The website contains sufficient hyperlinks to navigate
| found scrolling frustrating when using the website *
It is easy to move from one page to another
Overall, | found that the website was able to quickly perform statistical computations
0. Overall, the websites reacts quickly and | don’t have to wait too long to go to a new page or to
download information
11. The software is stable and doesn’t crash regularly
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*This question was reverse coded



