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Abstract: Web-based E-Learming Systems (WELSs) have emerged as new means of skill traming and knowledge
acquisition, encouraging both academia and industry to invest resources in the adoption of these systems.

Traditionally, most pre- and post-adoption tasks related to evaluation are carried out from the viewpoints of
technology. Since users have been widely recognized as being a key group of stakeholders m mfluencing the
adoption of information systems, their attitudes about these systems are considered as pivotal. Therefore,
based on the theory of multi-criteria decision making and the research results concerning user satisfaction in
the fields of human-computer interaction and information systems, a heuristic multi-criteria methodology using

the leamer satisfaction perspective to support evaluation-based activities occurring at the pre and post-
adoption phases of the WELS life cycle 1s proposed. In addition, using the methodology, we empirically
investigate learners’ perceptions of the relative importance of decision criteria as beneficial tools for evaluation

in management.
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INTRODUCTION

The capability and flexibility of the Web-based
E-Learming Systems (WELSs) having been demonstrated
in both training and education, resulted in their adoption
by academia as well as industry. Since, the commercial
application package (or commercial off-the-shelf) strategy
of system development is so widespread, the proliferation
of WELS applications has caused confusion for the
potential adopters having to make selective decisions
from among candidate products or solutions.

At the same time, orgamzations with adopted
systems are faced with issues arising from the post-
adoption phase. Thus, a prior evaluation is required to
address these questions and, of course, a sound
methodology 1s the key to an effective evaluation.

Conventional  approaches for evaluating an
Information System (IS) have leaned towards the
standpoints of technical personnel. In contrast, a WELS
places particular stress on certain aspects such as the
content and the ways in which it is presented,
demonstrating it to be a highly user-oriented system.

Since users are widely recognized as the key stakeholders
inany IS or IS service (Jiang et al., 2001), their attitudes
toward the system are pivotal and should be regarded.
This 18 evidenced by the fact that user satisfaction is
often seen as a key antecedent to predict the success of
a particular IS, or to anticipate a user’s behavior of reuse
(Lin and Wang, 2006; Lin et al., 2005). Hence, 1n this
study we will apply the constructs of user satisfaction to
evaluate a WELS. In the context of a WELS, however,
there is a special group of users, the learners, who hold a
unique view regarding satisfaction (Wang, 2003).
Actually, they are the e-leamers. This means that
traditional TS measures for assessing user satisfaction and
for assessing learner satisfaction in the context of
classroom teachings are not suitable for web-based e-
learning.

Present purpose is twofold. First, we will propose a
step-based, heuristic multi-criteria methodology from the
perspective of e-learner satisfaction in order to support
important evaluation-related tasks (e.g., selection from
candidate products or solutions and maintenance), which
will be carried out at the pre- or post-adoption phase of
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the WELS life cycle. This defining the
comstituent steps and recommending tools and
techniques that can be used in each step. Second, by
following the proposed methodology, we will investigate
how e-learners perceive the relative importance of the
decision criteria and the sub criteria of these criteria in
order to construct a preference structure, to be served as
a key m the decision-making process.

includes

THEORETICAL BACKGROUND

Web-based e-learning system: E-learning refers to the use
of electronic devices for learning, including the delivery
of content via electronic media such as
Internet/Intranet/Extranet, audio or video tape, satellite
broadcast, interactive TV, CD-ROM and so on. This type
of learning moves the traditional instruction paradigm to
a learmning paradigm (Jonsson, 2005) and thereby
relinquishing much control over planning and selection to
the learners. In addition, it offers the following
advantages to learners: Cost-effectiveness, timely content
and access flexibility (Hong et al., 2003).

E-learning applications may appear with different
forms of designations such as web-based learming, virtual
classrooms and digital collaboration.

Present study is focused on web-based e-learmng
based on using the Internet (or Intranet/Extranet) and web
technologies. This type of e-learning places a greater
emphasis on enabling or facilitating the role technology
plays m data search and transmission, mteractivity and
personalization. Concerning the design and construction
of a WELS, the trend 1s towards incorporating two
different technologies: Webpage based computer-
assisted instruction, which is basically tutorial, drill and
practice and learming networks (Hiltz and Turoff, 2002),
mcluding extensive learmner-learner and mstructor—learner
communications and interactions, into an integrated
enviromment. Leamers m this environment can thus
access remote resources, as well as interact with
mstructors  and  other satisfy  theiwr
requirements.

learners to

From user satisfaction to e-learner satisfaction:
Satisfaction 1s the pleasure or contentment that a person
feels when she/he does something or gets something that
she/he wanted or needed to do or get. When used in
research, satisfaction is usually conceptualized as the
aggregate of a person’s feelings or attitudes towards the
many factors that affect a certain situation. In the field of
human-computer interaction, user satisfaction is usually
visualized as the expression of affections gained from an
mteraction (Mahmood et al., 2000). This means that
user satisfaction is the subjective sum of interactive

experiences influenced by many affective components in
the interaction (Lindgaard and Dudek, 2003). In the field
of TS, the concept of user satisfaction is usually used to
represent the degree to which users believe the IS they
are using conforms to their requirements.

In the past, many scholars have attempted to measure
user satisfaction. The results of their efforts reveal that
user satisfaction 1s a complex construct and its substance
varies with the nature of the experience or case.

In the field of human-computer mteraction, user
satisfaction is traditionally measured in terms of visual
appeal, productivity and usability (Hassenzahl et af.,
2001; Lindgaard and Dudele, 2003). Since the early 1980s,
many scholars in the field of IS began to conduct
systematic studies to develop a comprehensive and
reasonable set of factors to measure user satisfaction.

The prevalence of web-based e-learning applications
stimulates the development of e-learner satisfaction scales
directly adapted from teaching quality scales in the field
of educational psychology, or from user satisfaction
scales in the field of human-computer interaction or TS.
However, the application of the achievement from any
single field is deemed insufficient because it can omit
some critical aspects of learner satisfaction with WELS.
Based on the scales of student’s evaluation of teaching
effectiveness and user satisfaction, Wang (2003)
conducted an exploratory study directed at e-learners.
The results of his study showed that a total of 17 items
applicable to measuring e-learner satisfaction could be
classified into the following dimensions: Content,
personalization, learning community and learner interface.

Moulti-criteria decision making: Multi-Criteria Decision
Making (MCDM), which deals mainly with problems
about evaluation or selection, 1s a rapidly developing area
in operational research and management science. A
complete MCDM process involves the following basic
elements: Criterion set, preference structure, alternative
set and performance values. While the final decision will
be made based on the performance of alternatives, a well-
defined criterion set and preference structure are key
influential factors and should be prepared in advance. In
order to obtain the criterion set and preference structure,
a hierarchical analysis must be camried out. Such an
analysis helps decision malers to preliminarily derive an
objective lierarchy structure to demonstrate the
relationships between the goal and the decision criteria.
The goal of the hierarchy may be a perceived better
direction of a decision organization. On the other hand,
the criteria represent the standards for judging, which
should be complete, operational, decomposable, non-
redundant and minimal in size. Based on tlis hierarchy
structure, decision makers can set about deriving the
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relative importance of the criteria and then assessing
alternatives agamst each criterion. By integrating the
assessments of alternatives with the relative importance
of criteria, an organization can select an alternative which
best meets the requirements for accomplish its goal.

The Analytical Hierarchy Process (AHP) is used to
face complex decision-making problems. Fundamentally,
AHP works by developing priorities for goals m order to
value different alternatives. This multi-criteria method has
become very popular among operational researchers and
decision scientists.

Basically, AHP fits our purposes better because it
has methodological tools for (1) structuring the decision
problem, (2) weighting criterions/goals and alternatives
and (3) analyzing judgment consistency. As negative
points, it requires a larger number of inputs than other
discrete multi-criteria methods. Nevertheless, these mputs
can be reduced by optimizing the hierarchy.

It was mentioned before, the AHP method has tools
for consistency analysis. The most-used tool is the
Consistency Ratio (CR). The CR tests the consistency of
every decision matrix A. A totally consistent matrix A has
a CR equal to 0. Notwithstanding, a CR ratio less than 0.1
is acceptable. In the case of group decision making, the
most extended tool for aggregating the expert judgments
1s the geometric mean over numeric entries of the paired
comparisons & (Saaty and Vargas, 2001). Sometimes there
is a large number of alternatives that need to be assessed.
In these cases, the absolute measurement can be applied
to rank the alternatives.

Here, we first apply the AHP method, being
considered as one of the mam techniques for multi-
attributes decision making (MADM) problems. Tt can be
used to evaluate an alternative from the set of
alternatives, characterized in terms of their attributes. It 1s
based on a simple intuitive concept, but it enables a
systematic and consistent aggregation of attributes.

Improvements and Problem
enhancements o statement Required
i Scope definition e

Entropy is a main technique in physics, sociology
and mformation theory, indicating the uncertamty in the
expected content of the information. In other words,
entropy is a criterion to express the amount of the
uncertainty based on a discrete probability distribution
(P.). A short description of that uncertainty is follows
here.

Initially, define E as:

E=S{p,.pspu =k 2 [poInp]
i=1

where, k 1s a positive constant to guarantee O<E<1. E 1is
calculated using the P, probability distributions and when

the P, are equal, 1e., p _1 for all i then E gets 1ts
‘on

maximum value, as:

7kipllnp, :7k{llnl+l]nl+...+llnl}:7k {(]nl)(g)}:—klnl
= n n n n n n n n n
TOPSIS (Techmque for Order Preference by Sumilarity
to an Ideal Solution), known as a classical MCDM
method, has been developed for solving the MCDM
problems. The basic principle of the TOPSIS 1s that the
chosen alternative should have the shortest distance from
the positive ideal solution and the farthest distance from
the negative ideal solution. The TOPSIS introduces two
reference points, but it does not consider the relative
importance of the distances from these pomts.

THE METHODOLOGY

Figure 1 shows a system life cycle under a commercial
application package implementation strategy. The main
characteristic of this strategy, compared with an in-house
development one, 1s that the orgamzation communicates

Request for proposal
4 Business
requirement
statement ¥ v
development Logical decision Q @E
The user commmmity S Q >
2 Logical decision WELS vendors
3o, s
N
operational -
system Adoption produ .
Operation and (installal:ihon and Decision\t_ Alternative products
e mization analysis <

Fig. 1: A system life cycle
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its system requirements in a form of either request for E Evaluation of WELS altcmatives
proposal or request for quotation to candidate WELS
vendors. Afterwards, the vendors submit their products |
or solutions as alternatives for evaluation. Present
proposed methodology aims at supporting the tasks
taking place at the decision analysis phase or at the
operation and maintenance phase. The explanations, )
mcluding the tasks and the tools or techniques applicable g
in each step, are as follows.

The start-up step defines the problems and the goal.
Problems may be the ones mentioned earlier, as
experienced by an organization in the decision analysis or

—fpommos S ——

3— W00 WeysAS :%) ——
~ | wonmaenossaa #o

SuIpUEISIBpUN JO 08B (F)§ —— Q0ULISYN IURT:) ——

empirical investigation, brainstorming and interpretive
structural modeling are the feasible methods.

The hierarchy structure used i this study for
evaluating WELS alternatives was adapted from Wang’s
(2003) empirical worl, because what we refer to as learner
satisfaction in the WELS context 1s conceptually close to
his e-learner satisfaction. However, a considerable amount
of Wang’s (2003) measurement items, which would violate /\
the principle of mimimal size in the criterion set and ~Vendor 1 Vendor 2 vendor 3
complicate the MCDM process, inspired us to further
ex.an.line those. items. Asa .result, a total of f01.1r items were Fig. 2: A hierarchy structure for evaluating WELS
elimmated, with the remainder transformed into the form
of decision criteria. As shown in Fig. 2, we ended up with

operation and maintenance phase when the commercial @ w w v @ @ v @ ]

cati - - - BEEB BBEE BEBE $
application package implementation strategy is used. To = o n
solve them, evaluation is necessary. Therefore, the goal w i 8 g E‘ g g "& 5; ¥

is defined as the evaluation of WELS alternatives. After g‘ E g g = g g g § ]

defining the problems and the goal, the next step involves §w e 5 g 2 8 g,

. ) g E g g g g

the development of the hierarchy structure. In this step, = & g8 E g

. . . . S F R g

a hierarchical analysis based on e-learner satisfaction is E‘ E E E

carried out. Literature review, systematic analysis, g S &

. g g

§ 2

i

——— smto ot Thias Supares] Surduegone Jo osey FH§ ——

e OTROILIONT FuTEIrR] SuTpzcoss Jo Armqede) DS

The matrix of pair-wise comparisons

four criteria, comprising a total of 13 sub-criteria in the of evaluation criteria
hierarchy structure. AHP approach

Based on the hierarchy structure, the third step, @
deriving the preference structure, explores learners’ The weight of each alternative with
perceptions on the relative importance of the criteria and respect to each criteria
the sub-criteria of these criteria. This may help answer 2, {}Eﬂmymethod
what it is that users regard highly in terms of learner %‘ =,
satisfaction m the context of WELS. We apply an q{aﬁ) The weight of criteria
innovative heuristic method proposed as a combination o2 %
of AHP (Analytical Hierarchy Procedure), Entropy and y

TOPSIS (Technique for Order Preference by Similarity to
an Ideal Solution) and we call it AET method, for short.
The methodology of the proposed model is shown in

Fig. 3. Fig. 3: The methodology of the proposed model
AET algorithm ] = Index for sub-criteria 7 =1,..,13
Notations and definitions: q = Index for criteria g=1,..,n=4

W', = The weight of pth vendor with respect to jth sub-
n = No. of criteria criterion
m = No. of vendors W,, = The weight of jth sub-criteria with respect to gth
p = Index for vendors p=1,...m criterion
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R,, = The weight of pth vendor with respect to qth
criterion
The weight of gth criterion

g2
I

The proposed algorithm that is based on AHP,
Entropy and TOPSIS approaches (AET algorithm) is
summarized as the following steps.

Algorithm AET: A combined AHP, Entropy and TOPSIS
Approach.

Step 1: Define the decision problem and goal.

Step 2: Structure the hierarchy from the top through the
mtermediate to the lowest level.

Step 3: Construct the vendor-criteria matrix using steps
3-1 to 3-5 by the AHP.

Step 4: Construct matrices of pair-wise comparisons for
each of the lower levels with one matrix for each element
in the level immediately above by using a relative scale
measurement. The decision maker has the option of
expressing his or her mntensity of preference on a mne-
point scale. If two criteria are of equal importance, a
value of 1 is given in the comparison, while a 9 indicates
an absolute mmportance of one criterion over the other.
Table 1 shows the measurement scale.

Step 5: Compute eigenvalue by the relative weights of the
criteria and the sum 1s taken over all weighted eigenvector
entries corresponding to those in the next lower level of
the hierarchy.

Pair-wise comparison data can be analyzed using the
eigenvalue technique. Using these pair-wise comparisons,
the parameters can be estimated. The eigenvector of the
largest eigenvalue of matrix A constitutes the estimation
of relative importance of attributes.

Step 6: Construct the consistency matrix and perform
consequence weights analysis, as follows:

1 W/ W/

w, w,

W/ 1 W/
A:(aq): W, 7 7 W,

Wy W, 1
Wy W

if matrix A is consistent (that is a; = a, a,; for alli, j,
k=1, 2,..,n), then A contains no errors (the weights are
already known) and we have:

Table 1: The criteria preferences with their mumerical values
Preferences

Nurmerical values

Extremely preferred 9
Very strongly preferred 7
Strongly preferred 5
Moderatety preferred 3
Equally preferred 1
Preferences in between the above preferences 2.4,6,8
Table 2: The vendor-sub criteria matrix

8C 5C, . SCis
Vendor 1 W' W, Wiz
Vendor 2 1 Wy . Whis
Vendor m W' W o ... W
Table 3: The sub criteria-criteria matrix

C C C Cy
8¢ Wi Wi Wi Wig
8C, Wi W Wos Wi
SC13 WlEl W132 W1337 W134
Table 4: The vendor-criteria matrix

G Cy Cy Cy
Vendor 1 Ry R Ris Ris
Vendor 2 Ry Ry Ry Ray
Vendor m R R.o R, R4

W .
a,= AJ, ,j=1, 2, .. n

If the pair-wise comparisons do not include any
inconsistencies, then let A, = n. The more consistent the
maximum comparisons are, the closer the value of
computed A is to n. A Consistency Index (CI), which
measures the inconsistencies of pair-wise comparisons, 1s
set to be:

(Pass 1)

(n-1)

and a Consistency Ratio (CR) is set to be:

CR =100 a
RI

where, n 1s the number of columns i A and RI 1s the
random index, being the average of the CT obtained from
a large number of randomly generated matrices.

RI depends on the order of the matrix and CR value of
10% or less 1s considered acceptable.

Step 7: Configure vendor-sub criteria and the sub criteria-
criteria matrix as shown in Table 2 and 3. These weights
are determined by the decision makers.

Step 8: The vendor-criteria matrix 1s formed as shown in
Table 4.
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where, qu:Z W x W, vp=lL..m, q=1..4 andjisthe
1

number of sub-criterion.

Step 9: Calculate the weights of criteria using the Entropy
method.

Step 10: Use the normalized decision matrix gained by the
AHP as shown in Table 4 for the R;; and calculate E;

E, :—ki[Rm.]nRM . 1=q=4,
p=1

s0 that,

Step 11: Set the uncertainty m decision making or
deviation degree (d,) for qth criterion as follows:
d,=1-Eq, 1lzq<4

Step 12: Compute the weights (w,) for the criteria as
follows:

Step 13: Obtam the weights of vendors using TOPSIS.
Based on vendor-criteria matrix (Table 4) R, and a
diameter matrix including the weights of the criteria in
step 12, a new matrix is configured as follows:

Rll RIZ R13 R14 Wl 0 0 0

v =R xw=| B Re R Rl JOW, 0 O,ISqS4
. 00 w, 0
R Raz R Ry 000 w,

where, W = diag (w,, w,, w,, w,) Note that the gth column
of V is the weighted qth column of R, ie, Vq=w, R,
1zqz4.

Step 14: Determine the Positive Ideal Solution (PIS) and
Negative Tdeal Solution (NTS) by:

PIS:{MPaX Vv, qe J}U{I\rgn V. qe J’}:{W,Vj,v;,v:}

NI = {Min v, :qe JJUfMax v, g2 T} =V Vv

where, T 1s associated with the benefit criteria, I' 1s
associated with the cost criteria, V: is the best solutions

of vendors with respect to gth criterion and Vv, is the
worst solution of vendors with respect to gth criterion.

Step 15: Compute the separation measures, using the
Euclidean distance. The separation of each vendor from
the positive ideal solution is given by:

1

m 7
&= {E(mev:)z} , l<q<4
=l

Similarly, compute the separation from the negative ideal
solution by:

1
m B
d;:{z‘((vm—v;)z} . l=qs=4
p=1
Step 16: Compute the relative closeness to the ideal
solution. The relative closeness of alternative A, with
respect to PTS is defined by:

&
cc.,

S N 1<p<d
TUd s d

Note that since d; 20 and d} =0, then clearly, CC.e [0,1].

Step 17: Rank the preference order. For ranking
alternatives using this index, we can rank alternatives in
decreasing order.

After the preference structure is obtained, the center
of MCDM activities shifts to the evaluation of the WELS
alternatives. For the decision analysis phase,
orgamizations can gather the alternatives and then
evaluate the alternatives against the critenia. In this
evaluation, two methods, rating-based and ranking-based,
are recommended.

The rating-based method involves assessing a
particular alternative by rating it under each criterion or
sub-criterion. The overall performance of this alternative
can be acquired by summing up its weighted
performances under each criterion or sub-criterion and the
deciding organmization can thus select from alternatives
according to the overall performance of each alternative.

The ranking-based method invelves ranking the
alternatives by their key attributes. Traditional ranking
procedures usually used i social sciences include
methods such as rank order, paired comparisons, constant
stimuli and successive categories. Here, the method of
paired comparisons 1s recomended because it can be
integrated with the preference structure (weights of
criteria and sub-criteria) to facilitate the overall
assessment of the alternatives.
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Finally, in the operation and maintenance phase, the
existing system will be assessed against the criteria or
sub-criteria. Under these circumstances, only the rating-
based method 1s applicable. Under a particular criterion or
sub-criteria, a performance value below the pre-defined
threshold indicates the need for improvement value or
enhancement value. If there are many such indications
and if orgamzational resources are so linited that
maintenance efforts are only allowed to be devoted
partially, then the areas with the greatest weighted
distances from the perfection level will have the priorities.

CONCLUSIONS

The use of the e-learner-satisfaction perspective and
a large-sample, learner-based AET, contribute to adapting
the conventional MCDM paradigm to problems that are
highly user-oriented. Our methodelogy would supply
management i1 both education and industry with not only
a less complex but also a more appropriate and flexible
approach to effectively analyze their currently deployed
Web-based E-Learning Systems (WELS). Tt can also
support their selections of appropriate WELS products,
solutions, or modules by assessing the altematives
available for adoption of such technological innovations.
At the same time, it would allow the technical personnel
of WELS vendors (e.g., the analysts or designers) to gain
better understandings of leamners’ preferences towards
system features before a WELS is implemented,
pinpeinting  any  necessary  improvements  or
enhancements. This would allow for achieving a higher
level of e-learner satisfaction while elevating the
acceptance level of the system and its continued use.
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