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Much is unknown about the effectiveness of networked tech-
nology in education. Although a great deal of research exists
dealing with the effectiveness of various types of web-based
learning systems, the focal question of most evaluation stud-
ies does not concern the innovation of the delivery model it-
self and the factors that contribute to its effectiveness. More-
over, there is a lack of a theoretical or conceptual framework
in many existing studies. The authors applied a systematic
evaluation method (called CADMOS-E), and present the
quantitative and qualitative results of a re-evaluation study
on the effectiveness of a web-based learning system used at
the National Technical University of Athens (NTUA),
Greece, over a period of three years (1998, 1999, and 2000).
The system supports an introductory course in software engi-
neering offered by the Software Engineering Laboratory of
the Electrical and Computer Engineering Department at the
NTUA. The findings were compared with the results from a
study done in 1997. According to that study the “quality of
the learning material” alone explained almost 28% of the
system’s effectiveness (R2adj.= .278). After its first evalua-
tion the system underwent a number of revisions and addi-
tions suggested by the results from quantitative and qualita-
tive analysis of students’ feedback. In this article, among
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other things, the authors demonstrate—using quantitative re-
sults—that the changes made in the design and presentation
of the learning material resources improved the learning ef-
fectiveness of the revised system, from 28% to 37.5%.

Networked technology is having and will continue to have a profound
impact on education around the globe. It holds significant potential in ad-
vancing the interactivity between learners and tutors, in offering flexibility
for the means of learning, and in providing easy, one-stop maintenance and
reusability of resources (Lowe & Hall, 1999; Nielsen, 1995). However, the
educational community has much to learn regarding how and in what ways
technology can enhance the instructional process. While there is a large
amount of writing devoted to research on the impact of technology in educa-
tion, there is much that we don’t know about its effectiveness. Moreover,
there are certain gaps in these research efforts which require further investi-
gation, specifically the lack of a theoretical or conceptual framework (Insti-
tute for Higher Education Policy, 1999).

In most evaluation studies, the focal question concerns the comparative
effectiveness of various types of web-based learning systems when mea-
sured against traditional ones rather than the innovation of the delivery mod-
el itself and the factors that contribute to its effectiveness (Learning Tech-
nology Dissemination Initiative, 1998; Institute for Higher Education Policy,
2000). Also, there is often little detail on how the evaluation studies have
been conducted and on the criteria that were used. In our study we applied a
systematic evaluation method, called CADMOS-E (evaluation), to evaluate
the learning effectiveness of Web technology in the instructional process as
well as singling out the factors that influence its efficacy (Retalis & Sko-
rdalakis, 2001).

CADMOS-E method is part of a development methodology for web-
based learning systems, called CADMOS (web-based Courseware Develop-
ment Methodology for Open Learning Systems) (Retalis, 1998). CADMOS
methodology embraces the whole development lifecycle of web-based
courseware. CADMOS-E is a stepwise evaluation method supported by spe-
cially developed pretest and posttest questionnaires that provide data for
both quantitative and qualitative analysis. The focus of the evaluation is on
the learning effectiveness of the system as a whole as well as the identifica-
tion of extensions and revisions that need to be made to it. Learning effec-
tiveness is conceptualized as being related to a multiple measurement index
consisting of cognitive and attitudinal outcomes (Makrakis, Retalis, Koutou-
manos, Papaspyrou, & Skordalakis, 1998). Effectiveness is influenced by a
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number of variables such as: (a) quality of the learning resources; (b) chang-
es in the preferred mode of study; (c) computer-mediated interactions with
peers and instructors, and means of communication; d) the quality of servic-
es that the software and hardware infrastructures provide.

The purpose of this article is two-fold. First, the quantitative and quali-
tative results of a re-evaluation study of the effectiveness of the web-based
learning system (http://webct.softlab.ntua.gr) used at the National Technical
University of Athens (NTUA), Greece, during the academic years 1998,
1999, and 2000 is presented. Second, they are compared them with the re-
sults from a similar study that took place in 1997. The system supports an
introductory course in software engineering offered by the Software Engi-
neering Laboratory of the Electrical and Computer Engineering Department
at the NTUA. The WebCT (WebCT, 2001) class management system
formed the basis of the specific technological infrastructure on which the
web-based courseware and the tools for learning activities were integrated.
The first version of the system was evaluated in 1997 (Makrakis et al.,
1998). In a subsequent study reported here—using quantitative results—that
the corrective actions made based on the feedback from the first evaluation
study positively affected the learning effectiveness of the revised system.

The first section of the article presents the conceptual framework of the
research using the CADMOS-E method. The second section presents the
evaluation study and results drawn from examination of data gathered during
three years. The third section presents the main results from the study in
1997, and is focused on the comparison of the results. Finally, the last sec-
tion makes some conclusions on the findings concerning both evaluation
studies.

THE CONCEPTUAL FRAMEWORK OF THE RESEARCH

CADMOS methodology is a collection of specific process models,
methods, CASE tools, standards, and documentation aids whose purpose is
to assist with the development of a quality, web-based learning system on
time and within the limits of resources through a controllable and quality-
oriented process. CADMOS supports the development of a web-based
learning system through an evolutionary model that is iterative and enables
developers to construct increasingly more complete versions of the end
product. Thus, according to CADMOS, a web-based learning system should
be developed as a series of fully functional builds (working versions of the
learning system). A build satisfies the current set of requirements for the
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product under development. The underlying rationale of evolutionary devel-
opment is that the client’s perception (either learner’s or teacher’s or institu-
tional organization’s) of the complete end product is a “moving target.” As
the builds are tested and summatively evaluated, the user’s opinion regard-
ing the characteristics of the system change, resulting in revised require-
ments, which—in turn—affect the design and development of future builds.

For example, the evaluation study of the first version of the web-based
learning system used in 1997 showed that the students were concerned with
the following:

� There were not enough elaborated case studies dealing with software de-
velopment.

� The course content did not include enough modern topics and open re-
search issues.

� The learning material units were quite long and lacked multimedia for il-
lustrating appropriate topics.

� Web-based interaction, and subjects for discussions were limited.

Thus, the newer version of the system differed from the first one in the
following ways:

� The web-based learning material was enriched by three detailed case
studies on software development using various methodologies.

� An online library with links to special and modern topics on software en-
gineering was created.

� Serious cuts and changes in the context of the web-based modules were
made.

� The exam papers of the previous years with their solutions were added as
learning resources.

� The subject matter experts provided some interesting discussion topics.
The instructor and the tutors were better trained to moderate the discus-
sion on these topics as well as to encourage and motivate students partic-
ipating in the discussions.

The iterative nature of evaluation (i.e., as new versions come along)
should assist in making the learning experience more effective since the
feedback is used to continuously improve matters. The aim of CADMOS-E
is to identify the learning effectiveness of a web-based system as a whole as
well as the impact of its subsystems.
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A web-based learning system supports and partially automates the in-
structional process in a subject field. In practice, one can see such systems in
all types, sorts, and sizes: for example, a course, a seminar, or even a series
of lectures (Tennyson & Breuer, 1997). Typically, a web-based learning sys-
tem consists of four interrelated subsystems:

� The human subsystem, which describes for each kind of human agent in-
volved in the instructional process (learners, teachers, tutors, system ad-
ministrators) his/her role in as much detail as possible.

� The web-based learning resources subsystem, which is perceived as a
mosaic of online learning resources—course notes, slide ware, study
guides, self-assessment questionnaires, communication archives, learning
material used for communication purposes, and the like.

� The technical infrastructure subsystem, which is divided into common
and special domains. A learning system basically makes use of services
from a common infrastructure that supports student learning in general
(e.g., laboratories, networking facilities). However, to best support the
instructional process, specific infrastructure should be created (e.g., mul-
timedia conferencing systems, special hardware components, a specific
course management tool) that will provide services unique to a particular
instructional problem (Ford et al., 1996).

It should be noted that according to the holistic theory, each subsystem
should be itself an independent, viable system, interrelated with the rest of
the subsystems. Thus, when breaking up a web-based learning system into
subsystems, we need to keep the entirety in mind, as well as the interrela-
tions of each component. For example, if teachers decide to use scaffolding
to support students in learning new skills, software-realized scaffolding
should be supported by the infrastructure subsystem. Moreover, to facilitate
communication among the human agents, special synchronous and asyn-
chronous communication tools might be purchased. If students prefer the
sensing mode of perceiving rather than the intuitive mode, the learning re-
sources could incorporate activities that enable students to work with con-
crete experiences as well as to navigate through the content through high de-
grees of structure.

Learning effectiveness is influenced by a number of variables that mea-
sure the impact of the above subsystems on learning. These independent
variables are:

� contribution of the web-based learning resources to the acquisition of
knowledge and skills with respect to their learning objectives;
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� time spent on task using the system;
� computer mediated interactions with peers and instructors, and means of

communication;
� the quality of the learning resources (instructional material);
� the learner’s profile (learning style, previous experience, etc); and
� the preferred mode of study (with or without the use of Web technology).

A web-based learning system (like any instructional system) is devel-
oped with a specific instructional model in mind (Gagné, Briggs, & Wager,
1994). This means that, based on the design and development choices, the
Web can be used in the instructional process for:

� information distribution, such as announcements, course description, cal-
endar;

� delivery and management of learning material—for example, presenta-
tion of online course notes and updating the learning material;

� offering multiple communication facilities—for example, asynchronous
and synchronous communication; and

� class management—for example, online marking of students’ assess-
ments, tracking learners’ participation, management of learners’ profiles.

The instructional model, which is supported by a web-based learning
system, relies on the mix and match of the previous lists (McCormack &
Jones, 1997). As a result, the following instructional models can be created:

� the information-based models (Web is used for retrieving information as
in digital libraries and virtual museums);

� the teaching media based models (Web is used only for dissemination of
educational material to distance students, that is course descriptions, edu-
cational software, and the like.);

� the enriched classroom models (Web is used complementary to tradition-
al classroom-based teaching to offer open and distance learning opportu-
nities); and

� the virtual classroom models (Web is used with emphasis on collabora-
tion and computer-mediated human interaction).

The web-based learning environment examined here provides a number
of features to teachers, students, tutors, educational managers, and so forth, to:

� create, operate, and administrate an online course;



Re-Evaluating the Effectiveness of a Web-Based Learning System 11

� support collaboration between students and provide both motivation and
resources for team building;

� create, deliver, and automatically assess online questions and tests;�· o r -
ganize educational, financial, and human resources; and

� administer virtual, distributed classes where the students are geographi-
cally scattered and communicate through the Internet.
The online learning resources for the introductory course in Software

Engineering consisted of:

� an e-book in the form of hypermedia course notes whose structure fol-
lows the UK’s Open University standards for structuring the learning ma-
terial into blocks and units;

� slideware;
� case studies on software development using various methodologies;
� samples of team projects from past years;
� discussion topics;
� online journal papers;
� an online library with learning resources for selected topics such as

CASE tools, IEEE standards, tutorials on programming languages;
� exam papers of the previous years with their solutions; and
� descriptions of the course and the team projects.

Thus, the students are provided with a variety of teaching aids for ac-
quiring knowledge and skills without many constraints in time and place of
instructional delivery.

THE EVALUATION STUDY

CADMOS-E is a pretest and posttest summative evaluation method. It
is supported by specially developed pretest and posttest questionnaires that
provide data for both quantitative and qualitative analysis. Given the nature
of the method, the design of the pre and post questions is critical to success.

The first type (pretest) aims at identifying the expectations of the learn-
ers for the course and its delivery model as well as their learning profile
(learning style, previous experience). This questionnaire consists of 29
items, and it is typically administered during the first days of the course but
not later than the first week. Pretesting would be pointless if the learners
have been exposed to the web-based learning system.
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The second type (posttest) deduces overall judgments and criticism on
the learning effectiveness. The questions appearing on the pretest are also
replicated in the posttest in a rephrased form. However, this second ques-
tionnaire consists of a large number of closed-end questions that are used to
evaluate in detail specific issues on the quality of the online learning materi-
al, the delivery model, and the instructional support provided during a
course. This segment also includes a section with a number of open-ended
questions to supplement the quantitative data. The open-ended section covers
issues related to students’ likes and dislikes about the learning system, the defi-
ciencies concerning the instructional model, suggestions for improving instruc-
tional support, the learning resources, and the technological infrastructure.

For the closed-end questions, the answers are measured using a five-
point Likert-type scale, coded as follows: 5=I absolutely agree,…, 1=I abso-
lutely disagree. For the open questions a significant amount of space is pro-
vided for learners to write their answers.

Subjects

The total number of students who responded to the evaluation study
reached 75 (13% women and 87% men) out of the 86 registered in the
course during the academic years 1998, 1999, and 2000. Of these students
1.3% indicated that they were computer novices, 45.4% had good experi-
ence, 46.6% had very good experience, and 6.7% had professional experi-
ence. In terms of time spent on studying using the system, 32% spent less
than one hour, 39% from 1 - 2 hours, and 24% from 3 - 4 hours per week,
while 4% spent more than 5 hours per week.

Research Instruments

Multiple items measure most of the main variables in this study, each
focusing on a slightly different aspect of the main variable. In building com-
posite measurement scales, items included were first scrutinized for “face
validity.” After the data were collected, the validated items in each compos-
ite variable were subjected to a Cronbach’s Alpha reliability analysis for in-
ternal consistency of the instrument. In arriving at the final composite mea-
surement indexes, every item that substantially lowered the Alpha coeffi-
cient was omitted and a new analysis was conducted to arrive at an index
having the highest possible reliability measure.
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The summary statistics of the item analysis for homogeneity and reli-
ability indices, shown in Table 1, indicate that the “learning effectiveness”
composite variable reached a high alpha coefficient (±=.85), retaining all the
14 intended items. These items included dimensions of cognitive and attitu-
dinal outcomes. The “preferred mode of study” composite variable, shown
in Table 2, retained all the five intended items with a reliability of ±=.86.
This variable measured the comparative outcomes of the traditional mode of
teaching and the enriched instructional delivery mode based on the Web.

Table 1
Reliability of Items in the Effectiveness Scale

Item-total Statistics Alpha
if Item
Deleted

It was easy to attend the instructional delivery model. 0.83
The instructional delivery model widened student-instructor
communication. 0.84
The instructional delivery model alleviated the physical
constraints of attending face-to-face lecturing. 0.83
The instructional delivery model increased the potential to pursue
collaborative project work with other students. 0.83
The instructional delivery model increased my interest in the
subject matter. 0.84
The instructional delivery model provided immediate and easy
information relevant to the subject matter. 0.85
A variety of learning experiences were provided through the
instructional delivery model 0.84
The instructional delivery model helped me to solve problems
and answer questions that appeared during the course. 0.84
The instructional delivery model allowed me enough freedom to
choose where, when and how to study. 0.83
The instructional delivery model links to activities in the classroom. 0.84
The instructional delivery model increased my knowledge and
skill in the subject matter. 0.82
The instructional delivery model encouraged me to participate
actively in normal class activities with other students. 0.83
The instructional delivery model required me to evaluate using my
judgment and intuition 0.85
I have sufficient opportunity to demonstrate what I have learned
in the subject through the instructional delivery model 0.85

Reliability Coefficients
N of Cases = 75.0                                                    N of Items = 14
Alpha = .85
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Table 2
Reliability of Items in the Preferred Mode of Study

Item-total Statistics Alpha
if Item

Deleted

The instructional delivery model proved to be more beneficial
than conventional way of lecturing. 0.78
The instructional delivery model has made me prefer learning
from this model even when the same teaching is given in other ways. 0.83
I found the instructional delivery model of teaching to offer
better experiences than conventional way of lecturing. 0.86
The instructional delivery model was more pleasant than conventional
way of lecturing. 0.82
The instructional delivery model of teaching was more convenient than
conventional way of lecturing. 0.82

Reliability Coefficients
N of Cases = 75.0                                                                         N of Items = 5
Alpha = .86

To measure the “contribution of the web-based learning resources to the
acquisition of knowledge and skills” variable, for each learning resource
(e.g., e-book, additional learning material, assignments, course description,
etc) we gave the following question was given to the learners: “How much
did the following learning resources contribute to the acquisition of knowl-
edge and skills?” However, the reliability of the answers was checked by
looking at the log files to determine whether or not learning resources that
were highly appreciated by the learners had equally high access rates. The
“quality of the learning resources” variable was measured by a number of
items, which reflected criteria recommended in Tessmer, (1995), including
aesthetics, transparency, forgiveness, matching between the metaphors and
the learning experiences, informativeness, seamlessness of content and me-
dia, as well as the achievement of the desired learning experiences, and
learning outcomes. Assessment of computer-mediated interactions with
peers, instructors, and means of communication included measurements of
the frequency of using means such as e-mail, computer conferencing, and
frequency of meetings among students and with instructors.

Learning styles were measured by a number of variables which reflect-
ed the four learning categories identified by (Gregorc, 1979), “Concrete Se-
quential,” “Abstract Random,” “Abstract Sequential,” and “Concrete Ran-
dom.”
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Data Analysis

Analysis of the structured part of the questionnaire was based on
univariate and multivariate statistical analysis and the open-ended part on
qualitative content analysis. All appropriate tests for examining whether
these variables fulfill the conditions for undertaking a regression analysis
were conducted (e.g., normality, multicolinearity). These tests showed that
all requirements were met.

Evaluation Results

The regression analysis, shown in Table 3, indicates that the “contribu-
tion of the learning resources to the acquisition of knowledge and skills”
alone explained 37.5% of the web-based system’s effectiveness (R2adj.=
.375). The “preferred mode of study” came in second by adding 15%
(R2ch.=.151) of the effectiveness variance, and finally “time spent on study-
ing using the system” increased the effectiveness explained variance to 57%.
Thus, quite a high percentage was accounted for by three significant predic-
tors alone. All the other predictors did not significantly contribute to the pre-
diction of the effectiveness measure.

Table 3
Summary Statistics of Stepwise Regression Analysis Predicting the

System Effectiveness

 R R Square Adjusted R 
Square 

Std. Error of 
the Estimate 

Change 
Statistics 

Model         R Square 
Change 

1 ,612 ,375 ,366 ,37981 ,375 
2 ,725 ,526 ,512 ,33318 ,151 
3 ,755 ,570 ,552 ,31948 ,044 

 
a Predictors: (Constant), Contribution of the Learning Resources
b Predictors: (Constant), Contribution of the Learning Resources, Preferred Mode of
Study
c Predictors: (Constant), Contribution of the Learning Resources, Preferred Mode of
Study, Time Spent
d Dependent Variable: Effectiveness
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The qualitative results complement the quantitative conclusion that the
“contribution of the learning resources to the acquisition of knowledge and
skills” and the “preferred mode of study” are the most significant predicting
variables for effectiveness. For the first variable, this is justified by the fact
that 72.4% of the students rated the quality of learning material more than
good (very good or excellent). Such a high rate may also explain why the
“quality of the learning resources” variable did not add anything significant
to the system’s effectiveness. It is also important to note that the reason why
“previous computer experience” appears not to have added significantly to
the system’s effectiveness may be because most of the end-users had similar
computer skills.

Contrary to what was expected, the quantitative analysis showed that
learning styles did not contribute significantly to the effectiveness of the sys-
tem. However, a comparative statistical analysis of the data collected from
the pretest and posttest questionnaires, as well as the content analysis of the
responses provided by open-ended questions, revealed a number of patterns
related to the degree to which students’ learning styles have been affected as
a result of their experience with the web-based learning system. It was found
that the great majority of the students felt that the system had positively af-
fected their study patterns, especially the independence of learning and the
deep level and fast level of information processing provided by this system.
These gains appeared to be affected by the flexibility provided by the sys-
tem in terms of time, place, and pace of instruction and learning, the high-
tech design of lessons, and the searching facilities integrated in the system.

Computer-mediated interactions with peers, instructors, and means of
communication were few, and so they did not influence the effectiveness of
the system. The content analysis of the responses provided by open-ended
questions revealed two main reasons for this: (a) the tutors did not play their
role in the best possible way (to encourage and mediate computer-mediated
communication and collaboration), and (b) the students still prefer to contact
the teacher and the tutors face-to-face.

COMPARISON RESULTS BETWEEN THIS STUDY AND THE 1997 STUDY

A first version of the system was evaluated in academic year 1997
(Makrakis et al., 1998). According to that study the “the quality of the learn-
ing material” alone explained almost 28% of the system’s effectiveness
(R2adj.= .278). The “preferred mode of study” entered second by adding
11% (R2ch.=.113) of the effectiveness variance, and students’ interactions
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with the instructor increased the effectiveness variance to 48%. All of the
other predictors, that is, previous experience with computers, time spent on
studying using the system, student learning styles, and interactions among
students by way of communication means did not significantly contribute to
the prediction of the effectiveness measure.

The qualitative results complemented the quantitative conclusion that
the “learning material” and the “preferred mode of study” were the most sig-
nificant predicting variables for effectiveness. Moreover, a number of sug-
gestions were made for the enhancement of the web-based learning resourc-
es, such as:

� including more interactive examples, animation, and self-assessment ex-
ercises;

� enriching the content with new material which should be presented in a
more analytical way;

� providing summaries at the end of each chapter, highlighting the major
aspects and key concepts; and

� providing better consistency of the topics, especially by merging small
units.

After its first evaluation, the system underwent a number of revisions
and additions as suggested by results from the quantitative and qualitative
analysis of students’ feedback. The quantitative results of the new study
show that the corrective actions made according to the feedback from the
first evaluation did affect positively the learning efficacy of the revised system.

Comparing the new findings with the results of the previous evaluation,
it can be said that the new version of the system had better quality learning
resources and so the corresponding variable significantly increased its pre-
dicting percentage of the system effectiveness. The students’ preferred mode
of study has increased the variable’s predicting percentage of the system ef-
fectiveness also, which shows that the new technology has affected the stu-
dents, who now spend more time working through the system. This is also
complemented by the fact that the “time spent on studying using the system”
variable contributed a bit more to the effectiveness variance of the revised
system. The “previous computer experience” variable did not significant-
ly account for the variance in the system’s effectiveness, which shows
that the course enrollment in both studies contained students with simi-
lar computer skills.

The quantitative results of both evaluation studies showed that learning
styles did not contribute significantly to the effectiveness of the system,
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which may be explained by the fact that students had similar learning pro-
files. However, the content analysis of the responses provided by open-end-
ed questions of both evaluation studies revealed that the students’ learning
styles have been affected as a result of their experience with the web-based
learning system. The independence of learning and the deep and fast level of
information processing was especially appreciated by the students.

CONCLUDING REMARKS

The results obtained from these evaluation studies suggest that the qual-
ity of learning resources is of considerable importance in producing an ef-
fective web-based learning system. Similar results were reported by Barker
and King, (1993). The presented reevaluation study demonstrates, among
other things, that the changes made in the design and presentation of the re-
sources of learning material significantly increased its contribution to the
learning effectiveness of the web-based learning system—from 28% to
37.5%—which is an impressive gain.

This re-evaluation study also clearly revealed that the main goal of the
evolutionary development of a web-based learning system was achieved.
The efficacy of the new version of the web-based learning system under
consideration (featuring changes made according to the feedback from the
students and the tutors) was increased. Moreover, the students’ opinions to-
wards the use of new technologies as supplement to the traditional teaching
methods were more positive than in the first evaluation round.

Yet, it is still difficult to draw a firm conclusion about the effectiveness
of the new technologies in education. Evaluation results from data that have
been collected over a series of years on a specific subject matter, like the
one presented in this article are needed.
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