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Abstract

Web-based learning is one of the most common learning channels and useful components for students and teachers in
colleges and universities. Web-based learning is gradually becoming a trend because it offers learners more flexibility.
Therefore, this study aims to investigate how to increase the college teachers’ willingness to adopt web-based
learning in their teaching. It applies the DEMATEL method to analyze the degree of influence among the criteria. It
also uses the MMDE to solve the threshold value problem. The study results reveal that the “web-based learning is
helpful” criterion has obtained the highest value. In other words, if teachers realized the value of web-based learning
to students, it might increase their willingness to use it.
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1. Introduction

The rapid development and prevalence of the web, the images, sounds, and videos that are integrated in the web
make the web more interesting and popular. Web-based learning is also one of the most common learning channels.
Web-based learning enables education to take place anytime, anywhere (Hsu, Huang and Wang, 2004).
Furthermore, it can facilitate face-to-face teaching in common classrooms and create separate virtual classrooms.
This provides students with different choices and opportunities to get involved in a learning environment in today’s
information society. Students can experience more diversified learning styles with the help of web-based learning.
Web-based learning is becoming the trend of the future. As Yang (2003) mentioned, the advantage of web-based
learning is that teaching is free from restrictions. It can break the barriers of time and space, and allow information to
be updated any time, which makes usage more convenient. Moreover, web-based learning makes education more
flexible.

However, according to Shen (2007), only half of Taiwanese college teachers have adopted web-based learning.
Moreover, 70% or 80% of them use a web-based learning just to store teaching outlines and materials. Fifty percent
(50%) of the teachers use it for collecting students’ homework. This study aims to discuss how to create a positive
attitude among college teachers towards web-based learning as well as how to further increase the teachers’
willingness to adopt web-based learning.

DEMATEL (Decision-Making Trial and Evaluation Laboratory) is used mainly for analyzing problems and
quantifying the degree of influence among the elements. This method was designed for problem solving, and it has
been utilized in various studies (Tsai, Chou and Lai, 2010; Tsai, Hsu, Chen, Lin and Chen, 2010; Tsai and Hsu 2010;
Tsai, Leu, Liu, Lin and Shaw, 2010; Chen, Lee and Yang, 2012; Chen, Lee and Wu, 2012; Chen, Lee, Lee and Yang,
2011). Based on previous studies, it also applied DEMATEL to analyze the degree of influence among the criteria
and used the Maximum Mean De-Entropy Algorithm (MMDE) to solve the threshold value problem.

This study primarily aims to discuss how to increase college teachers’ willingness to adopt web-based learning.
Through literature review and sorting, it illustrates the definition and significance of all variables.
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2. Literature Review
2.1 Teacher s perception

With the constant progress of information technology, web-based learning has become a trend. In addition to the
web-based learning and curriculum design, teachers’ willingness to participate is more important to the success of
web-based learning.

Personal accomplishment refers to the feeling of the individuals that they have the ability to deal with problems (Kuo,
1990). Having a sense of accomplishment has a great effect on satisfaction and persistence of job (Chang, Su and
Chang, 2010). If teachers are highly encouraged and motivated, they would be more likely to use the web-based
learning for teaching. Moreover, if teachers feel that teaching is accomplished, challenging, and meaningful, it can
serve as a motivation to trigger teachers to use the web-based learning for teaching.

2.2 School management measures

Communication involves delivering thoughts to others while promoting mutual understanding in our daily life.
Organizational communication can be is a dynamic process that depends on the requirements of a job, the
organization members’ utilization of the internal channels to contact each other, delivery and exchange of messages,
consensus achieved to coordinate or satisfy a need thus achieve a goal set by that organization (Lee, 1999).

Performance evaluation system is often used to evaluate staffs’ performance and to stimulate efficiency and promote
organizational development (Fu and Wang, 2010). Performance evaluation system and leadership style are positively
correlated to job attitudes (Yu, 2007). In other words, a good performance evaluation system and leadership style
will have a positive effect on teachers’ willingness to use the web-based learning for teaching.

Based on related studies showing the influence of the staff’s willingness to work, this study applied the school
management measures, which has the following criteria: “The school’s respect of teachers’ opinions”, “The school’s
overall communication channels”, and “The school’s fair and rational performance evaluation system”.

2.3 Web-based learning system

Hsu et al. (2004) mentioned that the Technology Acceptance Model provides different definitions of “Usefulness”
and “Ease of use”. “Usefulness” is the subjective rate of expecting to improve one’s work performance through a
certain system, while “Ease of use” is user’s cognition regarding the degree of ease in using the system. “Usefulness”
will directly affect the user’s intention. Thus, this study applies “Usefulness” and “Ease of use,” which were
mentioned in the Technology Acceptance Model as the criteria for web-based learning system.

2.4 Interaction with Learners

In this era of information technology evolution, IT significantly influences our life, work, and learning. Discussion
and communication between students can greatly improve remote education, which can further enhance learning and
provide opportunities for exchanging ideas (Wu and Wu, 2005). Web-based learning can provide teachers and
students with a learning environment that is free from the restrictions of time, space, and location. Aside from
transferring traditional teaching content to the web, web-based learning can also take advantage of various web and
multi-media features, such as e-mails, online communication, or group discussion, among others, all of which
strengthen the cohesion and interactivity of web-based learning (Chris and Lindsay, 1998).

3. Methods

This study uses the DEMATEL method, which is designed mainly for solving problems and quantifying the degree
of relevance and influence intensity among all elements. Moreover, MMDE determines the threshold value,
eliminating some elements with low degree of influence. The following is the introduction and steps for analyzing
and utilizing DEMATEL.

3.1 DEMATEL

In 1971, Geneva Battelle Institute used the Decision Making Trial and Evaluation Laboratory (DEMATEL) to solve
technological and human issues, such as race, hunger, environmental protection, and other problems. Later on, this
method was applied to solve problems concerning decisions, that is, to clarify the essential features of the problems
and adopt countermeasures. Tzeng used the fundamentals of this method to transform the attributes of the application
and evaluation into a non-independent multi-criteria evaluation of problems (Huang and Tzeng, 2007; Liou, Tzeng
and Chang, 2007; Tzeng, Chiang and Li, 2007). Over the years, a number of studies have used DEMATEL as a study
method in a wide range of fields.

DEMATEL then determines the interdependent and constraining relations based on the specific features of the
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subjects. In this way, it reflects the essential features and the evolving trend of the system.

Calculation Steps of DEMATEL

Step 1: Generation of Direct-relation Matrix Model:

z; represents the degree of influence of element a; to a;, which then forms the direct influence matrix “Z”.

ay .. ... a,
a, [Z11 +Z1j =Z1n
7 = aii zi: ...zi]-:...z;n
N PR
Step 2: Calculation of the Standardized Direct-relation Matrix

n n
After standardizing the direct matrix obtained from Step 2, let s=min| | /maXZ zip,] /maXZ z; |» then the entire
j=1 i=1
matrix element ”Z” is divided by “s”, which leads to the equation X=Z/s, that is, the standardized direct-relation
matrix "X”.
Step 3: Calculating Matrix for Total Influence
A continuous decrease of the indirect effects of problems along the powers of matrix X, e.g. X%, X°, ..., X7,
guarantees convergent solutions to the matrix inversion similar to an absorbing Markov chain matrix. The total
relation matrix 7, is defined as 7' = lim (X + X T4+ X Y= X (I - X) ", where I is the
q —>®©
nxn identity matrix.
Step 4: Calculating the Prominence and Relevance
Let T} (i,j=1,2,....,n) be the elements of T, then the sums of all columns and rows are D; and R;, respectively.

n

D, => Tij(i=12,.. n)

i=1

The D; shows the sum of influence directly exerted from element 7; to the other elements. Then R; shows the sum of
influence that element 7; received from other elements. (D+R) is called prominence, which indicates the element’s
degree of influence and being influenced. (D-R) is called relation. If it is positive, the element tends to fall under the
result category. If it is negative, the element tends to fall under the causal category.

Step 5: Drawing the Cause-effect Diagram

Set (D+R) as the X-axis and (D-R) as the Y-axis. The cause-effect diagram can show the complicated causal relation,
which can be analyzed deeply and solved completely.

Step 6: Analysis Matrix for Total Influence

The X-axes (D+R) indicates the sum of the criteria attribute that either influences other criteria or other criteria
influence the initial attribute. The Y-axis (D-R) indicates the difference in the criteria attribute that influence other
criteria or other criteria influence difference in the attribute.

3.2 Maximum Mean De-Entropy Algorithm

DEMATEL is mainly used to solve problems, quantify the degree of relevance, and influence the intensity among
problem elements. When applying DEMATEL, one can graphically display the problem to be solved. The diagram
can better clarify the problem, but obtaining the appropriate diagram and setting the threshold value can affect the
problem analysis and judgment. In the past, experts determined the threshold. However, it is quite difficult to get a
consensus on the threshold value. At times, a researcher would set the threshold value by him or herself. Therefore,
obtaining the threshold value is different for each researcher (Li and Tzeng, 2009).

The steps of MMDE method are described as follows (Li and Tzeng, 2009):

Step 1: Transforming the nxn total relation matrix T into an ordered set T, {t;,tis,...,t21,t22,...,tan}, T€arranging the
order of elements in set T from large to small and transforming to a corresponding set of ordered triplets (ti,x;,X;)
denotes T*. Each element of set T, t;;, can also be seen as the ordered triplets (t;;,X;,X;) (influence value, dispatch-node,
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receive-node) denoting T*.

Step 2: Taking the second element as the dispatch-node from the ordered triplets of the set T*, then obtaining a new
ordered dispatch-node set, T'.

Step 3: Taking the first t elements of T as a new set T,”', assigning the probability of different elements, and then
calculating the H” of the set "', H”', we can calculate the mean de-entropy by Eq. MDE,”'=H,""/N(T,"")

Step 4: In C (T”") mean de-entropy values, choosing the maximum mean de-entropy and its corresponding T ' This
dispatch-node set, with the maximum mean de-entropy, is denoted as Ty~

Step 5: Similar to Steps 2—4, an ordered receive-node set T"® and a maximum mean de-entropy receive-node set
T can be determined. The elements of Ty 8¢ provide information that is easily influenced.

Step 6: Taking the first u elements in T* as the subset, TTh, which includes all elements of TmmDi in the dispatch-node
and all elements of T, X¢ in the receive-node, the minimum influence value in T™ reflects the threshold value.

3.3 Study Framework

Based on the literature review, many scholars have discussed elements such as the teacher’s perception, school
management measures, web-based learning system, and teachers’ interaction with learners. Thus, this study aims to
discuss the correlation and the degree of influence among these elements. The framework and meaning of each
criterion in this study is shown in Table 1.

4. Results

This study uses DEMATEL to conduct surveys among college teachers to find out the correlation among the criteria.

EEINT3

The framework of this study includes four dimensions; namely, “teacher’s perception”, “the school management
measures”, “web-based learning system”, and “the interaction with learners”. All these consist of 11 criteria in total.
The questionnaires are evaluated at four levels “0”, <17, “2”, “3”, indicated as “No influence”, “Low influence”,
“Medium influence”, and “Intense influence”, respectively. This study distributed DEMATEL expert questionnaires
to the respondents, all of whom are teachers with over 5-year teaching experience. According to Teng (2002), 5 to 15

experts would be appropriate for group decision making. This study distributed 15 questionnaires in total.
All questionnaire results were sorted to obtain full-relation matrix of criteria, as shown in Table 2.

After summing up the rows and columns in Table 2, we can get the sum value of all columns (D) and rows (R) and
then calculate the D+R and D-R, as shown in Table 3.

From Table 3, we can determine the interrelation among the 11 criteria. The total relation matrix includes direct and
indirect influences, denoted as D, R, D+R, and D-R. D represents the factors showing direct and indirect influences
on other elements. R represents the factors directly and indirectly influenced by other elements. D+R represents the
relation intensity among the criteria (prominence) or the degree of influence on others. D-R represents the standard
intensity of the influence or the degree of being influenced (causal degree). A positive (D-R) indicates that this
criterion influences others. On the contrary, a negative (D-R) indicates that it is influenced by others. Through the
value data of (D+R) and (D-R) in Table 3, we set (D+R) as the X-axis and (D-R) as the Y-axis and draw the
Causality Diagram of Criteria based on the value of these four dimensions, as shown in Figure 1.

This study included 11 criteria in total. In terms of (D+R) degree of relevance, the top three items, namely “dl =
E-mail and group discussion”, “al = Acquiring a sense of success from web-based learning”, “c3 = Convenience”,
are highly important in the whole evaluation. In terms of (D-R) degree of influence, the top three items for the
positive values, namely, “a3 = Web-based learning is helpful”, “bl = The school’s respect for the opinions of
teachers”, “b2 = The school’s overall communication channels”, have the strongest influence on other criteria.

By combining (D+R) with (D-R), the following conclusions can be obtained. Although “a3 web-based learning is
helpful” only has an average influence in terms of (D+R) degree of relevance, it can obtain the highest value in terms
of (D-R). This means that when teachers understand that web-based learning is helpful to students’ learning, teachers’
willingness to adopt web-based learning increases.

5. Conclusions

This study discusses mainly increasing teachers’ willingness to adopt web-based learning. It also determines the
interrelation of different criteria. These results were further analyzed to improve and increase teachers’ willingness to
use web-based learning. In the criteria analysis of (D-R) “a3: Web-based learning is helpful” had the highest value.
In other words, when teachers apply web-based learning and realize its value to students, and when students interact
with teachers through a web-based learning, the willingness of teachers to use web-based learning may increase.
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Improved content of web-based learning, such as online testing or discussions, can promote the use of web-based
learning for both teachers and students. It can also increase teachers’ willingness to adopt web-based learning.
Further research could explore the reasons for teachers not using the web-based learning and make the study more
complete. In short, teachers’ understanding that web-based learning is helpful to students’ learning will enhance the
teachers’ willingness to use the web-based learning. Therefore, schools or educational institutions can investigate the
associated data to show that web-based learning is conducive to students. Emphasizing that web-based learning is
helpful to students’ learning can increase the efficiency of teaching, which can enhance teachers’ willingness to use
web-based learning and improve the utilization and quality of web-based learning.

6. Limitations and Recommendations
6.1 Limitations

The quantity of the questionnaire survey in this research is too limited. The result of this research will be more
convincing if the samples of the questionnaire are more.

6.2 Recommendations

This study subjects are mainly teachers who have applied web-based learning in their teaching. The research will

be more profound and complete if we can study and analyze the reasons why some teachers are not willing to use
web-based learning in their teaching in the further study.
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Table 1. The meaning of each criterion

Dimension Criterion Comment

A. Teacher’s perception

al Acquire a sense of success from

web-based learning

Teacher can feel the sense of success during
the course of web-based learning.

a2 Web-based learning is challenging. Teacher is willing to try web-based learning.
a3 Web-based learning is helpful to Teacher understands that web-based learning
students. is helpful to students.

B. School management measures

bl The school’s respect for the opinions of The school management unit respects the
teachers opinions of teachers.
b2 The school’s overall communication The school management unit fully
channels communicates with teachers about web-based
learning.
b3 The school’s fair and rational The school management unit provides fair

performance evaluation system

and effective evaluation criteria.

C. Web-based learning system

cl Ease of use Web-based learning system is easy to use.

c2 Usefulness Web-based learning system can increase the
teaching performance of teachers.

c3 Convenience The information of web-based learning

system is accessible.

D. The interaction with learners

dil E-mail and group discussion Enhance the interaction with students via
E-mail and group discussion.
d2 Online conversation Respond to learners effectively and

immediately via online conversation.
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Table 2. Total relation matrix of criteria

al a2 a3 bl b2 b3 cl c2 c3 dl d2

al 03063 0.3537 0.2950 0.2968 0.3136 0.2896 0.3601 0.3736 0.3813  0.4335* 0.3480
a2 03690 0.2320 0.2680 0.2734 0.2822 0.2461 0.3276 0.3370 0.3439 0.3920 0.3031
a3 0.4310* 03665 0.2558 03372 0.3437 0.3181 0.3893 0.4036 0.4045 0.4748* 0.3647
bl 03708 0.2995 0.2786 0.2182 0.3058 0.2874 0.3359 0.3455 0.3524 0.3950 0.3072
b2 03608 0.2976 0.2698 0.3026 0.2214 0.2680 0.3258 0.3354 0.3385 0.3907 0.3010
b3 0.3033 0.2487 0.2315 0.2651 0.2722 0.1749 0.2853 0.2904 0.2963 0.3437 0.2697
cl 03583 03041 0.2913 0.2685 0.2923 0.2477 0.2753 0.3634 0.3817 0.4316* 0.3391
c2 03793 03229 0.3016 0.2831 0.3037 0.2726 03704 0.2940 0.3950 0.4503* 0.3510
c3 03688 03108 0.2974 0.2673 0.2913 0.2501 03679 0.3701 0.2919 0.4354* 0.3421
dl  0.4159* 0.3409 0.3179 0.2993 0.3029 0.2815 0.3919 0.3984 0.4066 0.3567 0.3581
d2 03558 0.2927 0.2733 02568 0.2630 0.2442 03566 0.3584 0.3768 0.4147* 0.2493
* indicates it is larger than the threshold value 0.4147

Table 3. Causal influence level summarized table of criteria

Criterion D R D+R D-R
al 3.7515 4.0193 7.7708 -0.268
a2 3.3743 3.3693 6.7437 0.005
a3 4.0891 3.0802 7.1693 1.0089
bl 3.4963 3.0682 6.5646 0.4281
b2 3.4117 3.192 6.6037 0.2197
b3 2.981 2.8801 5.8611 0.101
cl 3.5532 3.7862 7.3394 -0.233
c2 3.724 3.8698 7.5938 -0.146
c3 3.5929 3.9688 7.5617 -0.376
dl 3.8701 4.5185 8.3886 -0.648
d2 3.4417 3.5334 6.9752 -0.092
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Figure 1. Causality diagram of criteria
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