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Abstract

With the advance of network technologies, lots of data have been digitized to
reveal information for users by the construction of web sites. Unfortunately, volumes of
data in web sites are both overloading and overlapping in Internet so that users can not
distinguish the quality of such data. Accordingly, Hwang et al. proposed a group
decision system to evaluate the quality of educational web sites by users’ and experts’
opinions. Its study source is solely stemmed from human intention, called subjective
perspective, to judge the quality of web sites. However, human beings in decision
making sometimes have a gap between intention and behavior. Asking humans for
eliciting their thoughts is the major problem, leading to the gap. Human behavior, ak.a
objective perspective, therefore, becomes the other vital source to perceive human
thinking and real doings. For the purpose, we can employ data mining techniques to
acquire the source. To our knowledge, Zhou et al. have proposed an integrated
subjective and objective approach to evaluate the quality of journals by fuzzy sets.
However, their approach presents a more complicated process to solve the problem. In
this paper, we develop an integrated decision model for evaluating educational web sites
from fuzzy subjective and objective perspectives. The former source is extracted by
inquiring human opinions by a Palmer’s questionnaire, and the latter one is obtained
automatically by employing one of data mining techniques, fuzzy clustering. Fuzzy
clustering can not only overcome the Hwang et al. shortage, but also can streamline the
Zhou et al. process. A pilot real study is carried out to validate our proposed model’s
efficiency and effectiveness.

Keyword: web site evaluation, fuzzy sets, data mining, fuzzy clustering, decision

support systems
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Chapter 1 Introduction

With the advance of network technologies, lots of data have been digitized to
reveal information for users by the construction of web sites. According to a Netcraft
web server survey in February 2009 [14], over 215 million sites have been built in
Internet. Since web sites serve as a major portal to connect with most information,
evaluating the quality or utility of web sitesisimportant as away to understand whether
those data could be satisfied for users or not. Therefore, the “information
overloading/overlapping” problem becomes a barrier when a user attemptsto seek some
information in his’her mind but loses his/her way in volumes of data. On the other hand,
web site managers also lack to consider what the management of web sites will affect
user’s perception of the quality. To facilitate such work, therefore, an appropriated
approach needs to be established.

For evaluating the quality of web sites, lots of studies have worked on different
metrics to measure web sites. They can be classified into two cases, i.e. crisp and fuzzy.
The former only allows users to express opinions by absolutely either O or 1 for dealing
with the problem easily. However, it might be that we can not approach reality to
present our thinking naturally. For example, we think that a web site is somewhat but

not absolutely good in its quality; however, the former only can treat the web site as



good or not absolutely. The latter can remedy this problem so that we can have opinions

between 0 and 1. Therefore, the web site in its quality is belonging to 0.8 for a good

grade and 0.2 for a not good grade. In crisp case, Palmer [17] developed metrics for

evaluating usability, design, and performance constructs to understand

consumer-focused web sites. Loiacono et al. [11] has generated a complete website

quality measure designed to capture what a web site design will influence a user’s

intention to reuse. Aladwani and Palvia [1] reported on the development of an

instrument that captures key: characteristics of web site quality from the user’s

perspective. In fuzzy case, Hwang et al. [8] proposed a group decision system, called

EWSE (Educational Web Site Evaluator), to evaluate the quality of educational web

sites by users’ and experts’ opinions. In summary, all the above studies tend to develop

an approach to inquire user’s thinking for some dimensions for the quality of web sites.

Their study sources are solely stemmed from human intention, called subjective

perspective, to judge the quality of web sites.

Unfortunately, human beings in decision making sometimes have a gap between

intention and behavior. Asking humans for eliciting their thoughts is the major problem,

leading to thisgap. In Legris et al. study [12], the difficulty with self reported useis also

the problem of causing the gap. Human behavior, a.k.a. objective perspective, therefore,



becomes the other vital source to perceive human thinking and real doings. For the

purpose, we can employ data mining techniques to acquire the source [18]. Thisidea is

inspired in that we use the past browsing logs to analysis the actual behaviors for web

sites automatically. Asthe result, if a user surfs a web site with a longer time and clicks

its web pages more times, we believe that the presentation of the web site is content

with him/her. Therefore, we can gather the user’s certain perception according to a

series of the actual behaviors without interrupting the user.

To our knowledge, Zhou et a. [21] have proposed an integrated subjective and

objective approach to evaluate the quality of journals by fuzzy sets. Their subjective

perspective, also called the perception analysis approach, extracts opinions from experts.

The approach only asks one question, i.e. please give your judgment on a journal, to

determine its grade. In addition, their objective perspective, also called the citation

analysis approach, determines the rankings of journals based on the impact factors

provided by journal citation reports, an electronic database. Users also need to

participate in this process to determine each membership degree for each grade. Finally,

they proposed a methodology to integrate the both perspectives, providing a

comprehensive consideration for assessing the quality of journals. As the problem of

judging the quality of journals, evaluating the quality of web sites also encounters the



same circumstance. To combine the both for assessing the quality of web sites, we use a

Palmer’s questionnaire [17], the rigorous metrics to study the quality of web sites, to

solicit human opinions. It improves the Zhou et al. failure in subjective perspective.

Also, we employ one of data mining techniques, fuzzy clustering, to gain objective

perspective automatically. The technique solves the problem of the Zhou et al. failure in

objective perspective to streamline the complicated process and reduces the degree of

human participation.

The information overloading/overlapping problem discussed above is especialy

significant in the type of educational web sites. In Taiwan, a topic of higher education

evaluation and accreditation in university evaluation has been raising recently [9]. A

group of professionals develop a standard to evaluate higher education institutions,

commissioned by the Ministry of Education. Their evaluating dimensions, however, do

not involve in addressing the quality of their educational web sites. Without this

dimension, we can not hold the total educational quality completely because most of

educational resources have been presented in universities’ web sites.

In this paper, we develop an integrated decision model for evaluating Taiwan

educational web sites from fuzzy subjective and objective perspectives. The former

source is extracted by inquiring human opinions referred to the Palmer’s questionnaire,



and the latter one employs fuzzy clustering to achieve them automatically. Although the

Palmer’s original subject is to study consumer intension in companies, we still can use

for treating students in a university as our consumers to serve. Besides, fuzzy clustering

can not only overcome the Hwang et a. shortage, but also streamline the Zhou et al.

proposed process.

The balance of this paper is organized as follows. Section 2 reviews related works

used in our proposed model. Section 3 formally describes the integrated model from

fuzzy subjective and objective perspectives. Section 4 studies our case for evaluating

educational web sites. Finally, conclusions are drawn in Section 5.



Chapter 2 Related works

To approach real thinking and behavior from human beings, we utilize fuzzy
techniques to combine subjective and objective perspectives for evaluation. We present

their rationales and related works as follows.

2.1 Fuzzy Sets

The theory of fuzzy setswas first proposed by Zadeh in 1965 [20]. It can model the
imprecise and qualitative knowledge, as well as the transmission and handling of
uncertainty at various stages of our red life. In the mathematical field, it can be treated
as an extension of crisp sets, but is a set without the exactly one or zero.

A membership function that assigns to each object a membership degree is
associated with a fuzzy set. The membership degrees are usually in [0, 1] range. When
the membership degree for an object is “1’, it means that the object is absolutely in the
set. On the other hand, ‘0’ means that the object is absolutely not in the set. Borderline
cases are assigned to the values between ‘0’ and ‘1. Precise membership degrees can
not convey any absolute meaning. A fuzzy set F is characterized by a membership
function ur: U—[0, 1] that assigns to each object x of U, a membership degree ur(X), in
the continuum [0, 1]. The membership degree is also referred to as the degree of

fulfillment or possibility. Thus, a fuzzy set is also a collection of objects, but with the



understanding that some objects can “belong more” to it than others do. For example, in
the fuzzy set of “birds,” of the universe of “animals,” a platypus and a dove might have
membership degrees, 0.45 and 1, respectively. By blurring the boundaries of the crisp
et it is possible to represent arbitrary collections of objects in the area of mathematics.

In this paper, we employ a notation to represent fuzzy sets. Assume that x; to x, are
the objects in fuzzy set F, and 11 to u, are their membership degrees in F. F is then
represented as follows.

F=a/Xa+uolxot. . . +unfXn.

Like the operations of crisp sets, the study of fuzzy sets aso owns its basic
operations, such as union, intersection, and complement. The union of two fuzzy sets A
and B is a fuzzy set C, written as C=AU B, whose membership function uc(x) is given
by uc(X)=max(ua(x), us(x)), XI U. The intersection of two fuzzy sets A and B is a fuzzy
set C, written as C=ANB, whose membership function uc(X) is given by zc(X)=min(ua(X),
us(X), XI U. Finally, the complement of a fuzzy set A, denoted by A’ is defined by the
membership function as ua’(X)=1-a(x), XI U.

Let X, Y be the universes and I'(U) be the set of all fuzzy sets in Y,
A={((x,y).m,(x,y)), m.(x,y)T [01],(x,y) i X~ Y} iscalled afuzzy relationon X" Y.

f: X—>I'(Y), is called a fuzzy function form X to Y. The fuzzy functions and fuzzy



relations are inter-related, and both can be represented by the membership matrix. The

composition of two fuzzy relations P(X, Y) and Q(X, Y) can be defined in terms of an

operation on the membership matrix P and Q that resembles matrix multiplication. This

operation involves exactly the same combinations in the matrix multiplication are

replaced with other operations. These alternative operations represent in the given

context, the corresponding operations of fuzzy set intersection and union. In the

Max-Min composition, for example, the multiplication and addition are replaced with

the Min and Max operations, respectively. The result of composition on P(X, Y) and

Q(X, Y) is a fuzzy relation R(X, Y), which can be dented as R=PoQ. As the above

introduction, we will employ them to explain our following examples for gaining

subjective perspective for evaluation.

The study of fuzzy sets has been used to cope with various evaluating problems. It

is an efficient and effective method to represent the uncertainty and vague terms in an

assessment environment. Hwang et al. [8] proposed a fuzzy sets system to evaluate the

quality of educational web sites by users’ and experts’ opinions. Ma et al. [13] proposed

afuzzy set approach to assess the outcomes of student-centered learning. Capaldo et al.

[4] used fuzzy logic to a rating problem in personnel assessment. Dweiri et al. [6]

presented an approach that employs fuzzy decision making for the evaluation of the



project management internal efficiency. Other applications in engineering can be

referred to in [18] and those in business or management are also in [3].

2.2 Fuzzy Clustering

Clustering involves the task of dividing objects into homogeneous clusters, so that
objects in a cluster are as similar as possible and those in different clusters are as
dissimilar as possible. The most well-known and commonly used partitioning method is
k-means. It takes the input parameter; k, and partitions a set of n objects into k clusters
so that the resulting intra-cluster similarity is high but the inter-cluster similarity is low.
Cluster similarity is:measured in regard to the mean value of the objects in a cluster,
which can be viewed as the cluster’s center of gravity.

In the above traditional clustering, objects are divided into crisp classes, where
each of them belongs to exactly one cluster. In fuzzy clustering, however, objects can
belong to more than one class, and associated with each of objects are membership
grades which indicate the degree to which objects belong to the different classes. A
classical butterfly dataset in Figure 2-1 was proposed to reveal the drawback of the
traditional clustering. As the left of Figure 2-1, using a traditional approach will
confront a sharp boundary problem for object (3, 2). The right of Figure 2-1 is the

clustering result by this approach. Is object (3, 2) really contributing only to one cluster?



Is the clustering result satisfactory for us? It remains a dilemma for the traditional

clustering.
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Figure2-1 The butterfly dataset and its clustering resuilt.

As the discussion, we know that fuzzy clustering can remedy this problem. Object

(3, 2) could be belonging to more than one class. The fuzzy c-means clustering (FCM)

approach is one of the most widely used fuzzy clustering approaches. It was originally

introduced by Bezdek in 1981 [2]. The FCM approach, therefore, can be useful to

divide objects into vague clusters. In business applications, decision makers can not

identify something or customers with similar characteristics to an absolute cluster or

group. Some valuable information will be ignored if they belong to multiple clusters or

groups naturally. Many studies have adopted this idea to resolve their problems. Ozer

[15] applied fuzzy clustering to identify homogenous groups of online music services’

users with respect to their attitudes, interests and opinions and to develop customized

strategies for each group. Ozer [16] also used fuzzy clustering to categorize the potential

users of an Internet portal for offering business-related information. Guo et a. [7] used

10



fuzzy clustering to customer relationship management of the securities industry. Lenard

et a. [10] studied a description and testing of fuzzy clustering and a hybrid model that

can support the decision an auditor makes when completing the going concern

evaluation. As the reviews of those applications, we know that the work of evaluation

can also be employed by fuzzy clustering. When we attempt to divide the given web

sites into one cluster by the web browsing characteristics, there are some web sites that

we can not assign to a cluster absolutely. They are close to two or above clusters in

real-life applications. To pursue the field evaluating result, we determine to use this

technique to gain objective perspective.

1



Chapter 3 TheProposed M odel

In this section, we propose the model to gain fuzzy objective and subjective
perspectives, respectively. The former source is acquired by the fuzzy clustering
approach, and the latter one is acquired by the Palmer’s questionnaire. Finally, we
combine the both to generate a final evaluating result. The result shows that all web
sites have their owning grades, which can provide references for web users or managers.
In the beginning, we present the algorithm of the proposed model and describe all
procedures in the following sub-sections. So, we introduce how to gain the objective
source in Section 3.1 and the subjective one in Section 3.2. Finally, the combination of

the two sources is showed in Section 3.3.

12



Input: an evaluated web site ws, the number of clusters c, the fuzziness exponent m,

the termination tolerance ¢, the questionnaire Palmer and its number of items n=18,

the objective weight w,, and the subjective weight ws (Wo+ws=1).

Output: amax_grade for ws.

M ethod:

1 Objective Procedure

11

1.2

1.3

14

15

1.6

Set r=0;
Initialize the U matrix, U";
Calculate the fuzzy cluster centers{v" | i=1, 2, ..., ¢} by using U';

Calculate the new partition matrix U™*® by using {v' | i=1, 2, ..., c};

If U -U"£e or apredefined number of iterations then stop, else

set r=r+1 and go to step 1.3;

Draw out the column of ws from U' as a vector Vi,

2 Subjective Procedure

21

22

2.3

A user gives his/her opinion according to item ¢, of Palmer for ws, where
i=1,2,...,m;

FVi=fuzzfication(Palmer(q;)), wherei=1, 2, ..., n;

FV=Average(§ FV, ).

i=1

3 Combination

3.1

3.2

3.3

Y=(Wo U We) 0 (Vs U FV) ;
max_grade=Max(Y) ;
If there is not a consensus then employ a sensitivity analysis, else output

max_grade.

Figure 3-1 The algorithm of the proposed model

13




3.1 Usingfuzzy clusteringto gain fuzzy objective perspective

In this sub-section, we introduce the fuzzy c-means clustering (FCM) approach to
gain objective information. We define the problem firstly. Let X={x, X2, ..., X1} be aset
of given objects, where each object x,, (M=1, 2, ..., n) isavector in R (real number), Ug,
be a set of real ¢ n matrices, and ¢ be an integer, where 1<c<n. Then the fuzzy c

segments for X isthe set

M

fcn

={UT U, u,d [O,l];é_uik:LO<é_uik<n§ ................ 1)
|

i=1 i=1

where uix is the membership degree of X« in cluster i (i=1, 2, ..., ¢). The purpose of the
FCM approach is to find the optimal fuzzy ¢ segments and corresponding prototypes

minimizing the objective function as follows.

m

(U) % - v

Qoo
=
<

J.U.v;X)=a

n
o}
k=1 i

L
1S

In formula (2), V=(v1, Vo, ..., ) IS a matrix of unknown cluster centers (prototypes)
vil R, ||.|| is the Euclidean distance measure and the weighting exponent min [1, «) isa
constant that influences the membership degrees.

To minimize criterion Jy,, under the fuzzy constraints defined in (1), the FCM
approach is defined as an alternating minimization algorithm as follows. Choose a value
for ¢, m, and ¢, asmall positive constant, and then generate randomly a fuzzy ¢ segment
U° and set iteration number r=0. A two-step iterative process works as follows. Given
the membership degrees U, , the cluster centers V(" (i=1, 2, ..., ) are computed by

14



e o> om i
= ; 1
r+1_§¢’C QXk_Vi - lfl 4
L —ga DIEE U e 4
e=§lx - V5
e U

The process stops when \U‘”l) -uy®

£e, or a predefined number of iterations is

satisfied. As the following computations, we will employ those formulas to explain our

examples for gaining objective perspective for evaluation.

Before using the FCM approach, three parameters, the number of clusters, c, the

fuzziness exponent, m, and the termination tolerance, ¢, need to be discussed primarily:

(1) Number of clusters. The number of clusters ¢ isthe major parameter to influence the

clustering result. When clustering real-life data without any a priori knowledge

about the structures, we usually must make assumptions about the number of

underlying clusters. Regardless of whether the result presents in the proper

structures of the data or not, the clustering approach then searches for c clusters. In

general, there are two methods, validity measurements and iterative merging or

insertion of clusters, to choose the proper number of clusters in data. The former is

to propose validity measurements that are scalar indices for assessing the goodness
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of the clustering result. When the number of clusters is chosen equal to the number
of groups that actually exist in data, it can be identified as locating well-separated
and compact clusters. Otherwise, misclassifications are appeared and are not likely
to be well separated and compact. The validity measurements can be referred to in
[2]. The latter is an idea to merge or insert clusters when the number of clustersis
predefined improperly. The task of cluster merging is to begin with a sufficiently
huge number of clusters, and successively reduce this number by merging clusters
that are similar with respect to some criteria. The task of cluster inserting is to begin
with a small number of clusters, and iteratively insert clusters in the regions where
the objects own low membership degree in the existing clusters. In our research
problem, we predetermine the number of clusters, i.e. the grades of web sites, and
employ the former to measure their goodness.

(2) Fuzziness parameter. The fuzziness exponent m is a rather important parameter,
because it significantly influences the fuzziness of the clustering result. If mis closer
to 1, the partitions become hard, i.e. u, is either 0 or 1, meaning that they are
distinct. On the other hand, if mis larger, the partitions become completely fuzzy
(u, =1/c), indicating they are all overlapping. No theoretical optimum choice of m

has emerged in the literature. However, the bulk of the literature seems to report
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values in the range 1.25 to 2. Convergence of the FCM approach tends to be slower
asthe value of mincreases. In our case, m=2 isinitially chosen.

(3) Termination criterion. The FCM approach stops iterating when the norm of the
difference between U in two successive iterations is smaller than the termination

(r+1)

parameter, ¢. For the maximum norm maxi,(QUik - ui‘k')), the usual choice is

¢=0.001, even though ¢=0.01 works well in most cases, while drastically reducing
the computing times. In our case, we follow the choice for setting ¢=0.001.

Finally, we have a final matrix U™ which presents the membership degrees of

clusters for all evaluated web sites. For evaluating web site ws, we only draw out the

column of ws from U™ as a vector v for the following combination.

3.2 Using the Palmer’s questionnaire to gain fuzzy subjective
per spective

To be useful for measuring the user’s opinion, the metrics developed by Palmer can
be used to fulfill our purpose. There are eighteen items in this metrics. The
guestionnaire evaluating the performance of web sites, however, is proposed by the
crisp scale measurement. For acquiring the fuzzy subjective opinions directly, we
replace the crisp scale of the questionnaire by the fuzzy linguistic terms (see Appendix

A). Each fuzzy linguistic term can be transferred to a fuzzy vector. A user will be
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required to fill in the eighteen items (n=18) q; (i=1, 2, ..., n) for ws in the questionnaire
Palmer. Then, they will be transferred to the eighteen fuzzy vectors, FV;, where i=1,
2, ..., n. Afterwards, a final fuzzy vector, FV, representing the user’s fuzzy subjective

opinion can be computed by summing then averaging these fuzzy vectors.

3.3 Synthesizing fuzzy subjective and objective per spectives

For evaluating web site ws, we have two weights and the fuzzy evaluation relation.
In the following, we use a composition operation to compute the final fuzzy vector,

denoted as Y. We define the operation as follows (Formula (5)).

éeol’ e02’ Tty eodl;J
é a
€., €, . €0
— = n o 51 §2? ! sd (] —
Y =(w, Ew,)o(v, EFV)= (WO,WSL,WSZ,...,WSH)OS 3— (Vi) Vareeos Ya)
é ua
éeaql, esﬂl, - esﬂda

,where y; =(w, - e;)A(w, e )A. Alw, e, )adj=1,2 ..,d - ad A ae
defined as; (1)algebraic product for a- b is c=ab; (2)bounded sum for aA b is c=min{ 1,
a+b}. The objective and subjective perspectives’ weights, w, and ws, are determined by
decision makers. In general, the sum of the both is equal to one, i.e. wo+ws=1. Having
the value of w, is determining the value of ws as well (i.e. we=1-wg). The value of w,
however, needs to be considered more by the Internet usage experience of web users. If
the experience of a web user is junior, we assign a lower weight to him/her. Otherwise,

we assign a higher weight if his’her web experience is senior. We give an example to
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explain the idea

Example 1. If w,=0.5, then ws=1-w,=0.5. Also, we set three levels of the Internet usage
experience, e;: less than one year, e: between one year and three years, and es: above
three years, and have three web users, u; with e, u; with e, and us with es. Then, we

have the three predefined values for e;=1, e,=2, and e;=3 s0 that their final weights are

we =& 8@—5@_0083 w“z—&é 8@—5@_0167 and w“s—a% 8@—5@_025
e 29 6 og 6 og

Also, thevalue of w, =w_ +w.,* + W /isegual to 0.5.

The final vector, Y, presents a grade result for a web site. To evaluate the certain
grade for this web site, we use an operator, Max, to get the maximal grade, max_grade,
by one of those gradesin its vector.

To reach the consensus and resolute the conflict of the final result, a sensitivity
analysis can be conducted. The values of w, and ws can be adjusted to observe a new
result to the impact on Y. If the Y value is not sensitive, it presents the stable result to
this evaluation. However, if the sensitivity analysis is of larger variation in Y, we can
use a conflict-resolution method such as the Delphi method [5] or face-to-face

discussion to address this issue.
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Chapter 4 Casefor Evaluation

We present an example and a pilot real study in Section 4. In Section 4.1, we
introduce how to calculate the objective source in Section 4.1.1 and the subjective one
in Section 4.1.2. We combine with the two sources to show the final results in Section
4.1.3. In Section 4.2, a pilot real study is carried out to validate our proposed model by

the case of evaluating higher education web sites in Taiwan.

4.1 Anillustrated example

4.1.1 Objective Procedure

In this subsection, we introduce how to gain the objective source. The proposed
example was tested by using 14 visitors and 7 websites, however, we only show the
evaluation result of one website. We take the fuzzy clustering to gain the fuzzy objective
perspective as the description in Section 3.1.

Our objective source was collected by the proxy server logs. The proxy server has
the account management, so we can save every account’s activities by the logs. It stored
5 columns as follows. Year-Month-Day and Hour-Minute-Seconds, User id, Server |P
Address, URL, and Referer. According to the useful log records, we could find out
every account’s viewing times and page view frequent by the data preprocessing

technique. Therefore, we can classify the accounts with having the same Server IP
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Address. The block represents the account’s information which involves Viewing Time

(VT) and Page View Frequent (PVF) in an example of Table 4-1.

Table4-1 Account distribution

Website NO. Using account
1 Account 02, Account 05
2 Account 03, Account 09
3 Account 07, Account 13
4 Account 11, Account 14
5 Account 06, Account 10
6 Account 04. Account 08
7 Account 01, Account 12

We can calculate VT and PVF at each website from the account’s information. So

we can calculate the averages of VT and PVF for each website as our fuzzy clustering

calculating data input in Table 4-2.

Table 4-2 FCM data source

Site Sitel | Site2 | Site3 | Site4 | Site5 | Site6 | Site7

PVF | 125 |75 155 | 12 17 255 | 175

VT(s) | 244 | 2135 | 262 3535 | 357 | 418.5 | 467
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As the above website data, let X :ixl,xz,...,x% be a set of given objects, where
|

each object x_(m=12...,7) is a vector in R(real number), U_ be a set of real
5" 7 matrices. Then the fuzzy c segments for X is the set where u, is the

membership degreeof x, incluster i (i=12,...5)

N 5 7 ..
Mfcm:%UT Ucn:uikT [0’1];é.uik:l0<é.uik<7§
| i=1 i=1

A

So, given the membership degrees u, the fuzziness exponentm=2, the cluster

7
N
& (Ul %,
centers V) (i=12,...5) are compute byv)=%4L __  then we can update

membership degreesu, = ég ?H‘

tolerancee =0.001 and ‘U )y £e=0.001. We get our objective membership

degree result by the FCM approach. We can classify all objects k (k=1, 2,...,7) into
thecluster i (i=1,2,...... ,5) in Table 4-3 and show their cluster centersin Figure 4-2.

Table 4-3 The FCM results

i =1]i=2[i=3|i =4|i =5|Result

k =1 |0.99996|0.00001|0.00003|0.00000|0.00000| 1

=~
I

2 |0.00000{0.99999|0.00000|0.00000|0.00000| 2

=~
I

3|0.00006|0.00001(0.99993|0.00000|0.00000, 3

=~
I

4 10.00120|0.00073|0.00172|0.99475|0.00160| 4

k = 5 |0.00047|0.00029|0.00067|0.99783|0.00073| 4
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=~
I

6 |0.02226|0.01608|0.02773|0.17030|0.76363| 5

k = 7 |0.00712|0.00550|0.00843|0.02881|0.95014| 5

N
(8]

® =5

N
o
T

® =3
e =1

[y
(8]
T

e =4

Page View Frequent

[y
o
T

(8]
T

o
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Figure4-1 'Pilot cluster center

If a user surfs website longer times and clicks web pages more times, we believe

that the presentation of the web site is content with him, and we redefine the cluster

center and column of the FCM result that have consistent with subjective perspective.

Therefore, the column of Table 4-3 was reversed based on the cluster center from the

left to the right to presented in Table 4-4. Then i =2 will be represented as the Bad

grade, i =1 asPoor, i =3 asMiddle, i =4 asGood, and i =5 asExcellent.

Table4-4 The grading results for each website

Bad Poor |Middle| Good |Excelent|Result

0.00001/0.99996|0.00003|0.00000| 0.00000 | 1

0.99999|0.00001|0.00000{0.00000| 0.00000 | 2

0.00001/0.00006|0.99993|0.00000| 0.00000 | 3

0.00073|0.00120|0.00172|0.99475| 0.00160 | 4

0.00029|0.00047|0.00067|0.99783| 0.00073 | 4

0.01608|0.02226|0.02773|0.17030| 0.76363 | 5

X I X I X|IXT|IX|IXT|x
1
N~N/olga|hhWIN|EF

0.00550(0.00712|0.00843|0.02881| 0.95014 | 5
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4.1.2 Subjective Procedure

In this subsection, we introduce how to gain the subjective source. The
guestionnaire is used to evaluate the performance of the web sites. We divided the
guestionnaire options into two parts, one part is the questionnaire weight by item 1 and
item 2 and the other part is the questionnaire membership degree between items 3 to
20.

The questionnaire weight w, =1- w,; =0.5 was developed for five levels of the
internet usage experience, e :less than one year, e,:between one year and three years,
e, :between three years and five years, e,:between five years and seven years, and
€, :above seven years, and website 2 have account 3 and account 9 web users: u, with

, U, with e, sothat their questionnaire weights are:
&, U &

wo =B B0 0 1675w =8 B9 B 53195, respectively.
e3+5gy g e3+5gy

We sum the questionnaire items from 3 to 20, and then calculate their average, and

then we use the average to be transferred to a fuzzy membership degree by the five

triangle membership functions as follows:

i 0,x<1
| Lx<1 L x-11£x£2
M (X)=12- X1EXE2, mmi@:! 1x=2
[ ox>2 13- X2EX£3
f 0x>3
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i 0,x<2 I 0,x<3
Ix-22£x£3 Ix-33£x£4
mniddle(x):}_ Lx=3 Myood (X):1| 1x=4
.:.4- X3£XE£ 4 :5 X4E£XES
f 0x>4 f 0x>5
i 1Lx>5
n&wm(@::x-44£x£5
1 0,x<4

For example, the accounts 3 and 9 have a subjective perspective on website 2 by
the gquestionnaire, then we can calculate their averages of items from 3 to 20, and we
can transfer them to the subjective membership degrees. The averages of accounts 3 and
9 are 4.5 and 2.555, s0 we can transfer the averages by the membership functions in

Table 4-5.

Table 4-5 The subjective membership degree results of website 2

Website 2 Bad Poor Middle Good Excellent
Account 3 0 0 0 0.5 0.5
Account 9 0 0.4444 0.5556 0 0

4.1.3 Combination

In this subsection, we introduce how to combine the objective and subjective
sources. We have two weights, and the fuzzy evaluation relation. One of the weightsis
w, =0.5 which is determined by decision méakers, and the other weight is

w, =1- w, =w;* +w.° . We can find the website 2 objective membership degree from
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Table 4-3 and add it as the first row of the evaluation matrix of evaluators’ subjective
membership degree in Table 4-4. In the following, we use a composition operation to
compute the final fuzzy vector Y

€0.99999 0.00001 0 0O Ou

0 0 0 05 0.58
0 04444 05556 0 Of

Y =(w, E w,)o(v,. E FV)=(0.5,0.1875,0.3125)0

@D D> D>

Therefore, we have an evauation result of website 2 as
Y = (Y, ¥, ¥a. Vs Vs ) = (0.499995,0.13888,0.173625,0.09375,0.09375), whose maximal
number is 0.499995 in Y . According to the result, we can infer that the grade of the

website 2 is most likely to be Bad.

4.2 Higher Education Evaluation of Taiwan Case

Since the university department’s website platform presents an important media to
access information for web users, we need to understand the quality of educational
resources sharing in Internet. Therefore, the evaluation of the department’s website
could help decision-makers understand whether the website design is good or bad. In
Taiwan, a group of professionals are commissioned by the Ministry of Education to
evaluate the quality of teaching and learning resources; however, their evaluation
dimensions are lacking of the quality of department’s websites.

In practice, an evaluator logins our website assessment questionnaire system and
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we guide them to click website links to browse the contents. When he or she clicks

website links, the system will redirect a frame page to lead to travel. Therefore, the

evaluator activities can be recorded by proxy server logs. When the evaluator wants to

quit the website, the system will popup the Palmer’s questionnaire to require him or her

to fill up. So, we can collect aresponse of the questionnaire from this evaluator.

Our experimental data are collected by Proxy Server Logs and the Palmer’s

guestionnaire. Although the Palmer’s original subject is to study consumer intension in

companies, we still use it for treating the National Chung Cheng University and the

National Taitung University teachers and students as our consumers to serve. The

underlying technology includes Microsoft Server 2003 R2, Microsoft SQL Server 2005,

Microsoft Internet Information Server 6.0, and FreeProxy Proxy Server. The Website

Assessment Questionnaire System is built by Microsoft Active Server Page. We

describe our experimental assessment results as following subsections.

4.2.1 Assessment Subjects

In this subsection, we introduce our assessment website ranges. First, we survey

the assessment results of Higher Education Evaluation & Accreditation Council of

Taiwan (HEEACT) in each semester. Second, each department assessment result has

three grades. passed, observed, and failed in HEEACT. We queried the assessment
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results based on the three grades, respectively. Third, we selected 6 kinds of field

departments and had 24 websites. According to their results and the above steps, we

found out each website’s URL in Table 4-6.

Table 4-6  Website URL lists

Website|URL Field Department Grade
Sitel |http://www.cs.nthu.edu.tw/ Computer Science Passed
Site2 |http://www.nchu.edu.tw/foreign/ Foreign Language Passed
Site3 |http://www.im.ncue.edu.tw/ Information Management| Passed
Site4 |http://www.cse.yzu.edu.tw/ Computer Science Passed
Site5 |http://www.ntnu.edustw/spe/news.html Special Education Passed
Site6 |http://dpts.nttu.edu.tw/sped/contents/news/news list.asp?menulD=1 Special Education Observed
Site7 |http://dept.hku.edu.tw/mig/ Information Management| Failed
Site8 |http://ibd.ndhu.edu.tw/main.php International Business | Passed
Site9 |http://fll.hcu.edu.tw/front/bin/home. phtml Foreign Language  |Observed

Site 10 | http://social .tmue.edu.tw/front/bin/home.phtml Social Studies Education| Passed
Site11 |http://doflal .niu.edu.tw/news/news.php?class=101 Foreign Language Passed
Site 12 | http://www.im.knu.edu.tw/cht/main.asp Information Management | Observed
Site 13 | http://www.ntcu.edu. tw/sse/webweb/index2.html Social StudiesEducation| Passed
Site 14 | http://www.iba.|eader.edu.tw/ International Business |Observed
Site 15 | http://www.dwu.edu. tw/~i nformati on/mi S95/index-2.htm Information Management| Failed
Site 16 | http://ib.toko.edu.tw/newsite/index.asp International Business | Failed
Site 17 | http://social .ntue.edu.tw/home.htm Social studies Education |Observed
Site 18 | http://spec.tmue.edu.tw/front/bin/home.phtml Special Education Observed
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Site 19 | http://www.ncyu.edu.tw/csi e/ Computer Science  |Observed

Site 20 | http://www.fl.chu.edu.tw/news.htm Foreign Language Failed

Site 21 | http://dpts.nttu.edu.tw/soc/contents/news/news list.asp?menul D=285 Social Studies Education |Observed

Site 22 | http://sped.ncue.edu.tw/sped/ Specia Education Passed
Site 23 | http://dept.hku.edu.tw/ibal/index1.htm International Business | Failed

Site 24 | http://www.cs e.ndhu.edu.tw/webv3/cht/?board=news& main=news bd01 Computer Science Passed

4.2.2 Consstence of Data Collection

In this subsection, we introduce the data collection of each website. The evaluator

using our system has two situations that we have to remove data on data cleaning before

executing the FCM calculation step. One is that the evaluator forgetting to setup his

browser’s proxy setting, but filled the Palmer’s questionnaire after he finished his

browsing activities. The other one is that the evaluator forgetting to fill the

guestionnaire up after he finished his browsing activities, but the evaluator sill uses our

proxy. So we query the proxy log of every account and the questionnaire record by

databases, then we determined both of above with a consistence. We list the two

situations and intersection of each website’s account summary in Table 4-7.

Table 4-7 Intersection Summaries

Website| Proxy accounts|Questi onnaires| Intersecti on accounts| Website| Proxy accounts| Questionnaire Summary | I ntersecti on accounts|

Sitel 80 40 30 Site13 12 9 4

Site2 59 23 15 Site14 16 6 5
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Site3 48 14 8 Site15 18 7 5
Site4 50 13 11 Site 16 14 4 3
Site5 35 10 9 Site17 15 8 5
Site6 22 10 6 Site18 10 6 4
Site7 22 6 4 Site19 14 5 1
Site8 18 6 6 Site20 19 6 6
Site9 23 7 5 Site21 19 7 6
Site10 27 8 7 Site22 17 5 4
Sitell 19 9 4 Site23 19 4 1
Site12 19 8 5 Site24 26 18 10

4.2.3 Objective Data Resource

According to our query results, every account’s VT and PVF of each website will

be as statistical samples. Therefore, we calculatethe VT and PVF’s average. Finally, we

list the two dimensions data in Figure 4-3, and then we use both of their average as our

resource of FCM.
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Page View Frequent
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Figure4-2 Viewing Time and Page View Frequent
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4.2.4 Internet Usage Experiment, (IUE)

In this subsection, we introduce our evaluator’s internet usage experiment, and we

believe that the internet usage experiment could be represented by the subjective weight.

Otherwise, we do not know the difference if more than two evaluators have the same

judgment. We put the internet usage experience options in questionnaire item 2, and we

can understand our evaluator’s experiment distribution in Figure 4-4.

30 r

25 r

20 r

15 ¢
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Account Sumation
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0

1 2 & 4 5
Internet Usage Experience

Figure 4-3 Internet Usage Experiment distribution

4.2.5 Integrate Assessment

In this subsection, we introduce our website assessment results, we use fuzzy
clustering to gain fuzzy objective and using the Palmer’ s questionnaire to gain
subjective perspective, and then we use a composition operation to compute the final
fuzzy vector. The objective and subjective perspective’s weights are w,=0.5, w, =0.5.
We refer the internet usage experiment at every evaluator as resource of subjective

perspective’s weights. Table 4-8 lists our assessment results by 5 grades.
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Table4-8 Combine result of Integrate Assessment

Grades

Websites, (w, =0.5,FCM,w, = 0.5,IUE)

Bad

Site 14

Site 02

Site 23

Poor

Site 21

Site 13

Site 17

Site 18

Site 12

Site 20

Site 06

Site 16

Middle

Site 24

Site 09

Site 22

Site 10

Site 04

Site 08

Site 15

Good

Site 05

Site 03

Site 07

Site 11

Excdllent

Site 01

Site 19

4.2.6 Senstivity Analysisof Experimentation Group

To reach the consensus and resolute the conflict of the final result, we change the

weights for sensitivity “analysis. The objective perspective’s weight is 0.75 and

subjective perspective’s weight is 0.25. We refer the internet usage experiment at every

evaluator as resource of subjective perspective’s weights. Table 4-9 lists our assessment

results by 5 grades.

Table4-9 Sensitivity Analysis of Experimentation Group

Grades

Websites, (w, =0.75,FCM ,w, = 0.25, |UE)

Bad

Site 02

Site 14

Site 23

Poor

Site 06

Site 12

Site 13

Site 16

Site 17

Site 18

Site 20

Site 21

Middle

Site 04

Site 08

Site 09

Site 10

Site 15

Site 22

Site 24

Good

Site 03

Site 05

Site 07

Site 11

Excdllent

Site 01

Site 19
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4.2.7 Senstivity Analysis of Comparison Group

We calculate the comparison experiment of Table 4-8. That we set the objective

perspective’s weights is 0.25 and subjective perspective’s weights is 0.75. We till refer

the internet usage experiment at every evaluator as resource of subjective perspective’s

weights. Table 4-10 lists our assessment results.

Table4-10 Sensitivity Analysis of Comparison Group

Grades Websites, (W, = 0.25,FCM ,w, = 0.75,IUE)

Bad

Poor |[Site21

Middle |Site 24|Site 10/Site 09|Site 08|Site 15|Site 22|Site 04(Site 14(Site 12|Site 11

Site 05|Site 07|Site 18|Site 13|Site 23|Site 19|Site 01|Site 17|Site 20|Site 06

Good |[Site03|Site 02|Site 16

Excdllent

4.2.8 Common Share Case

To our knowledge, Zhou et al. [21] proposes an integrated subjective and objective

approach to evaluate the quality of journal by fuzzy set. Their subjective perspectives

are extract opinions from experts. All experts in group decision process have a same

subjective perspective weights for their approach. Therefore, we ignore the IUE option,

and we set our subjective perspective weights to 0.5, but all of evaluators are Common

Share (CS) of the weights just like Zhou’s approach. For example, there are four
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accounts in site 3, then the (w, Ew,) will be w, =05, w* =0.125, w* =0.125,
w;* =0.125, and w,* =0.125. Table 4-11 lists our assessment results.

Table4-11 Combine result of Common Share Case

Grades Websites, (w, =0.5,FCM,w, = 0.5,CS)

Bad |Site 14|Site 02|Site 23

Poor |Site 13|Site 21|Site 17|Site 18| Site 12|Site 20|Site 06|Site 16

Middle |Site 09|Site 24|Site 04|Site 22|Site 10|Site 08|Site 15

Good |Site 05|Site 03|Site 07|Site 11

Excellent|Site 01|Site 19

429 Crigp Case

In our research survey, we want to know what the difference to the assessment
results between crisp and fuzzy sets. So, we changed objective and subjective
membership degrees. In order to comply with our propose model, we set Fuzziness
exponent equal 1.0091, which is approximated 1, and the other parameters are
changeless. Therefore, we can transfer the objective membership degree as 1 or 0. On
subjective section, we select the maximum of subjective membership degree as 1, and
the other is 0. If the subjective membership degree is 0.5, in other words, the
guestionnaire averages get two grades, we will select the better grade as 1, and the other
as 0. We till refer the internet usage experiment at every evaluator as resource of

subjective perspective’s weights. Table 4-12 lists our assessment results.
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Table4-12 Combine result of Crisp Case

Grades | Websites, (w, =0.5,Crisp,w, = 0.5,IUE)

Bad |Site 06|Site 20|Site 02|Site 14|Site 16

Poor |[Site 13|Site 21|Site 08|Site 10|Site 12|Site 17|Site 18

Middle |Site 15/Site 09|Site 24|Site 03|Site 22|Site 04|Site 23

Good |[Site07|Site 11|Site 05

Excellent|Site 01|Site 19

4.2.10 Comparewith HEEACT sresult

We survey the assessment results of Higher Education Evaluation & Accreditation
Council of Taiwan in each semester. The Council does not evaluate each department’s
website. Base on our proposed model, we have a better result of website assessment. We
want to know what the difference of assessment results between the council and our
model based on the condition(w, =0.5,FCM,w, =0.5,IUE), so we use the grade
column from Table 4-6 and Combine result from Table 4-8. In Table 4-8, we transform
the grades for consistency with Council results, so we switch the Excellent, Good, and
Middle grades as the Passed grade, and the Poor grade as the Observed grade, and the
Bad grade as the Failed grade. Table 4-13 lists the website grade results, and the website
has different grades between Table 4-6 and Tale 4-8. There are 6 websites getting better

grades by our model.
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Table 4-13 Our model compare with HEEACT s result

Webste Site2 Site7 Site9 Site13 Site14 Site15 Site 16 Site19 Site 20
Table4-6 Pass Failed Observed Pass Observed Failed Failed Observed Failed
Table4-8 Failed Pass Pass Observed Failed Pass Observed Pass Observed
Changes Down 2 Up2 Up1l Down 1 Down 1 Up2 Up1l Up1l Up1l

In the comparison group, we gill want to know what the difference of assessment
results between the council and Crisp methad(w, = 0.5,Crisp,w, = 0.5,IUE), so we use
the grade column from Table 4-6 and Combine result from Table 4-12. In Table 4-12,
we transform the grades too. There are 5 websites getting better grades by our model.

According to Table 4-13 and Table 4-14, we can find out an intersection of assessment

results, the websites 2, 7, 9, 13, 14, 15, and 19 get the same Changes of grades.

Table 4-14 Our model compare with Crisp Case

Website| Table 4-6|Table 4-12|Changes
Site2 | Passed | Faled |[Down 2
Site6 [Observed| Failed |Downl
Site7 | Failed | Passed | Up2
Site8 | Passed | Observed | Down 1
Site9 |Observed| Passed | Upl
Site 10| Passed | Observed | Down 1
Site 13| Passed | Observed | Down 1
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Site 14 |Observed| Failed |[Down 1

Site15| Failed | Passed | Up2

Site 19 |Observed| Passed | Upl

Site23| Failed | Passed | Up2

4.2.11 Comparewith Objective, Subjective and Integrate Perspective

The evaluators maybe have a specific opinion about the Palmer’s Questionnaire.

The questionnaire’s average will affect on our integrated assessment results. Therefore,

we want to know what the difference between objective perspective and subjective

perspective, objective perspective and an integrated perspective, or subjective

perspective and integrated perspective. We have three steps to get subjective perspective.

First, we calculate average of questionnaire options, and we can calculate average of

every account in the website. Second, we transform the average by our fuzzy

membership functions. Third, we select the grade, and the grades indicate maximum

degree in fuzzy vector. On objective perspective and integrate perspective, we can use

FCM and Table 4-8 results, respectively. We compare these three perspectives and we

get three sets of results. In Table 4-15, we find out the different grades from Subjective

perspective and Objective perspective, and the degree of gap column stands for different

degrees. In Table 4-16, we find out the different grades from Subjective perspective and

Integrate perspective, and the degrees of gap are the same with Table 4-17. Finally, we
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can not find out the different grades from Objective perspective and Integrated

perspective, because their grades are exactly the same. We think the objective

perspective plays an important role on integrated perspective.

Table4-15 Compare with Subjective perspective and Objective perspective

Sites 112|3|5|6|7|11(12|13|14(16|17|18|19,20|21|22|23

Subjective M| G| G| M| M| M| M| M| M| M|GIM| MMM M| G| M

Objective | E| B|M |G| P|G|G|P| P/ B|P|P|P|E|P|P|M|B

Gap 2/4|1)j1|j1|1|2x}2}1}2|2|1|1({2]1]1|1]2

(B:Bad, P: Poor;M: Middle, G: Good, E : Excellent)

Table4-16 Compare with Subjective perspective and Integrate perspective

Sites 1/2|3|5|6|7|11(12|13|14|16|17|18|19|20|21|22|23

Subjective | M | G| G| M| M| M| M| M| M| M|GIM| MMM M| G| M

Integrate | E| B/ M|G|P|G|G|P|P|B|P|P|P|E|P|P|M|B

Gap 2131111211221 |1|2]1]1|1]2

(B:Bad,P: Poor, M : Middle, G: Good, E : Excellent )

Table4-17 Compare with Objective perspective and Integrate perspective

Sites 1123 |5|6|7|11|12|13|14|16|17|18|19|20|21|22|23

Objective E|B|M|G|P|G|G|P|P|B|P|P|P|E|P|P|M|B

Integrate | E(B|M|G|P|G| G| P |  P|B|P|P| P|E|P|P|M|B

Gp |(O|jOfO}|O|jOjOJOJO0O|lO0O}|O0O|]O|jO|JO]O]jO]O|O0O]|O
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Chapter 5 Conclusions

Human beings in decision making sometimes have a gap between intension and
behavior. We realize that self reported use is also the problem of causing the gap. In
human behavior is as known as objective perspective, we can perceive human thinking
and real doings by data mining techniques. On the other hand, Palmer’s research
contributes to a set of constructs and metric measurement technique. The questionnaire
items can help us evaluate websites.

We developed an integrated decision model for evaluating educational websites
from fuzzy subjective and objective perspectives. We proposed our model and the
implementation of the reality case.

Education contents and resources are sharing on the department’s portal site.
Department’s websites provide the key interface for student use in Internet. A group of
professionals were commissioned by the Ministry of education. According to our
assessment’s results, we find that website 7, 9, 15, 16, 19 and 20 have a better grade
than council’s grade, but website 2, 13, 14 have a worse grade than council’s grade. In
better grade side, we know that Digital teaching materials play an important role on
department’s website, and website performs well but council does not. In worse grade

side, department still has a chance to improve their website performance. Unfortunately
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the council is ignored to evaluate department’s website.

In research restriction, our model needs objective and subjective perspective
resources. Objective resource is collected by proxy server logs. If evaluators want to
evaluate websites by our proposed model, they should have existing databases to run
data mining techniques.

The council should consider taking website evaluation in department accreditation,
so that department’s portal site or e-learning platform have a better quality in the future.

We provide a new idea for higher education evaluation of Taiwan.
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APPENDIX

A. Instrument Utilized in the Web Site Analysis

Please indicate your opinion for the site on the following criteria (very disagree,

disagree, neutral, agree, very agree)

(@
(b)
(©)
(d)
(€)
(f)
(9)

Effective organization

Provides good product information
Presents avariety of products
Provides information such as FAQs
Provides feedback mechanisms
Offers customization

Provides significant user interaction

Please answer the response that best reflects your opinion of the Web site you just

used. (default: very disagree, disagree, neutral, agree, very agree)

(1)

(2)

(3)

(4)

(5)

(6)

(7)

| find it easy to get this Web site to do what | want it to do.

| intend to browse this Web site again this semester.

| intend to browse this Web site frequently in the future.

The amount of information displayed on the screen was. (very inadequate,
inadequate, neutral, adequate, very adequate)

The sequence of obtaining information was. (very confusing, confusing, neutral,
Clear, very clear)

The information on succeeding links from the initial page was. (very
unpredictable, unpredictable, neutral, predictable, very predictable)

The Web site was: (very frustrating, frustrating, neutral, satisfying, very

satisfying)




(8 The layout of pages made tasks easier.

(9) The speed in which the computer provided information was. (too slow, sow,
neutral, fast, fast enough)

(10) The rate a which the information was displayed was. (too slow, slow, neutral,
fast, fast enough)

(11) If you had a future need for information/service presented in this Web site, how
likely is it that you would consider returning/using this site? (very unlikely,

unlikely, neutral, likely, very likely)
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