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INTRODUCTION 
 
Along with the rapid development of information technology and the popularisation of the Internet, e-learning has 
already become a trend, which conforms to trends and individualised learning needs [1][2]. However, there is no final 
conclusion regarding the learning achievements, as of yet [3-6]. This includes the sceptical teaching achievements of e-
learning and the criticisms of the development and enforcement of teaching activities [7-9]. Therefore, many learners 
considered that establishing a set of digital teaching evaluation criteria could ensure the quality and effects of digital 
teaching [10-12]. However, there are no consistent discussions on the connotations of Taiwan’s present digital teaching 
evaluation criteria, and there are no confirmed standards included in the dimensions and detailed items of the related 
evaluation criteria. 
 
The quality assessment of digital teaching materials is a multiple-strategic problem. During estimation, all the detailed 
items must be considered thoroughly. This study uses the modified combination of fuzziness and importance-
performance analysis to form Fuzzy Importance-Performance Analysis (FIPA) to solve this problem correctly. FIPA is 
mainly used in estimation criteria to solve problems. The objectives of FIPA are to systemise the complexities of the 
problems and to differentiate the differences in importance and actual performance of the various standards of the 
criteria, clearly defining their degree of importance and customer satisfaction, therefore, helping strategists to select the 
most appropriate solving cases by scheduling the priorities of available resources. 
 
This study attempts to develop an e-learning performance assessment framework, namely Fuzzy Importance-
Performance Analysis (FIPA) that is sufficiently general in the IPA concept. To date, few studies have adopted such a 
rigorous methodology. Therefore, this study proposes a mechanism, fuzzy set theory and importance performance 
analysis. Hence, the following sections present the proposed novel approach. 
 
LITERATURE REVIEW 
 
Determining Criteria 
 
The evaluation criterion for the quality of digital teaching materials mainly uses references from the e-Learning Quality 
Certification Center [11]. Chen pointed out that the evaluation structure includes the contents of the teaching materials, 
guide and follow-up, teaching design and teaching media [13]. The connotations of the contents include: 1) contents of 
the teaching materials: the digital teaching materials must provide accurate contents and show appropriate organisation 
and clarity so that learners can obtain the expected knowledge and skills [14]; 2) guide and follow-up: through good 
learning guides and follow-ups, learners can easily grasp their learning progress, as well as help them in the 
organisation and understanding of the learning contents [15]; this includes the controlling of the mechanism of the 
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learning progress, guidance, and follow-up of the learning process; 3) teaching design: the digital teaching materials 
must provide correct learning objectives, show appropriate teaching, use appropriate applications of the learning 
strategies so as to promote understanding, and must have good interactive learning, appropriate assessment and 
feedback mechanisms [16][17]; 4) teaching media: the teaching media convey the learning contents and its easy 
application of the learning interface, effective application of teaching media, as well as high quality teaching media, 
provide learners with learning motivations, and maintain their learning interests so as to promote the understanding of 
the learning contents, and obtain twice the results with half the effort [18]. 
 
Setting Quantitative Data 
 
The quantitative (crisp) numbers of criteria have varying values that cannot be compared. The crisp value number must 
be normalised. The crisp number is normalised to achieve criteria values that are unit-free and comparable among all 
criteria. The normalised crisp values of Wij are calculated as expressed in the following equation: 
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METHODOLOGY 
 
To determine the Fuzzy Importance-Performance Analysis (FIPA), the multiple and frequent evaluation criteria are 
structured into multi-level hierarchies. Hence, the first phase is to define the decision objectives. After defining the 
decision objectives, it is required to generate and establish the evaluation objectives in the current scenario, which is 
similar to a chain of the determinants-aspects and criteria. As discussed in the previous section, four aspects of FIPA are 
to be considered. Moreover, the criteria cluster has to be dependent. This section introduces determining criteria and 
quantitative data, the fuzzy set theory, IPA method and FIPA approach followed by the proposed analytical procedures. 
 
Fuzzy Set Theory 
 
To determine the qualitative measures, fuzzy set theory can express and handle vague or imprecise judgments 
mathematically. In the fuzzy set theory, each number between 0 and 1 indicates a partial truth, whereas crisp sets 
correspond to binary logic (0, 1). In particular, to tackle the ambiguities involved in the process of linguistic estimation, 
it is beneficial to convert these linguistic terms into TFNs. This study builds on some important definitions and 
notations of fuzzy set theory from Chen [19]. 

Definition 1: A TFN N~ can be defined as a triplet (l, m, u), and the membership function (x)~
N

µ  is defined as: 
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Where l, m, and u are real numbers and uml ≤≤ , see Figure 1.  

 
 

Figure 1: A triangular fuzzy number N~ . 
 
Definition 2: Let ),,(~

111 umlN1 = and ),,(~
222 umlN2 =  be two TFNs. The multiplication of 

1N~  and 2N~  denoted by N1 2N⊗ �� .  
 
Two positive TFNs, N1 2N⊗ ��  approximates a TFN as follows:  
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The criteria consist of four aspects and thirty-four measures, the criteria are determined from extensive literature and 
expert teams. The triangular fuzzy membership functions (Table 1) can accommodate the qualitative data while the 
evaluators process the evaluation as linguistic information. This proposed framework allows experts to identify options 
using linguistic expressions. The unique point of this study was involved in qualitative measures in linguistic terms 
presented by TFNs and defuzzified into a crisp value for analysing the cause and effect model. The following tables 
present the application of TFNs for Fuzzy importance-performance analysis. 
 

Table 1: Linguistic Scales [20]. 
 

Linguistic variable triangular fuzzy numbers (TFNs) 
very poor (0, 0, 0.3) 
poor (0.2, 0.3, 0.4) 
fair (0.35, 0.5, 0.65) 
good (0.6, 0.7, 0.8) 
very good (0.75, 1.0, 1.0) 

 
This study applies the conversion of the fuzzy data into crisp scores, developed by Opricovic and Tzeng [21]. The main 
procedure is to determine the left and right scores via fuzzy minimum and maximum. The total score is determined as a 
weighted average according to the membership functions. 
 
X~ is assumed to be an arbitrary convex and bounded fuzzy number. The assessed values of qualitative criteria metrics 
for FIPA, ),,(~

ijRijmijL xxxX = , i=1,2,3,4 and j=1,2,3…,7 in this study. ),,(~
ijRijmijL xxxX =  represents TFNs, and ijx are 

presented in the left, middle, and right positions; ij
k
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L xxx ,, , represent overall average ratings of aspect ith, 
criteria jth over kth evaluators, and p

ijx , p =1, 2,……k, represents the fuzzy numbers for each evaluator. The 

normalisations of TFNs are as follows
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The left (ls) and right (rs) normalised values are computed as 
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To integrate the different opinions of evaluators, this study adopts the synthetic value notation to aggregate the 
subjective judgment for k evaluators, given by )~.......~~~(1~ 321 k
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Importance-Performance Analysis 
 
An importance-performance analysis (IPA) draws implications for managing e-learning effectiveness criteria. IPA 
identifies the relative importance of the attributes associated with an e-learning system, while at the same time indicates 
the degree of performance. The results are plotted graphically on a two-dimensional grid, in which the importance of 
the criteria is displayed on the vertical axis while the satisfaction level is displayed on the horizontal axis. The resulting 
four quadrants are labelled as: Concentrate here, Keep up the good work, Low priority and Possible overkill (Figure 2).  
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important
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performance

Slightly 
important

Quadrant I :Keep up 
the good work

Quadrant IV : 
Concentrate here

Quadrant III :Low 
priority

Quadrant II : Possible 
overskill

 
 

Figure 2: Importance-performance analysis evaluation grid. 



 

159 

Fuzzy Importance-Performance Analysis 
 
IPA has been applied as an effective means of evaluating a firm’s competitive position in the market, identifying 
improvement opportunities and guiding strategic planning efforts [22][23]. IPA, first introduced by Martilla and James 
[24], identifies which product or service attributes a firm should focus on to enhance customer satisfaction [25]. 
Recently, Matzler, Bailom, Hinterhuber, Renzl and Pichler [26] noted that between the single attribute variables, a 
rather strong multicollinearity is to be expected. Therefore, they determined the potential influence of multicollinearity 
on regression coefficient estimation. Consequently, they declared multiple regression analysis as an inappropriate tool 
for deriving reliable impact measures when multicollinearity exists within independent variables. As suggested by Hair, 
Anderson, Tatham and Black, partial correlation analysis is more suitable than regression analysis for quantifying the 
influence of independent variables on dependent variables when multicollinearity exists within independent variables 
[27]. Therefore, Matzler, Bailom, Hinterhuber, Renzl and Pichler used dichotomised partial correlation analysis with 
dummy variables to identify the three factor category of each single attribute [26]. 
 
Generally, surveys examining respondents’ perceptions of satisfaction or service quality have used questionnaires in 
which respondents indicate their feelings with reference to selected linguistic terms. But human judgments of events 
may vary significantly according to the subjective perceptions or personality of individuals, even when the same 
linguistic term is used [28]. Thus, when using fuzzy numbers to represent specific linguistic terms, researchers must 
consider the differences among the survey respondents. Data were collected via the random stratified sampling of 
technological university students from northern, central and southern Taiwan. A total of 189 effective samples were 
statistically retrieved and used as the basis for analysing and understanding the importance and satisfaction of the 
various evaluation criteria of digital teaching.  
 
RESULTS 
 
Contributions 
 
Along with the rapid development of new technologies in recent years, e-learning has increasingly gained worldwide 
popularity among governments and institutes of higher education. The government of Taiwan implemented a higher 
education e-learning program in 1996. The policies adopted in this program have since fostered an environment 
advantageous to the close cooperation of government, industry and academia. Under the prosperous and booming e-
learning education markets, the Taiwan Government built up groups of e-learning designers and met the students’ 
demand in related education processes. Therefore, a set of objective evaluation standards were established to face the 
needs and urgency of the vigorous development of e-learning mechanisms, so as to enhance competitiveness and fully 
satisfy the market and customer demands, and develop a closer relationship with suppliers and customers. 
 
Implication and Strategic Advantages  
 
Using simple visual analysis, the IPA evaluation grid reveals strengths and weaknesses of the criteria under 
consideration and, therefore, draws managerial implications for e-learning systems. The current competitive positions of 
the systems are identified (Figure 3). 
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Figure 3: FIPA evaluation grid. 
 
DISCUSSIONS AND CONCLUSIONS 
 
The IPA evaluation is displayed in Figure 3. There were five criteria (B1, C2, C3, C6 and D3) loaded in the 
Concentrate Here quadrant. The above criteria showed that the importance given by the respondents was high; however, 
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the actual performance was not as expected. This is an important point for related e-learning units to immediately work 
on improving. In addition, four criteria were located in the Low Priority quadrants which were A6, B4, D1 and D4. 
Although the eight criteria performed below the average level, they were considered not very important to e-learning 
performance. As the respondents were paying less attention to these criteria, the related units did not need to invest 
much to improve its performance in the areas. Four criteria were identified in the Possible Overkill quadrant. They were 
A4, C1, C5 and D5. Finally, the remaining eight criteria were in the Keep up the Good Work quadrant, indicating that 
the four criteria (A1, A2, A3, A5, B2, B3, C4 and D2) had performed particularly well in this area (Table 2). 
 

Table 2: IPA evaluation  quadrant. 
 

Quadrant I  
keep up the good work 

Quadrant II 
concentrate here  

Quadrant III 
low priority 

Quadrant IV 
possible over skill  

A1. Accuracy of the 
contents of the 
teaching materials  

A2. Conforms to the level 
of the learners 

A3. Reasonable and 
definite structures  

A5. Appropriate quantity 
B2. Easy operations and 

applications 
B3. Simplified help 

functions 
C4. Consistency of the 

contents of the 
teaching materials and 
teaching objectives  

D2.  Ability to promote the 
understanding of the 
learning contents  

B1. Appropriate learning 
guide functions  

C2. Show effective pre-
determined learning 
contents 

C3. Promote the linking of 
the learning contents 
an d expected 
knowledge  

C6. Interaction during the 
learning process 

D3. Ability to show the 
contents of the 
teaching materials 
appropriately  

A6. Provide appropriate 
practice and 
assessment 

B4. Show complete and 
incomplete learning 
contents 

D1. Ability to promote 
learning motivations  

D4. Ability to accurately 
express the learning 
contents 

A4. Possess deep and wide 
ranges 

C1. Clear and definite 
teaching objectives 

C5. Ability of the 
practicing process to 
give appropriate 
feedback 

D5. Good production 
quality  
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