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Abstract: The Performance Evaluation Matrix (PEM) is an excellent decision-making tool for
assessment and resource management. Satisfaction Index and Importance Index are two important
evaluation indicators of construction and PEM. Managers can decide whether the service item needs
to be improved based on the Satisfaction Index of the service item. When resources are limited,
managers can determine the priority of improving the service item based on the Importance Index.
In order to avoid the risk of misjudgment caused by sample errors and meet the needs of enterprises’
rapid decision-making, this study proposed a fuzzy test built on the confidence intervals of the
above two key indicators to decide whether essential service items should be improved and
determine the priority of improvement. Since the fuzzy test was relatively complex, this study
further came up with fuzzy evaluation values and fuzzy evaluation critical values of service items
following fuzzy testing rules. Besides, evaluation rules were established to facilitate industrial
applications. This approach can be completed with any common word processing software, so it is
relatively convenient in application and easy to manage. Finally, an application example was
presented in this paper to explain the applicability of the proposed approach.

Keywords: performance evaluation matrix; satisfaction index; importance index; fuzzy evaluation
critical values; service operating system
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1. Introduction

The Performance Evaluation Matrix (PEM) is an outstanding evaluation and
improvement tool for various service operating systems [1-4]. Many papers have been
devoted to conducting research into the PEM, aiming to evaluate the performance of
various service operating systems and determine whether they have reached the required
level [5-7]. The PEM method, mainly based on the service items provided by the service

operating systems and then designed into questionnaire scales, can be employed to
investigate customers’ or users’ satisfaction and importance for each service item as well
as to set the Satisfaction Index and the Importance Index [8-10].

Additionally, a few studies have used confidence intervals of indicators to create
evaluation coordinate points of the Satisfaction Index and the Importance Index for each
service item [11,12]. Observing where the evaluation coordinate points of all service items
are located in the service quality zones of PEM can help determine which service item
needs improvement or whether resource transfer is required [13,14]. The service item that
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falls into the service quality improvement zone has high customer importance and low
customer satisfaction, so it needs improvement. The service item that falls into the service
quality maintenance zone has equal customer importance and satisfaction, so it needs
maintenance. The service item that falls into the resource transfer zone has low customer
importance and high customer satisfaction, showing that customers are fully satisfied
with the service item, but its importance is not high; therefore, this item must be reviewed,
and a resource transfer must be considered to increase the overall satisfaction of the entire
service operating system [15,16].

Yu et al. [17] have indicated that the above-mentioned method of performance
evaluation may fail to identify improvement points due to customers” different cultures
and mindsets. With the spirit of continuous improvement and total quality management,
PEM is divided into four quadrants by the average values of the Satisfaction Index and
the Importance Index. Service items in quadrants 2 and 4, in principle, are those whose
values are lower than the average as well as the items which require improvement. It
seems that the evaluation is directly conducted by statistics calculated from the sample
data, but the evaluation method has taken sampling errors into account. To solve the
problem of sampling errors, some studies have also made statistical inferences through
the confidence intervals of the above two indices [11,12]. However, considering cost and
effectiveness, Chen and Yu [18] have suggested that the number of samples is usually not
too large in practice for making decisions quickly and accurately in a short time, thereby
affecting the accuracy of statistical inferences. Obviously, sampling errors, assessment
accuracy, and limited resources are issues that need to be considered and solved in the
development of PEM. Aiming to solve the problem concerning the maintenance of
evaluation accuracy in the case of small samples, this study, based on Chen and Yu [18]
and the confidence interval proposed by some studies [11,12,19], develops a complete
fuzzy testing method to evaluate which service item needs improvement. Meanwhile,
when resources are limited, this method helps decide which service item should be a top
priority for improvement. Next, following the fuzzy testing rules, this study derives the
fuzzy decision-making value for satisfaction improvement and the fuzzy decision-making
value for improvement priority of importance, so as to facilitate managers’ decision-
making [18,19].

In the PEM method, first, based on the service system which needs to be evaluated,
we need to design a corresponding questionnaire and corresponding questions which are
called service items by this study. In order not to lose generality, this study, like other
studies, assumes that the number of service items provided by the service system is k; then
k questions are designed to conduct a survey targeted at learners about satisfaction and
importance for k service items [20].

Lin et al. [19] let random variable X, represent the hth service item of satisfaction,

then random variable X, isdistributed as a Beta distribution with the first parameter «,
and the second parameter f, , denoted by X, ~ Beta(ah, ,Bh) ,h =1, 2, ..., k
Furthermore, let random variable Y, indicate the hth service item of importance, then
random variable Y, is distributed with the first parameter a, and the second parameter
b,, denoted by Y, ~ Beta(ah,bh) ; the Beta distribution, denoted by Y, ~ Beta(&h,yh), is
also displayed. Thus, these two indices can be shown as follows:

a
I, =—"— (Satisfaction Index);

b ) M)
I, =% (Importance Index). @

h h
For the convenience of explanation, according to the characteristics of the Beta

distribution, we set the level of satisfaction higher than 50% as high satisfaction and the
level of satisfaction lower than 50% as low satisfaction. When I, =1/2, we have
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a, / (e, +B,)=1/2, and then we make the conclusion a, = 3,, showing that the level of
high satisfaction is equal to the level of low satisfaction. When I, >1/2, we have
a, / (e, +,)>1/2, and then we make the conclusion a, > f3,; at this time, the level of
high satisfaction is higher than that of low satisfaction. When I, <1/2, we have
Q, / (ah +p, ) <1/2 and then we make the conclusion ¢, < f3,, meaning that the level of
high satisfaction is lower than that of low satisfaction. When the value of Satisfaction
Index [, islower, the level of high satisfaction is also lower. In addition, the Importance

Index has the same property as the Satisfaction Index. The higher the value of Importance
Index 1, the higher the level of high importance. Similarly, as the value of Importance
Index I, islower, the level of high importance is lower as well.

Obviously, Satisfaction Index and Importance Index are two important elements of
the performance evaluation matrix. The purpose of this paper is to use the unilateral
confidence intervals of these two important indicators to conduct a fuzzy test, so that the
fuzzy evaluation criteria of the performance evaluation matrix can be developed. Next,
according to the suggestion made by Lin et al. [19], a fuzzy performance evaluation chart
is created to assist businesses with their managment and decision-making.

The remainder of this paper is organized as follows. In Section 2, we derive the 100
(1—ea) % confidence interval of Satisfaction Index and develop its fuzzy evaluation rules.

In Section 3, we derive the 100 (1—a) % confidence interval of Importance Index and make

its fuzzy evaluation rules. In Section 4, we use a case study to illustrate an application of
the model proposed by this study, demonstrating how to identify service items requiring
improvement as well as how to prioritize them for improvement as resources are limited.
In Section 5, conclusions, research limitations, and future research directions are
presented and explored.

2. Fuzzy Evaluation Rules for Satisfaction Index

As mentioned earlier, this study, built on existing literature, assumes that both
distributions of customer satisfaction and importance follow the Beta distribution [19]. Let
(X paseees X pjoeees X ,m) be the sample data of customer satisfaction for Service Item h with

asize of n, whereh = 1, 2,..., k. Then, the unbiased estimator of Satisfaction Index I, is
expressed as follows:

n

1
Iy =—x2.X,, ©

j=1
The expected value of the unbiased estimator iSh is equal to I, denoted by

E [f s;,J =1, . Let random variable Z,, be defined as follows:

Iy, —1
ZSh _ " Sh Sh ( 4)

S/

where S, isthe sample standard deviation, given by:

1 L —\2
SX,,z\/ (X, -X,) . (5)

n-1 ‘3

Plenty of studies have revealed that the fuzzy test method based on the confidence
interval must be able to derive the two-tailed confidence interval of the indicator, so that
the subsequent fuzzy testing procedure can be completed [11,12,17,18]. Accordingly, if the
two-tailed confidence interval of the indicator cannot be derived, then it must be
completed by the Central Limit Theorem. Nevertheless, when the sample size is not large
enough, it will lead to larger sampling errors. Considering the customer satisfaction
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questionnaire survey, the sample size is relatively large. Thus, in this paper, on the basis
of the Central Limit Theorem, the distribution of random variable Z; approximates the

standard normal distribution for large sample size n [21], expressed as follows:
I, -1
Zg =—L—2~N(0,1). (6)

Sa/Nn

Based on the above-mentioned, we have 1-a=p(-z,,<Z; <z,,), where z, is
the upper @ quantile of the standard normal distribution. As noted by Lin et al. [19],
Satisfaction Index I, is set as the x-axis to form the PEM. Let (x pasees X g preees X h’n) be the

observed value of (X X Xy ) .Then I o 1S the observed value of I 5, Written

pLses
as follows:

A 1

Ig,y = ;X Xpj - (7)

A

1
I, :;lem' 8)

According to Yu et al. [17], when the value of Satisfaction Index for Service Item F is
lower than the average value ([, <1, ), then Service Item & must be improved. The

hypotheses of the statistical test for the Satisfaction Index of Service Item & are written as
follows:

null hypothesis H : I, > I, ; )

alternative hypothesis H, : I, <, . (10)

The significance level of the test is B and the critical region can be defined as
CRy, = {IAShO < Cho} = {ZS,Z < \/;(Cho —ISO)/SXh} . Therefore, the critical value of C,, is
determined by

Co—1
p Z;,<M}:ﬂr (11)
{ Y S/

where S,,, isthe observed value of S,,, written as follows:

1 < _
Syo :\/ x Z(xh,/‘ =X, )2 . (12)
=

n-1
Thus, the critical value is denoted by C,, =15, —2, Sy, / Jn . Obviously, we have

p{iSh >Ch |IS,1 =ISO} = p{ZSh <-z, |1Sh :ISO} = . Let the observed value of Z, be
Zg,- Then
7 _IShO_ISO 13)

Sho T L ] [ ¢
SXho/\/;

Thus, we can replace I so With Zg,, as the testing statistic and replace C,, with
z, as the critical value. The a-cuts of the quasi-triangular fuzzy number z, is

expressed as follows:

—Z5 = Z,>"Zp +Za/2:|, 00l<a<l

(14)

N

=

—

—

Il
[y
Il

—

—Z5 = Zg0055—Zp +zO_OOSJ, 0<a<0.01



Axioms 2024, 13, 198 5 of 13

Obviously, when a =1, then z,,=0 and z,(1)=2z,(1)=-z,. The fuzzy

number is §ﬂ=(—ZﬂL, ~Zgus _ZﬂR):(_Zﬁ_Z().ooy “Zps TZg +Zo.005)- In fact,

the fuzzy evaluation technique proposed by this study based on the atypical fuzzy
evaluation method suggested by Buckley [22] belongs to the type-2 of fuzzy sets [23]. A
quasi-triangular fuzzy membership function is mainly constructed by the two-tailed
confidence interval of the parameters that need to be evaluated. The quasi- triangular
fuzzy membership function of Z, is as follows:

0, ifx<_z/3 ~ Zo.005
2% (1= (=2, = %)), if =2, = Zyps <X <2,
nx)=5L if x=-z, . (15)

2><(1—<D(x+zﬂ)), If —z5 <X<—=Zp+20

0, if —Zp+Zpgs <X

Based on Equation (15), membership function n(x) with the vertical line of x =

I, is depicted in Figure 1.

a

0.01

— X

~Z5 ~ Z0.005 —Zp Zgo —Zgt Zog0s

Figure 1. Membership function 77 (X) with the vertical line of X = Z,,.

Based on the concept of Yu et al. [24], let d,, =Z,—z4 =Zg,— (-2, +2,45) and

dy =Zg =25 =2x%2,45. Then Ay /dT is expressed as follows:

—Z,+Zyo00s — 2
8 T 20005 — Zsno

16)
2 x ZO,OOS (
Let the decision value be d,,,, such that
th/dT _ —Zp T Zyg0s —dg, — 4. (17)
2% 2005
Therefore, we have
Ao :(1_2¢)Zo.005 ~Zg- (18)

According to Chenetal. [25], welet0 < ¢ < 0.5,and the decision rules of the fuzzy
two-tailed testing model are listed below:
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(1) If Z, <dg,, then d / d; <¢ . Therefore, we reject H, and draw the conclusion

I, <1, . Thus, Service Item / needs to be improved.
Q) If Zg, >d,,, then dy / d; 2 ¢ . Thus, we do not reject H, and draw the conclusion

ShOo =
Iy, = I, . Thus, Service Item / does not need to be improved.

3. Fuzzy Evaluation Rules for Importance Index

Let (Y RTEES S § h’n) be the sample data of customer importance for Service Item
h with a size of n, where h = 1, 2,..., k. Then, the unbiased estimator of Important Index
I, is defined below:

~ 1

I, :_Xth,j' (19)
j=1

The expected value of unbiased estimator flh , equal to I, , is denoted by

E [i ,h] =1, . Let random variable Z, be defined as:

A

Ilh _[Ih (20)

N

where §,, is the sample standard deviation, written as:

SYh:\/ 1 XZ(KI,‘/_Z:)Z- (21)

According to the Central Limit Theorem, the distribution of the random variable Z,

Z

approximates the standard normal distribution, expressed as follows:

z =tn=ly n—o N(0,1). 22)

S, N

Based on the above-mentioned, we have 1-a=p(-z,,<Z, <z,,). Similarly, the

Important Index I, is set as the y-axis to form the PEM. Let (yh’l,...,yh’j,...,yh!n) be the

observed value of (Y,Ll,...,Yh’j,...,Y,m ) Then IA,hO is the observed value of IA,h, expressed

as follows:
A 1 n
Ty :_Xzyh,j : (23)
n Jj=1
Then, the average of I o 1s defined as follows:

1 &
Iy =72 Lo - (4)
h=1

According to Yu et al. [17], when the Importance Index of Service Item # is smaller
than the average value ([, <1,,), the improvement priority of Service Item # is low. On

the contrary, when the Importance Index of Service Item h is greater than the average
value (I, > I,,), the improvement priority of Service Item # is high. Then, the hypotheses

of the statistical test for Important Index & are written as follows:

null hypothesis H,,: 1, <1,; (25)

alternative hypothesis H,: I, > 1, . (26)

The significance level of the test is 4, and the critical region is defined as

CR, = {IAHY > C,;O} = {th > \/;(CI;O —I,h)/SYhO} , where Cj; is determined by
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ChO _[10 } _ ﬂ’ ) (27)

zZ, >—"1—
p{ Ih Sy;,o/\/;

Therefore, the critical value is written as Cj,=1,,+z, Sy, / NI Obviously,

p{i,h >Cy, |I,h =I,0} = p{Z,h >z, |I,h :I,O} = f'. Let the observed value of Z, be Z,,,

written as follows:

A

where S,,, is the observed value of S,, as follows:

1,,—1
ZhO:M’ (28)
1 SYhO/\/;
1 . =12
Sy = n_IXZ(Yh,j_Yh) . (29)
=1

Thus, we can then replace I no With Z, . as the testing statistic and replace C,,

with -z, as the critical value. The a-cuts of the triangular fuzzy number Z, is

Zyla]=

[Zm (c:z),zﬂ,2 (a)] =[zﬂ, —ZusZg +za,2], 00I<a<1

[zﬁ,l (0{),2,5,,2 (a)] = [zﬂ, ~Zy0s5 2 +zo.005], 0<a<0.01

(30)

As noted by Chen and Yu [18], when « =1, then zj,(1) =z,,(1) =z . Therefore,

the fuzzy number is 2/),, :(Zﬂ'u Zgns Zﬂ,R) =(Zﬂ, ~Zoooss Zps Zg +Zo.005) , and the

membership function of Z, is

n'(x)=

0 i XSz =745
2><(1—®(Zﬁ,—x)) A 2y = Zggs <X<Zy
1 Jif x=z,

2><(1—<D(x—z/,,)) A 2y <X<Zyp 42505

@)

0 A Zg + 2005 SX

Following Equation (31), the diagram of membership function 7'(x) with the

vertical line of x = Z,,, is presented in Figure 2.

a

0.8

0.6

0.01

n'(x)

S

Zp = Zooos Zyo

¥4

v

(E—
Zp t+Zows

Figure 2. Membership function n'(x ) with the vertical lineof x =2, .
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According to Yu et al. [24], let d,=zy,-Z,, =(25+Z5)~Z,, and

dp =25~ 25, =2%245. Then d}, /d; is defined as follows:

2, —Za+
d;R/d;:m, (32)

2% 24005
Let d,,,, such that

dyo— Zp F Zy 05

dy/dy = =¢. (33)

2x ZO.OOS

Thus, we have
d;o =(20-1) 2o 05 tZp. (34)

On the basis of the study of Chen et al. [25], welet0 < ¢ < 0.5, and the decision-
making rules of the fuzzy two-tailed testing model are displayed below:

1) If Z,,>d,,, then dj, / d; <¢ . Therefore, we reject H, and draw the conclusion
I, > 1I,,. Consequently, Service Item / has a high priority for improvement.

@ If z, <d,,, then dj /d' 2 ¢ . Therefore, we do not reject H, and draw the
conclusion [, <I,, . Consequently, Service Item h has a low priority for
improvement.

4. An Application Example

In order to explain the application of the above model, this paper adopted a foreign
language teaching satisfaction questionnaire made by Yu et al. [26], including five
dimensions to reflect the services provided by foreign language teaching. Among them,
Dimension 1 is Teaching Preparation, containing 4 teaching service items; Dimension 2 is
Teaching Attitude, including 5 teaching service items; Dimension 3 is Teaching
Capability, containing 2 teaching service items; Dimension 4 is Teaching Management,
containing 3 teaching service items; finally, Dimension 5 is Coursework and Evaluation,
containing 2 teaching service items. These five dimensions include a total of 16 question
items, and each question item has two subquestions about importance and satisfaction.
Therefore, the entire questionnaire has a total of 32 questions that need to be answered. A
total of 16 questions (k = 16) in these 5 dimensions are depicted as follows:

Dimension 1: Teaching Preparation

1. The course material that the teacher has prepared is at an adequate level of
complexity (X1, Y1).

2. The quantity of the material is appropriate (X2, Y2).

The content of the material helps improve my foreign language proficiency (X3, Y3).

The teacher has prepared thoroughly for the class (Xs, Ya).

L

Dimension 2: Teaching Attitude

The teacher emphasizes conversation practice in a foreign language (Xs, Y5).
The teacher values the opinions of students (Xe, Ys).

Student-teacher interaction in class is intensive (X7, Y7).

The teacher is happy to help students solve problems (Xs, Ys).

The teacher treats all students fairly (Xs, Yo).

o NG

Dimension 3: Teaching Capability

10. The teacher speaks the foreign language clearly (X1, Y1o).
11. The teacher expresses himself/herself logically (X11, Y1).

Dimension 4: Teaching Management

12. The teacher uses a variety of teaching methods (X12, Y12).
13. The teacher interests me in learning the foreign language (X3, Y13).
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14. The teacher adequately controls the pace of teaching (X4, Y1s).
Dimension 5: Coursework and Evaluation

15. The coursework or evaluation helps me improve my foreign language proficiency

(X5, Y15).

16. Evaluation is at an adequate level of complexity (Xis, Y1s).

As mentioned above, the performance of running foreign language learning
curriculums is the foundation for students who intend to increase their foreign language
proficiency since foreign language proficiency is often one of the key indicators for
recruitment in the corporate world [27-29]. It can not only help students improve their
learning efficiency in other professional subjects but also enhance their competitiveness
for more advanced studies or employment. Therefore, foreign language learning
curriculums are listed in important teaching enhancement plans promoted by various
universities [26].

Based on the above-mentioned 16 questions in the foreign language teaching
satisfaction questionnaire, a total of 350 copies of questionnaire were given to students in
the case-study school and returned on the spot; in total, 324 copies of questionnaire were
collected, yielding a response rate of 92.5%.

First, we calculate observed values [, and S,,, foreach serviceitem according to

Equations (7) and (12). Following Equation (8), we calculate the average of I o as
follows:

l 16
— 31, =0.645.

I =
R (=

Therefore, the hypotheses of the fuzzy test for Satisfaction Index h are written as
follows:

null hypothesis H, : Iy, > 0.645;

alternative hypothesis H, : I, <0.645.

This study sets the significance level g as 0.05, then the membership function
n (x) with significance level g = 0.05 is expressed as follows:
0, if x<—4.221
2x(1-®(-1.645-x)), if —4.221<x <—-1.645
n(x)=<1, if x=-1.645
2x(1-@(x+1.645)), if —1.645 < x<0.931
0, if 0.931<x

Let ¢ = 0.4. Then the decision value is d30=(1—2¢)20‘005—20.05= 0.6 x 2576 —
1.645 = -0.10. Following Equation (15), the values of Z,, for all service items are
calculated and shown in Table 1.

Table 1. The fuzzy improvement decision table for satisfaction of service items.

Dimensions/Item

[ShO ZShO Remark

Dimension 1: Teaching Preparation

1. The course material that the teacher has prepared is at an adequate level of complexity. 0.72  1.95
2. The quantity of the material is appropriate. 0.69 0.89
3. The content of the material helps improve my foreign language proficiency. 076 224
4. The teacher has prepared thoroughly for the class. 0.52 -2.79 Improve

Dimension 2: Teaching Attitude
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5. The teacher emphasizes conversation practice in a foreign language. 0.67 0.45
6.  The teacher values the opinions of students. 049 -2.76 Improve
7. Student-teacher interaction in class is intensive. 0.68 0.54
8. The teacher is happy to help students solve problems. 0.51 -3.27 Improve
9.  The teacher treats all students fairly. 0.69 0.82
Dimension 3: Teaching Capability
10.  The teacher speaks the foreign language clearly. 071 1.22
11.  The teacher expresses himself/herself logically. 073 1.61
Dimension 4: Teaching Management
12.  The teacher uses a variety of teaching methods. 0.69 0.73
13.  The teacher interests me in learning a foreign language. 0.65 -0.11 Improve
14. The teacher adequately controls the pace of teaching. 0.54 -2.37 Improve
Dimension 5: Coursework and Evaluation
15.  The coursework or evaluation helps me improve my foreign language proficiency. 072 140
16.  Evaluation is at an adequate level of complexity. 0.69 0.92

Remark: If Z,,, <d,, = —0.10, then Service Item h needs to be improved.

Similar to the Satisfaction Index, we calculate observed values I mo and S, for
each service item according to Equations (23) and (29). Following Equation (24), we

calculate the average of I mo as follows:

1 16
110:_2 1h0 =0.682.
1643

Therefore, the hypotheses of the fuzzy test for Important Index of Service Item / are
written as follows:

null hypothesis H; : 1, <0.682;

alternative hypothesis H|: I, > 0.682.

This study sets the significance level 4’ as 0.05 and ¢ = 0.4, then the decision
value is d,, = (2¢ D)Zogs +20s = —06 x 2576 + 1.645 = 0.10. According to

Equation (28), the values of Z,, for all service items are calculated and displayed in
Table 2.

Table 2. Fuzzy decision list of improvement prioritization.

Dimensions/Item

>

~

o Zmo  Priority

Dimension 1: Teaching Preparation

1.  The course material that the teacher has prepared is at an adequate level of complexity. 0.75 1.68

2. The quantity of the material is appropriate. 0.68 —0.05

3. The content of the material helps improve my foreign language proficiency. 0.73 2.03

4. The teacher has prepared thoroughly for the class. 059 -215 Low
Dimension 2: Teaching Attitude

5. The teacher emphasizes conversation practice in a foreign language. 0.58 -3.00

6.  The teacher values the opinions of students. 0.78 123  High
7. Student-teacher interaction in class is intensive. 0.72  0.84

8. The teacher is happy to help students solve problems. 056 -286 Low
9.  The teacher treats all students fairly. 057 -2.84

Dimension 3: Teaching Capability
10.  The teacher speaks the foreign language clearly. 0.82 280
11.  The teacher expresses himself/herself logically. 0.71 0.56
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Dimension 4: Teaching Management

12.  The teacher uses a variety of teaching methods. 0.66 -0.52

13.  The teacher interests me in learning a foreign language. 0.61 -1.83 Low
14.  The teacher adequately controls the pace of teaching. 0.80 273 High
Dimension 5: Coursework and Evaluation

15.  The coursework or evaluation helps me improve my foreign language proficiency. 074 132

16. Evaluation is at an adequate level of complexity. 0.61 -1.86

In the fuzzy improvement decision table for satisfaction of service items, the five
service items requiring improvement are as follows: “The teacher has prepared
thoroughly for the class” (Item 4), “The teacher values the opinions of students” (Item 6),
“The teacher is happy to help students solve problems” (Item 8), “The teacher interests
me in learning a foreign language” (Item 13), and “The teacher adequately controls the
pace of teaching” (Item 14). In the fuzzy decision list of improvement prioritization,
improvement priority of Service Items 4, 8, and 13 is low, whereas that of Service Items 6
and 14 is high. Improvement involves various concerns, such as the cost of hiring high-
quality teachers, teaching training time and methods, expenses related to formulating
various reward and punishment systems, and other associated costs. Consequently, it is
recommended that Service Items 6 and 14 should be listed in as the top priority for
improvement within the constraints of limited resources and time to enhance the
effectiveness of improvement efforts.

As highlighted by a number of studies, the fuzzy test based on the confidence interval
tends to be more practical than the statistical test in real-world scenarios [11,12]. The value
of Z, for Service Item 13 is —0.11 in the above-mentioned case, which exceeds the
critical value - z;,;. Had the statistical test been employed, then null hypothesis would
not have been rejected, potentially leading us to miss opportunities for improvement.
Furthermore, this model takes the prioritization of service item improvements into
account, offering a basis for decision making when resources are limited. Lastly, with
standardized decision-making values and critical values, compared with other existing
methods based on fuzzy tests and confidence intervals, this model is more convenient for
decision makers [30,31].

5. Conclusions, Research Limitations and Future Research

The performance evaluation matrix can evaluate all service items of the service
operating system simultaneously. The Importance Index and Satisfaction Index of the
service items serve as two significant evaluation indicators of the performance evaluation
matrix. To cater to enterprises’ needs for rapid decision-making, this paper initially
derived the expected value and standard deviation of the Satisfaction Index estimation
formula and set the random variable Z;, equal to the standardized statistic of
Satisfaction Index for Service Item h. According to the Central Limit Theorem, Zg,
followed the standard normal distribution, and then the B lower quantile of the
standard normal distribution was used as the critical value to establish the fuzzy test of
the Satisfaction Index. Given the complexity of the fuzzy test, this paper obtained the
fuzzy critical value d,, following the fuzzy testing rules. Managers only need to
compare the Z, value and fuzzy critical value d,, of Service Item h to make decisions
on whether to make improvements. Subsequently, this paper derived the expected value
and standard deviation of the Important Index estimate and set the random variable Z,,
equal to the standardized statistic of the Important Index. Similarly, following the Central
Limit Theorem, Z, also followed the standard normal distribution, and then the fuzzy
test of the Important Index was established using the £’ upper quantile of the standard
normal distribution as the critical value. Since the fuzzy test was relatively complex, this
paper received the fuzzy critical value d,, following the fuzzy testing rules. Managers
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only need to compare the values of Z, and d,, for each service item to determine

whether the service item should be prioritized for improvement. In fact, the fuzzy
evaluation model proposed in this paper can maintain evaluation accuracy in cases of
small samples by incorporating past accumulated data experience. In addition, the fuzzy
critical value can be derived by the fuzzy testing rules, and the decision-making rules can
be established by the fuzzy critical value, which can facilitate industrial applications.

The fuzzy evaluation model presented in this paper is built on the confidence
intervals of indices. Moreover, its importance lies in its ability to integrate past
accumulated data and experts’ experiences to make the evaluation more authentic in
practical settings [18,24]. However, this study has its limitations, including insufficient
accumulation of past data and immature analysis techniques for experts’ experiences. In
future research, we can focus on the management’s need for sophisticated techniques of
data analysis as well as develop analysis and decision-making models based on the
accumulated data. Additionally, the method proposed in this paper must be capable of
deriving the two-tailed confidence interval of the indicator to complete the subsequent
fuzzy testing process. If the two-tailed confidence interval of the indicator cannot be
obtained, it may require a larger sample size and application of the Central Limit Theorem
to reduce sampling errors caused by insufficient sample size. Therefore, future research
could also explore the incorporation of other decision-making methods, such as the Multi-
Criteria Decision-Making Fuzzy Methods proposed by Al-shami and Mhemdi [32].
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