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Abstract. China is actively promoting education reform and high-quality devel-
opment, emphasizing that comprehensive quality has become the cornerstone of
future teaching activities in China, and it has also become one of the essential
core literacy for primary and secondary school. Evaluation, as an important com-
ponent of educational activities, is crucial in constructing a scientific, rational,
and innovative educational evaluation system to enhance education quality. Es-
tablishing a comprehensive quality evaluation system and implementing it is a
key foundation for cultivating and enhancing comprehensive quality, which can
also promote students’ overall development. In view of the above situation, this
paper will combine theoretical research and practical application to attempt to
construct a new intuitionistic fuzzy entropy. The aim is to provide new ideas and
methods for addressing the difficulties faced by comprehensive quality evalua-
tions and realize the practical application of comprehensive quality evaluations.
This will provide theoretical support and practical reference for enhancing and
nurturing the comprehensive quality of primary and secondary school.

Keywords: intuitionistic fuzzy entropy, comprehensive quality evaluation,
TOPSIS, multi-attribute decision-making.

1 Introduction

The five-education integration has emerged as one of the most representative new
trends and directions in the transformation and development of basic education in China
since entering a new era. On the path of the new era, we need to make joint efforts and
forge ahead toward all-round development in morality, intelligence, physical fitness,
aesthetics, and labor. However, the current education system is characterized by phe-
nomena such as neglecting morality, favoring intelligence, weakening physical fitness,
suppressing aesthetics, and lacking labor, leading to one-sided development and one-
sided education, a departure from the educational principle of all-round development
and all-round education[1]. Chinese education in the new era is characterized by moral
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education and talent cultivation, as well as the development of students’ comprehensive
qualities. To improve the quality of education, it is essential to create an education sys-
tem that integrates morality, intelligence, physical fitness, aesthetics, and labor. An
evaluation that encompasses both comprehensive quality assessment and core literacy
assessment is considered to be comprehensive. Core literacy and comprehending qual-
ity are complementary and complementary to each other, forming an integrated whole.
A student’s core literacy refers to the key qualities and abilities that they should possess
in order to adapt to their lifelong development and the needs of society. In particular, it
includes three aspects: cultural foundation, autonomous development, and participation
in society. As a result, an individual’s comprehensive quality exhibits the characteris-
tics of wholeness, long-term nature, and stability, which determine the person’s behav-
ior in a variety of settings[2]. In December 2014, the ministry of education of China
issued the opinions on strengthening and improving the comprehensive quality evalua-
tion of students in regular senior high schools, which defined students’ comprehensive
quality in five areas, namely, students’ ideological and moral character, academic per-
formance, physical and mental health, artistic accomplishment and innovative practice,
among others[3]. It is important to consider all of these in developing and evaluating
the comprehensive quality of students.

It is common for most traditional educational evaluation methods to use scores as
their primary reference standard. This evaluation method often focuses too much on
theoretical knowledge and lacks the collection, organization, analysis and evaluation of
data in the learning process, which results in a lack of objectivity and fairness in edu-
cation and makes it difficult to assess students’ learning outcomes and development
potential. In evaluating students, it is important not only to pay attention to their scores,
but also to their specialties and potentials. To cultivate outstanding talents, we should
take into account the individuality and needs of students, respect their differences and
diversity, combine all-round development with individual development, and integrate
various elements of morality, intellect, physical fitness, aesthetics and labor into spe-
cific educational evaluations. In order to transform and upgrade basic education, edu-
cational evaluation plays a significant role. Ralph Taylor proposed that evaluating cur-
riculum teaching is an important part of determining whether teaching objectives have
been implemented, to what extent, and thereby correcting curriculum teaching activi-
ties[4]. The evaluation of students is an important component of educational evaluation.
Students’ learning situations can be comprehensively understood through student eval-
uation. In student evaluation, various evaluation methods are used to perform system-
atic analysis and value judgment on the development processes and changes of students.
And their influencing factors, as well as to assess the value added of education based
on certain evaluation standards[5]. In the reform of basic education, the comprehensive
quality level is the cornerstone for actively adapting to and improving the educational
quality. Students’ comprehensive quality can be improved by conducting comprehen-
sive quality assessments. The core content of comprehensive quality assessment must
be assessed in a scientific, objective and precise manner, identified and resolved current
problems that hinder students’ comprehensive quality development, as well as provid-
ing beneficial guidance. As a result of observing, recording, analyzing and evaluating
students’ learning activities, comprehensive quality assessment acquires process data
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regarding the true performance of students’ comprehensive qualities, which is the basis
for achieving precise assessment. As artificial intelligence advances, a comprehensive
quality evaluation of students requires data in multiple fields and formats. The data
come from a variety of sources, such as schools, families, communities and science and
technology museums. Both inside and outside the education system are involved in the
data ownership process[6]. The process of assessing quality comprehensively is a com-
plex one. It is currently insufficient to collect and analyze process data. There are nu-
merous challenges involved in conducting a comprehensive evaluation of students, in-
cluding the lack of integrity in the evaluation content, the excessive dispersal, objectiv-
ity in the evaluation methods, concern about the authenticity of the evaluation materi-
als, and the effects of evaluation results on students[7]. These constraints have signifi-
cantly hindered the practical application and effectiveness of comprehensive quality
evaluation.

Due to the development of society, the role and influence of decision-making have
become increasingly important, and a variety of fields have also developed higher re-
quirements for decision-making. We are no longer able to meet our needs by relying on
information derived from a single dimension. The decision-making process will be fur-
ther improved in terms of efficiency and accuracy. An all-round developed talent with
innovative abilities requires a scientific and reasonable quality evaluation system,
which is of vital importance in cultivating all-round developed talents. Information
plays an important role in the accuracy of decision-making. Making the right decision
can be enhanced by having access to rich information. Education, however, involves a
number of complex factors. Educators are organized into educational groups that are
individualized and diverse, and each group has its own characteristics. The information
generated during the educational process is also complex and subject to change, which
can lead to cognitive biases when decision-makers make decisions. Furthermore, the
channels through which decision-makers collect information for decision-making are
also limited, resulting in a large amount of ambiguous or uncertain information in edu-
cation. Information of this nature will present certain obstacles to the decision-making
process in education. Despite the limited and vague information we have at our dis-
posal, we should make scientific and accurate decisions. The digital transformation of
education involves complex, multi-dimensional, multi-featured, and multi-objective
data. This complexity, characterized by vagueness and subjectivity in assessing non-
cognitive skills, necessitates a decision-making tool like intuitionistic fuzzy sets, which
can inherently model such uncertainty. This study aims to construct a new intuitionistic
fuzzy entropy evaluation model based on reality to make up for the shortcomings of
traditional evaluation methods and promote improved student quality.

The evaluation method proposed in this study has the following advantages:

1) It can make up for the deficiencies of traditional evaluation methods. Traditional
evaluation is easily influenced by subjective preferences, incomplete information or
ambiguous description. However, this method quantifies hesitation and uncertainty
through intuitionistic fuzzy entropy, which can more accurately capture the dimensions
that are difficult to measure precisely in the evaluation and significantly reduce human
bias.
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2) In multi-attribute comprehensive evaluation, traditional methods often adopt sim-
ple weighting or ignore the associations between attributes. This method conducts
multi-attribute decision-making based on intuitionistic fuzzy entropy, which can sys-
tematically integrate various attributes and evaluate the information contribution and
importance of each attribute with the help of entropy values, thereby achieving a more
balanced and scientific comprehensive assessment.

2 Overview of Intuitionistic Fuzzy Entropy

As early as 1965, Zadeh, the renowned American cybernetics expert, proposed the con-
cept of fuzzy sets[8]. As a result, it extends the membership degree in the original set
from strict 0 and 1 to any real number between these two numbers in order to accurately
describe fuzzy objects. Zadeh’s fuzzy set initially used a single membership degree to
represent both affirmative and negative attitudes. It is possible, however, for decision
makers in a complex and changing social environment to demonstrate hesitation or re-
main neutral in the actual decision making process. As a result, neutrality has also be-
come an accepted attitude in addition to affirmation and negation. Atanassov extended
the theory of fuzzy sets in 1986, defining intuitionistic fuzzy sets for the first time,
which describe fuzziness of information through membership degrees, non-member-
ship degrees, and hesitation degrees[9]. In their introduction to intuitionistic fuzzy sets,
Szmidt and Kacprzyk introduced the theory of entropy into intuitionistic fuzzy sets and
proposed four conditions that intuitionistic fuzzy entropy should satisfy, thus defining
a new formula for intuitionistic fuzzy entropy[10]. As a result, many scholars have paid
attention to the construction of intuitionistic fuzzy entropy, and they have made im-
provements on this basis.

Definition 1([11]). Let X be a non-empty set of discourses. It is possible to express
an intuitionistic fuzzy set A on X as follows

A={< XiHuA(Xi)7VA(Xi)>|Xi eX}. (1)

In this example, pa(x) and va(x) represent the membership and non-membership
degrees of A, respectively, satisfying the following condition

0< 1, (x)Hv, (x) <1,Vx, €X. 2

If X contains only one element, <ua, va> is referred to as an intuitionistic fuzzy
number or an intuitionistic fuzzy value.

Definition 2([11]). Intuitionistic fuzzy number x in X, if ma(x)=1—pa(X)—va(x),
x€X, then ma(x) represents the hesitancy degree of x belonging to A. It is evident that
0<ma(x)<1, xeX.

Definition 3([11]). Let A={<xi, pa(xi), va(xi)>[xi€X} and B={<x;, us(xi),
ve(Xi)>xi€X} represent two intuitionistic fuzzy sets. According to intuitionistic fuzzy
sets, the operational laws are as follows:

1) ASBopa(xi)<us(xi), va(xi)>ve(xi), VXi€X;

2) A=-B&ACBNBCA;
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3) A%={<xi, Va(Xi), pa(xi)>x€X}.

Definition 4([10]). When a mapping E: IFS(X)—[0, 1] meets the following criteria,
it is said to be an intuitionistic fuzzy entropy.

1) E(A)=0 if and only if A is a crisp set;

2) E(A)=1 if and only if pa(x)=va(x), VXi€X;

3) E(A)=E(A°), where A®={<x;, va(xi), pa(xi)>|xi€X};

4) For vxi€X, if

us(xi)<ve(xi), then pa(xi)<us(xi), va(xi)>va(xi);

uB(xi)>ve(xi), then pa(xi)>ps(xi), va(xi)<ve(xi),

all E(A)<E(B).

3 Improvement of Intuitionistic Fuzzy Entropy

We propose a new intuitionistic fuzzy entropy formula in this paper. Suppose X=(xi,
X2, X3,..., Xn), and A={<xi, pa(Xi), va(xi)>[xi€X} be an intuitionistic fuzzy set.
This function is constructed as follows

RSE ML ACHIACH

3
0% (1, (x,)+v, (%)) @

Equation 3 can be proved correct and rational if it satisfies the four constraints in
Definition 4. It is then demonstrated that the entropy proposed in this study satisfies all
four constraints in Definition 4.

Proof.

1) In the case of A, Vxi€X, na(x)=0, va(x)=1 or pa(x)=1, va(x)=0 follows that
E(A)=0. Conversely, if E(A)=0, Vxi€X, we have pa(x)va(x)=0. Therefore, pa(x)=0,
va(x)=1 or pa(x)=1, va(x)=0 for ¥x;€X, indicating the existence of a crisp set for A.
As a result, condition 1 is satisfied.

2) There is a situation in which pa(x)=va(x), Vxi€X then E(A)=1. Conversely, if
E(A)=1, we obtain pa(x)=va(x) for vxi€X. As a result, condition 2 is satisfied.

3) Since AS={<xi, va(xi), pa(xi)>|xi€X}, we have E(A®)=E(A). As a result, condi-
tion 3 is satisfied.

4) Construct the function

4xy
(xty)*’

f(x,y)= x,y € (0,1) 4)

We obtain the following partial derivatives of f(x, y) based on x and y

4y(x + y)2 -(2x +2y)4xy B 4y(y2 - xz)
x+y) Gy

_ 4x(x + y)2 -(2x +2y)4xy _ 4x(x2 - yz)

B (x+y)* C x+y)

fixy)=

1, (x,y)



Research on the Measurement Method of Learners’ Comprehensive ... 415

When x<y, we have fx(x, y)>0, fy(x, y)<0. It indicates that f(x, y) is a monotonically
increasing function with respect to x, and decreasing function with respect to y. There-
fore, when pp(xi)<vs(xi) and pa(xi)<us(xi), va(Xi)>ve(xi), we have f(ua(x),
va(x)=f(pp(x), va(X))-

Similarly, when x>y we have fx(x, y)<0, fy(x, y)>0, it indicates that f(x, y) is a mon-
otonically decreasing function with respect to x, and increasing function with respect
to y. Therefore, when ps(xi)>ve(xi) and pa(xi)>us(xi), va(xi)<vse(xi), we have f(pa(x),
va(x))<f(us(x), vex)), thus E(A)<E(B). As a result, condition 4 is satisfied.

This completes the proof that the proposed entropy formula satisfies all four condi-
tions outlined in Definition 4.

4 Intuitionistic Fuzzy Multi-Attribute Decision-Making
Algorithm Based on Improved Fuzzy Entropy

Assume that the alternative set for the multi-criteria decision-making problem is X=(xi,
X2, X3,..., Xn), While the criterion set is C=(ci, c2, ¢3,..., cm). The attribute value of alter-
native x; with respect to criterion c; provided by the decision maker is recorded as an
intuitionistic fuzzy number xij=<p;, vi>({=1, 2,..., m; j=1, 2,..., n), where p; and vj
represent the membership degree and non-membership degree, respectively, given by
the decision maker when evaluating alternative x; with respect to criterion c;, satisfying
wij, vij€[0, 1] and 0<p;+v;i<1. This evaluation study’s decision matrix can be calculated
as D=(<pjj, vii™)m=n. The weight of criterion c; is w;€[0, 1], Zwj=1. If the weights of the
criterion are unknown, we follow the following steps:

1) Let D=(xij) be the intuitionistic fuzzy decision matrix. Calculate the entropy E; for
each criterion ¢;

_ 4/uijVij )
ij 2
(:uij v
2) Determine the weight coefficient e; for every criterion
13 E.InE.,j=1,2
ej_'mg ijIl ija.]_ 54yl (6)
3) Calculate the weights for each criterion
e 1-e;
J n (7)
n- v

TOPSIS is a method used in multi-criteria decision-making to determine the order
of preferences based on similarity to the ideal solution. As a result, this paper adopts
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the TOPSIS approach to evaluation[12]. As a summary, intuitionistic fuzzy set multi-
attribute decision-making based on TOPSIS involves the following algorithm.

1) Determine the alternative set X=(x1, X2, X3,..., Xn) and the criterion set C=(c1, c2,
C3y..er Cm).

2) Obtain the intuitionistic fuzzy decision matrix D=(<yj, Vi{>)m~n and compute the
weights accordingly to obtain the weighted intuitionistic fuzzy decision matrix.

3) Determine the positive ideal solution X =(< £, v; >,..,< . ,v) >) and the
negative ideal solution X~ = (< g , Vv, >,..., < U,V >),

where< g, v, >=<1,0>< v, >=<0,1>.

4) Determine the Hamming distances of each alternative to the positive and negative
ideal points

vyt ‘1 M=V

. 1 n 1 n
d0x,x )= 2014 =5 2.20,04,)
= =

N 1$
d(x;,x ):Ezwj[:uij+|1_Vij|+‘1_/lij _Vij‘]:Ezmj(l_viJ)
=1 =1

5) Find the relative closeness coefficient A; for each alternative

_ d(x;, X+)
Cld(x,, x)H(x,, X))

6) Identify the optimal alternative from the set X by examining the magnitude of the
relative closeness coefficient Ai.

5 Analyses of Numerical Examples

In this paper, the problem of comprehensive quality evaluation of students is used as a
numerical example to examine the effectiveness and practicality of the improved intu-
itionistic fuzzy entropy decision-making approach. Assume that a school has deter-
mined four comprehensive quality cultivation programs Xi(i=1, 2, 3, 4) based on the
work experience of teachers and preliminary investigations in order to improve stu-
dents’ holistic qualities and promote their all round development. School evaluation
criteria include moral character ci, academic performance c», physical and mental
health cs, artistic literacy c4, and innovative practice cs. Experts are invited to score
each program under each criterion c;, resulting in satisfaction p;j and dissatisfaction vij
ratings pertaining to program X;.

Assume that the evaluation information for the programs X;i(i=1, 2, 3, 4) under the
criteria Ci(i=1, 2, 3, 4, 5) is expressed using intuitionistic fuzzy sets, and Table 1 shows
the corresponding intuitionistic fuzzy decision matrix D=(<Wij, Vi{>)m=n.

To compare and rank the alternative comprehensive quality cultivation plans, the
following section will use the decision making method presented in this paper.
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Table 1. Intuitionistic fuzzy decision information table for comprehensive quality cultivation
program evaluation[13].

Cl Cz C3 C4 C5
X1 0.72,0.23 0.75,0.15 0.75,0.15 0.78,0.16 0.72,0.15
X, 0.63,0.32 0.74,0.21 0.78,0.15 0.74,0.18 0.77,0.17
X; 0.65,0.25 0.74,0.12 0.78,0.15 0.75,0.16 0.76, 0.14
X4 0.75,0.15 0.75,0.15 0.72,0.15 0.78,0.15 0.73,0.12

1) Constructing the intuitionistic fuzzy decision matrix

<0.72,023> <0.75,0.15> <0.75,0.15> <0.78,0.16> <0.72,0.15>
<0.63,032> <0.74,021> <0.78,0.15> <0.74,0.18> <0.77,0.17 >
- <0.65,025> <0.74,0.12> <0.78,0.15> <0.75,0.16> <0.76,0.14 >
<0.75,0.15> <0.75,0.15> <0.72,0.15> <0.78,0.15> <0.73,0.12 >

2) Calculate the intuitionistic fuzzy entropy using equation 3. The results are shown
in Table 2.

Table 2. Computation results of intuitionistic fuzzy entropy.

E C1 Cz C3 C4 CS

Xi L1159 0.769 0.769 0.787 0.799
X, 1.615 1.051 0.742 0919 0.842
Xs 134 0.632 0.742 0.816 0.713
X4 0.769  0.769 0.799 0.742  0.640

Based on the steps described above, the criterion weight vector is
® =(0.495,0.146,0.110,0.144,0.105).
3) Calculate and obtain positive ideal solution

X" =(<0.75,032><0.75,0.21 >< 0.78,0.15 >< 0.78,0.18 >< 0.77,0.17 >)
and negative ideal solution
X=(<0.63,0.15><0.74,0.12><0.72,0.15><0.74,0.15><0.72,0.12>)

4) Determine the Hamming distances between each alternative X; and the positive
and negative ideal points

d(x,,x")=0.264,d(x,,x")=0.257,d(x,,x")=0.297,d(x,,x )=0.251
d(x,x)=0.809,d(x,,x")=0.75Ld(x,, x )=0.804,d(x,, x )=0.853
5) Find the relative closeness coefficient A; for the i alternative
A, =0.246,A, = 0.255,A, =0.270,A, = 0.227.

6) Rank the alternatives based on the values of Ai. Based on the comprehensive qual-
ity cultivation plans, the ranking result is as follows: X3>X>>X1>X4, where X3 is the
optimal cultivation plan.
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Based on the expert scores and the evaluation results output by the model, this pro-
cess can inspire us and form the following suggestions in teaching and learning. For
teachers, it is recommended that they take the initiative to learn and master new evalu-
ation methods, especially those involving intuitionistic fuzzy numbers and other forms.
Teachers should be familiar with the corresponding modeling methods or related soft-
ware tools to enhance the scientificity and accuracy of the evaluation. For students, the
cultivation of comprehensive qualities is a vital importance to their long term develop-
ment. Students should actively participate in various practical activities, exercise their
abilities in real situations, and thereby enhance their comprehensive quality.

6 Conclusion

According to this study, based on an analysis of the existing literature on intuitionistic
fuzzy entropy, an improved intuitionistic fuzzy entropy formula is developed based on
the predicaments faced by students in comprehensive quality evaluation and the multi-
dimensional characteristics of comprehensive quality evaluation. By using this method,
we can better denote the fuzziness and uncertainty of intuitionistic fuzzy sets, and we
will also be able to enrich the attribute weight method and the intuitionistic fuzzy deci-
sion-making method based on entropy. It is possible to quickly rank the advantages and
disadvantages of the comprehensive quality cultivation program through the analysis
of the evaluation case when there are multiple indicators included in the evaluation,
improving the efficiency of the decision-making process by applying this method when
there are multiple indicators involved. These findings add to the comprehensive quality
evaluation system by providing theoretical support and practical guidance for cultivat-
ing and enhancing the comprehensive quality of students at elementary and secondary
schools.

Acknowledgment

This work was supported by The 2025 Shandong Provincial Natural Science Founda-
tion Project (Research on the Synergistic Regulation and Evolution Mechanism of
Writing Quality Based on Multi-Agent Reinforcement Learning) (ZR2025QC648).

References

1. L. Zhengtao and W. Juan, “The integrated education and the construction of a educational
new system in the new era,” China Educational Technology, no. 03, pp. 7-16, 2020.

2. T. Aili and Y. Lingyan, “Theory, practice and prospect of university comprehensive assess-
ment admission,” Journal of East China Normal University (Educational Sciences), vol. 36,
no. 03, pp. 69-78+168, 2018.

3. T. Aili, “Comprehensive quality assessment: the change and implementation of learning
evaluation in the ai age,” China Educational Technology, no. 01, pp. 109-113+121, 2020.



4,

10.

11.

12.

13.

Research on the Measurement Method of Learners’ Comprehensive ... 419

T. Huisheng and Maji, “Historical process, reflection and prospect of textbook construction
of curriculum and instruction theory in china,” Curriculum, Teaching Material and Method,
vol. 45, no. 06, pp. 13-21, 2025.

W. Jing, J. Xi, and L. Dong, “Evaluation of students’ comprehensive quality with the aim of
promoting development—the concept and practice of the construction of the second class
transcript,” China Educational Technology, no. 09, pp. 132-137, 2018.

G. Liming, Z. Qianta, Z. Qinhua, and W. Huaibo, “The research on data sharing and security
protection for students’ comprehensive literacy evaluation based on federated learning,”
China Educational Technology, no. 10, pp. 56—63, 2022.

. Z. Qinhua, C. Li, G. Liming, W. Huaibo, and C. Huanyou, “A new paradigm of students’

comprehensive literacy evaluation driven by theory and technology in both directions,”
China Educational Technology, no. 04, pp. 56—63, 2022.

L. A. Zadeh, “Fuzzy sets,” Information and control, vol. 8, no. 3, pp. 338-353, 1965.

K. Atanassov, “Intuitionistic fuzzy sets,” International journal bioautomation, vol. 20, p. 1,
2016.

E. Szmidt and J. Kacprzyk, “Entropy for intuitionistic fuzzy sets,” Fuzzy sets and systems,
vol. 118, no. 3, pp. 467477, 2001.

K. T. Atanassov, “Intuitionistic fuzzy sets,” in Intuitionistic fuzzy sets: theory and applica-
tions. Springer, 1999, pp. 1-137.

G.-H. Tzeng and J.-J. Huang, Multiple attribute decision making: methods and applications.
CRC press, 2011.

L. Wanzhen, “Decision making method of supplier selection based on a new intuitionistic
fuzzy entropy,” Technology and Market, vol. 30, no. 01, pp. 169-172, 2023.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Research on the Measurement Method of Learners’Comprehensive Quality Based on Intuitionistic FuzzyEntropy



