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Abstract: In order to overcome the problems of long data collection time, high
error rate of index weight calculation and low accuracy of traditional evaluation
methods, a comprehensive evaluation method of innovative education quality
from the perspective of balanced and stable development is proposed. Firstly,
the comprehensive evaluation index of innovative education quality under the
background of balanced and stable development is preliminarily determined.
The K-means clustering algorithm is used to collect education data, and the
data are fused and reduced. Then, the comprehensive evaluation system of
innovative education quality is established. Finally, the weight of evaluation
index is calculated by AHP, and the comprehensive evaluation of education
quality is realised by three-level fuzzy comprehensive evaluation model. The
experimental results show that the average data acquisition time of this method
is 0.63 s, the maximum error rate of evaluation index weight calculation is 2%,
and the evaluation accuracy is above 94%.
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1 Introduction
Since the implementation of the compulsory education system, my country’s education

field has achieved rapid development and achieved a series of excellent results. However,
while these achievements have been made, some drawbacks have gradually been exposed

Copyright © 2025 Inderscience Enterprises Ltd.
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in the field of education in my country, such as unbalanced social education resources,
significant gaps in economic development levels, and differences in the level of school
running. Significant differences (Cervero et al., 2020; Nojavan et al., 2021). Therefore, in
order to promote the balanced and stable development of education, innovative education
has become one of the important directions of education reform (Joniec, 2021). In order
to clarify the application effect of the innovative education model, it is necessary to
comprehensively evaluate the quality of innovative education, timely adjust the problems
existing in the process of innovative education, adjust the innovative education program,
and optimise the effect of innovative education (Ramirez-Sanchez et al., 2022), so the
quality of innovative education comprehensive evaluation has become a social hotspot
and an urgent problem for families, society and governments at all levels.

Aiming at the important subject of comprehensive evaluation of innovative education
quality, Lu and Zhou (2021) proposes a comprehensive evaluation method of innovative
education quality based on CIPP model. Collect innovative educational data, build a
comprehensive evaluation system for innovative educational quality from the
perspectives of resource allocation, educational actions, educational environment
construction, educational achievements, etc. The comprehensive evaluation model of
innovative education quality, input the collected data into the model, and obtain the
comprehensive evaluation results of innovative education quality. However, this method
has the problem that the collection of innovative educational data takes too long, and the
practical application effect is poor. Ma (2021) proposed an innovative comprehensive
evaluation method of educational quality based on deep learning network. Using web
crawler technology to collect innovative education-related data, and normalising the
collected data, starting from various aspects such as educational environment creation
and student development, a comprehensive evaluation system for innovative education
quality is built. Combined with the calculation results of the index weights, an innovative
comprehensive evaluation model of education quality based on the deep learning network
is constructed, the model is trained by the unsupervised learning method, and the
evaluation index data is input into the model to realise the education quality evaluation.
However, in practical application, it is found that this method has the problem of high
error rate in the calculation of innovative comprehensive evaluation indicators of
educational quality. Xu (2020) proposed an innovative comprehensive evaluation method
of educational quality based on fuzzy mathematics. Using the expert interview method to
design comprehensive evaluation indicators of innovative education quality, collect
relevant index data, and integrate and normalise the collected data. On this basis, build a
comprehensive evaluation index system for innovative education quality from the aspects
of teaching base construction, teacher team construction, and educational effect tracking,
etc., calculate the index weight, and build a related evaluation model to obtain innovative
education through matrix operations. Quality comprehensive evaluation results.
However, this method has the problem of low accuracy of comprehensive evaluation of
innovative education quality.

Because the data collected by the traditional innovative education quality method is
not complete enough, and there are many redundant data in the collected data, there are
many problems in the evaluation process, such as long data collection time, high error
rate of index weight calculation, and low accuracy. Therefore, this paper aims to solve
these problems and designs a new comprehensive evaluation method of innovative
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education quality from the perspective of balanced and stable development. The design
scheme is as follows:

1  Preliminarily determine the comprehensive evaluation index of innovative education
quality under the background of balanced and stable development through the expert
survey method, and use K-means clustering algorithm to collect innovative education
data, including school positioning and safeguard measures, training objectives,
teaching site construction and Management, team building, teaching facilities,
teaching resources, teaching management services, consulting services, teaching
quality, student evaluation, employer evaluation, and integrate and simplify the
collected data.

2 Select evaluation index data from the reduced data to build a comprehensive
evaluation system for innovative education quality. The analytic hierarchy process is
used to calculate the weight of the evaluation index, and the three-level fuzzy
comprehensive evaluation model is used to realise the comprehensive evaluation of
innovative education quality.

3 Compare the time-consuming of data collection, the calculation error rate of the
evaluation index weight and the evaluation accuracy of different methods.

2 Design of comprehensive evaluation method for innovative education
quality

2.1 Innovative educational data collection and processing

Balanced and stable development means that the problems of unbalanced social
resources, large gaps in economic development levels, and uneven school-running levels
have been basically resolved, ensuring social security and stable development. In this
context, through continuous adjustment and allocation of educational resources. In order
to further maintain a balanced and stable development trend, it is necessary to
comprehensively evaluate the quality of innovative education, so as to timely solve the
problems existing in the process of innovative education, adjust the innovative education
program, ensure the maximisation of the effect of innovative education, and give full play
to the maximum function of education. Therefore, this paper mainly determines the
comprehensive evaluation index of innovative education quality under the background of
balanced and stable development through the expert investigation method, uses K-means
clustering algorithm to collect innovative education data, and fuses and reduces the
collected data.

In order to ensure the accuracy of the comprehensive evaluation of innovative
education quality, this paper preliminarily determines the comprehensive evaluation of
innovative education quality through the expert survey method, and then uses the
K-means clustering algorithm to collect innovative education data. The purpose of this
algorithm is to cluster similar sample data together. In this paper, Euclidean distance is
used to achieve similarity measurement.

Assuming that there are two points on the two-dimensional plane, which are
described by a(x,,y,) and b(x,,y,) respectively, the formula for calculating the distance
between them (Wang et al., 2022; Fan et al., 2021) is as follows:
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d, :\/(xl_x2)2 (y1_y2)2 (1)

Assuming that there are two points in the three-dimensional space, which are described
by a(x,y,,z;) and b(x,,y,,z,) respectively, the formula for calculating the distance
between them is as follows:

d12 =\/(xl_x2)2+(y1_y2)2+(21_22)2 )

Assuming that there are two dimension vectors, represented by x,, and x,, respectively,
the formula for calculating the distance between them is as follows:

n

d, = Z(xlk X )? (3)

k=1

In the formula, n represents the number of dimensions.
The specific process of collecting innovative education data using K-means clustering
algorithm is shown in Figure 1.

Figure 1 Innovative education data collection process

Is the result
reasonable?

4—‘ ’
Modify cluster center

Assuming a total of n samples, the algorithm steps are as follows:

Select initial
cluster center

»  Clustering Output

1  Arbitrarily select K initial cluster center points Z,(1),Z,(1),Z,(1),....Z, (1),K <N
(Lietal., 2021).

2 Allocate the remaining sample points to one of the K cluster centers according to the
shortest distance principle, namely

Min{X-Z (k),i=1,2,...} =X~-Z (k)= D, (k) 4
In the formula, k represents the number of iterations of the K-means clustering

algorithm, Z,(k) and Z (k) represent different cluster center vectors, and D, (k)
represents the selected cluster center vector in,

Xe S, (k) (5
In the formula, S, (k) represents the best cluster center vector.

3 The specific calculation formula of the cluster center vector Z,(k+D),j=12,....K

is as follows:
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Z/.(k+1)=L ZX,j=1,2,---,K 6)
J XeS; (k)

4 If Z(k+1)#Z,(k),j=12,...,K , return to step (1), modify the cluster center point,
and reclassify; if Z,(k+1)# Z,(k),j=1,2,...,K , the algorithm converges and the
calculation is completed (Gong et al., 2021; Chen et al., 2021).

Assuming that the innovative education data collected by the K-means clustering

algorithm is x, ~ x, and [x,,x,,...,x, |, respectively, each value has a weight of W and
[w,, W,,...,w,], respectively. The weighted average of these values is:

¥ = wi X +W2)C2 +"‘+ann

> X, j=12..K (7)
W EwW, et W, XeS, (k)

The execution process of the innovative educational data reduction algorithm is as
follows:

Input: a decision table S = {U,A Ulda}.v, f},

Output: A reduction of § = {U,AU{d},V,f} }

1  Partition the data of condition attribute set 4 and decision attribute set d (Ona and
Mr, 2021);

2 Make U/ A and U /d for the data of the divided condition attribute set 4 and
decision attribute set d , where U/ A={[x] ;xe U} U/d={[x] ;xeU}.

3 Calculate the 4-positive domain
pos,(d)= | 4)={lx],;3ve v /d.[x], c¥}=\J{[x],:[x], c[x],} ofd.
XeU/ld
4  Find the discrimination matrix ¢ (x,y), there is a single attribute element in the
matrix, take this element as the attribute core, and set all values containing this
element as &J (Zheng et al., 2021; Martin et al., 2021);
5 According to all elements ¢, in the matrix that are not empty sets, construct

disjunctive logical expression L; = v a,, perform conjunctive operation on L, ,
’ a.€q, :

ij

and obtain discriminative function A" = /\L,.j .

6  Obtain attribute reduction results of innovative education data.

2.2 Weight calculation of comprehensive evaluation index of innovative
education quality

This paper constructs a comprehensive evaluation system of innovative education quality
based on the principles of directionality, subjectivity, diversification, scientificity,
feasibility and development, so as to lay a solid foundation for the subsequent
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comprehensive evaluation of innovative education quality. The comprehensive evaluation
system of innovative education quality is shown in Table 1.

Table 1 Comprehensive evaluation system of innovative education quality
Level indicators Secondary indicators
Guiding ideology of running a School-running orientation and safeguard measures
school

Training goal

Teaching process management Teaching point construction and management
The recruitment of students management
Professional settings

The exam management

Educational administration and degree management of
student status

Practical teaching management
Process monitoring and file management
Teaching conditions Team construction
Construction of teaching facilities
Teaching resources
Teaching guarantee
Learning support service system  Support services during the learning process
Teaching management service
Consulting services
Effect of education The quality of teaching
Student assessment

Evaluation of employer

Fully consider the rationality and fairness of subsection interval setting and its
corresponding score interval setting, and combine the actual situation and characteristics
of innovative education quality, use subsection assignment quantification method to
quantify the comprehensive evaluation index of innovative education quality, so as to
ensure the reliability of quantification results.

This paper uses AHP method to determine the weight of comprehensive evaluation
index of innovative education quality. The specific steps are as follows:

1 The 1-9 scale theory was used to determine the importance of preliminary
comparison of different indicators.

2 Determine the pairwise comparison judgement matrix

Assuming that each factor in factor set V ={V,V,,...,V,} is relative to the overall
comprehensive evaluation objective of innovative education quality, the relevant
judgement matrix is described by the following formula:
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M
V I/21 I/lm
1
v, 1 v,
A=v, 1 =), ®
‘V le I/mZ 1

where ¥ represents the judgement value of the relative importance of elements V, to V,
for the overall evaluation target of M . The characteristic of this matrix is that the
diagonal elements are 1, that is, the importance of each element relative to itself is 1. For
each element in the sub factor set V, ={V,,V,,,...,V, } with respect to the factor V,, the
judgement matrix for comparing the importance of each element is as follows:

iy
B=V, . . . Fi=By )
V’_k B]il B/iz 1

where B; indicates that relative to each evaluation criterion (i.e., first level evaluation
index) of ¥, element V,; is relative to ¥, judgement value of importance.
Each element in the matrix A is normalised by column:

V.
V,=—"— (i,j=12,..,m) (10)

ij m
Zklekf

The matrix obtained after processing is added by rows, and the result is:

W, =3V, (i.j=12,...m) (1)
j=1

where ¥, represents the processed matrix.

Normalise the obtained vectors W = (Wl,Wz,...,Wm)T :

W=l (ij=12...m) (12)

>

where W, and W, represent the normalised eigenvector and normalisation coefficient

respectively.

The feature vector W = (w,,w,,...,w, )T is thus obtained.

m
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3 Calculate 4, of the maximum features of the judgement matrix:

(13)

where (AW)I, represents the ith element in vector AW , and @, represents the weight

coefficient.

4  Calculation consistency index CI

1 =on =1 (14)
n—1

where 7 is the order of the judgement matrix.

5 Calculate the consistency ratio CR , where

_a
RI

CR (15)
Wherein, the average random consistency index is R/ .

When CI<0.1, it is generally considered that the consistency of the judgement
matrix is acceptable. The smaller the value of 3, the smaller the value of the judgement
matrix deviates from the actual situation, and the lower the calculation error rate of the
comprehensive evaluation index of innovative education quality, which can lay a solid
foundation for the subsequent comprehensive evaluation of innovative education quality.

2.3 Comprehensive evaluation of innovative education quality

In the comprehensive evaluation of innovative education quality, there are many factors
to be considered, and there are always levels between them. In this complex situation, it
is difficult to compare the good and bad order of indicators in the comprehensive
evaluation system of innovative education quality, and no meaningful comprehensive
evaluation results of innovative education quality can be obtained. The reduced data
selects the evaluation index data to build an innovative education quality comprehensive
evaluation system. The weight of evaluation index is calculated by analytic hierarchy
process, and the comprehensive evaluation of innovative education quality is realised by
combining the three-level fuzzy comprehensive evaluation model. The three-level fuzzy
comprehensive evaluation model deals with fuzzy evaluation objects through accurate
digital means, and can make a more scientific, reasonable and practical quantitative
evaluation of the data containing fuzzy information. The evaluation result is a vector, not
a point value, and contains rich information, which can not only accurately depict the
evaluated object, but also further process and obtain reference information.

1 Dividing judgement factor set U
The evaluation factor set U is divided, ie, U={U,U,,..,U,}, in which

. . N N
U, ={u,,u,,.u,}, ie, U, contains k factors, Zi:lki:n’ Ul_:le.zU and

UV, =D.i#].
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2 Primary evaluation

The &, factors of each U, ={u,,u,,,...,u,,} are comprehensively evaluated according to
the original model. Assuming that the total evaluation matrix of k, factors of fuzzy
subset 4, and A4, of factor importance of alum is R, , we can obtain:

A oR =b =(by,b,

13Dsenby )i =12, N (16)
where B, is the single factor evaluation of U, .
3 Secondary evaluation

Let the fuzzy self set of factor importance of U ={U,U,,...U,} be A4 and
A={A4,4,,..,A,}, then the total evaluation matrix U of U is:

B | | 4R
R=|B, |=| 4,°R, (17)
B, Ay oR,

The overall (secondary) comprehensive evaluation result is obtained, i.e.,
B=A40oR (18)

This is also the comprehensive evaluation result of evaluation factor U . The critical
process is shown in Figure 2.

Figure 2 Evaluation process chart

In the research in this paper, because there are many factors involved in the
comprehensive evaluation of innovative education, in order to ensure the accuracy and
efficiency of the comprehensive evaluation of innovative education quality, a three-level
fuzzy comprehensive evaluation model is adopted. The specific steps are shown in
Figure 3:
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The factor set U ={u,,u,,...,u,} of the evaluation object is established.

The evaluation set ¥ ={v,,v,,...,v,} is established. Such as the evaluation of the
quality of innovative education, the evaluation set is a set of grades; Generally, it can
be roughly determined by “excellent, good, qualified and unqualified”, and of
course, it can also be expressed by “good, good, general, poor and poor”.

Establish single factor evaluation, i.e., establish a fuzzy map from U to F(V).

fiU—>FW)Nu eU (19)

w s f () =L g I (20)
Vl VZ vm

0<r <LISi<ml<j<m Q1)

The fuzzy relation can be induced from f and the fuzzy matrix can be obtained.

3

N1 My o h
R=\r,r, - n, (22)
_rnl rnl rnm_

Comprehensive evaluation. Due to the different emphasis on each factor in U , it is
necessary to give different weights to each factor. It can be expressed as a fuzzy

subset 4 = (al,aZ,...,an) on U , and it is specified that z;at =1. After A and R

are obtained, the comprehensive evaluation model for comprehensive evaluation of
innovative education quality is:

B=AoR 23)

Experimental design

3.1 Simulation experiment design

In order to verify the effectiveness of the comprehensive evaluation method of innovative
education quality from the perspective of balanced and stable development is designed in
this paper, an experimental test was conducted. The overall test scheme is as follows:

1

Experimental environment parameters: The hardware device is a 64G solid-state
hard disk, 16G cache, 8-core high-speed processor, and the system is a Windows 10
computer. SQL 2019 database and MATLAB 7.0 software are set inside to improve
the experimental operation speed and ensure the scientific reliability of the
experiment.

Experimental data: The experimental data are from 5 universities. Collect the
campus environment, faculty and student performance of these 3 universities, and
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integrate and normalise the collected data to ensure that the length of the
experimental data can be less than the length allowed by the simulation software. On
this basis, all data are divided into experimental sets and test sets. The data in the test
sets are input into the simulation software to obtain the optimal operating parameters
of the platform. The parameters are used as the parameters in the subsequent
experiment process. The data in the experimental sets are input into the simulation
software for testing, so as to obtain the relevant experimental results.

3 Experimental evaluation index: Lu and Zhou (2021) method, Ma (2021) method and
method in this paper are tested experimentally, and the application effects of
different methods are verified by comparing the data collection time of different
methods, the error rate of evaluation index weight calculation and the evaluation
accuracy. Among them, the shorter the time-consuming of innovative education data
collection, the higher the efficiency of data collection; The lower the calculation
error rate of the comprehensive evaluation index weight of innovative education
quality, the higher the calculation accuracy; The higher the accuracy of the
comprehensive evaluation of innovative education quality, the higher the accuracy of
the evaluation results.

Figure 3 Comprehensive evaluation steps of innovative education

( Start )
o )
Establish evaluation index
system

v

Establish factor u and
evaluation set V

»
L

Establish the membership
matrix of single factor U, and
comprehensively evaluate the

single factor i=i+1

Establish the overall evaluation

matrix, calculate it, and get the

results of fuzzy comprehensive
evaluation

{ End )

Y
N
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3.2 Analysis of experimental results

In order to verify the efficiency of innovative education data collection by different
methods, the data collection time of the three methods is compared, and the results are
shown in Table 2.

Table 2 Comparison results of data acquisition time

Acquisition time/s

Numb?r of Lu and Zhou (2021)

experiments method Ma (2021) method ~ Methods in this paper
10 1.35 5.63 0.68
20 1.48 5.47 0.56
30 1.56 5.63 0.67
40 1.21 5.14 0.68
50 1.69 5.78 0.57
60 1.57 4.86 0.67
70 1.93 4.13 0.63
80 1.51 4.55 0.58
90 1.66 4.84 0.61
Average value 1.55 5.11 0.63

By analysing the data in Table 2, it can be seen that the maximum time-consuming for
innovative education data collection of Lu and Zhou (2021) method is 1.93 s, the
maximum time-consuming for innovative education data collection of Ma (2021) method
is 5.78 s, and the maximum time-consuming for innovative education data collection of
the method in this paper is 0.68s. The method in this paper is lower than Lu and Zhou
(2021) method and Ma (2021) method by 1.25 s and 5.1 s respectively; The minimum
value of innovative education data collection time of Lu and Zhou (2021) method is
1.21 s, the minimum value of innovative education data collection time of Ma (2021)
method is 4.13 s, and the minimum value of innovative education data collection time of
this method is 0.56s. This method is lower than Lu and Zhou (2021) method and Ma
(2021) method by 0.65s and 3.57 s respectively; The average time-consuming for
innovative education data collection of Lu and Zhou (2021) method is 1.55 s, the average
time-consuming for innovative education data collection of Ma (2021) method is 5.11 s,
and the average time-consuming for innovative education data collection of the method in
this paper is 0.63s. The method in this paper is lower than Lu and Zhou (2021) method
and the method Ma (2021) method by 0.92s and 4.48s respectively; The above data show
that the data acquisition time of this method is shorter and the efficiency is higher. The
reason is that this method uses K-means clustering algorithm to collect innovative
education data, and conducts data fusion and reduction processing to ensure the quality
and efficiency of data collection.

The error rate of weight calculation of the comprehensive evaluation index of
innovative education quality of the three methods is compared, and the comparison
results are shown in Figure 4.
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Figure 4 Comparison results of error rate of index weight calculation (see online version
for colours)
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According to the data in Figure 4, the maximum error rate of the weight calculation of the
comprehensive evaluation index of innovative education quality in Lu and Zhou (2021)
method is 17%, the maximum error rate of the weight calculation of the comprehensive
evaluation index of innovative education quality in Ma (2021) method is 22%, and the
maximum error rate of the weight calculation of the comprehensive evaluation index of
innovative education quality in this method is 2%, which is 15% and 20% lower than Lu
and Zhou (2021) method and Ma (2021) method, respectively; The minimum error rate of
the weight calculation of the comprehensive evaluation index of innovative education
quality in Lu and Zhou (2021) method is 7%, the minimum error rate of the weight
calculation of the comprehensive evaluation index of innovative education quality in Ma
(2021) method is 11%, and the minimum error rate of the weight calculation of the
comprehensive evaluation index of innovative education quality in the method of this
paper is 1%, which is 6% and 10% lower than Lu and Zhou (2021) method and Ma
(2021) method, respectively; The above data show that compared with the experimental
comparison method, the index weight calculation error rate of this method is lower and
the calculation accuracy is higher. The reason is that this method builds a comprehensive
evaluation system of innovative education quality by selecting evaluation index data,
calculates the weight of evaluation index by using the analytic hierarchy process, and
realises the comprehensive evaluation of innovative education quality by combining the
three-level fuzzy comprehensive evaluation model.

The comprehensive evaluation accuracy of innovative education quality of the three
methods is compared, and the comparison results are shown in Figure 5.

By analysing the data in Figure 5, we can see that with the increase of the number of
experiments, the accuracy of comprehensive evaluation of innovative education quality
of different methods presents an irregular change trend. The comprehensive evaluation
accuracy of the innovative education quality of the method Lu and Zhou (2021) method
varies from 57% to 80%, and the comprehensive evaluation accuracy of the innovative
education quality of Ma (2021) method varies from 44% to 77%, while the
comprehensive evaluation accuracy of the innovative education quality of the method in
this paper always remains above 94%, indicating that the evaluation accuracy of the
method in this paper is higher and the comprehensive evaluation results of the innovative
education quality are more accurate. The reason is that this method builds a
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comprehensive evaluation system of innovative education quality by selecting evaluation
index data, calculates the weight of evaluation index by using the analytic hierarchy
process, and realises the comprehensive evaluation of innovative education quality by
combining the three-level fuzzy comprehensive evaluation model. Therefore, this method
has a high evaluation accuracy.

Figure 5 Comparison results of comprehensive evaluation accuracy of innovative education
quality
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4 Conclusion

1 Along with the social economic development level gradually improve, information
technology has been widely applied in the field of education, education reform has
been steadily push, in the field of innovative education models, in order to guarantee
the stability of education balanced development view and accurate evaluation of
innovative education, improve the existing problems of innovative education. It is
urgent and necessary to study the comprehensive evaluation method of innovative
education quality, so this paper proposes a new comprehensive evaluation method of
innovative education quality from the perspective of balanced and stable
development.

2 The experimental results show that the method of innovative education data
acquisition time average of 0.63 s, innovative education quality comprehensive
evaluation index weight calculation of maximum error is 2%, innovative education
quality comprehensive evaluation precision always stay above 94%, data acquisition
of high efficiency, and evaluation index weight calculation precision are high
precision. It can be widely used in the field of education, so as to achieve the
ultimate goal of promoting the transformation and development of modern education
mode.
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