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SUMMARY: In the process of cultivating diverse high-tech competencies, the traditional silo-
based vocational talent-training approach can no longer satisfy the demands of
internationalization and globalization, nor can it adapt to the rapidly changing needs of the
new era. Drawing on the characteristics and practical application of the industry-education
integration model in vocational education, this study proposes three new concepts for building
an assessment index. At the same time, it establishes a quality-training evaluation index system
for qualified workers. The weight values of first-level and secondary indicators are determined
through the hierarchical analysis technique. A vocational education industry-education fusion
model is then developed to assess the quality of skilled-personnel training by applying the fuzzy
comprehensive evaluation algorithm, and the model is empirically tested. The results show that
the fuzzy comprehensive evaluation matrix values are 1.968465, 3.363881, 6.713346, 32.58226,
and 36.12431, respectively, with a corresponding assessment score of 80.752374. This suggests
that the school’s talent cultivation and vocational education programs are of relatively high
quality. In response to the problems identified by the assessment, three optimization strategies
are proposed for improving skill cultivation and vocational education in colleges and
universities.

KEYWORDS: weight; hierarchical analysis algorithm; fuzzy comprehensive evaluation;
skilled talents; cultivation quality; optimization strategy

1 Introduction

The rapid advancement of the economy and society has created an urgent demand for
specialized human resources, and one major obstacle to industrial growth at the moment is the
degree of training of vocational staff [1, 2]. Vocational colleges and universities have a
significant duty to train professional talent, and the merging of business and academia opens
the door to innovative talent development.

The composite structure of industry-education integration driving the cultivation of high-
skilled talents is built on the basis of the deep integration of vocational education and industrial
development, emphasizing the wholeness and systematic nature of schools and enterprises as a
talent cultivation community [3, 4]. The composite structure of industry-education integration
contains three dimensions: organizational framework, operational elements and synergistic
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mechanism. At the level of organizational framework, schools and enterprises jointly build
training bases, skill studios and productive training workshops to form the entity of industry-
education integration [5, 6]. At the level of operational elements, enterprise production tasks
are deeply integrated with the teaching process, enterprise engineers and technicians are
involved in teaching, and school professional teachers regularly practice in enterprises,
realizing the interoperability of teachers and process interaction [7-9]. At the level of
synergistic mechanism, both schools and enterprises promote synergistically in the aspects of
talent cultivation objectives, curriculum, practical teaching and quality evaluation, forming an
interactive cultivation mechanism of “attracting enterprises into schools and drawing schools
into enterprises” [10-12]. The deep integration of education, teaching, and practical production
is ensured by the composition of industry and teaching integration, which opens the door for
resource collaboration, talent development, and innovation on both sides.

In practice, however, the merger of industry and education in vocational institutions and
universities has remained largely superficial. At the school level, students often participate only
in simple internships within enterprises, and no systematic mechanism has been established for
curriculum design or internship evaluation. At the enterprise level, because of weak motivation
caused by an unsound benefit-distribution mechanism and an imbalanced policy-incentive
arrangement, investment in students is insufficient [13-16]. The quality of skilled-personnel
cultivation under the industry-education integration system has been affected by all these
factors, which has also contributed to a decline in the employment rate of students. To improve
the employment prospects of vocational students, deepen industry-teaching integration, and
promote cooperation between institutions and businesses, it is essential to optimize the quality-
oriented training system for skilled personnel within the vocational education industry-
education integration model.

This study takes as its point of departure the characteristics and implementation of the
industry-teaching integration mode in vocational education. An assessment index system with
four first-level indicators and twenty-four second-level indicators is developed for evaluating
the quality of skilled-personnel training within the vocational education industry-teaching
integration mode, guided by three evaluation-index construction concepts. Absolute weight
values for the evaluation indices are obtained with the aid of the hierarchical analysis technique,
and a consistency test is conducted to verify the reliability of those weights. To generate the
assessment results, questionnaire data and index-weight values are incorporated simultaneously
into the formula of the fuzzy comprehensive evaluation model. Several optimization
suggestions are then proposed in response to the vocational education issues revealed by the
assessment findings.

2 Quality Assessment of Skilled Personnel Cultivation under
the Industry-Teaching Integration Mode

2.1 Implementation and characteristics of the industry-teaching
integration model

2.1.1 Implementation of the industry-education integration model

Table 1 presents the vocational school model of integrating industry and education. These
institutions consistently emphasize the integration of industry and education together with
school-enterprise cooperation as an important way to transform and innovate educational
institutions. Two factors are regarded as especially important in carrying out the integration of
industry and education.
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First, efforts should be made to build the talent-cultivation model of “enterprise educating
the school.” Through industry-education integration and school-enterprise collaboration,
vocational schools have continuously renewed and upgraded vocational education in recent
years. High-level innovative talents and capable technical personnel have been cultivated
through the integration of structural elements on both sides of talent supply and industrial
demand. By relying on enterprises to create specializations and advance industry-education
integration, the strategy of “enterprise educates the school” is actively implemented. This
approach represents a higher-level form of the “factory in the school” model when it comes to
putting into practice the dual-subject education mechanism between schools and enterprises.

The second is the "factory in the school™ approach, which invites businesses onto campus
and establishes cooperation relationships between the school and top businesses. Schools and
businesses will talk about and plan industrialization and education development initiatives, staff
training programs, curriculum and test standards, etc. In order to teach and train talent in
technology innovation, certifications, and vocational skills, schools and businesses work
together.

Table 1: Integration of industry and education in vocational colleges

Cooperation mode

Cooperation effectiveness

1. Resource investment,
cooperative construction,
and participation in

In the process of talent cultivation in the Preschool Education major of the
Preschool Education College, it emphasizes taking the industry as the guide,
starting from the job requirements, formulating training goals based on the

school practical teaching
activities.

2. Implement an
integrated talent
cultivation model of
"kindergarten and
college".

demand specifications for preschool education talents, and then setting up
courses and designing teaching processes. On the one hand, it has complete
on-campus resources such as hardware, teaching staff and practical training
conditions. On the other hand, it has an excellent industrial platform of a
first-class public kindergarten as an internship and practical training base. It
deeply integrates industry and education and cultivates applied talents
oriented towards the industry.

Jointly formulate a talent cultivation plan and introduce successful cases
and experiences of e-commerce enterprises within the JD.com system. Both
sides jointly research and develop a standardized curriculum system for e-
commerce in the field of vocational education. Jointly establish a
professional teaching guidance committee, enhance exchanges and
cooperation, and mutually hire experts and teachers to engage in
professional guidance, professional teaching, and special lectures. Jointly
carry out named classes for targeted talent cultivation. Introduce official
copyright courses and supporting systems from JD.com, hire officially
certified mentors and coaches from JD.com to participate in practical
training teaching of e-commerce majors, lead school students to participate
in enterprise project training, and promote the implementation of targeted
education for students.

. The "Factory within the
school™ model was
adopted to jointly
establish a "University-
JD.com E-commerce
Talent Incubation Base"

2.1.2 Characteristics of the industry-education integration model

Acrecently developed methodology for developing potential in the field of vocational education
in China is called "integration of industry and education." The enormous burden of change is
currently being borne by China's local undergraduate universities, which have all started to
place more emphasis on the role that industry-teaching integration plays in developing applied
technical skills. According to the survey statistics, a university has realized the full coverage of
industry-teaching integration majors as early as 2020, and the statistics of industry-academia
cooperation are shown in Table 2.2024 the 30 majors of five departments under the university
have carried out counterpart cooperation programs with more than 100 enterprises and
institutions according to their own professional strengths, ordering the training of 356 people,

3



Huetal.

co-developing 42 courses and 26 kinds of teaching materials, and the enterprises have received
457 students in the top job and 457 students in the internship, and received students in the top
job and 26 kinds of teaching materials. Businesses have hired 267 students and accepted 457
students for internships. Only if higher vocational colleges and universities firmly establish the
goal of developing applied talents, adopt the "demand-oriented"” philosophy of supporting local
economic development, and engage in active real estate and education fusion talent cultivation
will they be able to exit the unique development path of higher vocational education.

Table 2: Statistics on industry-academia cooperation

The total Support
The number of Order- The  |The number t%% The number The number
department | enterprises based number of | of jointly number of of students of araduates
Nlto which the| engaged in traini jointly | developed : accepted for g
; : ining : part-time : accepted for
major industry- number developed | teaching teachers on-the-job emolovment
belongs academia courses | materials in schools internships ploy
cooperation
1| College A 26 46 18 18 24 42 26
2| College B 44 116 12 0 30 186 104
3| College C 14 52 0 0 8 148 56
4| College D 26 16 4 4 4 55 55
5| College E 4 126 8 4 6 26 26
Total 114 356 42 26 72 457 267
2.2 Indicator System for Evaluating the Quality of Skilled Personnel

Training

2.2.1 Principles for the construction of evaluation indicators

(1) Principle of combining theory and practice

When selecting the indicators, we must analyze if the selected indicators can be successfully
applied in practice in addition to relying on the theoretical foundation.

(2) Combination of horizontal and vertical principles

As far as the structure of the indicator collection is concerned, it should include both
horizontal categorized indicator modules and vertical hierarchical indicator extensions under
each module. Horizontal indicators refer to the first-level dimensional indicator modules, and
vertical indicators refer to the second-level dimensional indicators, including basic indicators,
key indicators, and expansion indicators.

(3) Combination of quantitative and qualitative principles

Both quantitative and qualitative indicators should be included in the indicator collection.
Quantitative indicators are indicators that can be calculated using the corresponding
mathematical evaluation methods to arrive at specific values, and qualitative indicators are
indicators that cannot be directly or indirectly quantified, and can only be defined through
descriptive and objective evaluation of the text. In order to ensure the practicality and
comparability of the indicators, quantifiable quantitative indicators should be selected as far as
possible, and the numerical results output from the quantitative indicators can be used directly
as the basis for the comparative analysis of differences; however, some of the indicators that
cannot be quantified can be analyzed by means of a comprehensive evaluation of the qualitative
method as appropriate.

2.2.2 Construction of the indicator system

This paper refers to the research work by some of the current researchers on the education of
technical skilled personnel, taking into consideration the unique nature of technical skilled
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personnel at universities, because the education of technical skilled personnel possesses the
three features of "high comprehensive vocational literacy,” "distinctive vocational
characteristics,” and "outstanding practical skills,” which are quite different from the education
of any other kind of talent. Therefore, in order to design the second-level indicators for
assessing the quality of skilled personnel education in colleges and universities, taking into
account the unique nature of skilled personnel in higher learning institutions, this paper refers
to the research conducted by various scholars on the education of skilled personnel and some
policies formulated regarding the same. Table 3 lists the four first-level and twenty-four second-
level quality evaluation factors for skilled people education.

Table 3: Evaluation index system for the quality of skilled talent cultivation

First-level

Theme Symbol indicator Symbol Secondary indicators Symbol
The cultivation of model worker spirit and c1
craftsmanship spirit
The integration with corporate ethical norms C2
Acquisition status of vocational skills level certificates| C3
Training _O_n-the-jqb inte_rnship s.ituatio.n_ _ C4
objectives Bl Participation in social practice activities C5
Participation in skills competition activities C6
The mastery of professional basic theoretical c7
knowledge

The mastery of cutting-edge theoretical knowledge in c8

the industry

The situation of offering professional ethics cultivation co
courses.

The situation of offering practical skills courses C10

The situation of offering industry-related theoretical cl1

training courses

The degree of integration between theoretical courses C12

The quality Cultivation and practical courses
of skilled A f0CESS B2 The proportion of "dual-qualified"” teachers C13
talent P The proportion of part-time teachers in enterprises Cl4
cultivation Methods such as modularization, project-based C15
teaching, and case teaching
The construction situation of on-campus experimental C16
and training rooms
The development of off-campus internship and C17
training bases
The performance of enterprises in collaborative c18
Training B3 education
system The management situation of vocational skills C19
certificate certification
The participation of schools, industry enterprises, c20
society, etc. in the evaluation.
Cultivation Professional ethics andqﬁglrﬂgrehensive professional co1
eva?trj]gti on B4 Professional theoreticalsllzirn)swledge and operational C22
Process evaluation C23
Conclusive evaluation C24
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2.3 Calculation of weights based on the hierarchical analysis method

2.3.1 ldentifying types of indicators

Using the industrial education combination model in the vocational education system, the AHP
analysis model is used to determine the weight of the indicators contained in the quality of
skilled personnel cultivation index system. Each indication is given a unique index code, where
Ais the target-level index code, B is the criterion-level index code, and C is the indicator-level
index code, to facilitate matrix computations throughout the hierarchy analysis process.

2.3.2 Constructing judgment matrices

This paper employs the Delphi method to conduct a questionnaire survey regarding the
significance of the indicators by experts in sports, psychology, and other related fields in order
to assess the relative significance of each indicator at the same level and its impact on indicators
of the previous level. All of the information gathered to determine the weights of the indicators
was obtained through the questionnaire survey, which was used to create the judgment matrix.
When creating indicators for the hierarchy analysis technique, the pairwise comparison
methodology must be used. The judgment matrix will be generated in a two-by-two comparison
between the indicators using the 1-9 scale method, as indicated in Table 4.

Table 4: Evaluate the scale using the 1-9 degree method

Quantitative value Factor i compared to factor |
1 Equally important
3 Slightly important
5 Strong importance
7 Strongly important
9 Extremely important
2,4,6,8 The median value of the above two adjacent judgments
If the ratio of the importance of factor i to factor | is, then the ratio of
Countdown . : -
the importance of element ] toelement 1 isa; =1/4;

Specific method of comparing by twos: The relative importance of the ith and jth lower-
level factors can be expressed on a scale of comparison when an upper-level factor is used as a
foundation for comparison, and the matrix consisting of a; is called the comparison judgment

matrix A= (aij ) Characteristics of comparative judgment matrices:

1 a, ... a4,
1/ 1 ..
A= a12 aZn (1)
1/a, 1l/a,, ... 1

where a; >0;a; =1/4a;;a; =1 (i, j=12,......n)

2.3.3 Calculation of single-ranking weights for hierarchical indicators
Columns are used to normalize the judgment matrix A:
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a
a__’:—n I (l,J:].,Z,n)

(] Z a (2)

Column summation of the judgment matrix is performed and it is normalized:

w'=> b (i=12,n) 3)
j=1
Normalize the vector W:
W= (i =1,2,n)

> w )

The obtained W :(Wl,WZ,...,Wn) is the indicator weights of the requested evaluation
system.

2.3.4 Consistency test

Comparing several factors is often difficult since it is necessary to do consistency tests to see
whether there is a link between the relative significance of these elements in order to ensure the
consistency of data both before and after the comparison [17]. For example, it may be inferred
that A is more significant than C since the generated matrix shows that A is more significant
than B and B is more significant than C. This contradicting situation arises, though, because the
matrix also indicates that C is more important than A. Therefore, all matrices should be
examined for consistency in order to guarantee that the judgment matrix can operate efficiently
without contradiction.

Consistency test steps are as follows:

Compute the largest characteristic root of the judgment matrix 4__ :

- AW
Ao =Y
2 ©

Find the judgment matrix consistency index CI:

A —N
CI — max 6
Y (6)
where n is the order of the judgment matrix.
Find the consistency ratio CR:

Cl
CR=— 7
Al ()

When CR <0.10, the judgment matrix is considered to fall within the acceptable range;
when CR >0.10, the matrix should be revised. The corresponding average consistency index
values are listed in Table 5. The RI denotes the mean consistency index, and the RI values
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associated with matrices of different orders can be obtained from the average consistency index
table.
Table 5: Average consistency index value

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.58 0.9 112 | 124 | 132 | 141 | 146 | 149

2.4  Construction of fuzzy comprehensive evaluation model

2.4.1 Advantages of using fuzzy integrated evaluation models

Compared with the conventional empirical approach that calculates correction coefficients and
determines the weights of comparison objects on the basis of the evaluation method, adopting
the fuzzy comprehensive assessment model to address these two aspects offers clear advantages,
as described below:

It helps ensure the reasonableness of the correction coefficient. Because the outcomes
generated by the fuzzy comprehensive evaluation model are not likely to become excessively
large or extremely small, the final scoring results are more exacting, which can effectively
lessen the impact of extreme score values and enhance the correction coefficient's
reasonableness.

It can more appropriately establish the weighting relationship among different comparison
objects. The fuzzy comprehensive evaluation approach not only measures the correction
coefficient of each element, but also takes the relative importance of the comparison object into
account in a more balanced way. In this way, the weight of the comparison object, the weighting
value, and the correction coefficient of the result are all derived through rigorous calculation.

It also improves the soundness of the evaluation outcome. By introducing the fuzzy
comprehensive evaluation model, combining the assessment of neutral subjects with large-
sample data operations, the rationality of the correction coefficient can be enhanced, which in
turn strengthens the credibility of the evaluation results. The main participants in the evaluation
are experts from relevant industries who possess strong professional competence. This process
involves external experts, whose participation can compensate for unreasonable judgments
caused by limited evaluator capability, while also maximizing protection of the rationality of
results obtained from the correction coefficients.

2.4.2  Model construction process

One kind of model that finally provides results after applying vectors to a variety of criteria is
the fuzzy comprehensive assessment model [18]. This paradigm is widely used in scientific
study across several fields, including engineering and management science. The following steps
are often involved in creating such a model:

(1) Determine the set of evaluation indicators

The set of evaluation metrics is denoted as U =(U1,U2, ...... Un),Ul_n representing the
each evaluation index.

(2) Determination of the set of rubrics

The set of rubrics is denoted as V =(V,,V,,...... V,), and the internal values of the set of
rubrics correspond to the scores of each evaluation index at different levels.

(3) Establish the affiliation matrix R

After determining the rubrics at each level, we must now quantitatively assess the items for
evaluation based on each element. This entails determining the degree of relationship between
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the item to be evaluated and each rubric at each level. The association matrix of the previous
level is obtained by organizing these relationships in a table with the components in the
subsequent level serving as the horizontal axes and the rubrics at each level serving as the
vertical axes. R is used to represent the association matrix as follows:

e T oo Ty
r, r
21 22 T 2
R= i (8)
r, o, ... [

The whole matrix R represents the affiliation of the assessment matters for each fuzzy
evaluation subset as viewed from each factor.

(4) Calculate the weight vector W

The importance of the factors is compared as shown in Table 6, and the weight vector W
represents the importance of each factor, which plays an important role in whether the final
evaluation results are reasonable or not, and this paper uses the weight judgment matrix to
calculate the weight vector. In the table, Z1—Zn is each evaluation factor, and r in the rest of
the rows and columns indicates that each comment accounts for the corresponding weight of a
factor, in which the value of r on the main diagonal (r,,r,,...r,,) has the value of 1, and the

r values of the two sides of the main diagonal symmetrically inverted each other. Based on the
data of the weights of each evaluation index, we can derive the weight judgment matrix and
calculate the weight vector W.

Table 6: Comparison of factor importance

Index Zl Z2 Zn
Z1 r, r, r.
Z2 r,, r, ..
Zn r, r, r.

(5) Calculate the fuzzy comprehensive evaluation result B

Avector, often denoted as B, is used to depict the results of fuzzy comprehensive evaluation.
The maximum membership technique or the weighted average method can be used to determine
vector B. This study will use the weighted average strategy to determine vector B, taking into
consideration the characteristics, advantages, and disadvantages of both approaches.

i hy - Ty

PO N
B=WxR=[w, w, ... w]x =(b.b,,....b,)

fy Lo oo T

by =37, Wty (=12, j=12,...m)

B in the formula is the vector, W is the weight vector of each indicator of this matrix, and
R is the affiliation degree of each indicator.
(6) Calculation of the final result
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The vector and the set of rubrics are matrixed, and the result is the final result calculated by
the model.

3 Analysis of assessment studies

3.1 Indicator weighting analysis

3.1.1 Constructing the judgment matrix

The expert opinion compares the importance of the factors and assigns corresponding
importance values on a scale of 1-9. These values were used to construct a matrix and a
judgment matrix was formed by calculating the geometric mean. The indicators in the criterion
and program layers were categorized and calculated separately, and the scores given by the
experts after the comprehensive assessment were integrated to calculate the following judgment
matrix, which is shown in Table 7 for the criterion layer relative to the target layer. Based on
the data in the table, it can be seen that the relative weight values of B1, B2, B3 and B4 are
0.2245, 0.2486, 0.2956 and 0.2313, with B3>B2>B4>B1.

Table 7: The discriminant matrix of the criterion layer relative to the target layer

Index Bl B2 B3 B4 Weight Rank
Bl 1 1 2 0.333 0.2245 4
B2 1 1 0.5 2 0.2486 2
B3 0.5 2 1 2 0.2956 1
B4 3 0.5 0.5 1 0.2313 3

Adiscriminant matrix for the training objectives was created using the previously described
approach, and it is displayed in Table 8. The relative weights of C1, C2, C3, C4, C5, C6, C7,
and C8 are 0.1149, 0.1017, 0.1002, 0.0855, 0.1109, 0.1366, 0.1513, and 0.1989, respectively,
according to the analytic Hierarchy process method. Furthermore, each indicator's relative
weight connection is C8>C7>C6>C1>C5>C2>C3>C4.

Table 8: Training objective discrimination matrix

Index | C1 C2 C3 C4 C5 C6 C7 C8 |Weight| Rank
Cl 1 2 0.5 3 1 0.333 2 0.333 |0.1149| 4
C2 0.5 1 1 2 0.5 3 0.5 |0.333 |0.1017| 6
C3 2 1 1 0.333 1 0.5 2 0.333 |0.1002| 7
C4 10333] 05 3 1 0.5 0.5 1 0.5 ]0.0855| 8
C5 1 2 1 2 1 0.5 0.5 05 [0.1109] 5
Cé 3 0.333 2 2 2 1 0.333 1 10.1366| 3
C7 0.5 2 0.5 1 2 3 1 2 ]0.1513] 2
C8 3 3 3 2 2 1 0.5 1 101989 1

The discrimination matrix of the cultural process was created using the assessment scale of

the 1-9 degree technique, and it is displayed in Table 9. The analytic hierarchy process
algorithm is used to compute the discriminant matrix of the cultivation process. C9, C10, C11,
C12, C13, C14, C15, C16, and C17 have relative weight values of 0.1736, 0.1219, 0.1220,
0.0819, 0.1334, 0.1018, 0.0844, 0.0845, and 0.0925, in that order. C9>C13>C11>
C10>C14>C17>C15>C16>C12 is the relative weight order of its several indications.
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Table 9: Cultivation process discrimination matrix

Index | C9 | C10 | C11 | C12 | C13 | C14 | C15 | C16 | C17 |Weight| Rank
C9 1 3 1 2 2 3 2 1 1 101736| 1
C10 |0333| 1 0.5 1 2 0.5 2 3 3 ]0.1219| 4
Cl1 1 2 1 2 0.5 3 0.5 1 1 ]0.1220| 3
Cl12 | 05 1 0.5 1 10333 1 1 0.5 2 10.0819] 9
C13 | 05 | 05 2 3 1 3 3 1 0.5 [0.1334| 2
Cl4 |0333| 2 |0333] 1 0333 1 2 2 2 |0.1018] 5
Ci5 | 05 | 05 2 1 10.333| 05 1 1 2 10.0884| 7
C16 1 [0333| 1 2 1 0.5 1 1 10.333[0.0845| 8
C17 1 [0333] 1 0.5 2 05 | 05 3 1 10.0925| 6

Using the same method, the cultivation system discriminant matrix is constructed, and the
cultivation system discriminant matrix is shown in Table 10. According to the size of the data
in the table, it can be seen that the relative weight values of evaluation indexes C18 and C19
are 0.6667 and 0.3333, and their relative weight size relationship is C18>C19.

Table 10: Cultivate a discrimination matrix for the system

Index C18 C18 Weight Rank
C18 1 2 0.6667 1
C19 0.5 1 0.3333 2

The cultivation evaluation discriminant matrix is constructed with the help of 1-9 degree
method evaluation scale, and the cultivation evaluation discriminant matrix is shown in Table
11. Through the numerical performance in the table, it can be seen that the relative weights of
C20, C21, C22, C23, and C24 are 0.2911, 0.1541, 0.1813, 0.2393, and 0.1342, and their sizes

are in the order of C20>C23>C22>C21>C24.

Table 11: Cultivate an evaluation discrimination matrix

Index C20 C21 C22 C23 C24 Weight Rank
C20 1 2 2 1 2 0.2911 1
C21 0.5 1 0.333 2 1 0.1541 4
C22 0.5 3 1 0.5 1 0.1813 3
C23 1 0.5 2 1 3 0.2393 2
C24 0.5 1 1 0.333 1 0.1342 5

3.1.2 Single-ranking weight analysis

The relative weights of the above evaluation indicators are summarized, thus forming a single-
ranking weight system of hierarchical indicators, and the single-ranking weights of hierarchical
indicators are shown in Table 12. Based on the data performance in the table, it can be seen that
the size of the single-ranking weight of the guideline layer is 0.2245~0.2486, while the single-
ranking weight of the indicator layer is 0.0819~0.6667, which provides solid data support for
the subsequent consistency test, total ranking weight, and fuzzy comprehensive evaluation.
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Table 12: Hierarchical indicator single ranking weight

First-level indicator | Single sorting weight | Secondary indicators | Single sorting weight
Cl 0.1149
C2 0.1017
C3 0.1002
C4 0.0855
Bl 0.2245 c5 0.1109
C6 0.1366
C7 0.1513
C8 0.1989
C9 0.1736
C10 0.1219
Cl1 0.1220
C12 0.0819
B2 0.2486 C13 0.1334
Cl4 0.1018
C15 0.0884
C16 0.0845
C17 0.0925
C18 0.6667
B3 0.2956 C19 0.3333
C20 0.2911
C21 0.1541
B4 0.2313 C22 0.1813
C23 0.2393
C24 0.1342

3.1.3 Consistency test

The matrix is obtained and after determining the mutual importance of the factors in a given
level, the importance values of the factors are converted into a vector of weights. Through
further analysis, the importance of individual indicators is obtained and the consistency test is
performed. Corrections or adjustments are made accordingly to the test results, and the results
of the consistency test are shown in Table 13. Based on the data performance in the table, it can
be seen that the CR of B1, B2, B3 and B4 are 0.0730, 0.0842, 0.000 and 0.0587, which satisfy
the CR<0.1, indicating that the discriminant matrix constructed above satisfies the consistency
test, so the weights of the evaluation indexes computed by utilizing the hierarchical analysis

algorithm have validity.

Table 13: The consistency check results of the criterion layer

Index Weight Cl RI CR
Bl 0.2245 0.0518 1.41 0.0730
B2 0.2486 0.0565 1.49 0.0842
B3 0.2956 0.0665 0 0.0000
B4 0.2313 0.0524 1.12 0.0587

3.1.4 Analysis of total ranking weights

After passing the consistency test through the discriminant matrix, the total ranking weight
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analysis of the evaluation indicators was conducted according to the single ranking weights of
the indicators, and the absolute weight values of each evaluation indicator were identified. The
findings of the total ranking weight analysis are presented in Table 14. Since the criterion layer
Is positioned above the target layer, the relative weight of the criterion layer is identical to its
absolute weight, whereas the absolute weight assigned to each indicator equals the product of
the criterion-layer weight and the relative weight of the indicator layer. The absolute weights of
C1,C2,C3,C4,C5,C6,C7,C8,CY, C10, C11, C12,C13,C14, C15,C16, C17,C18, C19, C20,
C21, C22, C23, and C24 are 0.0258, 0.0228, 0.0225, 0.0199, 0.0249, 0.0307, 0.0344, 0.0447,
0.0432, 0.0303, 0.0303, 0.0204, 0.0332, 0.0253, 0.0221, 0.0234, 0.1971, 0.0985, 0.0673,
0.0356, 0.0419, 0.0554, 0.0299, and 0.0499, respectively. The overall ranking of the quality
evaluation indicators for skilled talent cultivation under the integration model of industry and
education is:
C18>C19>C20>C23>C8>C9>C22>C21>

C7>C13>C6>C10>C11>C24>C1>C14>C5>C17>C2>C3>C15>C16>C12>CA4.

Table 14: The result of the total ranking weight analysis

First-level Single sorting Rank Secondary Relative Absolute Rank
indicator weight indicators weight weight

Cl 0.1149 0.0258 15

C2 0.1017 0.0228 19

C3 0.1002 0.0225 20

C4 0.0855 0.0192 24

Bl 0.2245 4 C5 0.1109 0.0249 | 17
C6 0.1366 0.0307 11

C7 0.1513 0.0344 9

C8 0.1989 0.0447 5

C9 0.1736 0.0432 6

C10 0.1219 0.0303 12

Cl1 0.1220 0.0303 12

C12 0.0819 0.0204 23

B2 0.2486 2 C13 0.1334 0.0332 10
Cl4 0.1018 0.0253 16

C15 0.0884 0.0221 21

C16 0.0845 0.0211 22

C17 0.0925 0.0234 18

C18 0.6667 0.1971 1

B3 0.2956 1 C19 0.3333 0.0085 | 2
C20 0.2911 0.0673 3

c21 0.1541 0.0356 8

B4 0.2313 3 C22 0.1813 0.0419 7
C23 0.2393 0.0554 4

C24 0.1342 0.0299 14

3.2 Assessment and analysis of the quality of training of skilled personnel

3.2.1 Objects of study

The focus of the study is the caliber of skilled personnel training provided by a university's
industry-teaching integration model of vocational education. Among them, 1,000 college
leaders and full-time teachers, 88,000 students in the class of 2022-2025, and 1,000 graduates
in the class of 2017-2021 (the class of 2021 is the fresh graduates) are the objects of
investigation.
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3.2.2 Development of evaluation questionnaires and reliability tests

Four first-level indicators and twenty-four second-level indicators are developed in order to
evaluate the theoretical model for assessing the quality of skilled-personnel training within the
industry-education integration model of vocational education in colleges and universities. A
specific questionnaire for evaluating the quality of skilled-personnel cultivation under the
industry-education integration paradigm is created after 28 observable factors have been further
refined. After that, the questionnaire is put through a reliability test, which evaluates the
instrument's consistency and stability as well as its dependability. The internal consistency
reliability method, more precisely, Cronbach's alpha coefficient, is employed in this
investigation. The questionnaire's internal consistency is stronger when the Cronbach's alpha
score is higher. A Cronbach’s alpha coefficient greater than 0.7 indicates satisfactory internal
consistency of the questionnaire. In this study, the training-quality evaluation questionnaire is
administered to 10,000 students at a university. A total of 10,000 questionnaires are distributed
in the pilot survey, 9,134 are returned, and 9,813 are valid, yielding an effective response rate
of 13.4%. The reliability test for the prepared questionnaire on evaluating the quality of skilled-
talent cultivation under the industry-education integration model in colleges and universities is
completed, and the results are reported in Table 15. According to the empirical findings shown
in the table, the reliability coefficients for cultivation objectives, cultivation process, cultivation
system, cultivation evaluation, and the quality of skilled-personnel cultivation are 0.7123,
0.8331, 0.7938, 0.8767, and 0.8032, respectively, whereas the reliability coefficient for the
overall scale reaches 0.838. All of these values are above 0.7, indicating that the questionnaire
demonstrates relatively strong reliability.

Table 15: Reliability test results

Questionnaire Dimensions Symbol|Questionnaire items|Cronbach's a coefficient
Training objective Bl 8 0.7123
Cultivation process B2 9 0.8331

Training system B3 2 0.7938

Cultivation and evaluation B4 5 0.8767

The quality of skilled talent cultivation| A 4 0.8032
Total 28 0.8038

3.2.3 Distribution of evaluation questionnaires

The quality of training of skilled personnel under the model of industry and teaching integration
in vocational education in a university is considered the subject of the study according to the
assessment subject chosen by the experts of the questionnaires. The data of the questionnaires
for the quality of training of skilled personnel under the model of industry and teaching
integration in vocational education is collected using the questionnaire star software. The results
of the assessment of questionnaire data are presented in Fig. 1, where D, E, F, G, and H stand
for completely consistent, moderately consistent, less consistent, and not consistent at all,
respectively. The three-dimensional bar chart shows that the number of people who are fully
compliant, more compliant, average, less compliant, and completely non-compliant ranges
from 3043 to 4914, 3016 to 7716, 6458 to 14787, 30281 to 48880, and 29,653 to 52,687, which
indicates that the research sample holds the attitudes of fully compliant and more compliant
towards the questionnaire.
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Figure 1: Evaluate the results of the questionnaire data

The questionnaire data related to the quality of skilled-personnel training within the
vocational education industry-teaching integration model must also be normalized in order to
provide data support for the subsequent fuzzy comprehensive evaluation technique. The
outcome of normalization is displayed in Table 16. The next stage of fuzzy comprehensive
evaluation for quality training in the vocational education industry-teaching integration model
Is facilitated by this normalization procedure, which shows that all indicator values fall within
the interval from O to 1.

Table 16: The result of normalization processing

Index H G F E D
Bl 0.04201 0.07117 0.14787 0.4068 0.33215
B2 0.04613 0.07676 0.14392 0.32123 0.41196
B3 0.03345 0.06567 0.07467 0.46836 0.35785
B4 0.04047 0.05266 0.09584 0.43395 0.37708
C1l 0.03967 0.03582 0.11135 0.47987 0.33329
C2 0.04833 0.04166 0.12156 0.48575 0.3027
C3 0.04053 0.03145 0.11191 0.41314 0.40297
C4 0.0476 0.05362 0.0861 0.34807 0.46461
C5 0.03518 0.07455 0.11022 0.38904 0.39101
C6 0.03699 0.05559 0.08355 0.46414 0.35973
C7 0.03162 0.04407 0.06628 0.40793 0.4501
C8 0.03903 0.04838 0.1441 0.35946 0.40903
C9 0.04227 0.03236 0.06458 0.33422 0.52657

C10 0.03404 0.07383 0.07538 0.35426 0.46249
C1l1 0.03859 0.07209 0.10399 0.4888 0.29653
C12 0.04771 0.03258 0.07099 0.33212 0.5166
C13 0.03043 0.04967 0.10868 0.34936 0.46186
Cl14 0.04509 0.07017 0.10197 0.43006 0.35271
C15 0.0374 0.05917 0.07713 0.42716 0.39914
C16 0.03359 0.07716 0.09028 0.37623 0.42274
C17 0.03369 0.05416 0.14263 0.33696 0.43256
C18 0.03555 0.06522 0.0899 0.48159 0.32774
C19 0.04188 0.05615 0.0943 0.30281 0.50486
C20 0.04581 0.07556 0.07067 0.46915 0.33881
C21 0.0346 0.06205 0.08282 0.3955 0.42503
C22 0.04914 0.04858 0.10561 0.31481 0.48186
C23 0.04583 0.04483 0.14174 0.46545 0.30215
C24 0.03527 0.03016 0.07567 0.33203 0.52687
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For objective and quantitative considerations, a qualitative interpretation should be
performed on the basis of quantitative results. In the present case, the five indicators of “fully
compliant (D)”, “relatively compliant (E)”, “average (F)”, “relatively non-compliant (G)” and
“completely non-compliant (H)” have been scored with 90, 80, 70, 60, and 50, respectively. In
accordance with the statistical standard set in the current research, the scores of each question
can be derived. The scores of each indicator more than 90 can be evaluated as “excellent”,
80<score<90 is “good”, 70<score<80 is “medium”, 60<score<70 is “qualified” and less than
60 as “fail”. The assessment of each grade of indicator according to the questionnaire survey is
illustrated in Figure 2. Through the data presented in the above graph, it could be revealed that
the scores of training objectives, training procedures, the conformity of industry-education
integration with corporate ethics, industry-oriented theoretical courses, part-time teachers’ ratio
from enterprises, and the involvement in evaluation as B1, B2, C2, C11, C14, C20, and C23 are
79.1591, 79.7613, 79.5, 79.5, 79.3259, 79.7513, 79.7959 and 79.3326 respectively, which are
below 80 points and thus belong to the medium category. Other indicators are all in good
condition.

Grade
Medium Good

Score

| 448

Figure 2: The evaluation results of various indicators in the questionnaire survey

3.2.4 Calculation of the composite assessment value

On the basis of the preceding analysis, the fuzzy comprehensive evaluation model is applied to
measure the quality of skilled-personnel cultivation under the industry-education integration
mode of vocational education in a university, and the comprehensive evaluation results are
presented in Table 17. After calculation through the fuzzy comprehensive evaluation approach,
the fuzzy comprehensive evaluation matrix for the quality level of skilled-personnel cultivation
under the industry-education integration model of vocational education in a university is
obtained as (1.968465, 3.363881, 6.713346, 32.58226, 36.12431), and the corresponding score
is 80.752374. This indicates that the quality of skilled-personnel cultivation under the industry-
education integration model of vocational education at that university can be regarded as
relatively good, while also suggesting that the overall quality of vocational education remains
comparatively sound. At the same time, however, the results also reflect certain deficiencies in
vocational education at colleges and universities, including weak industry-education integration
faculty, the still incomplete development of training bases, and the fact that the curriculum
system has not yet been fully optimized.
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Table 17: Comprehensive evaluation result

Index H G F E D Weight
Cl 0.03967 0.03582 0.11135 0.47987 0.33329 0.0258
C2 0.04833 0.04166 0.12156 0.48575 0.3027 0.0228
C3 0.04053 0.03145 0.11191 0.41314 0.40297 0.0225
C4 0.0476 0.05362 0.0861 0.34807 0.46461 0.0192
C5 0.03518 0.07455 0.11022 0.38904 0.39101 0.0249
C6 0.03699 0.05559 0.08355 0.46414 0.35973 0.0307
C7 0.03162 0.04407 0.06628 0.40793 0.4501 0.0344
C8 0.03903 0.04838 0.1441 0.35946 0.40903 0.0447
C9 0.04227 0.03236 0.06458 0.33422 0.52657 0.0432

C10 0.03404 0.07383 0.07538 0.35426 0.46249 0.0303
Cl1 0.03859 0.07209 0.10399 0.4888 0.29653 0.0303
C12 0.04771 0.03258 0.07099 0.33212 0.5166 0.0204
C13 0.03043 0.04967 0.10868 0.34936 0.46186 0.0332
Cl4 0.04509 0.07017 0.10197 0.43006 0.35271 0.0253
C15 0.0374 0.05917 0.07713 0.42716 0.39914 0.0221
C16 0.03359 0.07716 0.09028 0.37623 0.42274 0.0211
C17 0.03369 0.05416 0.14263 0.33696 0.43256 0.0234
C18 0.03555 0.06522 0.0899 0.48159 0.32774 0.1971
C19 0.04188 0.05615 0.0943 0.30281 0.50486 0.0985
C20 0.04581 0.07556 0.07067 0.46915 0.33881 0.0673
C21 0.0346 0.06205 0.08282 0.3955 0.42503 0.0356
C22 0.04914 0.04858 0.10561 0.31481 0.48186 0.0419
C23 0.04583 0.04483 0.14174 0.46545 0.30215 0.0554
C24 0.03527 0.03016 0.07567 0.33203 0.52687 0.0299
Result 80.752374

4 Optimization Strategies

Through the above analysis of the quality evaluation of skilled personnel cultivation within the
industry-education integration framework in a university, it can be seen that there are
deficiencies in vocational education at this institution, and from the perspective of the broader
issues facing vocational education in colleges and universities, this study proposes several
optimization strategies, which are presented as follows:

4.1 Teacher team building

Colleges and universities should strengthen substantive collaboration between educational
institutions and enterprises, and enhance the theoretical competence and practical teaching
capacity of specialized teachers through multiple forms of training both on and off campus,
enterprise exchange activities, and study tours. They should jointly establish “dual-teacher”
training platforms with enterprises, provide teachers in colleges and universities with enterprise
internships and practical opportunities, ensure that professional teachers have sufficient chances
to practice and gain experience in enterprises, strengthen the practical capacity for integrating
production and education, cultivate dual-excellence teachers in production and education, and
promote the formation of an ecological system featuring the integration of the education chain,
talent chain, industrial chain, and innovation chain, thereby offering a platform for building a
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strong manufacturing nation. To support the development of an ecological framework
characterized by the deep integration of the education chain, talent chain, industrial chain, and
innovation chain, sustainable high-end talent support should be provided for the building of a
strong manufacturing country.

4.2  Construction of practical training bases

Collaboration between educational institutions and businesses should be strengthened with
regard to internship programs and training facilities that are jointly created. In order to better
understand the enterprise needs arising from new technology and industrial transformation, the
school should regularly invite business experts and technical specialists to participate in the
construction of training bases and oversee related work. Additionally, the school should make
sure that pertinent infrastructure and equipment are updated and upgraded on time so that
training conditions and facilities meet the demands of teaching and learning development. Real
enterprise projects should be launched, "project-based" instruction should be implemented, and
a dual-scenario education model integrating "on-campus training bases" with "enterprise
production sites” should be developed. Through real-world project involvement, this allows
students to get a thorough understanding of sophisticated manufacturing technologies and
processes while also improving their practical operating and problem-solving skills.

4.3 Improve the talent training curriculum system

Construct a curriculum system that integrates “post course, race and certificate” to improve the
talent training curriculum system. Take the equipment manufacturing vocational standards as
an example, such as intelligent manufacturing engineers, industrial robot system operators and
maintainers as the basis for reconstructing the course structure. For example, mechanical design
and manufacturing majors can set up “intelligent equipment troubleshooting”, “digital process
planning” and other courses to strengthen the “post-course docking”. Students in the course of
study is no longer in contact with abstract theoretical knowledge, but the real jobs of the work
scene and technical needs, effectively solving the disconnect between talent training and

industrial demand.

5 Conclusion

The benchmark for vocational education development is fundamentally linked to education
quality, and the quality of talent cultivation constitutes the core of educational quality. In
accordance with the characteristics and implementation of the industry-teaching integration
model, together with the principles for constructing evaluation indicators, an evaluation index
system for the quality of skilled-personnel cultivation is finalized. By applying the hierarchical
analysis algorithm to calculate the weights of each evaluation index, and then introducing those
weights into the fuzzy comprehensive evaluation algorithm, the fuzzy comprehensive
evaluation results for the quality of skilled-personnel training under the vocational education
industry-teaching fusion mode are obtained. The conclusions are as follows:

The relative weight values of the four first-level indicators B1, B2, B3, and B4 are 0.2245,
0.2486, 0.2956, and 0.2313 respectively, and their total weight ranking is B3>B2>B4>B1. The
overall ranking of the secondary evaluation indicators is C18>C19>C20>C23>C8>C9>C22>
C21>C7>C13>C6>C10>C11>C24>C1>C14>C5>C17>C2>C3>C15>C16>C12>C4,
presenting the significance of each indicator to the quality of skilled talent cultivation. It also
provides data support for subsequent assessment and analysis.

(2) Following computation, the fuzzy comprehensive evaluation matrix corresponding to
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the quality of skilled personnel cultivation under the industry-education integration model of
vocational education in a university is {1.968465, 3.363881, 6.713346, 32.58226, 36.12431}.
This results in a score of 80.752374, indicating that the quality of skilled personnel cultivation
can be considered to be relatively good. In order to increase the level and general quality
standard of vocational education and training in colleges and universities, three focused
optimization techniques are put forth to solve the shortcomings of vocational education in these
institutions.
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