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Under the influence of the COVID-19, great changes have taken place in China’s economic structure and market subjects and
college students are facing difficulties in employment. By carrying out collaborative innovation between schools and enterprises,
cultivating high-quality talents to meet social needs has become an important way to solve difficulties. Based on the input-process-
output principle, a performance evaluation index system for collaborative innovation is constructed, which includes 3 primary
indicators and 22 secondary indicators. The weights of each indicator are determined using improved AHP. A mathematical
model for evaluating the performance of school enterprise collaborative innovation is established using the fuzzy comprehensive
evaluation method. The evaluation value of the innovation and entrepreneurship education case project is 0.82, indicating that the
overall operation is in good condition. The cooperation between schools and enterprises has created a favorable atmosphere and
accumulated rich experience for carrying out innovation and entrepreneurship education. Good results have been achieved in
talent cultivation and scientific and technological output, but there are also problems such as low conversion rates of scientific and
technological achievements. Based on the evaluation results, the article proposes suggestions to improve the performance of
collaborative innovation between schools and enterprises. The research results provide theoretical reference for the performance
evaluation of school enterprise collaborative innovation and the practice of innovation and entrepreneurship education.

1. Introduction

With the rise of the knowledge economy in the world, in-
dustry-university-research cooperation has received wide-
spread attention from countries around the world. In China,
the “Outline of the National Medium and Long Term Ed-
ucation Reform and Development Plan (2010-2020)”
pointed out the need to explore new collaborative models
and promote close cooperation and resource sharing among
universities, research and development institutions, and
enterprises. In 2012, the Ministry of Education implemented
the “2011 Plan,” and collaborative innovation was elevated to
the national strategic level. The 18th National Congress of

the Communist Party of China pointed out that building an
innovative country should adhere to the path of independent
innovation and focus on the development of collaborative
innovation [1-3]. On May 4, 2015, the State Council issued
the “Implementation Opinions on Deepening the Reform of
Innovation and Entrepreneurship Education in Higher
Education Institutions,” with the main tasks of improving
the quality standards for talent cultivation, innovating talent
cultivation mechanisms, and strengthening innovation and
entrepreneurship practices. It emphasized the importance of
implementing innovation and entrepreneurship education
in various levels and types of schools [4]. The report of the
19th National Congress of the Communist Party of China
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pointed out that in order to achieve the connotative de-
velopment of higher education, the connotative develop-
ment of innovation and entrepreneurship education should
become a key link [5]. The report of the 20th National
Congress of the CPC stressed that we should adhere to the
core position of innovation in China’s overall modernization
drive, focus on cultivating top-notch innovative talents, and
accelerate the building of a world talent center and in-
novation highland [6]. The above programmatic documents
point out the direction for universities to carry out col-
laborative innovation and entrepreneurship education be-
tween schools and enterprises. The sudden COVID-19 has
made it difficult for college students to find jobs. It has
become an important goal for colleges and universities to
carry out entrepreneurship and innovation education to
carry out collaborative innovation between schools and
enterprises and cultivate new talents that meet social
needs [7].

In collaborative innovation activities among industry,
academia, and research, there have been both successes and
failures, which has attracted the attention of scholars and
managers to the evaluation of collaborative innovation
performance [8]. Furong et al. [2] established a performance
evaluation index system for industry university research
cooperation and verified its practicality by analyzing the
connotation of industry university research cooperation.
Jing et al. [9] analyzed the influencing factors of techno-
logical innovation performance in industry university re-
search cooperation and constructed an innovation
performance evaluation index system that includes co-
operative innovation environment, cooperative innovation
investment, cooperative innovation output, cooperative
innovation operation, and cooperative innovation effect.
Meihua and Weiwei [10] established a performance evalu-
ation index system for collaborative innovation between
industry, academia, and research in agricultural enterprises
and used the fuzzy integral method to evaluate the per-
formance of collaborative innovation. Shanlin and Can
[1, 11] constructed a performance evaluation index system
for industry university research collaborative innovation
projects, including explicit performance, implicit perfor-
mance, and collaborative performance. Leiming et al. [12]
used the analytic hierarchy process and entropy method to
conduct a horizontal evaluation of 10 sample cities in
Qingdao, combining subjective and objective weights to
obtain a more reasonable evaluation model. Hongyun et al.
[13] constructed a performance evaluation index system for
collaborative knowledge innovation among industry, aca-
demia, and research and used LWD and LOWA operators
for evaluation. Xiaochao [14] used the “input-output” in-
dicator system as the research foundation and applied DEA
analysis method to study the performance of industry
university research cooperation in 22 cities in Henan
Province. Guangliang et al. [15] built an innovation per-
formance evaluation system based on 30 provinces in four
major regions of China and used two-stage data envelop-
ment analysis and Malmquist index methods to systemat-
ically analyze the status of industry university research
collaborative innovation. Bangjun and Yanfang [16]
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constructed input and output indicators to evaluate the
performance of industry university research collaborative
innovation, determined their weights by factor analysis, and
calculated the total factor scores and rankings of 30 pro-
vincial administrative regions in China based on provincial
panel data. Zhaohui and Yongzhou [17] analyzed the
mechanism of knowledge transfer in industry university
cooperation, established an evaluation index system using
the analytic hierarchy process and constructed an evaluation
model using the fuzzy comprehensive evaluation method.
Jingjing [18] theoretically constructed a theoretical model
for improving the performance of industry university re-
search collaborative innovation and analyzed the im-
provement path of industry university research collaborative
innovation performance. Lu et al. [19] studied the influ-
encing factors of collaborative innovation performance
between universities and research institutes from the per-
spective of social networks. Qing and Chaohao [20] analyzed
the elements of industry university research cooperation
from the perspective of managers, proposed a performance
evaluation system for industry university research co-
operation innovation, and provided a comprehensive
evaluation mathematical model based on fuzzy mathematics
and interval mathematics.

The existing research on innovation and entrepreneur-
ship education mainly focused on talent cultivation models
and systems [21]. Pingzhang [22] led educational innovation
with the concept of “exceeding limits” and integrated in-
novation and entrepreneurship education into the cultiva-
tion of innovative talents for graduate students. Guided by
the concept of integrating science and education, Wei [23]
explored the path of cultivating innovative talents through
the deep integration of industry, academia, and research. The
Automation major of Beijing University of Science and
Technology established a system for strengthening the
cultivation of three innovative abilities, and the practical
results have been reported by mainstream media such as the
official website of the Ministry of Education [24]. Xiang et al.
[25] constructed a quality evaluation index system for in-
novation and entrepreneurship education in the field of
health management in universities. Some scholars have also
conducted research on artisan entrepreneurship and male
entrepreneurship with military experience [26, 27]. Ullah
et al. [28] studied the impact of the integration of green
customers and suppliers on the green innovation perfor-
mance of enterprises. Su et al. [29] studied the impact of
servant leadership on employee service innovation behavior.

In summary, although the “2011 Plan” has emphasized
the dominant position of universities in industry university
research cooperation, the academic community mostly fo-
cuses on enterprises as the research object and center of
research models for industry university research co-
operation and pays more attention to the performance of
enterprises. There is relatively little research on the per-
formance of collaborative innovation in universities and
even less research on combining collaborative innovation
between schools and enterprises with innovation and en-
trepreneurship education. Based on the existing theoretical
research on collaborative innovation among industry,
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university, and research institutions, combined with the laws
and characteristics of school-enterprise cooperation, this
article establishes a performance evaluation index system for
collaborative innovation between schools and enterprises,
focusing on universities. Based on the case of innovation and
entrepreneurship education, this article combines the im-
proved AHP and fuzzy comprehensive evaluation method to
evaluate the performance of collaborative innovation be-
tween schools and enterprises. This article explores the path
to improve the performance of collaborative innovation
between schools and enterprises and provides theoretical
reference for the evaluation of collaborative innovation
performance between schools and enterprises and the
practice of innovation and entrepreneurship education.

2. Construction of the Performance Evaluation
Index System for School Enterprise
Collaborative Innovation

2.1. Construction Principles. The establishment of an eval-
uation index system is the foundation of performance
evaluation, which directly affects the objectivity and au-
thenticity of performance evaluation. The establishment of
a performance evaluation index system for collaborative
innovation in school enterprise cooperation should not only
follow the principles of systematicity, scientificity, foresight,
independence, comparability, hierarchy, and operability [2]
but also combine the current situation and specific practices
of school enterprise cooperation to develop targeted eval-
uation indicators for the evaluation system and objects.

2.1.1. Combining Input, Output, and Process Indicators.
Collaborative innovation in school enterprise cooperation
refers to the investment of various innovative elements into
cooperation and the realization of value appreciation through
the process of collaboration and interaction. When estab-
lishing evaluation indicators, it is necessary to fully consider
the influencing factors of the input, process, and output
stages, reflecting the entire process of collaborative in-
novation. In the stage of collaborative innovation investment,
in addition to considering the traditional investment of hu-
man, financial, and material resources from various parties in
industry, academia, and research, evaluation factors such as
university reputation and alliance experience should be added
to reflect the leading role of universities in school enterprise
cooperation. In the stage of collaborative innovation, evalu-
ations are set up on the willingness and degree of action
collaboration, resource matching, and sharing between the
school and enterprise, fully reflecting the degree of collabo-
ration between the school and enterprise in the collaborative
innovation process and compensating for the lack of process
performance evaluation indicators in traditional evaluations.
In the stage of collaborative innovation output, on the basis of
traditional technical innovation output indicators (such as the
number of articles (including works) and the number of three
patent authorizations) increase the evaluation indicators
reflecting management innovation and enhance the level of
collaborative innovation management.

2.1.2. Combining Explicit, Implicit, and Collaborative
Indicators. Collaborative innovation between schools and
enterprises, as a value creation activity centered on
knowledge appreciation, requires the innovation subject to
integrate various innovative resources and engage in in-
depth communication and exchange on the basis of full
collaboration. When evaluating performance, it is often not
enough to only consider explicit performance that is easy to
measure, such as technological achievements. It is also
necessary to consider implicit performance and collabora-
tive performance [1, 11]. When constructing the indicator
system, this article takes into account implicit performance
that is difficult to quantify, such as the degree of im-
provement in social reputation, the quality and level of
research teams, as well as collaborative performance that
reflects the degree of collaboration between innovation
entities and the innovation process, such as communication
and trust. Explicit, implicit, and collaborative performance
indicators complement each other, reflecting the synergy of
innovation entities at different levels and covering the output
and process performance of collaborative innovation be-
tween schools and enterprises.

2.1.3. Combining Quantitative and Qualitative Indicators.
Due to the ambiguity of qualitative indicator evaluation, the
traditional performance evaluation places more emphasis on
the use of quantitative indicators. However, in practice, there
are more indicators that cannot be expressed quantitatively,
such as social reputation improvement, organizational
learning, and growth. These qualitative indicators are also
important driving factors for school enterprise cooperation
and are indispensable in performance evaluation. Most
scholars [8, 9, 30, 31] suggest combining quantitative and
qualitative indicators to construct a performance evaluation
index system to reflect different information of cooperation
and make performance evaluation more objective. This
article, based on the characteristics of school enterprise
cooperation and after weighing, determines 10 quantitative
indicators such as the conversion rate of scientific and
technological achievements, the number of scientific re-
search funds, and 12 qualitative indicators such as alliance
experience and university reputation when setting secondary
indicators. By organically combining quantitative and
qualitative evaluation indicators, a school enterprise co-
operation collaborative innovation evaluation index system
is constructed.

2.1.4. Combining Short-Term and Long-Term Indicators.
Compared with traditional industry university research
cooperation, collaborative innovation between schools and
enterprises is a high-level form of industry university re-
search cooperation, with broader and deeper cooperation
content. On the basis of traditional industry university re-
search cooperation focused on technological innovation,
new product development, and other activities, both schools
and enterprises pay more attention to long-term strategic
coordination in order to have more in-depth communica-
tion and resource integration. Compared with traditional



industry university research cooperation, it maintains for
a longer time and is more manifested in collaborative re-
search and joint establishment of entities. More and more
scholars in performance evaluation are paying more at-
tention to long-term indicators that play an important
driving role in future performance [8, 30, 31]. This article
combines long-term indicators (such as organizational
learning and growth, social reputation, and improvement)
with short-term indicators (such as city level and above
achievement rewards and three types of patent authoriza-
tions) to comprehensively evaluate the long-term and short-
term performance of school enterprise cooperation.

2.2. Performance Evaluation Index System. Based on the
principles of constructing the abovementioned indicator
system and referring to existing research results [3, 8-10],
combined with the current practice and characteristics of
collaborative innovation between schools and enterprises,
and based on the input-process-output principle, a perfor-
mance evaluation indicator system for collaborative in-
novation between schools and enterprises, including 3
primary indicators and 22 secondary indicators, has been
constructed, as shown in Table 1.

3. Determination of the Weight of Performance
Evaluation Indicators for School Enterprise
Collaborative Innovation

3.1. Improved AHP. In the 1970s, American operations re-
searcher T. L. Satty proposed AHP. AHP [1, 32] is a multi-
objective decision-making method that combines qualitative
and quantitative analysis and has been widely applied in
many fields such as society, economy, and management.
When using AHP for system analysis, human experience and
judgment are used to classify various factors into levels and
quantify them, and the advantages and disadvantages of
decision-making schemes are ranked. A key step of AHP is to
construct a judgment matrix with satisfactory consistency
based on a certain discriminant scale. According to the ei-
genvector corresponding to the maximum eigenvalue of the
matrix, the importance ranking vector and importance
weight of each scheme are determined. However, in the
actual decision-making process, it is often difficult to make
decisions due to the judgment matrix not passing the con-
sistency test, which brings great difficulties to the practical
application of the AHP method. The fundamental reason for
consistency check errors is the serious flaws in the traditional
construction method of the judgment matrix. It solidifies the
selected scale, causing previously differing candidate solu-
tions to lose their differences during the comparison process.
The judgment matrices constructed by the improved AHP
[32, 33] using the scaling construction method are com-
pletely consistent, so there is no need for consistency testing
and the sorting vectors are also easy to obtain. This improves
the reliability of AHP decision-making and makes AHP
easier to use. The steps for determining indicator weights
using improved AHP are as follows:

R= [rij]nxn = 1 1
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Step 1: determination of scale values. Assuming there
are n indicators, the subjective ranking determined
based on the principle of undiminished importance is
X;2x,>x32> ... 2>x, Two adjacent indicators x; and
x;,, are compared, and the scale values t; of x; are
determined according to the corresponding relation-
ship of {equally important, slightly important, strongly
important,  obviously = important,  absolutely
important} = {1.0, 1.2, 1.4, 1.6, 1.8}. The scale values
ti ty,...,t,, of all indicators can be obtained.
According to the principle of importance transmission
and equation (1), the relative scale value is calculated.

1, i=j,
rition 1<),
=1 (1)
1
— i>j.

In equation (1), ;; is the scale value of the i-th indicator
relative to the j-th indicator, r;; > 0.

Step 2: construction of judgment matrix. Based on the
relative scale value, the judgment matrix R is
constructed.

[ 1 1y T3 oo 1y e Ty )
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Bring equation (1) into equation (2), the final judgment
matrix is obtained.
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Step 3: calculation of indicator weights. Based on the
judgment matrix and equation (4), the weights of each
indicator are calculated.

T
K:

1 = .
Y \"ln?:lrij

In equation (4), «; is the weight of the i-th indicator,
H;':lri ; is the product of all elements in the i-th row of the
judgment matrix R.

According to the abovementioned steps, the weight
vector of the secondary indicator is represented by A; (i=1,
2, 3), A; = (a;,a4, ..., ay,). The first level indicator weight
vector is represented by A, where A = (a,,4a,,a;).

(4)

3.2. Calculation of Evaluation Index Weight. A survey is
conducted on researchers, industry experts, and educators
using a combination of online anonymous questionnaires
and one-on-one questionnaires, collecting opinions from 40
experts nationwide. By summarizing and analyzing the
questionnaire results, the ranking of each indicator and the
scale values between adjacent indicators are determined. The
ranking of the first level indicators is out-
put=process > input, and the scale values between in-
dicators are t; =1, t,=1.2. Based on the transitivity of
importance, the judgment matrix R is determined according
to equations (1)-(3).

1 1 1.2
_ |11 1 12
R= [rij]nxn - : (5)
1 1
- 1
1.2 1.2

According to formula (4), the weights of the primary
indicators output, process, and input in the performance
evaluation of collaborative innovation between schools and
enterprises are 0.35, 0.35, and 0.30, respectively. The weight
vector of the first level indicator is

A = (a,,a,5,a5) = (0.35,0.35,0.30). (6)

The ranking of the secondary indicators of investment is
policy support intensity = university reputation > number of
municipal and above research platforms> proportion of
research funds from source enterprises > number of research
funds = alliance experience =number of research person-
nel > proportion of research personnel with intermediate
professional titles or above. The scale values between in-
dicatorsaret, =1,¢,=1.8,t;=1.2,¢t,=12,t;=1,t,=1,and
t,=1.4. The ranking of the secondary indicators of the
process is resource matching and sharing = willingness to
cooperate and action collaboration > operating mecha-
nism > communication, exchange, and trust=respect for
intellectual property > organizational learning and growth.
The scale values between the indicators are ¢, =1, t,=1.2,
t;=12, t,=1, and t;=1.2. The secondary indicators of
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output are ranked as follows: number of municipal and
above achievement awards > conversion rate of scientific
and technological achievements > number of three patent
grants > quality and level improvement of scientific research
teams > number of articles (including works) =level im-
provement of collaborative innovation manage-
ment >number of graduate students trained =social
reputation improvement. The scale values between in-
dicators are t; =1.2, t, =14, t3=12,t,=12,t;=1,t,=1.2,
and t, = 1. According to formulas (1)-(4), the weight vectors
of the secondary indicator are as follows:

A, =(0.22,0.22,0.13,0.10, 0.09, 0.09, 0.09, 0.06),
A, =(0.21,0.21,0.18,0.14,0.14,0.12 ), (7)
A; =(0.22,0.19,0.14,0.11, 0.09, 0.09, 0.08, 0.08).

A,, A,,and A; are the secondary indicator weight vectors for
input, process, and output, respectively. The weight of the
performance evaluation indicators for school enterprise
collaborative innovation in this article is consistent with the
calculation results in references [2, 7, 9], which verifies the
reliability and feasibility of the calculation results.

According to the weight calculation results, it can be seen
that

(1) The output and process have a significant impact on
the performance of collaborative innovation between
schools and enterprises, with weights of 0.35, while
the input weight is relatively small at 0.30, but the
difference between the two is not significant. Further
proof is that when evaluating the performance of
collaborative innovation between schools and en-
terprises, the influencing factors of input, process,
and output stages should be considered, fully
reflecting the entire process of collaborative in-
novation between schools and enterprises.

(2) Among the 8 secondary indicators invested, the
maximum weight of university reputation and policy
support intensity is 0.22. University reputation, as
a hidden resource, can provide universities with
more competitive advantages in seeking external
cooperation, thereby better carrying out innovation
activities. Policy support can provide a good external
environment for school enterprise cooperation.

(3) Among the six secondary indicators in the process,
the weight of resource matching and sharing, co-
operation willingness, and action synergy is rela-
tively high at 0.21. This reflects the importance of
both schools and enterprises fully leveraging their
respective resource advantages and achieving col-
laborative innovation, while achieving the same goals
and similar intentions.

(4) Among the eight secondary indicators of output, the
number of awards for achievements at or above the
municipal level and the conversion rate of scientific
and technological achievements have a relatively
high weight, with 0.22 and 0.19, respectively. This
indicates that the output and marketization of high-
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level achievements in school enterprise cooperation
are receiving more and more attention, not just the
quantity  of  scientific and  technological
achievements.

4. Performance Evaluation Model for School
Enterprise Collaborative Innovation

The commonly used performance evaluation methods for
school enterprise collaborative innovation include neural
networks, factor analysis, and fuzzy comprehensive evalu-
ation method [13, 14]. These methods provide some ref-
erence for the performance evaluation of school enterprise
collaborative innovation, but each has its own advantages,
disadvantages, and applicability. The training of neural
networks requires a large amount of sample data, which is
not easy to achieve in practice. The slow convergence speed
of the network also greatly affects the efficiency of evaluation
work, which is suitable for evaluating a single object. Factor
analysis is the study of the internal dependencies between
numerous variables using a few hypothetical variables to
represent the basic data structure. It is suitable for di-
mensionality reduction processing of high-dimensional
variables. The fuzzy comprehensive evaluation method
mainly relies on the fuzzy mapping from the indicator set of
the evaluated object to the evaluation set for evaluation.
When sample data are difficult to obtain or there is a fixed
expert review panel and the evaluation of experts is con-
sistent, using fuzzy comprehensive evaluation is a better
evaluation method. Collaborative innovation between
schools and enterprises is a complex system engineering.
According to the indicator system in Table 1, many quali-
tative indicators in the evaluation system are fuzzy, in-
terrelated, and mutually constrained. Comprehensive
weighing is required in the evaluation. The fuzzy compre-
hensive evaluation method is more suitable for evaluating
the performance of collaborative innovation between
schools and enterprises. The fuzzy comprehensive

M; = [mijl’ Mijo> Mj3> Mgy, mijs] =

In this article, M, M,,and M; are the first level fuzzy
evaluation matrices for the input, process, and output of the
first level indicators.

evaluation method is established on the basis of fuzzy
mathematics and interval mathematics, which can organize
the relationships between various indicators and quantita-
tively process qualitative indicators.

4.1. First Level Fuzzy Comprehensive Evaluation.
According to Table 1, the performance of collaborative
innovation between schools and enterprises is represented
by U, and the first level and secondary evaluation indicators
are represented by U; and Uy, respectively. Therefore, U=
{U,,U,, U} ={Input, Process, Output}, U, ={U;;,Uy,,
U5, Uy, Uys, Ugg, Uy, Upgl = {Policy  support  intensity,
university reputation, number of municipal and above re-
search platforms, proportion of research funds from source
enterprises, number of research fees, alliance experience,
number of research personnel, proportion of research
personnel with intermediate professional titles or above},
U, ={U,,, Uy, Uys, Uy, Uys, Uyel = {Resource matching and
sharing degree, cooperation willingness and action synergy
degree, operating mechanism, communication and trust
degree, intellectual property respect, organizational learning
and growth}, U; ={Uj), Usy, U, Uy, Uss, Usg, Uy, Usgh =
{Rewards for achievements at or above the city level, the rate
of technology transfer, Number of patent authorizations,
Improvement in the quality and level of research teams,
Number of articles (including works), Promotion degree of
collaborative innovation management, Number of graduate
students trained, Improvement of social reputation}.

If the evaluation level is represented by V, then V={V1,
V2, V3, V4, V5} ={Excellent, Good, Medium, Qualified,
Unqualified} = {1.0, 0.8, 0.6, 0.4, 0.2}. By evaluating the
secondary evaluation indicators shown in Table 1, the
evaluation levels of each indicator are determined, and
a fuzzy relationship between evaluation indicators and
evaluation levels is established. The evaluation of indicator
U, is denoted as M; = [my;, myj,, myj3, myj4, myjs], and a fuzzy
evaluation matrix M; is constructed for indicator U;.

M My Mijz Myyy M5

Mjp1 Mipy Mz Mypy Myps

(8)

My Miny Mipz Mipng Mips



Discrete Dynamics in Nature and Society

My My Myz My My

m
Bi = Ai.Mi = (aip Ainse ’ain) .

21 Mz Mizz My Mys

= (bil’biZ)bB’bM’biS)' 9)

My Miny Mipz Mipg Myps

In equation (9), A; is the weight vector of the secondary
indicator determined according to equation (4). B; is the
fuzzy comprehensive evaluation vector corresponding to the
first level indicator U;. In this article, B;, B,, and B; are fuzzy
comprehensive evaluation vectors for the input, process, and
output of the first level indicators.

R

target —

In formula (10), Ry is the fuzzy comprehensive
evaluation vector of target U, reflecting the comprehensive
evaluation result of the collaborative innovation perfor-
mance between schools and enterprises.

5. Case Analysis of Entrepreneurship and
Innovation Education Practice

5.1. Project Overview. The Bridge and Tunnel Engineering
Research Institute of a certain university in Henan Province
has carried out extensive collaborative innovation between
schools and enterprises in the field of bridge and tunnel
engineering, in combination with the major construction
needs of national high-speed railways and expressways.
Good and stable cooperative relationships have been
established with multiple state-owned enterprises, and the
engineering practice base for cultivating innovation and
entrepreneurship abilities of students majoring in civil en-
gineering has been improved. Over the past 10 years, more
than 40 collaborative innovation projects have been carried
out between schools and enterprises, with some represen-
tative projects shown in Table 2. More than 100 students and
over 1000 engineering and technical talents have been
trained. It has set a model for universities to carry out
entrepreneurship and innovation education. This article
takes the project “Research on Key Technologies of Tunnel
Construction under Complex Geological Conditions in
Southwest Yunnan” as the research object and combines the
improved AHP and fuzzy comprehensive evaluation method
to evaluate the performance of collaborative innovation
between schools and enterprises.

The China Laos Railway is one of the representative
projects in China’s “the Belt and Road” strategy. The Yumo
railway section in Yunnan Province is located in the
southwest of Yunnan Province. Karst landforms are widely
distributed in this area. Large deformation of soft rock,

4.2. Second Level Fuzzy Comprehensive Evaluation. Based on
the determined first level fuzzy comprehensive evaluation
vector B; and the first level indicator weight vector A,
a second-level fuzzy comprehensive evaluation model
should be constructed.

11 12 Y13 Y14 “15

b, b, by b, b
AO[BI,BZ,B3]T:(a1,a2,a3) by by bys by bys | (10)
b,, by, by by, b

21 Y32 V33 Y34 V35

bedding bias, filling of karst cavities, water inrush, and mud
inrush and other adverse geological conditions have serious
impacts on tunnel construction. The school enterprise
collaborative innovation project “Research on Key Tech-
nologies for Tunnel Construction under Complex Geo-
logical Conditions in the Southwest Yunnan Region” has
provided technical support for the smooth implementation
of the Yumo Railway section construction in Yunnan.
Figures 1 and 2 show the on-site research and discussion of
the research group members during the project imple-
mentation process. On December 3, 2021, the whole China
Laos Railway has been opened to traffic. Figure 3 shows the
scene where the members of the research team participate in
the opening ceremony of the China Laos Railway online.
More than 30 scientific researchers participated in the
project, and each member of the research group and
graduate student stayed on site for about 1 year. Based on the
project, we have produced over 20 research papers, patents,
and other achievements. We have trained 6 graduate stu-
dents and over 100 engineering and technical personnel. The
effect of innovation and entrepreneurship education is
significant.

5.2. Fuzzy Comprehensive Evaluation. According to the
indicator system shown in Table 1, 25 questions are
designed, each of which is divided into 5 levels. A “one-on-
one” questionnaire survey is conducted on a total of 40
participants in the project, including researchers, managers,
technicians, and graduate students. Quantitative indicators
are evaluated based on the experience of experts and
combined with the numerical values of various indicators in
the past three years, while qualitative indicators are evalu-
ated by experts based on their own knowledge and expe-
rience. After organizing and summarizing the basic data
obtained from the questionnaire survey, fuzzy compre-
hensive evaluation data is obtained. Table 3 shows the fuzzy
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FiGure 1: Field investigation.

e

- —
“F" Rt EBzNg RERS T8 Hornaing

FiGure 2: Topic discussion.

FIGURE 3: Opening ceremony of China Laos railway.

comprehensive evaluation data of the project “Research on
Key Technologies for Tunnel Construction under Complex
Geological Conditions in Southwest Yunnan.”

R

target
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According to the data in Table 3 and formula (8), the first
level fuzzy evaluation matrices R;,R,,and R; for the input,
process, and output of the first level evaluation indicators are
determined.

[0.15 0.45 0.25 0.15
0.25 0.60 0.05 0.10
0.25 0.60 0.10 0.05
0.30 0.55 0.10 0.05
0.35 0.50 0.10 0.05
0.40 0.55 0.025 0.025
0.35 0.60 0.025 0.025

L0.25 0.60 0.10 0.05
[0.30 0.60 0.05 0.05

01
0
0
0
0
0
0
0
0

0.40 0.55 0.025 0.025 0

0.15 0.45 0.30 0.10 O

0.35 0.60 0.025 0.025 0

0
0
0
0
0
0
0
0
0
0]

e
I

, (11)

0.25 0.65 0.05 0.05
L0.30 0.60 0.05 0.05
[0.35 0.55 0.05 0.05
0.20 0.40 0.30 0.10
0.45 0.50 0.025 0.025
0.35 0.55 0.05 0.05
0.45 0.50 0.025 0.025
0.35 0.55 0.05 0.05
0.35 0.60 0.025 0.025
L0.30 0.60 0.05 0.05

According to formula (9), the fuzzy comprehensive
evaluation vectors B, B,, and B, for the input, process, and
output of the first level indicators are obtained.

B, = A eR; =(0.2645,0.5485, 0.1085,0.0785, 0),
B, = A, e R, =(0.2940,0.5695,0.0863,0.0503,0),  (12)
B; = A; e R; =(0.3405,0.5180, 0.0898,0.0518, 0).
According to formula (10), the fuzzy comprehensive

evaluation vector Ry, for the collaborative innovation
performance of school enterprise cooperation is obtained.

= Ae [B,,B,, B;]" =(0.2977,0.5467,0.0951, 0.0606, 0). (13)
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According to the evaluation level set V ={Excellent,
Good, Medium, Qualified, Unqualified} = {1.0, 0.8, 0.6, 0.4,
0.2}, the evaluation result value is between 1 and 0.2; the

Discrete Dynamics in Nature and Society

closer tol, the better the performance, and the closer to 0.2,
the worse the performance.

S = Rygger ® V' = (0.2977,0.5467, 0.0951,0.0606, 0) (1.0, 0.8, 0.6,0.4,0.2)" = 0.82. (14)

The performance evaluation value of collaborative in-
novation in this school enterprise cooperation is 0.82.
Similarly, the performance evaluation values of 3 primary
indicators and 22 secondary indicators are calculated, as
shown in Table 4. The fuzzy comprehensive evaluation
values in this article are consistent with the calculation
results in references [7, 9], which verifies the reliability and
feasibility of the calculation results.

5.3. Analysis of Calculation Results

(1) The collaborative innovation performance evalua-
tion value of the school enterprise cooperation
project for the “Research on Key Technologies of
Tunnel Construction under Complex Geological
Conditions in Southwest Yunnan” project is
0.82.29.76% of the evaluation expert group judges
the performance of the project as “excellent,” while
54.67% believes it to be “good.” The overall state of
the school enterprise cooperation project is good.
Both parties in school enterprise cooperation have
the same goals and strong willingness to cooperate.
They are able to fully leverage their respective ad-
vantages and make full use of existing resources.
They can not only fulfill their respective re-
sponsibilities but also cooperate fully, ultimately
achieving good collaborative innovation perfor-
mance. The cooperation between schools and en-
terprises has created a favorable atmosphere for
collaborative innovation, gradually entering a virtu-
ous cycle and achieving good results.

(2) The evaluation value of the indicator for collabo-
rative innovation input in school enterprise co-
operation is 0.80, which has a relatively small
contribution to the performance of collaborative
innovation in school enterprise cooperation. In the
secondary indicators, the alliance experience and the
number of scientific researchers have higher evalu-
ation values, with values of 0.87 and 0.86, re-
spectively. This indicates that in the long-term
collaborative innovation between schools and en-
terprises, the Bridge and Tunnel Engineering Re-
search Institute has accumulated rich alliance
experience, which can better manage cooperation
activities, cultivate scientific research teams, and
obtain high recognition from cooperative enter-
prises. The lowest evaluation value of policy support
intensity is 0.72, indicating that the policy support
system for collaborative innovation between schools
and enterprises is not perfect enough, and the

external environment for collaborative innovation
between schools and enterprises needs to be
optimized.

(3) The evaluation value of the collaborative innovation

process indicator is 0.82, slightly higher than the
evaluation value of the collaborative innovation
input indicator. Analyzing the secondary indicators,
it can be seen that the evaluation values of the
willingness to cooperate and degree of action syn-
ergy, communication, and trust are relatively high,
with values of 0.87 and 0.86, respectively. This in-
dicates that both parties in school enterprise co-
operation have a strong willingness to trust each
other, communicate smoothly, and work together to
ensure the smooth implementation of the project
according to the predetermined plan. However, the
evaluation value of the operational mechanism in-
dicator is relatively low at 0.73, indicating that the
operational mechanism of collaborative innovation
between schools and enterprises still needs to be
improved.

(4) The highest evaluation value of the indicators for

collaborative innovation output is 0.83, and the
evaluation values for number of patent authoriza-
tions, number of articles (including works), and
number of graduate students trained are 0.88, 0.88,
and 0.86, respectively. However, the rate of tech-
nology transfer is relatively low, with an evaluation
value of only 0.74, indicating that some research
achievements are not suitable for market demand
and cannot be converted into expected product
returns. Both schools and enterprises cannot achieve
higher-level cooperation, which is also a common
problem in collaborative innovation between schools
and enterprises.

5.4. Suggestions for Improving Collaborative Innovation be-
tween Schools and Enterprises

(1) With the development of China’s economy and the

increasing awareness of cooperation and innovation
between schools and enterprises, local governments
at all levels have increased their input in collaborative
innovation between schools and enterprises. How-
ever, the policy support system for collaborative
innovation between schools and enterprises is still
incomplete and requires a long period of accumu-
lation. Local governments should establish and
improve policies to encourage technology brokers
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TABLE 4: Performance evaluation value table.

Evaluating indicator

Evaluation value

Input

Process

Output

Policy support intensity

University reputation

Number of municipal and above scientific research platforms
Proportion of research funding from source enterprises
Number of scientific research funds

Alliance experience

Number of scientific researchers

Proportion of scientific research personnel with intermediate professional titles and

above

Resource matching and sharing

Willingness to cooperate and degree of action synergy
Operating mechanism

Communication and trust

Respect for intellectual property rights

Organizational learning and growth

Rewards for achievements at or above the city level
The rate of technology transfer

Number of patent authorizations

Improvement in the quality and level of research teams
Number of articles (including works)

Promotion degree of collaborative innovation management
Number of graduate students trained

Improvement of social reputation

0.80
0.82
0.83
0.72
0.80
0.81
0.82
0.83
0.87
0.86

0.81

0.83
0.87
0.73
0.86
0.82
0.83
0.84
0.74
0.88
0.84
0.88
0.84
0.86
0.83

and intermediary service institutions as soon as
possible, improve the level of specialized services for
school enterprise cooperation, and further imple-
ment the issue of special funds for school enterprise
cooperation, fully leveraging the external environ-
mental role of school enterprise cooperation and
collaborative innovation.

(2) Due to objective reasons such as the incomplete
market economy system, incomplete legal system,
and late start of industry university research co-
operation, the operational mechanism of collabo-
rative innovation between schools and enterprises
has not yet formed, which greatly hinders the im-
provement of the performance level of collaborative
innovation between schools and enterprises. Under
the guidance and coordination of the government,
with universities and enterprises as the main body,
macro control mechanisms, incentive mechanisms,
technological achievement flow mechanisms, and
distribution systems should been established to
ensure the smooth implementation of collaborative
innovation between schools and enterprises.

(3) As one of the main subjects of collaborative in-
novation between universities and enterprises, uni-
versities pay more attention to scientific research
innovation and talent cultivation. Economic
awareness and market concepts are not yet in place,
and there is less market demand for results. In ad-
dition, the immature market environment for results
transformation hinders the marketization of

innovative results. Universities should further
transform their thinking, grasp market changes and
demands, and make innovative achievements more
meaningful and promising in the market. At the
same time, it is necessary to accelerate the estab-
lishment of information-based trading platforms
with the government or associations as the main
body, establish sound market trading mechanisms
and technology market norms, and adopt measures
such as technology transfer and joint redevelopment
to accelerate the diffusion of innovative
achievements.

6. Conclusion

Based on the characteristics of school enterprise cooperation
and the input-process-output principle, the article con-
structs a performance evaluation index system for collab-
orative innovation in school enterprise cooperation. Using
improved AHP, the weights of 25 evaluation indicators are
calculated. The performance evaluation value of school
enterprise collaborative innovation projects is calculated
using the fuzzy comprehensive evaluation method. The
comprehensive evaluation value of the entrepreneurship and
innovation education case is 0.82, indicating that the project
is in good condition as a whole. The evaluation values of
seven secondary indicators are all above 0.86. This indicates
that the effectiveness of entrepreneurship and innovation
education is significant. However, the evaluation values of
the three secondary indicators, including policy support,
operational mechanism, and conversion rate of scientific
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and technological achievements, are relatively low. There-
fore, we should optimize the external environment for
school enterprise cooperation, establish and improve op-
erational mechanisms, change concepts, and accelerate the
marketization of innovation achievements to enhance the
efficiency of collaborative innovation between universities
and enterprises. The article innovatively combines the
school-enterprise collaborative innovation performance
evaluation with innovation and entrepreneurship education,
providing a new perspective for this kind of research. The
results of performance evaluation point out the direction for
both the university and the enterprise to improve the effi-
ciency of collaborative innovation, and provide a theoretical
basis for the government to optimize the external envi-
ronment and the implementation of policies. There are many
factors affecting the performance of school-enterprise col-
laborative innovation. This article focuses on the evaluation
results of innovation and entrepreneurship education cases,
refers to the results of literature research, and puts forward
suggestions to improve performance. Its limitation lies in
that it only selects 3 first-level indicators and 22 second-level
indicators to carry out performance evaluation research and
innovation and entrepreneurship education practice based
on the previous projects of the bridge and tunnel engi-
neering research institute of a certain university in Henan
province and draws corresponding conclusions. Due to the
limitations of project conditions in the selection of evalu-
ation indicators, it is only applicable to the evaluation of
school-enterprise collaborative innovation and entrepre-
neurship education of engineering class but not to the
performance evaluation of all school-enterprise cooperation
projects. When applying the ideas and methods in this article
to evaluate the performance of other projects, the evaluation
indicator system should be adjusted according to the actual
situation of the project. In future research, based on col-
lecting more cases of school enterprise collaborative in-
novation, the focus should be on exploring the challenges
encountered in carrying out innovation and entrepreneur-
ship education through school enterprise collaborative in-
novation in order to provide more universal solutions for
innovation and entrepreneurship education.
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