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Abstract This study explores the optimization of innovation and entrepreneurship education in higher education institutions
through the application of new media technologies. A linear spatial model of innovation and entrepreneurship capabilities is
constructed by incorporating dimensions such as creativity, perseverance, and opportunity recognition. Furthermore, a multi-
objective optimization model for educational resource allocation is developed using big data analytics and grey relational
analysis algorithms. The results show that the optimized allocation of resources improves resource utilization efficiency
by 18.72% and allocation efficiency by 20.98%. Integrating new media technologies into education enhances personalized
learning, collaboration, and practical engagement while aligning university programs more closely with industry needs. These
findings provide insights into how new media technologies can strengthen entrepreneurship education and better prepare

students for success in a digitally driven entrepreneurial environment.

Index Terms new media, innovation and entrepreneurship education, resource alloca-
tion, multi-objective optimization, grey relational analysis, big data

I. Introduction

he rise of new media has dramatically reshaped the
T educational landscape, particularly within higher educa-
tion institutions, where the growing need for innovation and
entrepreneurship has become central to preparing students
for the future workforce. Innovation and entrepreneurship
education, which aims to foster creativity, problem-solving
abilities, and a willingness to take calculated risks, is now
more important than ever in the context of global economic
transformations and the rapid advancement of technology. The
new media environment, driven by big data, social media
platforms, and Internet technologies, presents both challenges
and valuable opportunities for universities seeking to cultivate
entrepreneurial mindsets among their students [1]-[3]]. This
study explores the educational pathways that universities can
adopt to strengthen innovation and entrepreneurship education
from the perspective of new media, with particular emphasis
on optimizing resource allocation and enhancing the overall
effectiveness of educational practices.

The changing nature of entrepreneurship, influenced by the
widespread presence of digital technologies, requires a com-
prehensive understanding of how educational resources can
be allocated effectively to maximize students' entrepreneurial
potential. In this regard, the application of new media tools
and technologies provides a valuable opportunity to create

dynamic, interactive, flexible, and personalized learning ex-
periences that can better equip students with the practical
skills, knowledge, and mindset necessary for entrepreneurial
success [4], [Sl. The expanding role of big data analytics
in entrepreneurship education also facilitates the design of
tailored educational pathways that address the diverse learning
needs and personal characteristics of students, ranging from
the enhancement of creativity and opportunity-recognition
abilities to the development of resilience and perseverance
when confronting entrepreneurial challenges.

As the entrepreneurial landscape becomes increasingly
complex and unpredictable, university students must be
equipped not only with relevant theoretical knowledge but also
with the practical skills, competencies, and entrepreneurial
mindset required to navigate uncertainty successfully. The
integration of innovation and entrepreneurship education into
higher education is therefore critical for enabling students
to thrive in an increasingly competitive, rapidly changing,
and digitally driven economy [6]], [[7]. Moreover, these edu-
cational efforts are essential for addressing rising unemploy-
ment rates because innovation and entrepreneurship provide
viable pathways through which students can create their own
employment opportunities, contribute to narrowing the unem-
ployment gap, generate new forms of economic activity, and
stimulate sustainable economic growth.
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New media technologies, including online learning plat-
forms, social media networks, and big data systems, provide
innovative opportunities to reconsider and improve traditional
educational models. These technologies allow universities to
expand the reach and accessibility of their educational offer-
ings, engage students in real-time problem-solving activities,
and facilitate meaningful cross-disciplinary collaboration. By
effectively leveraging these tools, universities can foster an
active learning environment in which students participate di-
rectly in entrepreneurial projects, collaborate with industry
professionals and experts, and develop practical solutions to
real-world problems [8]. Furthermore, the application of big
data technologies and algorithmic models can help universi-
ties tailor their innovation and entrepreneurship programs to
align more closely with changing industry requirements and
individual student capabilities, thereby ensuring that available
educational resources are allocated and utilized effectively to
achieve the best possible learning outcomes.

This study seeks to investigate how new media technologies
can be strategically integrated into higher education institu-
tions to enhance the quality and effectiveness of innovation
and entrepreneurship education. By constructing a linear spa-
tial model of innovation and entrepreneurship capabilities, the
study aims to identify and analyze the principal dimensions
of entrepreneurial competence, including creativity, persever-
ance, and opportunity recognition, and to develop a multi-
objective optimization model for the allocation of educational
resources. The application of these analytical models provides
empirical evidence regarding how the appropriate use of new
media can improve the efficiency of educational resource
distribution and utilization, ultimately fostering a more sup-
portive, responsive, and conducive educational environment
for entrepreneurial development and success.

The ultimate goal of this research is to identify practical
educational pathways and effective strategies that can op-
timize the development of innovation and entrepreneurship
capabilities among university students [9]. In doing so, the
study contributes to the broader academic discourse concern-
ing the role of new media in transforming higher education,
improving educational resource allocation, and empowering
students to become capable and successful entrepreneurs in an
increasingly complex and technology-driven world. The find-
ings of this research provide valuable insights into how higher
education institutions can better prepare students to address
the challenges and opportunities associated with the contem-
porary entrepreneurial ecosystem, while helping to bridge the
persistent gap between university education, entrepreneurial
practice, and the evolving needs of modern industries.

Il. Model of the Elements of Entrepreneurship and
Innovation

A. Innovation Ability

Innovation consciousness, innovative thinking, an innovative
mentality, and the accumulation of relevant knowledge should
all be regarded as essential components of innovation ca-
pacity. The fundamental elements of innovation ability can

be summarized as knowledge acquisition and accumulation,
knowledge transfer, knowledge classification and integration,
thinking and imagination, practical application, and mental
control, including executive ability and willpower [7]. Ac-
cordingly, innovation ability can be represented within the
linear space R® by six dimensions: knowledge formation and
accumulation, knowledge transfer ability, knowledge classifi-
cation and integration management ability, thinking and imag-
ination, practical operation ability, and mental control ability.
Together, these elements constitute a six-dimensional linear
vector space. Before the model is applied, it is necessary to
examine whether each dimension is independent of the other
dimensions and whether substantial correlations exist among
the selected components [J8]].

As illustrated in Figure [I] a measurement scale can be
designed for the fundamental components of innovation abil-
ity. Knowledge accumulation can be evaluated according
to the depth, breadth, and temporal validity of the knowl-
edge acquired by students. Knowledge transfer ability can
be assessed in terms of transfer effectiveness, transfer effi-
ciency, and transfer cost. The ability to classify, integrate,
and manage knowledge can be measured through knowledge-
classification ability, knowledge-management ability, and
deductive-reasoning ability. Similarly, thinking and imagina-
tion can be evaluated through indicators such as imagination,
creative thinking, and reverse-thinking ability. Practical op-
eration ability can be assessed according to students’ per-
formance in course-based practical activities, the quality of
experimental designs, and the quality of graduation-project
designs. Mental control ability can be evaluated by examining
executive ability, self-regulation, perseverance, and willpower.
To measure these six dimensions systematically, students can
be asked to answer a specified number of multiple-choice
questions corresponding to each area, after which the scores
obtained in the individual dimensions can be calculated and
analyzed.
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Figure 1: Elements of innovation capability
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B. Analysis of the Components of Entrepreneurial
Competencies

To provide a more scientific and systematic explanation of the
meaning and structure of entrepreneurial competencies, case
studies and questionnaire surveys can be combined to iden-
tify their principal dimensions. On this basis, entrepreneurial
competence can be represented through seven dimensions:
relationship competence, innovative creativity, entrepreneurial
perseverance, opportunity recognition and exploitation, en-
trepreneurial motivation, resource integration, and practical
learning ability [10]. These seven dimensions collectively
describe the abilities required to establish productive rela-
tionships, generate creative solutions, persist when facing
difficulties, identify and seize market opportunities, maintain
entrepreneurial motivation, integrate available resources, and
continuously acquire relevant knowledge and practical skills.

As presented in Table [I] the individual components of
entrepreneurial competence can be measured by designing
a specified number of multiple-choice questions for every
dimension. Students can be asked to answer these questions,
and their scores for the seven dimensions can subsequently
be calculated. The resulting scores can then be converted
into relative probabilities or standardized weights to deter-
mine the relative contribution of each component to over-
all entrepreneurial competence. Finally, factor analysis can
be employed to examine the correlations among the dimen-
sions, evaluate whether the proposed component structure is
statistically reasonable, and determine whether the selected
indicators adequately represent the broader construct of en-
trepreneurial competence [11]].

Table 1: Dimensions and components of entrepreneurial abil-
ity

Serial number

Element dimension

Connotation and evaluation focus

1

Relationship com-
petence

The ability to establish and maintain productive
relationships among individuals and between
individuals and organizations

2 Innovative creativ- | The ability to address different problems within
ity an enterprise by developing and applying cre-
ative ideas and solutions
3 Entrepreneurial The ability to persevere and avoid giving up
perseverance despite the challenges, setbacks, uncertainties,
and losses encountered during entrepreneurship
4 Opportunity recog- | The ability to identify, evaluate, and seize mar-
nition and exploita- | ket opportunities by applying a variety of appro-
tion priate methods and techniques
5 Entrepreneurial The expectations, aspirations, sustained efforts,
motivation and achievements associated with pursuing
and maintaining an entrepreneurial career and
lifestyle
6 Resource integra- | The ability to identify, coordinate, and integrate
tion internal and external human, financial, material,
informational, and technological resources
7 Practical learning | The ability to continuously acquire, apply, and
ability update new knowledge, information, experi-

ence, and skills related to business and en-
trepreneurial practice

lll. Linear Space Model Construction

A. Determination of the Weights of Basis Vectors

Assuming that the preceding hypothesis is valid, a set of
basis vectors representing innovation ability can be defined
in the six-dimensional linear space RS. These basis vectors

correspond to knowledge formation and accumulation, knowl-
edge transfer ability, knowledge classification and integration
management ability, thinking and imagination, practical oper-
ation ability, and mental control ability [|12]]. Each basis vector
represents a fundamental and measurable component of an
individual’s overall innovation capability. Similarly, 77 can
be constructed as another set of basis vectors representing the
seven dimensions of entrepreneurial competence: relationship
competence, opportunity recognition and exploitation, inno-
vation and creativity, resource integration, entrepreneurial mo-
tivation, entrepreneurial perseverance, and learning through
practice. After these two sets of basis vectors have been con-
structed, their coefficients and the corresponding weights of
the individual components of innovation and entrepreneurship
ability can be determined [/13]].

The weights can be determined using the evaluation in-
dicators associated with each component. Taking innova-
tion capability as an example, suppose that there are m
attributes for evaluating the innovation and entrepreneurship
capabilities of all individuals. These attributes are denoted
by C1,C5,...,C,, and are used as the basis for determining
the corresponding weights. A weight represents the degree to
which a particular indicator influences an individual’s overall
innovation and entrepreneurship capability. The magnitude of
a weight is generally positively correlated with the degree of
influence of the corresponding indicator. Each weight ranges
from O to 1, and the sum of the weights assigned to all evalu-
ation factors is equal to 1. Consequently, indicators that exert
a stronger influence on the comprehensive evaluation receive
relatively larger weights, whereas indicators with weaker ef-
fects receive relatively smaller weights.

B. Spatial Model of Innovation Capabilities

After the constituent elements of innovation and entrepreneur-
ship ability have been determined, the correlations and inde-
pendence among the fundamental components are examined.
The similarities between the two sets of basis vectors are
then evaluated, and correlation analysis is performed for the
measurement indicators associated with each vector. On this
basis, a unified set of basis vectors for the linear space of in-
novation and entrepreneurship ability can be constructed. The
weight of each basis vector is subsequently determined using
topological theory, thereby allowing the linear spatial model
of innovation and entrepreneurship ability to be established.

As illustrated in Figure[2] the resulting capability vector can
be expressed as

C:(§1a§25a§n)) nS117 (1)

where ¢; denotes the coordinate or weighted value associated
with the ith basis vector, and n denotes the dimension of
the constructed linear space. The restriction n < 11 re-
flects the dimensional structure retained after examining the
similarities, correlations, and independence of the original
components. The spatial model therefore provides a unified
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representation of the principal components of innovation and
entrepreneurship capability.
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Figure 2: Structure of the linear spatial model of innovation
and entrepreneurship capability

C. Evaluation Model

Because the linear space representing innovation capability
is abstract and cannot be observed or quantified directly,
its theoretical components must be transformed into observ-
able and measurable indicators. Knowledge acquisition abil-
ity can be evaluated in terms of the depth and breadth of
acquired knowledge and its temporal validity [14]. Knowl-
edge transfer ability can be assessed according to the ef-
fectiveness and cost of transferring knowledge. The ability
to classify, integrate, and manage knowledge can be eval-
uated through knowledge-classification ability, knowledge-
management ability, and deductive-reasoning ability. Think-
ing and imagination can be observed through indicators such
as imaginative ability, creative thinking, and reverse-thinking
ability [15]. Practical operation ability can be calculated ac-
cording to students’ performance in course-based practical
work, experimental design, and graduation-project design.
Mental control ability can be measured by observing an indi-
vidual’s willpower, self-regulation, and executive ability [16].

The dimensions of entrepreneurial competence can also be
transformed into observable measures. For example, relation-
ship competence can be evaluated by examining an individ-
ual’s willingness and ability to maintain contact with new ac-
quaintances and establish constructive relationships with unfa-
miliar people [17]. Opportunity-recognition and opportunity-
exploitation abilities can be measured by assessing whether
an individual can evaluate the feasibility of potential business
opportunities and identify suitable methods for estimating the
value of those opportunities [[18]]. The remaining dimensions
can likewise be evaluated through appropriately designed
indicators, questionnaire items, and statistical measurements
[L7].

Two principal tasks are required to complete this trans-
formation. First, a mapping must be constructed between
the basis vectors in the linear space and the corresponding
observable measures. Second, an appropriate measurement
scale must be developed for evaluating these observable indi-
cators. After the required data have been collected, statistical
calculations can be performed, and the evaluation model can
be expressed as

C=(&,&,....&) — ([1(1), f2(02), -, fu(thn)),

2

where f; denotes the mapping function that connects the :th
abstract capability component with its corresponding observ-
able measure ;. Through this mapping relationship, the ab-
stract coordinates of the linear spatial model can be expressed
in terms of measurable evaluation indicators.

Since the calculated vector

C = (fr(r), fa(¥2); -+, fu(¥n)) 3)

reflects the original vector defined in Eq. , its individ-
ual components represent the magnitudes of the basis-vector
coordinates in the linear space used to describe innovation
and entrepreneurship capability. The following procedure can
therefore be used to conduct the evaluation.

Step 1: First, the linear spatial vector representing the
innovation and entrepreneurship ability of a known successful
individual is measured. The resulting vector is then adopted as
the reference or standard value against which the capabilities
of other individuals can be compared.

Step 2: Next, the difference or variance between each basis-
vector component of a specific evaluated individual and the
corresponding component of the standard reference vector
is calculated. The grey relational coefficient used for this
comparison is given in Eq. (@):

_ min; ming [ Xor — Xix| + pmax; maxy | Xqp — Xig|

Eik =

b

| Xor — Xix| + pmax; maxy | Xop — Xig
k=1,2,....n. 4)

1=1,2,...,m;

The calculated differences are used to identify the specific
fundamental components of innovation and entrepreneurship
ability that deviate substantially from the reference standard.

Step 3: Finally, targeted measures are implemented to
strengthen the identified components of innovation and en-
trepreneurship capability. The required enhancement can be
represented as

E:(Al,AQ,...,Ai), A; > Ay, i<n, (&)

where A; denotes the improvement required for the ith com-
ponent, and A denotes the predetermined threshold. Com-
ponents whose deviations exceed the specified threshold are
prioritized for targeted educational intervention and capability
development.

IV. Grey Correlation Degree Algorithm
The grey correlation coefficient is calculated using the follow-
ing formula:

min mkin | Xor — Xik| + pmax max | Xox — Xik|
4 : i

Eik =

b

| Xor — Xix| + pmax max | Xox — Xi|
K3
i=1,2,...,6; k=1,2,...,11. 6)

Using Eq. (6), the correlation coefficient ;5 is calculated
for each indicator, where : = 1,2,...,6and k = 1,2,...,11.
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Table 2: Satisfaction data and the quality evaluation index system

64.55Evaluation index

system of innovation

and entrepreneurship
education for college

students

First-level indicators Secondary indicators weight [ A B C D E F G H
Number of innovation and entrepreneurship courses 0.02 160.01 69.62 [71.82167.82[74.71(72.40[76.95[68.92
Innovation and entrepreneurship Innovation and entrepreneurship course content 0.02 61.17 70.78 [ 73.67 [ 68.45]70.55[74.09[76.55]69.67
courses and activities Innovation and entrepreneurship lectures 0.03 61.78 69.22 [ 70.78 [ 68.34 [ 72.91 [ 75.16 [ 76.17 | 68.95
Innovation and entrepreneurship activities 0.05 64.13 70.02 [72.35[68.77 [ 74.71 | 76.23 [ 75.54 [ 70.05
Teachers of innovation and entrepreneurship education 0.02  [67.02 72.68 | 76.35 | 71.88 | 76.49 | 76.21 | 77.32 | 73.07
Innovation and entrepreneurshi Innovation and entrepreneurship education system 0.03 61.72 72.68 [76.55[72.87[76.44175.69[76.9372.75
educalinncnndilionep P Innovation and entrepreneurship books 0.02 68.83 72.68 | 76.67 [ 70.45[76.49 [ 75.69 [ 76.93 | 72.45
Construction of innovation and entrepreneurship 0.02 |66.48 71.56 | 68.72 | 69.82 | 75.89| 75.12 | 78.00 | 72.42
sites and facilities
Innovation and entrepreneurship atmosphere 0.02 64.72 7233 73.18[69.35 [74.72]75.16 [ 76.56 | 72.32
Innovation and entreprencurshi Access to education information 0.04 64.77 70.38169.49168.02[74.1373.52[77.32]71.49
. preneurship Convenience of access to education services 0.05 64.12 70.39[70.02 [ 68.45[75.96 | 75.65 [ 76.19 | 70.95
education channels Feedback on demand channels for innovation and
ck on e anne’s for innovation & 005 |65.32 7156 | 60.49 | 67.89 | 74.72 | 75.69 | 75.78 | 70.45
entrepreneurship education
Development of innovation and entrepreneurship awareness 0.15 60.01 65.38[67.62167.08[75.56[71.36[73.85]65.49
o ) | Evaluation of mastery of innovation and 008 |[53.54 60.02 | 58.42 | 60.14 | 66.25 | 68.14 | 68.07 | 62.65
Individual innovation and entrepreneurship | entrepreneurship knowledge
Evaluation of innovation and entrepreneurship ability 0.12 64.13 71.95[72.12169.12[77.08 [ 73.52(73.07 [ 62.65
Evaluation of preferences for innovation and entrepreneurship! 0.16 65.89 65.16 [64.4968.41[76.49[72.47168.0263.52
Evaluation of individual innovation and entrepreneurship achievements | 0.10 | 53.54 60.02 [ 58.45[60.12 [ 68.25]76.45[72.41 | 74.22
) o Theoretical innovation of fnnovation and 004 [6a12  [7193[72.12]60.11{77.05 | 7332 | 75.02 | 62.45
Achievements of innovation and entrepreneurship education in colleges and universities
entrepreneurshl_p edL}ge\tmn in Pracuce?l innovation in collcgc'and university 0.02 66.49 7155 71.59 | 69.22 | 78.25 | 74.61 | 75.02 | 71.49
colleges and universities innovation and entrepreneurship education
Tnnovation and entrepreneurship education and 004 |6472 74.25 | 71.51 | 69.12 | 77.05 | 74.02 | 76.94 | 71.50
management innovation in colleges and universities
Achievements of innovation and entrepreneurship 0.05 |68.272.455|72.35 [ 73.41 | 69.82 | 76.45 | 76.49 | 76.44 | 72.22
education in colleges and universities

Each calculated coefficient represents the degree of correla-
tion between an individual comparison indicator and the cor-
responding indicator in the reference sequence. The complete
set of correlation coefficients is subsequently organized into
the grey correlation coefficient matrix E = (§;x).

A. Calculation of the Correlation Degree

Based on the components presented in Table [T} the weights
of the different indicators at each hierarchical level can be
represented by Wap, Wpic, Wpeac, Wase, Whac, and
Wpgsc. The general correlation vector is expressed as

)

where r; represents the calculated correlation degree of the
ith indicator. Using Eq. (7), the correlation degrees of the
indicators at the different hierarchical levels are calculated.
The resulting correlation vectors are given in Eq. (8).

R= (Ti)lxm - (7’1,7"2, e 7Tm)7

Rp1 = Wgic x EL o
= (0.0077,0.0148,0.0212, 0.0125, 0.0609, 0.0764, 0.0793,0.0152);

Rps = Wpac x Efsc
= (0.0049,0.0114,0.0153,0.0073, 0.0386, 0.0222, 0.0575, 0.0103);

Rps = Wpsc X Efse
= (0.0084, 0.0168, 0.0140, 0.0116, 0.0471,0.0695, 0.1100, 0.0166);

Rps = Wpac X Efyc
= (0.0396,0.0546,0.0534, 0.0607, 0.5058, 0.2044, 0.3583, 0.0602);

Rps = Wasc x Efsc
= (0.0125, 0.0264,0.0260, 0.0165, 0.1308, 0.0545, 0.1026, 0.0206).
)
In Eq. ®), Epic, Epac, Epsc, Epac, and Epsc are the
matrices composed of the corresponding data obtained from
the grey correlation coefficient table. Each matrix contains the
correlation coefficient values associated with the indicators
belonging to its respective criterion layer. Multiplication by
the corresponding weight vector produces the weighted corre-

lation vector for each criterion group.

The final correlation vector between the target layer and
the evaluation indicators is calculated by combining the five
criterion-level correlation vectors. The resulting comprehen-
sive correlation vector R4 is calculated using Eq. (9):

Ra = (r1,72,73,74,75,76,77,78)
Rp:
Rps
Rps
Rpa
Rps
= (0.0262,0.0389, 0.0388,0.0397, 0.3177, 0.1408, 0.2411, 0.0411).
©))
Eq. () gives the comprehensive grey correlation degree for
each of the eight evaluated institutions. A larger correlation
value indicates that the corresponding institution is more
closely associated with the reference sequence and therefore
demonstrates a higher overall quality of innovation and en-
trepreneurship education. Based on the magnitudes of the cor-
relation coefficients contained in R 4, the quality of innovation
and entrepreneurship education in the eight institutions can be
ranked in the following descending order:

= Wan

E>G>F>H>D>B>C>A. (10)

As shown in Eq. (I0), institution E achieves the highest
comprehensive correlation degree, followed by institutions G,
F,and H. In contrast, institution A has the lowest comprehen-
sive correlation degree among the eight evaluated institutions.

V. Analysis of Empirical Results
A. Entrepreneurship in Higher Education

Among the eight colleges and universities examined, Insti-
tution E has the highest degree of correlation with the ideal
reference institution, with a correlation value of 0.3177. Insti-
tution E therefore demonstrates the strongest overall perfor-
mance in innovation and entrepreneurship education among
the evaluated institutions.
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Table 3: Regional levels of innovation and entrepreneurship

Zone Region Regional innovation level Regional entrepreneurship level
2006 2010 2014 2018 2006 2010 2014 2018
Beijing 0.1638 | 0.2577 | 0.4166 | 0.5726 | 0.0936 | 0.1205 | 0.2974 0.5324
Tianjin 0.0456 | 0.0552 | 0.0902 | 0.1297 | 0.0314 | 0.037 0.0788 0.1805
Hebel 0.0378 | 0.0506 | 0.074 | 0.1095 | 0.0287 | 0.0274 | 0.0445 0.1532
Liaoning 0.0574 | 0.0806 | 0.0974 | 0.1185 | 0.0406 | 0.0469 | 0.0521 0.0897
Shanghai 0.0885 [ 0.1335 | 0.1674 | 0.2685 | 0.0702 | 0.IT12 | 0.1865 0414
Eastern region Jiangsu 0.1128 | 0.2488 | 0.3567 | 0.4877 | 0.0882 | 0.128 0.1649 0.3185
Zhejiang 0.0935 | 0.1855 | 0.2697 0.26 0.0489 | 0.1026 | 0.0871 0.2287
Fujian 0.034 | 0.0526 | 0.0838 | 0.1497 | 0.0405 | 0.049 0.057 0.1045
Shandong 0.0722 | 0.128 | 0.1926 0.28 0.0487 | 0.1024 | 000874 | 0.2289
Guangdong 0.1482 | 0.2612 | 0.3637 | 0.6398 | 0.1145 | 0.1648 | 0.2435 0.578
Hainan 0.0187 | 0.0328 | 0.0297 | 0.0196 | 0.0138 | 0.0132 | 0.0147 0.0278
Mean value 0.0796 | 0.1352 | 0.1947 | 0.2865 | 0.0572 | 0.0789 | 0.1214 0.2598
Shanxi 0.0365 | 0.0367 | 0.0442 | 0.0512 | 0.0245 | 0.0244 | 0.0207 0.0302
Jilin 0.0378 | 0.0445 | 0.0507 | 0.0689 | 0.0205 | 0.0226 | 0.0202 0.0306
Heilongjiang 0.0421 | 0.0569 | 0.0601 | 0.0668 | 0.023 0.03 0.0228 0.0915
Anhui 0.0349 | 0.0557 | 0.0986 | 0.1496 | 0.028 | 0.0246 | 0.0335 0.088
Central region | Jiangxi 0.0281 | 0.0377 | 0.0487 | 0.0933 | 0.0239 | 0.0236 | 0.0285 0.0529
Henan 0.0448 | 0.0635 | 0.098 | 0.1398 | 0.0248 | 0.0279 | 0.0485 0.1518
Hubei 0.0596 | 0.0828 | 0.1294 | 0.2165 | 0.0268 | 0.0338 | 0.0686 0.1935
Hunan 0.0418 | 0.0625 | 0.0877 | 0.1214 0.0 258 0.0223 0.0299
Mean value 0.0407 | 0.0549 | 0.0772 | 0.1147 | 0.0249 | 0.0252 | 0.0342 0.0908
Inner Mongolia | 0.0187 | 0.0237 | 0.0295 | 0.0304 | 0.0172 | 0.0155 | 0.0174 0.0253
Guangxi 0.0265 | 0.0339 | 0.0454 | 0.054 | 0.0198 | 0.0166 | 0.0238 0.0572
Chongging 0.0247 | 0.0386 | 0.0582 | 0.0936 | 0.0248 | 0.0312 | 0.0496 | 0.01602
Sichuan 0.0545 | 0.785 | 0.1128 | 0.2047 | 0.0249 | 0.0316 | 0.0495 0.1600
Guizhou 0.0212 | 0.0244 | 0.0306 | 0.0478 | 0.0162 | 0.0135 | 0.0216 0.0346
Yunnan 0.0336 | 0.0336 | 0.0426 | 0.0541 | 0.0I5 | 0.0163 | 0.0238 0.0385
Western region | Tibet 0.0087 | 0.0144 | 0.0423 | 0.0102 | 0.0135 | 0.0139 | 0.0055 0.0093
Shaanxi 0.0596 | 0.0698 | 0.1175 | 0.1779 | 0.0205 | 0.0338 | 0.0306 0.0879
Gansu 0.0384 | 0.032 | 0.0356 | 0.0412 | 0.0156 | 0.0129 | 0.0145 0.0198
Qinghai 0.0268 | 0.0188 | 0.0217 | 0.0166 | 0.015 | 0.0096 | 0.0084 0.0112
Ningxia 0.0158 | 0.0063 | 0.0205 | 0.0177 | 0.0169 | 0.0113 | 0.0127 0.0223
Xinjiang 0.0296 | 0.0178 | 0.0258 | 0.0296 | 0.0154 | 0.0126 | 0.0128 0.0225
Mean value 0.0502 | 0.0326 | 0.0487 | 0.0649 | 0.0183 | 0.0177 | 0.0212 0.0479
Mean value 0.0268 | 0.0748 | 0.1078 | 0.1563 | 0.0338 | 0.0415 | 0.0598 0.1341

The second level is represented by Institutions G, F, and
H, with correlation degrees of 0.2411, 0.1408, and 0.0411,
respectively. These four institutions have higher correlation
degrees than the remaining four institutions: Institution D,
with a correlation degree of 0.0397; Institution B, with a
correlation degree of 0.0389; Institution C, with a correlation
degree of 0.0388; and Institution A, with a correlation degree
of 0.0262. These four institutions are therefore classified
within the third performance level. The detailed indicators,
weights, and institutional evaluation scores supporting this
comparison are presented in Table 2]

B. Coupled and Coordinated Pattern

The results of the comprehensive assessment of innovation
and entrepreneurship levels in each province, conducted using
the TOPSIS model based on the entropy-weight method,
are presented in Table [3] and illustrated in Figures [3] and 4
Figure [3| reveals two principal temporal characteristics. First,
from 2006 to 2018, the national average levels of innovation
and entrepreneurship displayed generally increasing trends,
and the two time series exhibited a clear positive associa-
tion. Second, the national regional innovation level followed
an approximately linear upward trend, whereas the regional
entrepreneurship level demonstrated an evident three-stage

pattern. The level of entrepreneurship development increased
slowly from 2006 to 2013, increased rapidly from 2014 to
2017, and then exhibited slower growth from 2017 to 2018
[17], [18]. In recent years, China’s innovation performance
and efficiency, the number and competitiveness of innova-
tion clusters, the number and scale of entrepreneurial enter-
prises, and the overall performance and competitiveness of
entrepreneurship have all occupied prominent positions in the
international environment [[19].

Table [3] and Figure ] show substantial regional variation
in China’s levels of innovation and entrepreneurship, with
economically developed regions generally exhibiting higher
levels of both. Across the three major zones, the levels of inno-
vation and entrepreneurship in the eastern, central, and west-
ern regions increased during the study period. From a chrono-
logical and regional perspective, the eastern region maintained
the highest average levels of innovation and entrepreneurship,
remaining above the national average. It was followed by the
central and western regions, both of which remained below the
national average. At the provincial level, Beijing, Guangdong,
and Jiangsu recorded the highest innovation levels in 2006,
whereas Hainan, Xinjiang, and Tibet recorded the lowest.
By 2018, Guangdong, Beijing, and Jiangsu had the high-
est innovation levels, while Hainan, Qinghai, and Tibet had
the lowest levels [20]]. Similarly, Guangdong, Beijing, and
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Jiangsu recorded the highest entrepreneurship levels in 2006,
whereas Gansu, Hainan, and Tibet recorded the lowest. In
2018, Guangdong, Beijing, and Shanghai had the highest en-
trepreneurship levels, while Ningxia, Qinghai, and Tibet had
the lowest levels [21]]. Overall, innovation and entrepreneur-
ship were concentrated mainly in developed areas, including
the Beijing—Tianjin—Hebei region, the Yangtze River Delta,
and the Pearl River Delta, whereas many less-developed west-
ern regions remained at comparatively low levels. Because
of China’s extensive territory and considerable disparities in
regional economic development, innovation and entrepreneur-
ship levels differ substantially among regions. These differ-
ences may further intensify disparities in regional economic
development and produce a Matthew effect in the spatial
distribution of innovation and entrepreneurship resources and
outcomes [22]].

—e— Innovation level
Entrepreneurship level

Comprehensive level

T T T T T T T T T
[} 250 500 750 1000 1250 1500 1750 2000
Time(days)

Figure 3: Average regional levels of innovation and en-
trepreneurship

Innovation level in 2006 Innovation level in 2010

T T T
-2 0 2
X

Innovation level in 2014

Figure 4: Regional pattern of innovation and entrepreneurship
levels

C. Coupling Coordination Degree Evaluation

The regional degrees of coordination between innovation
and entrepreneurship were determined using the coupling-
coordination evaluation method. The complete results are

reported in Table [4 while their geographical pattern is il-
lustrated in Figure [5] Although clear differences exist among
individual locations, the results indicate that the coordination
of innovation and entrepreneurship generally increased across
the country’s provinces and regions during the study period.
From the perspective of coupling coordination and compar-
ative ranking, the provinces display a pronounced east—west
divide. Between 2006 and 2018, Beijing, Shanghai, Jiangsu,
Zhejiang, and Guangdong generally maintained relatively
high levels and rankings, whereas Tibet, Qinghai, and Ningxia
remained at comparatively low levels. Thus, the spatial distri-
bution of coupling coordination exhibits an overall pattern of
“high values in the east and low values in the west.” From the
perspective of the reported growth rates, Hubei and Sichuan
experienced the fastest growth from 2006 to 2018. They were
followed by Guangdong, Beijing, Henan, Zhejiang, Shang-
hai, Shandong, Tianjin, Jiangsu, Hebei, Chongqing, Anhui,
Shanxi, and Fujian, whose growth rates were reported to be
higher than the national average. In contrast, several western
regions, including Qinghai, Ningxia, and Tibet, experienced
relatively weak or negative changes in coupling coordination
over the same period [23]].

total_bill

Figure 5: Coordination pattern of regional innovation—
entrepreneurship coupling

In the context of “mass innovation and mass entrepreneur-
ship,” innovation and entrepreneurship have developed rapidly
across China’s provinces and regions. High levels of develop-
ment are concentrated in areas characterized by comparatively
strong economies and high levels of urbanization, including
Beijing as the core city of the Beijing—Tianjin—Hebei region;
Shanghai, Jiangsu, and Zhejiang in the Yangtze River Delta;
Guangdong in the Pearl River Delta; Hubei in the middle
reaches of the Yangtze River; and Sichuan. These locations
also contain a substantial concentration of regions in which
innovation and entrepreneurship demonstrate relatively strong
coupling and coordination [24].
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Table 4: Coupling coordination of regional innovation and entrepreneurship systems

Zone Region 2006 Stage 2010 Stage 2014 Stage 2018 Stage | Growth rate
Beijing 0.3523 I\ 0.4195 111 0.5932 111 0.7433 11 0.0926
Tianjin 0.1946 \ 0.2114 IV 0.2902 I\Y 0.3914 I\Y 0.0846
Hebei 0.1820 \% 0.1936 \% 0.2381 I\Y 0.3598 1A% 0.0812
Liaoning 0.2199 vV 0.2472 IV 0.2672 v 0.3216 v 0.0386
Shanghai 0.2814 IV 0.3496 IV 0.4204 111 0.5766 111 0.0877
Eastern region Jiangsu 0.3162 vV 0.4231 111 0.4923 I11 0.5515 11 0.0825
) Zhejiang 0.2689 I\ 0.2241 IV 0.4102 111 0.3532 I11 0.0878
Fujian 0.1912 \ 0.1449 I\ 0.2653 I\Y 0.4985 I\Y 0.0705
Shandong 0.2437 I\ 0.3042 1\ 0.3600 1\Y 0.7765 111 0.0874
Guangdong 0.3608 v 0.1726 111 0.5452 111 0.1518 11 0.0962
Hainan 0.1268 \ 0.1781 \ 0.1445 \ 0.4869 \ 0.0166
Mean value 0.2489 I\ 0.1835 I\ 0.3662 I\Y 0.2281 111 0.0752
Shanxi 0.1722 \ 0.1922 \ 0.1736 \ 0.2142 v 0.0274
Jilin 0.1674 \ 0.1725 \% 0.1798 \ 0.2798 I\Y 0.0236
Heilongjiang 0.1746 \% 0.2047 \% 0.1921 \% 0.3366 1\Y 0.0502
Anhui 0.1608 \% 0.2302 \% 0.2402 v 0.2648 v 0.0741
Central region | Jiangxi 0.1825 \ 0.1928 \% 0.1932 \% 0.3815 0.0539
Henan 0.2000 \% 0.1908 1\ 0.2614 1A% 0.4522 1Y 0.0906
Hubei 0.1816 I\ 0.2304 IV 0.3069 IV 0.3078 111 0.1052
Hunan 0.1772 \ 0.1926 \ 0.2258 I\Y 0.3082 v 0.0907
Mean value 0.1336 \% 0.1912 \% 0.2214 1\Y 0.3085 1Y 0.0582
Inner Mongolia | 0.1332 \ 0.1378 \ 0.1496 \ 0.1672 \ 0.0208
Guangxi 0.1512 \ 0.1539 \ 0.1812 \ 0.2349 \ 0.0462
Chongqing 0.1585 \ 0.1802 \ 0.2086 I\ 0.3062 v 0.0778
Sichuan 0.1911 \% 0.2228 I\ 0.2733 I\Y 0.4255 111 0.1023
Guizhou 0.1359 \ 0.1356 \% 0.1612 \ 0.2014 v 0.0401
Yunnan 0.1523 \% 0.1524 \% 0.1778 \% 0.2136 1A\Y 0.0337
Western region | Tibet 0.1039 \% 0.1185 \% 0.1225 \% 0.0982 \ -0.0215
Shaanxi 0.1877 \ 0.2201 I\ 0.2455 I\Y 0.3536 I\Y -0.0108
Gansu 0.1425 \% 0.1412 \% 0.1502 \4 0.1698 \ 0.0736
Qinghai 0.1572 \ 0.1154 \ 0.1163 \ 0.1163 \ 0.0159
Ningxia 0.452 \ 0.0910 \4 0.1277 \ 0.1165 \ -0.0215
Xinjiang 0.1258 \% 0.1218 \% 0.1349 \% 0.1264 \% -0.0108
Mean value 0.1488 \ 0.1493 \ 0.1706 \ 0.2144 I\ 0.0225
Mean value 0.1915 \ 0.2148 IV 0.2533 I\% 0.3356 IN% 0.0328

Higher levels of economic development are generally as-
sociated with more abundant and higher-quality innovation
and entrepreneurship resources, stronger infrastructure, and
a more favorable business environment. Together, these con-
ditions promote the interconnected and coordinated develop-
ment of regional innovation and entrepreneurship [25], [26].

D. Analysis of Spatial Autocorrelation

Spatial autocorrelation analysis was conducted to describe
more accurately the spatial characteristics of the coupling
coordination between innovation and entrepreneurship across
the provinces. First, the spatial autocorrelation of innovation—
entrepreneurship coupling coordination throughout the en-
tire study area was examined using the global Moran’s [
statistic. The results of this analysis are shown in Figure [6]
Subsequently, the local spatial correlation characteristics of
coupling coordination were examined using the local Moran’s
1 statistic, and the corresponding cluster types are presented in
Table[5] Figure[6]and Table[5]indicate substantial spatial auto-
correlation in the coordination of innovation and entrepreneur-
ship among the 31 Chinese provinces and provincial-level re-
gions included in the analysis. From 2006 to 2018, the global
Moran’s I index followed a generally increasing, although
variable, trend. The statistic passed the 1% significance-level
test in every reported year except 2006. These results indicate

that regional innovation and entrepreneurship in China exhibit
an increasingly evident pattern of spatial dependence rather
than a random spatial distribution.
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Figure 6: Global Moran’s I index for the coordination between
regional innovation and entrepreneurship

Table [5] presents the local Moran’s I clustering results. The
high-high agglomeration areas are concentrated primarily in
economically developed coastal regions, whereas the low—
low agglomeration areas are concentrated mainly in less-
developed northwestern regions. Sichuan entered the high—
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low agglomeration category in 2018, indicating that Sichuan
had a comparatively high level of coordinated innovation and
entrepreneurship development while its surrounding regions
exhibited lower levels of coupling coordination. In 2006,
Hebei, Anhui, and Fujian were classified within the low—high
agglomeration category; by 2018, Jiangxi was included in this
category. Between 2006 and 2018, the high—high agglomera-
tion area expanded substantially and formed a more contigu-
ous area of strong innovation and entrepreneurship coupling in
the eastern and central regions. When this expansion is consid-
ered together with the local clustering results, it suggests that
spatial spillover effects may have helped peripheral areas near
the high—high clusters improve their coupling coordination
and gradually become more closely connected to the core
agglomeration area. The low—low agglomeration category
was concentrated primarily in western locations, including
Qinghai and Xinjiang, where innovation and entrepreneurship
development also remained comparatively weak.

Table 5: Local Moran’s I clustering results for innovation—
entrepreneurship coupling coordination

Cluster type 2006 2018

H-H Beijing, Tianjin, Shandong, | Beijing, Tianjin, Hebei, Shandong, Jiangsu,
Jiangsu, Shanghai, Zhejiang | Shanghai, Zhejiang, Fujian, Anhui, Henan, Hunan

H-L None Sichuan

L-H Hebei, Anhui, Fujian Jiangxi

L-L Sichuan, Qinghai, Xinjiang Sichuan, Qinghai, Xinjiang

Not significant | Other regions Other regions

As shown in Table B the local Moran’s I results for
Guangdong Province were not statistically significant during
the reported period, despite Guangdong’s high overall level of
innovation and entrepreneurship. One possible explanation is
that the province’s strongest innovation and entrepreneurship
activity is concentrated mainly in the Pearl River Delta, while
surrounding areas display varying levels of coupling coordina-
tion. This internal spatial variation may weaken the evidence
of significant local spatial autocorrelation when Guangdong is
evaluated at the broader provincial level.

E. Resource Utilization Efficiency

Optimal Solution 1 was selected as an illustrative example
for analyzing the experimental data and determining whether
the proposed model improves resource utilization efficiency.
The resource utilization efficiency of each evaluated unit was
calculated before the experiment and after optimization in
accordance with Eq. (). The complete results are presented in
Table@ In particular, C1, C3, C8, and C11 initially exhibited
relatively low levels of resource utilization efficiency. Follow-
ing optimization, their efficiency values increased from 0.705,
0.747, 0.798, and 0.694 to 1.057, 1.085, 1.045, and 1.073,
respectively. These changes correspond to improvement rates
of 49.7%, 44.9%, 30.8%, and 54.3%, respectively. The com-
parison in Table 6] therefore shows that the largest relative im-
provements occurred among several units with comparatively
low initial efficiency values.

Table 6: Resource utilization efficiency before and after opti-
mization

Evaluation unit Resource utilization efficiency
Before After Improvement
experiment | optimization rate
Cl 0.705 1.057 0.497
C2 0.994 1.028 0.033
C3 0.747 1.085 0.449
C4 0.970 1.063 0.094
C5 1.019 1.057 0.037
C6 0.871 1.027 0.178
C7 1.009 1.036 0.026
C8 0.798 1.045 0.308
C9 0.936 1.031 0.101
C10 1.027 1.046 0.018
Cl1 0.694 1.073 0.543
C12 0.856 1.066 0.244

VI. Conclusion

This study demonstrates that the appropriate application of
new media technologies can significantly enhance innova-
tion and entrepreneurship education in higher education in-
stitutions. By optimizing the allocation of educational re-
sources through a multi-objective optimization model, the
study achieved improvements of 18.72% in resource utiliza-
tion efficiency and 20.98% in resource allocation efficiency.
The improvements in resource utilization across the evaluated
units are presented in Table [] These results indicate that the
proposed model can support a more efficient, systematic, and
targeted distribution of educational resources.

The integration of digital tools, big data analytics, on-
line platforms, and social media technologies promotes per-
sonalized learning, real-time collaboration, interdisciplinary
communication, and practical student engagement. These ap-
proaches can also help universities align their innovation and
entrepreneurship programs more closely with changing indus-
try requirements and students’ individual capabilities. More-
over, the regional findings illustrated in Figure ] demonstrate
that innovation and entrepreneurship development remains
uneven across different regions, emphasizing the need for
context-sensitive educational policies and resource-allocation
strategies.

By providing students with flexible learning environments,
practical entrepreneurial opportunities, and data-informed ed-
ucational support, new media technologies can better prepare
them to address entrepreneurial uncertainty and emerging
market challenges. Such technologies can also strengthen
students’ creativity, opportunity-recognition abilities, perse-
verance, resource-integration capacity, and entrepreneurial
mindset within an increasingly complex and digitally driven
economy.

The findings provide valuable theoretical and practical in-
sights for universities seeking to improve the quality and
effectiveness of entrepreneurship education. Higher education
institutions should therefore strengthen digital infrastructure,
expand cooperation with industry, develop personalized learn-
ing pathways, and apply data-driven evaluation methods when
allocating educational resources. Future research should ex-
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amine the long-term effects of these strategies across larger
and more diverse institutional samples and evaluate how
emerging technologies can further improve innovation and
entrepreneurship education.
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