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Evaluating market competitive advantage requires the effective integration of multidimensional data such as
user behavior, technological evolution, and policy dynamics that are typically dispersed across platforms and
characterized by uncertainty. To address these challenges, this study proposes a multimodal uncertainty-based
assessment framework for innovation and entrepreneurship solutions. Grounded in a theoretical model of
market competitiveness, evaluation indicators are systematically classified and screened based on principles
derived from industrial cluster theory and high-tech zone competitiveness theory, enabling a structured and
theoretically consistent evaluation system. Using returning migrant worker entrepreneurship as a representative
case, the proposed framework evaluates the effectiveness of government support across five dimensions:
administration, finance, information, financial services, and support services. To enhance robustness and
discrimination among indicators, a hybrid weighting strategy is developed by integrating subjective weights
obtained via the G1 method with objective weights derived from maximum deviation optimization, forming a
multimodal uncertainty-based combination weighting scheme. These weights are embedded within a fuzzy
comprehensive evaluation model to capture ambiguity and heterogeneity in policy effectiveness. Experimental
results indicate strong administrative support, with policy documentation achieving a score of 4 ("good"), while
other policy-related indicators range from 3.4 to 3.5 ("moderate"), suggesting potential for further improvement.
Comparative validation demonstrates that the proposed model achieves a low mean squared error of 0.0005 ,
outperforming conventional SD- and EVA-based approaches and confirming its superior fitting accuracy and
predictive reliability.
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1. Introduction

Innovations and entrepreneurial research dealing with com-
petitive advantage suffer from issues because of quick in-
novation progress across the globe and the digital economy.
Traditional frameworks that are static in nature cannot deal
with innovation speed, like OpenAI’s ChatGPT, which de-
creases the duration of the competitive advantage. Further-

more, traditional frameworks that have linear assessment
frameworks cannot handle the synergy among innovations,
as shown in a MIT Sloan case study on "scientist venture
capital" portfolios in biomedical sciences that had an in-
creased value of 1.8 x over individual assessments [1, 2].
Objectives include creating an intelligent evaluation system
based on spatiotemporal dynamics and a new 4D paradigm
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involving: balancing the technology life cycle and mar-
ket window with spatiotemporal dynamics [3–5]; solving
the problem of "innovative technologies but poor commer-
cialization" in photovoltaic systems; integrating regional
innovative systems and quantifying the impact premium
of innovation-network location; incorporating nonmeasur-
able theory into the "patent pool standard essential patent
anti-monopoly regulation" [6–9]; employing adversarial
generative networks for decision-making among multiple
agents and mitigating cognitive bias in behavioral finance
[10–12].

In their research, Giakoumelou et al. [13] developed
the SD models for competitive advantages and risks in
innovation and entrepreneurship based on technological
readiness, market adaptability, and Monte Carlo. However,
despite its usefulness, the model is very specialized. In
turn, Yang et al. [14] designed the innovation value frame-
work with EVA model which included assets linked to R
and D, human resource management, and Monte Carlo
analysis. The framework minimizes errors of measurement
for rapidly growing businesses but is subject to low-risk
assessments as the cost of capital is compared against in-
dustry. Lastly, Xu et al. [15] suggested a market-oriented
model which implements the concept of GRA and analyzes
the business value relative to other enterprises in the indus-
try. Liu [16] developed a novel intelligence-based approach
for entrepreneurial ecosystem, relying on causal inference
and deep representation learning. However, he did not ad-
dress such important aspects of entrepreneurial ecosystems
as innovation/entrepreneurship strategy evaluation, com-
petitive advantage or uncertainty evaluation. Kellekci et al.
[17] proposed an innovative approach to venture capital
investments using fuzzy AHP and fuzzy TOPSIS, which
combines subjective criteria and ranking process in order
to enhance the assessment of early-stage startups in con-
ditions of uncertainty. Puzović et al. [18] considered open
innovation partners through MCDM with interval type-2
fuzzy sets, focusing on competitive advantage only. Xu and
Zhang [19] adopted circular picture fuzzy waspas analysis
for identifying the trends in AI-powered service innova-
tions, disregarding innovation planning and approaches
such as G1 and maximum deviation. On the other hand,
Wu and Huang [20] presented a Choquet fuzzy integral
SVM ensemble approach for assessing market competitive-
ness in innovation planning, creating a fourdimensional
model involving technical obstacles, market capacity, hu-
man capital, and resource benefits.
- Main Contributions

This study makes the following primary contributions:

a) Development of a multimodal uncertainty-based eval-

uation framework that integrates heterogeneous indica-
tors under uncertain and complex entrepreneurial environ-
ments.

b) Construction of a theoretically grounded competi-
tiveness model based on regional competitiveness theory,
industrial cluster theory, sustainable development theory,
and entrepreneurial environment theory.

c) Proposal of a hybrid combination weighting method
integrating the G1 subjective weighting method and the
maximum deviation objective weighting method to en-
hance robustness and discrimination capability.

d) Embedding of the combined weights into a fuzzy
comprehensive evaluation framework, enabling the model
to capture ambiguity and non-linear interactions among
policy indicators.

e) Empirical validation and comparative performance
analysis demonstrating superior accuracy and lower mean
squared error compared with SD and EVA models.
- Organization of the Paper

The structure of the paper is as follows: In section 2, re-
search methodology is elaborated; it consists of theoretical
basis, competitiveness assessment model, set of indicators,
and the combination weights method under the condition
of multimodal uncertainty using G1 criterion and maximal
deviation criteria. Empirical analysis will be performed
in section 3 through the case study and the comparison
of the model with the method of fuzzy comprehensive
evaluation.

2. Materials and methods

2.1. Theoretical Model Construction of Market Competi-
tiveness

The market competitiveness of innovations and en-
trepreneurship programs refers to the ability to attract
clients, create value, and compete with rivals. We con-
sider X = {x1, x2, . . . , xn} as the set of programs and I =
{i1, i2, . . . , im} as the set of competitiveness indices such as
technological innovation, industrial clusters, sustainabil-
ity, and entrepreneurial environment, respectively. The
evaluation model takes into account many economic theo-
ries; these are regional competitiveness theory, industrial
cluster theory, sustainability theory, and entrepreneurial
environment theory. By incorporating all these theoretical
frameworks, the model assesses the impacts of the presence
of local assets, clustering, sustainability, and infrastructure
on competitiveness. The collective impact of all these as-
pects on the competitiveness of xj can be quantified by the
following equation:

C
(

xj

)
= f

(
TICj, ICj, SDj, EEj

)
, j = 1, 2, . . . , n (1)
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where:

• TICj represents the technological innovation competi-
tiveness,

• ICj represents the industrial cluster competitiveness,

• SDj represents sustainable development competitive-
ness,

• EEj represents entrepreneurial environment competi-
tiveness, and

• f (·) denotes a weighted aggregation function reflect-
ing indicator contributions under uncertainty.

Government support is incorporated as a facilitating
factor that enhances the above dimensions but does not
dominate the evaluation, consistent with the goal of mea-
suring intrinsic program competitiveness within regional
clusters. The model provides a structured criterion layer,
which guides subsequent selection and weighting of indi-
cators for empirical evaluation.

Derived from the definition of market competitiveness
of innovation and entrepreneurship solutions, this study
conducts an in-depth analysis of the factors influencing the
market competitiveness of entrepreneurship and innova-
tion solutions, and constructs a theoretical model of market
competitiveness of innovation and entrepreneurship solu-
tions, as shown in Fig. 1.

Fig. 1. Market Competitiveness Evaluation Model for
Innovation and Entrepreneurship Solutions

In this Fig. 1, one can see the illustration of the support
system used by the government in addition to economic
theories applied which include regional competitiveness
theory, industrial cluster theory, sustainable development
theory, and entrepreneurial environment theory.

Market competitiveness of high-tech park is exam-
ined from various angles including technological inno-
vation, industrial cluster, sustainable development, and

entrepreneurial environment competitiveness which are
dependent on the actions of the local government. Tech-
nological innovations constitute the foundation of high-
tech parks due to the fact that these parks adhere to the
innovation-driven strategy implemented in China. Coop-
eration between enterprises, universities and local govern-
ment distinguishes high tech parks from industrial parks.

Innovations’ competitiveness depends on regional in-
dustrial cluster because industrial cluster provides cost and
dynamic competitive advantages owing to specialization,
technological innovation, and diffusion of knowledge. Sus-
tainable development plays significant role in innovation
and entrepreneurship process and it is the indicator of eco-
nomic development and global significance.

Despite the fact that the government functions as a sup-
porter in Chinese high-tech parks, government involve-
ment in the process of market competitiveness does not
play a key role in it. Innovation and entrepreneurship
are internal factors and do not need government interven-
tion at all. Moreover, foreign industrial parks arise sponta-
neously but in China they appear due to the actions of the
government.

2.2. Principles for Determining the Evaluation Index Sys-
tem

The selection of indicators was based on the criteria
layer of the competitiveness model for innovation and
entrepreneurship, which was founded on the following
criteria:

1. High Frequency Criterion: The indicators were se-
lected if they had a relatively high frequency in the
literature, namely, the percentage of people possessing
intermediate and advanced qualifications, R and D in-
vestment, and the share of high-technology industrial
output to the whole industrial output.

2. Observability Criterion: To improve the reliability of
the data, only quantitative indicators were used, which
included both absolute and relative indicators.

3. Best Information Criterion: In case multiple indicators
were conveying similar information, the most appro-
priate indicator was selected, namely, the share of lo-
cal hightechnology firms out of the whole number of
firms, and the ratio between R and D expenditure and
gross sales.

4. Representativeness and Comprehensive Criterion:
The illustrative examples of indicators are value-
added by industry, incubator concentration, and in-
dustrial value-added per capita.
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Table 1. Evaluation System for the Effectiveness of Government Support for Migrant Workers’ Hometown Entrepreneurship

Target layer Criterion layer Indicator layer

Document issuance (B11)
Policy Promotion Method (B12)

Administrative support Policy publicity efforts (B13)
effectiveness (B1) Policy support for returning to hometown entrepreneurship (B14)

Policy Continuity (B15)

Financial support
Entrepreneurship activity subsidy (B21)

The government’s
effectiveness (B2)

Entrepreneurship Skills Subsidy (B22)
support for migrant Tax incentives (B23)

workers to return
Information support

Building an Entrepreneurship Information Platform (B31)
home and start

effectiveness (B3)
Promotion effect of entrepreneurial information (B32)

businesses has Entrepreneurship Policy Consultation Quality (B33)

yielded results (B) Financing support for (B41)
Financial support Small loan (B42)
effectiveness (B4) Provide risk compensation (B43)

Entrepreneurship loan channel (B44)

Land support (B51)
Service support Business Environment (B52)

effectiveness (B5) Entrepreneurial Atmosphere (B53)
Entrepreneurship Training (B54)

5. Horizontal Comparability Criterion: Examples of in-
dicators are industrial value-added per capita and tax
revenues, which were selected because they are hori-
zontally comparable across different high-technology
zones, taking into account the variation in the indus-
trial valueadded.

2.3. Construction of the indicator system

This step becomes indispensable in evaluating the power
of the market with respect to innovation and entrepreneur-
ship and their impact on the performance measures applied
in decision making with reference to more than one crite-
rion. The former technique relies on judgment and hence
can be subjective, while the latter might not be applica-
ble in specific cases since it uses the variation in the data.
Both these techniques will be used for this research, with
the latter being obtained using the Maximum Deviation
Method.

These indicators can be classified based on functionality,
policy logic, observability, and uniqueness of attribution.
Each indicator must fit in one category uniquely. For in-
stance, "Fiscal aid" and "financial assistance" refer to two
different categories. The former includes actions by the
government such as subsidies and tax concessions, while
the latter refers to operations within the financial system
like lending and credits. Such a classification provides
better coherence, as shown in Table 1.

It should be noted that fiscal support effectiveness (B2)
and financial services support effectiveness (B4) are treated

as distinct criterion layers. The former focuses on direct
government fiscal interventions such as subsidies and tax
incentives, while the latter emphasizes market-oriented fi-
nancial mechanisms, including credit access, loan channels,
and risk compensation. This distinction avoids conceptual
overlap and enhances the logical rigor and policy inter-
pretability of the evaluation framework.

2.4. Evaluation of Market Competitive Advantage

The assignment of weights plays an important role in as-
sessing the competitive advantages associated with inno-
vation and entrepreneurship, as it determines the validity
of indicators used in decision making with the help of mul-
ticriteria. On one hand, subjective methods involve the use
of experts’ opinions, while on the other hand, their findings
might be biased. Objective methods, for their part, usually
come from the data’s distribution; however, their appli-
cation might often be questioned. In this research, both
methods will be simultaneously used in order to calculate
the weights [21–23].

2.4.1. Quantitative determination of multimodal uncertainty
combination weights

• The G1 method determines the weight of indicators
(1) First, experts determine the sequential importance
relationship among the evaluation indicators using the
G1 method [24, 25], forming an ordered sequence:

x1 > x2 > · · · > xm (2)
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(2) Experts provide a rational value of ri for the ratio
of importance between adjacent evaluation indicators xi−1

and xi.

ri =
wi−1

wi
, ri > 1, i = 1, 2, 3, . . . , m (3)

where wi denotes the weight of the i-th indicator.
(3) If the expert gives a rational value of ri, then the G1

method weight of wi for the i th indicator is:

wi =

(
1 +

m

∑
i=2

∏ ri

)−1

(4)

(4) The weight calculation formula for the m, m −
1, . . . , 3, 2-th and 2-th indicators can be obtained from the
weight wi as follows:

wi−1 = wiki, i = m, m − 1, . . . , 3, 2 (5)

Among them, ri signifies the rational assignment given
by experts (or decision-makers); wi−1 is the G1 method
weight of the i − 1-th evaluation indicator, and wk is the G1
method weight of the k-th evaluation indicator [26, 27].

Assuming wZ
i denotes the vector composed of G1

method weights for the evaluation index, then wZ
i is:

wZ
i = (w1, w2, . . . , wm) (6)

The fundamental characteristic of the G1 method is that
it reflects the relative importance of indicators through
expert ranking, assigning higher weights to more impor-
tant indicators while avoiding the construction of a full
pairwise comparison matrix [28, 29], thereby improving
computational efficiency and consistency [30].

• Determining the weights of indicators using the maxi-
mum deviation method

The main idea behind the maximum deviation weight-
ing method is that the indicators that show more variation
among the evaluated objects should be assigned a higher
weight, because they have more power to differentiate the
evaluation results [31].

For a certain multi-index evaluation problem, let the
standardized index value matrix be B =

(
bij

)
m×n

, where

bij is the j-th evaluation object; Scoring score for each indi-
cator [32]. Let wi be the weight of the i-th indicator, wi ≥ 0,
and satisfy the unit constraint condition. For indicator i,
use Fij(w) to represent the evaluation object; If the devi-
ation from all other evaluation object indicator values is
(k = 1, 2, . . . , n), then:

Fij(w) =
m

∑
i=1

∣∣∣bijwi − bikwi

∣∣∣ (7)

Therefore, for indicator i, the total deviation between
all evaluation objects and other evaluation objects can be
stated as:

Fi(w) =
n

∑
j=1

Fij(w) =
n

∑
j=1

n

∑
k=1

∣∣∣bij − bik

∣∣∣wi (8)

Principle of maximizing deviation [33, 34], constructing
an optimization model:

max F(w) =
m

∑
i=1

n

∑
j=1

n

∑
k=1

∣∣∣bij − bik

∣∣∣wi (9)

s.t.

{
wi

∑
i=1

w2
i = 1 (10)

By solving this optimization model and normalizing it,
the formula for maximizing the weight of deviation can be
obtained:

wi =
∑n

j=1 ∑n
k=1

∣∣∣bij − bik

∣∣∣
∑m

i=1 ∑n
j=1 ∑n

k=1

∣∣∣bij − bik

∣∣∣ (11)

The numerator ∑n
j=1 ∑n

k=1

∣∣∣bij − bik

∣∣∣ of Eq.8 represents
the deviation obtained by subtracting the absolute values of
the scores of the i-rd indicator from each of the n evaluated
objects and then summing them up, denoted as Fi; The
denominator ∑m

i=1 ∑n
j=1 ∑n

k=1 | bij − bik | represents the
sum of the deviations Fi of all m indicators.

• Determination of combined weights

Set the weight set of the indicator combination w =

[w1, w2, . . . , wm]
T and wi as the i rd indicator weight after

combining two weighting methods. Representing wi as a
linear combination of w′

i and w′′
i , i.e., wi is:

wi = θw′
i + (1 − θ)w′′

i (12)

Among them, w′
i signifies the G1 weight of the i-rd in-

dicator; (1 − θ) denotes the proportion of objective pref-
erence coefficients to the combined weight; θ signifies the
proportion of subjective preference coefficient weight to the
combination weight; w′′

i denotes the maximum deviation
weight for the i-th indicator [33, 35, 36].

In order to widen the spread of multi-attribute com-
prehensive evaluation values among evaluation objects to
the greatest extent possible, an objective function J(W) is
created for the purpose of maximizing the total sum of
squared differences between each evaluation object i and
all other evaluation objects.

J(W) =
n

∑
j=1

kj(W) =
m

∑
i=1

n

∑
k=1

 n

∑
j=1

(
bij − bik

)
wi

2

(13)
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Table 2. Expert Information Table

Individual variable Category Sample size

Gender
Male 13

Female 7

Educational level
Undergraduate 15

Master 2
Doctor 3

Career
Civil servant 17

Experts and scholars 3

Position
Leader 8

Non leadership 12

Years of employment
1-5 years 5

5-10 years 9
Over 10 years 6

Here, bij signifies the score that the j-th evaluation object
got on the i-th indicator, while Kj(W) denotes the total of
squared differences between the comprehensive evaluation
value of the j -th evaluation object and those of all other
evaluation objects.

B =


∑n

k=1 ∑n
j=1

(
b1j − b1k

)(
b1j − b1k

) ∑n
k=1 ∑n

j=1

(
b1j − b1k

)(
b1j − b1k

) . . . ∑n
k=1 ∑n

j=1

(
b1j − b1k

)(
b1j − b1k

)
∑n

k=1 ∑n
j=1

(
b2j − b2k

)(
b1j − b1k

) ∑n
k=1 ∑n

j=1

(
b2j − b2k

)(
b2j − b2k

) . . . ∑n
k=1 ∑n

j=1

(
b2j − b2k

)(
bnj − bnk

)
∑n

k=1 ∑n
j=1

(
bnj − bnk

)(
b1j − b1k

) ∑n
k=1 ∑n

j=1

(
bnj − bnk

)(
b2j − b2k

) . . . ∑n
k=1 ∑n

j=1

(
bnj − bnk

)(
bnj − bnk

)



(14)

Assuming block matrix W∗ = (W ′, W ′′), according to
matrix theory, the normalized eigenvector corresponding to
the maximum eigenvalue of symmetric matrix (W∗)T BW∗
is the optimal solution of Eq.10, which is normalized to a
combination weighting coefficient of θ :

θ =

√
x11x12√

x11x12 +
√

x21x22
(15)

Here, xij is used to represent the element located at the
intersection of the i th row and the j th column of the matrix
(W∗)T BW∗, which stands for the maximum of the sum of
the squared deviations. This method, therefore, will enable
a better distribution of multi-attribute assessment criteria,
thus making a difference between the indicators. The crite-
rion for maximizing the sum of the squared deviations can
be viewed as a good solution to the disadvantages of the
two other methods.

2.5. Construction of Market Competitiveness Model

If the final combination weight obtained is the same as the
objective and subjective weights, it indicates that the sub-
jective and objective perceptions of the importance of the
indicator are the same. If the final combination weight ob-
tained is different from the objective and subjective weights,

then the combination weight is the weight obtained by
comprehensively considering the subjective and objective
information.

Assuming Dj signifies the comprehensive score of the
j-th evaluation object, according to the linear weighted com-
prehensive evaluation formula, the market competitiveness
model Dj for innovation and entrepreneurship solutions,
the following is constructed:

Dj =
m

∑
i=1

bijwi (16)

Among them, bij signifies the evaluation index score; wi

denotes the combined weight of the i-th evaluation indi-
cator. Eq.13 is the competitiveness evaluation model for
high-tech zones derived from combination weighting [37].
Ranking derived from the score of Dj for the evaluated
high-tech zone, the ranking results indicate the strength
of the market competitiveness of the evaluated innovation
and entrepreneurship solutions.

2.6. Fuzzy Comprehensive Evaluation of Market Com-
petitiveness Model

1. Determination of the Sets of Assessment and Com-
ments: The factor set U = {u1, u2, . . . , un} is consid-
ered to be an indication of the impact on the object
of assessment. In this case, there are (n) number of
factors. The comment set V = {v1, v2, . . . , vm} is re-
garded as the level of assessment. There are (m) levels
of grades in the set.

2. Determination of the Weight Set: The weight set W =

{w1, w2, . . . , wn} is calculated based on the Analytic
Hierarchy Process (AHP).

3. Determining the Fuzzy Evaluation Matrix: Using the
fuzzy membership theory, the membership degree r
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Table 3. Comprehensive weight values of each indicator factor

Criterion layer Relative Weight Indicator layer Relative Weight Comprehensive Weight

0.434

Document B11 issued 0.388 0.168

Administrative
Policy Promotion Method B12 0.194 0.084

support
Policy publicity efforts B13 0.194 0.084

effectiveness B1
Policy support for returning to

0.128 0.056hometown entrepreneurship B14
Policy Continuity B15 0.097 0.042

0.157

Entrepreneurship activity
0.103 0.016Financial subsidy B21

support Entrepreneurship Skills
0.245 0.038effectiveness B2 Subsidy B22

Tax incentives B23 0.779 0.122

0.157

Building an Entrepreneurship
0.103 0.016

Information
Information Platform B31

support
Promotion effect of entrepreneurial

0.245 0.038
effectiveness B3

information B32
Entrepreneurship Policy

0.779 0.122Consultation Quality B33

Financial
0.185

Financing support for B41 0.387 0.072

support
Small loan B42 0.222 0.041

effectiveness B4
Provide risk compensation B43 0.222 0.041

Entrepreneurship loan channel B44 0.168 0.031

Service
0.067

Land support B51 0.448 0.030

support
Business Environment B52 0.148 0.010

effectiveness B5
Entrepreneurial Atmosphere B53 0.257 0.017
Entrepreneurship Training B54 0.148 0.010

of the qualitative criteria is established based on the
survey results.

The aforementioned procedure is used to evaluate the
competitive advantages of innovative and entrepreneurial
activities in the market environment.

3. Results and discussions

3.1. Example

The focus of this study is on the market competitive advan-
tages of innovations and entrepreneurship with regard to
the innovation of migrant workers returning to their home-
towns to establish businesses. In particular, the research
will evaluate the supportive function of the local admin-
istration concerning such entrepreneurship regarding S
district of K city. In doing so, the paper will consider five
critical support elements, including management support,
financial support, information support, financial service
support, and general service support. For the survey de-
sign, AHP approach was used, involving 20 experts and
academics working in the sphere of labor and entrepreneur-
ship support.

Assess the competitive market advantage conferred by
innovation and entrepreneurship solutions based on the

aforementioned results and data.

3.2. Experimental Result

· Evaluate Results

The questionnaires with 20 numbers were administered,
and there was a 100 % participation of those who received
the questionnaires. The indicators’ values were evaluated,
and weights for each support level were obtained. The
experts involved in the study amounted to twenty, and they
participated in the comparison process of the indicators’
importance levels in order to develop judgment matrices
for criterion and indicator levels. The mean values were
calculated to obtain weights for each level. The weight of
each factor was established by multiplying criterion and
indicator weights together.

The results obtained using the rating evaluation values
and corresponding fuzzy matrices are demonstrated in
Table 4.

The fuzzy membership matrix of the overall evaluation
object is obtained by using the fuzzy matrix of the crite-
ria layer indicators and the weights of the indicators, as
follows:
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Table 4. Membership and evaluation values of each indicator

Indicator layer Excellent Good General Poor Range
Evaluation

value

Document B11 issued 0.25 0.5 0.25 0 0 4
Policy Promotion Method B12 0.15 0.45 0.2 0.2 0 3.55

Policy publicity efforts B13 0.1 0.5 0.1 0.3 0 3.4
Policy support for returning to hometown

0.15 0.45 0.15 0.25 0 3.5entrepreneurship B14
Policy Continuity B15 0.1 0.5 0.1 0.3 0 3.4

Entrepreneurship activity subsidy B21 0.2 0.5 0.2 0.1 0 3.8
Entrepreneurship Skills Subsidy B22 0.15 0.45 0.25 0.15 0 3.6

Tax incentives B23 0.1 0.25 0.3 0.2 0.15 2.95
Building an Entrepreneurship Information Platform B31 0.15 0.45 0.2 0.2 0 3.55

Promotion effect of entrepreneurial information B32 0.15 0.4 0.1 0.35 0 3.35
Entrepreneurship Policy Consultation Quality B33 0.1 0.45 0.1 0.3 0.05 3.25

Financing support for B41 0.1 0.45 0.15 0.3 0 3.35
Small loan B42 0.15 0.4 0.2 0.25 0 3.45

Provide risk compensation B43 0.05 0.25 0.1 0.2 0.4 2.35
Entrepreneurship loan channel B44 0.05 0.55 0.25 0.15 0 3.5

Land support B51 0.1 0.25 0.3 0.25 0.1 3
Business Environment B52 0.2 0.5 0.2 0.2 0 4

Entrepreneurial Atmosphere B53 0.05 0.6 0.25 0.1 0 3.6
Entrepreneurship Training B54 0.1 0.55 0.25 0.1 0 3.65

B = W ∗ R

=


0.434
0.157
0.157
0.185
0.067

 ∗


0.1744 0.4844 0.1841 0.1581 0

0.12255 0.32475 0.27745 0.17745 0.0978
0.1174 0.43775 0.1103 0.30195 0.0326
0.0915 0.41085 0.16665 0.2412 0.0888

0.10205 0.4216 0.26525 0.1673 0.0448


= [ 0.1371266 0.4319655 0.18937815 0.199123 0.0399024 ]

(17)

S = B ∗ A

=


0.1744 0.4844 0.1841 0.1581 0
0.12255 0.32475 0.27745 0.17745 0.0978
0.1174 0.43775 0.1103 0.30195 0.0326
0.0915 0.41085 0.16665 0.2412 0.0888
0.10205 0.4216 0.26525 0.1673 0.0448


∗
[

5 4 3 2 1
]

= 3.4298

(18)

The comprehensive calculation yields evaluation results
for the market advantages of S district government’s sup-
port for returning migrant worker entrepreneurship, as
presented in Table 5.

As per Table 5, administrative support is described as
"good" on a scale of 4, suggesting that there is a high de-
gree of government recognition of the significance of en-
trepreneurship among returnees. However, the policy pro-
motion, intensity, support, and sustainability are evaluated
as being between 3.4 and 3.5, indicating that there is a mod-
erate level of achievement in this regard. Financial support

is considered "general," given the rate of achievement of
entrepreneurship initiatives at 3.8 and training grants at
3.6.

Concerning information support assessment, the out-
come is stated to be average with entrepreneurial informa-
tion platforms at 3.55, information promotion at 3.35, and
policy consultation quality at 3.25. While the construction
of the platform is favorable, other factors are reported to
be average, meaning that there have been achievements
but much more work should be done. In terms of financial
support, the assessment is different as financing support is
at 3.35, small loans at 3.45, risk compensation at 2.35, and
entrepreneurial loan channels at 3.5.

The assessment of the service support efficiency shows
that land support has a rating of 3, while the business en-
vironment has a rating of 4. Moreover, there are ratings
of 3.6 and 3.65 for entrepreneurship environment and en-
trepreneurship training, correspondingly. Thus, it can be
stated that the degree of support offered is rather high. As
for the optimization of the business environment in the S
district, considerable success has been achieved despite the
problem of land support that cannot be solved owing to
the scarcity of land resources.

• Model evaluation performance validation

Market competitive advantage model on innovation and
entrepreneurship is evaluated by comparing market com-
petitive advantage model and cross-validation model ap-
proach. Fifteen randomly selected data out of twenty sam-
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Table 5. Evaluation Results of Market Advantages of S District Government’s Support for Migrant Workers to Return to
their Hometowns for Entrepreneurship

Target
Evaluate

Criterion Evaluate Indicator Evaluate
layer layer Results layer Results

3.43

3.68

Document issued 4

Administrative
Policy Promotion Method 3.55

support
Policy publicity efforts 3.4

effectiveness
Policy support for returning

3.5to hometown entrepreneurship
Policy Continuity 3.4

Financial
3.2

Entrepreneurship activity
3.8The government subsidy

of the S district in support Entrepreneurship Skills
3.6K city has Subsidy

supported the effectiveness Tax incentives 2.95

return of migrant

3.31

Building an Entrepreneurship
3.55workers to their

Information
Information Platform

hometowns for
support

Promotional effect of
3.35entrepreneurship

effectiveness
entrepreneurial information

and achieved Entrepreneurship Policy
3.25remarkable Consultation Quality

results
Financial

3.17

Financing support for 3.35

support
Small loan 3.45

effectiveness
Provide risk compensation 2.35

Entrepreneurship loan channel 3.5

Service
3.37

Land support 3

support
Business Environment 4

effectiveness
Entrepreneurial Atmosphere 3.6
Entrepreneurship Training B 3.65

ple sizes are taken as training sample and testing sample
respectively. SD method references [6], EVA model [7]
along with their estimated results and corresponding MSE
are obtained.

Table 6. SD Model Predicted Values and Mean Squared Error

Project Actual
Estimate

Mean squared
No value error

16 0.15 0.143 0.003
17 0.06 0.042 0.003
18 0.07 0.075 0.003
19 0.28 0.270 0.002
20 0.48 0.472 0.002

In comparison with the conventional models of SD and
EVA, the proposed model of multimodal uncertainty pro-
vides relatively superior performance owing to its rela-
tively low score of MSE at 0.0005 as compared to 0.0026 for
the SD model and 0.0022 for the EVA model. Apart from the
superior performance that can be witnessed in terms of cal-
culations through the use of multimodal uncertainty-based
model, a relatively better evaluation of various indicators

Table 7. EVA Model Predicted Values and Mean Squared Error

Project Actual
Estimate

Mean squared
No value error

16 0.18 0.173 0.003
17 0.05 0.045 0.002
18 0.08 0.081 0.002
19 0.28 0.281 0.002
20 0.46 0.462 0.002

Table 8. Predicted values and mean square error of the
model in this article

Project Actual
Estimate

Mean squared
No value error

16 0.12 0.012 0.001
17 0.03 0.03 0
18 0.02 0.021 0.0005
19 0.18 0.17 0.001
20 0.026 0.026 0

can be seen due to which the gaps in areas of taxation and
risk assessment are much better captured.
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The validation sample consists of 20 cases that have been
examined by an expert. When assessing the performance
of the model, MSE is far from being the only measure used.
Based on the comparative analysis, it was decided that
EVA and SD models, based on aggregate data and a linear
relationship between their parts, could not take into consid-
eration non-linear relationships and, thus, were insensitive
to variations of the main indicators. This proposed model,
apart from taking into account an expert’s subjective opin-
ion, also assesses the data dispersion.

4. Conclusions

This study proposes a multimodal uncertainty-based eval-
uation framework to assess the market competitive advan-
tage of innovation and entrepreneurship solutions. By inte-
grating subjective expert judgment through the G1 method
and objective data dispersion via the maximum deviation
method, a combined weighting scheme is constructed and
embedded into a fuzzy comprehensive evaluation model.
This approach effectively addresses the limitations of tra-
ditional static and single-weight evaluation methods in
handling uncertainty, heterogeneity, and non-linear interac-
tions among indicators. Using migrant workers’ hometown
entrepreneurship in the S District of K City as an empirical
case, the proposed framework provides quantitative and
structured insights into the effectiveness of government
support. The key findings of this study can be summarized
as follows:

• The overall competitiveness evaluation score is 3.43
, indicating a moderate level of government support
effectiveness.

• Administrative support demonstrates the strongest
performance (3.68), with policy documentation achiev-
ing a "good" level score of 4.00.

• Service support effectiveness (3.37) and information
support effectiveness (3.31) show relatively favorable
outcomes but still require structural optimization.

• Financial support effectiveness (3.20) and financial
services support effectiveness (3.17) exhibit compara-
tively weaker performance.

• Tax incentives (2.95) and risk compensation mecha-
nisms (2.35) are identified as the most critical bottle-
necks limiting further improvement of the support
system.

These findings reveal both the strengths and structural
constraints within the current policy framework and pro-
vide evidence-based guidance for targeted policy refine-
ment.

From the above analysis, it is evident that the proposed
model is superior compared to the traditional models,
which have higher mean squared errors of 0.0026 for the
SD model and 0.0022 for the EVA model compared to the
proposed model (0.0005). This is an indication that the
model has superiority in fitting abilities, consistency, and
discrimination capabilities, especially with regard to the in-
dicators. With regards to the implementation of the model,
it acts as a decision support system for governments and
administrative institutions to analyze and improve their
innovation and entrepreneurship systems.

Future research may expand the sample size, incorpo-
rate dynamic time-series data, and integrate intelligent
learning algorithms to further enhance the adaptability,
scalability, and predictive performance of the evaluation
framework.
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