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university-enterprise
cooperation: application of
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decision-making method based
on decision-maker preferences in
university-enterprise cooperation
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Introduction: University-enterprise cooperation (UEC) is critical for bridging the
gap between higher education and industry, enhancing student employability
and professional readiness. However, assessing the quality of such cooperation
from the student perspective remains a challenge due to subjective uncertainty
and varying attribute importance.

Methods: This study, conducted at universities of applied sciences in China,
developed an intuitionistic fuzzy multi-attribute decision-making (IFMADM)
model to evaluate student satisfaction with UEC. The model integrates
intuitionistic fuzzy sets and intuitive fuzzy entropy to handle ambiguity in student
responses and to determine the relative importance of cooperation attributes.

Results: Based on survey data from 290 postgraduate students, the analysis
revealed that satisfaction with guidance from university and enterprise mentors
during enterprise practice significantly impacts overall student satisfaction.
Among the evaluated attributes, university tutor guidance received the highest
weight.

Discussion: The findings highlight the central role of mentorship in shaping
student experiences in UEC. Enhancing guidance mechanisms—particularly
from university tutors—can effectively improve the quality and effectiveness of
cooperation. The proposed model offers a robust evaluation framework and
practical insights for optimizing student-centered UEC practices.

KEYWORDS

UEC, education evaluation, intuitionistic fuzzy set, intuitive fuzzy entropy, IFWA
operator, decision-maker preferences

1 Introduction

With the rise of the knowledge-based economy, the critical importance of knowledge
and technology has become increasingly evident. In pursuit of individual and collective
growth, universities and enterprises have actively pursued collaborations that leverage their
complementary strengths (Mahfoudh et al.,, 2019). This dynamic partnership, commonly
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referred to as University-Enterprise Cooperation (UEC), extends
beyond simple resource sharing and reflects a strategic alliance
founded on mutual trust, with the goal of fostering innovation,
producing mutual benefits, and promoting a win-win outcome
(Ranga et al., 2013; Shapira and Rosenfeld, 2011).

UEC has become a transformative force, driving the co-
development of universities and enterprises. For industry, such
collaboration enhances innovation capacity and production
efficiency, offering a competitive edge in volatile markets
(Davey et al., 2014). For universities, UEC improves operational
effectiveness and strengthens education quality by aligning
academic offerings with real-world demands (Mascarenhas et al.,
2018; Smith et al,, 2018). As UEC matures, it is increasingly viewed
as a defining trend in higher education and a key instrument
in promoting sustainable development, innovation, and talent
cultivation (Arranz et al., 2022).

This growing importance is reflected in substantial investments
by higher education institutions (HEIs) and governments
worldwide (Davey et al., 2014; Arranz et al., 2022). As academia-
industry partnerships expand, the need for accountability and
evidence-based evaluation intensifies. UEC’s impact now extends
beyond research and education into broader socio-economic
domains, necessitating more systematic tools to assess its
outcomes, particularly from the perspective of students—its most
direct beneficiaries (Clauss and Kesting, 2017; Rybnicek and
Konigsgruber, 2019).

The objective of this study is to evaluate UEC satisfaction
through a novel, student-centered lens. While previous research
has addressed institutional performance, innovation output, and
employer perspectives (Galan-Muros and Davey, 2019; Quintana
etal., 2016; Ripoll Feliu and Diaz Rodriguez, 2017), few studies have
focused on how students perceive and evaluate the effectiveness
of UEC. This gap is critical, as students’ experiential satisfaction
directly informs the quality and sustainability of UEC models.

To address this, the study proposes an Intuitionistic Fuzzy
Multi-Attribute (IFMADM) that
integrates Intuitionistic Fuzzy Sets (IFS), fuzzy entropy, and

Decision-Making model
decision-maker preferences. This model is particularly suited to
handling the uncertainty, subjectivity, and linguistic imprecision
inherent in educational evaluations. In addition, we introduce a
risk preference factor to account for the evaluator’s behavioral
tendencies—offering a more adaptive and personalized decision
framework rarely considered in conventional models.

UEC is a multifaceted construct encompassing research
collaboration, technology transfer, joint teaching, and workforce
development. Its evaluation thus requires holistic consideration not
only of quantitative indicators but also of qualitative dimensions,
such as student satisfaction and perceived learning outcomes.
Drawing on Ralph Tyler’s foundational evaluation theory (Tyler,
2014) and standards from the Joint Committee on Standards for
Educational Evaluation (JCSEE) (2011), this study aims to align
the evaluation process with the ultimate educational goal—student-
centered transformation.

Prior work by Galan-Muros and Davey (2019) and Smith et al.
(2018) provide important institutional and enterprise perspectives
on UEC, while Gebbels et al. (2011) and Kliewe et al. (2016) begin
to recognize student engagement and outcomes. Yet, these insights
lack the quantitative rigor and decision-modeling sophistication
needed for actionable guidance.
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This paper contributes to bridging that gap by offering an
analytical model to measure and prioritize student-perceived
attributes of UEC. Using linguistic data from student surveys in
Chinese universities of applied sciences, the model transforms
qualitative evaluations into structured decision matrices through
IFS and fuzzy entropy, producing weighted scores for each
indicator. This approach not only enhances interpretability but also
offers practical direction for improving UEC implementation.

The rest of the paper is structured as follows: Section 2 reviews
the literature on UEC and multi-criteria decision-making (MCDM)
methods. Section 3 introduces the proposed IFMADM model.
Section 4 applies this model to a real-world case study. Section 5
discusses key findings and implications. Section 6 concludes with
reflections and future research directions.

2 Literature review and related works

Recent studies have made significant strides in the evaluation
of UEC, utilizing various methodologies to assess and enhance
the effectiveness of these collaborations. For instance, Zhou
(2024) constructed an evaluation model of UEC innovation ability
based on Big Data analysis, employing the CRITIC analysis
method to calculate system weights. By integrating the gray
correlation analysis method with the ideal sorting TOPSIS method,
Zhou established the GRA-TOPSIS evaluation model, offering
a comprehensive assessment of talent cultivation within the
integration of higher education and industry.

Similarly, Xu (2022) developed an evaluation framework for
UEC-based talent development using the CIPP model, which
includes background, input, process, and output dimensions.
This holistic approach supervises and controls the talent training
process, ultimately aiming to improve graduate quality.

In another study, Zhou et al. (2023) proposed a model for
selecting suitable enterprise partners for UEC. Using decision
trees and the Analytic Hierarchy Process (AHP) to calculate
weight values, the final selection was made through a fuzzy
comprehensive evaluation method. This approach has proven
effective in enhancing the rationality of enterprise partner choices.

The use of fuzzy logic in higher education evaluation has also
gained attention. Li et al. (2024) proposed a multi-feature fuzzy
evaluation model based on artificial intelligence, incorporating
perspectives from instructors, students, and administrators. The
model employs an enhanced cuckoo search optimization algorithm
to improve instructional effectiveness. Huo et al. (2024) introduced
an IVIF-TODIM-MABAC model for assessing university teaching
quality using entropy-based interval-valued intuitionistic fuzzy sets
(IVIFS), which demonstrates the model’s applicability to uncertain
data environments.

In light of these advancements, it is evident that UEC
plays a pivotal role in advancing the objectives of corporations,
universities, and societies. However, despite the growing body of
research, there remains a scarcity of studies explicitly focusing
on students’ satisfaction within the context of UEC, an aspect
that is crucial given their integral role as active participants and
primary beneficiaries. Recognizing this gap, the current study
adopts the framework of Intuitionistic Fuzzy Set (IFS) theory,
which was initially proposed by Atanassov and Stoeva (1986). The
IFS model allows decision-makers to consider both membership
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and non-membership perspectives, making it particularly effective
in situations characterized by inaccuracy, uncertainty, vagueness,
and incompleteness (Zeng et al., 2020; Zhao et al., 2021).

Moreover, recent developments in Multi-Criteria Decision
Making (MCDM) methodologies have provided diverse tools to
address complex decision-making problems in education and
beyond. El-Araby et al. (2022) emphasized the importance of
systematic weight allocation using entropy-based approaches.
Rasheed et al. (2021) applied intuitionistic fuzzy numbers to
investment benefit evaluation, highlighting the need to reduce
hesitancy in decision environments.

Several recent studies demonstrate the versatility and cross-
domain applicability of MCDM approaches. Obaidat and Mumani
(2025) proposed a multiple objective decision analysis model
for selecting capacity expansion plans in manufacturing, offering
a transparent evaluation process under conflicting objectives.
Baydag et al. (2024) applied a CODAS-based fuzzy MCDM
method to evaluate national economic performance, combining
normalization and uncertainty handling for robust policy insights.
Nguyen and Data-Driven (2025) developed a data-driven MCDM
model using spherical fuzzy sets to assess augmented reality
providers in education, highlighting the model’s adaptability for
supplier evaluation under uncertainty. Magableh et al. (2024)
introduced a fuzzy-FMEA gray correlation method for prioritizing
supply chain nervousness factors, supporting proactive risk
management. Wang and Pan (2025) proposed an innovative
framework combining Circular Intuitionistic Fuzzy Sets (C-IFS)
and Dombi operators to assess teaching quality in cultural heritage
education, demonstrating MCDM’s capacity for handling vague
and subjective educational data.

Further demonstrating the utility of fuzzy logic in complex
evaluation settings, Kusterka-Jefmanska et al. (2022) used the
Intuitionistic Fuzzy Synthetic Measure (IFSM) to assess quality-
of-life indicators in European cities. Faizi et al. (2020) introduced
an MCGDM approach combining IFS with the Characteristic
Object Method (COMET), improving the robustness of group-
based decision-making under uncertainty.

While these studies offer valuable insights into UEC evaluation
and the broader use of fuzzy and MCDM techniques, most existing
work focuses on institutional, administrative, or organizational
dimensions (Mukhametzyanov, 2021). Few studies explicitly
incorporate the perspective of students—the direct beneficiaries
of UEC—as a core evaluation subject. This gap is particularly
significant, as student satisfaction directly influences the perceived
success and sustainable development of UEC models.

To address this gap, the present study introduces a novel
Intuitionistic Fuzzy Multi-Attribute Decision-Making (IFMADM)
model, with three major contributions: (1) It incorporates student
satisfaction as the core evaluation target in UEC, offering a
learner-centered perspective often overlooked in prior research;
(2) It integrates intuitionistic fuzzy sets and entropy weighting to
accommodate uncertainty and subjectivity in student responses; (3)
It further considers risk preference factors in weight interpretation,
advancing the current methodological discourse on MCDM
under uncertainty. By incorporating student-driven indicators
and addressing ambiguity in multi-attribute evaluation, this study
complements and extends the existing body of UEC and MCDM
literature with both conceptual and practical contributions.
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3 Preliminaries

Some basic concepts of intuitionistic fuzzy are introduced
in this section, mainly including intuitionistic fuzzy sets
and related theories, operation rules of intuitionistic fuzzy
intuitionistic intuitionistic

sets and fuzzy numbers and

fuzzy entropy.

3.1 Intuitionistic fuzzy sets and related
theories

Definition 1 (Atanassov and Stoeva, 1986): Let universal set X
be a non-empty set, then IFS A on X can be expressed as

A={<xpus(®,va x> xeX}

where 14 (x) defines the degree of the membership and vy (x)
defines the degree of the non-membership of the element x in
universal set X, which is

na:X — [0,1],x € X — uy € [0,1]

va:X — [0,1],x € X = vy € [0,1]
At the same time, they should be satisfied
0=<pua+va=1
Therefore,
g =1—pa—va

is the degree of hesitation or uncertainty that element x in universal
set X belongs to intuitionistic fuzzy set A. Obviously, for any x € X,
thereis0 <y < 1.

3.2 Operation rules of intuitionistic fuzzy
sets and intuitionistic fuzzy numbers

The operational principles governing intuitionistic fuzzy sets
and intuitionistic fuzzy numbers are delineated as follows.

Definition 2 (Atanassov and Stoeva, 1986): Let universal set
X be a non-empty set, A = {< x, 4 (X),va (x) > |x € X} and B
= {< x,up (x),vp (X) > [x € X} are two intuitionistic fuzzy sets on
X, then there are

A = | <xvalx) pal®) > x € X;
ANB = {< x, min(p4 (x), np(x)), max(va(x), va(x)) > |x € X}
ANB = {< x,max(p4(x), up(x)), min(va(x), vg(x)) > |x € X}
A+ B = {<xpma () + 1 (), va(x) + vp(x) > |x € X}
AeB = {< X, A (X) 1B (x),va(x) + vp(x) — va(x) va(x)
> |x € X}
M = {< 1= (1= pa ) Wax) > |x € X}
A = <% (at), 1= (1= @) > [x € X)
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where \ is a positive integer.

Definition 3 (Atanassov, 1994): If &« =< e (x), ve(x) > and
B =< ng(x),vg(x) > are two intuitionistic fuzzy numbers, then
there are

o = (Vos Mer)

a A B = (min(pe, np), max (v, vg))
oV B = (max(ue, pnp), min (vg, vg))
a®pB = (Ua + 1p — Haltp> Vavﬁ)

o ® /3 = (Maﬂﬂ: Va'*’”ﬁ'”a”ﬂ)

T = (1-(1-pa) 5 ve ), T > 0
at = (ta%> 1-(1-v)"), T > 0
LA = {< %1 — (1 —pa ), (walx) > x € X}
A* = {< X (pa() 1 — (1 —va()* > [x € X}

The results calculated by applying the operation rules in
definition 2 and definition 3 are still intuitionistic fuzzy sets and
intuitionistic fuzzy numbers.

Definition 4: With the further study of the theory of
intuitionistic fuzzy sets, it is not enough to calculate intuitionistic
fuzzy sets and intuitionistic fuzzy numbers by simply relying on
the operation rules. Some practical IFS aggregation operators have
been developed.

Suppose aj=(tq;, Vo;)(j = 1,2,..n) is a group of intuitionistic
fuzzy numbers, and let w=(w1, ®;, ..., a)j)T be the weight vector of
aj, wj € [0,1]( = 1,2,..n), i wj =1, the IFWA operator is as

=1
follow (Xu, 2007). !

n

IFWA, (a1, 0z...0p) = (1 — 1_[ 1- Ho;
j=1

L[ Tve™
j=1

The results obtained by using intuitionistic fuzzy set operators
are still intuitionistic fuzzy sets and intuitionistic fuzzy numbers.

3.3 Intuitionistic fuzzy entropy

The exploration of intuitionistic fuzzy entropy has since
with
contributions emerging in the field. Representative works

garnered considerable scholarly attention, notable
include the development of a novel intuitionistic fuzzy entropy,
crafted through a geometric interpretation of intuitionistic fuzzy
sets. This entropy model has found application in the realm
of multi-attribute decision-making, showcasing its versatility
and relevance in addressing complex decision-making scenarios
(Burillo and Bustince, 1996).

Definition 5: Let universal set X = |x1,x,.X,, A = | <
X, A (), va(x) > |x € X) is a non-empty set, then the expression of
intuitionistic fuzzy entropy of A (Kusterka-Jefmanska et al., 2022)

is as follows.

n

E(A) = %Z

i=1

I-max(pa (x5),(va(xi))
I-min(ua (x;),(va (xi))
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Definition 6 (Burillo and Bustince, 1996): Let universal set X =
(X1, %25 X, A = | < X, u4(x),v4(x) > |[x € X)and B = | <
X, up(x),vp(x) > |x € X) are two intuitionistic fuzzy sets on X,
then the intuitionistic fuzzy entropy of A and B, which is expressed
by E (A) and E (B), respectively, satisfies the following properties.

E(A) = 0 & Aisanon — fuzzy set
E(A) = 1 & palx) = va(x)

If A is more fuzzy than B, then E(A) > E(B);
E(A) = E(A).

4 The proposed approach

In this part, an intuitionistic fuzzy multi-attribute decision-
making method based on decision-maker preferences is used to
analyze UEC satisfaction evaluation. The model can be divided
into three stages: (1) Language variables are used to access UEC
satisfaction evaluation. The linguistic assessment information in
fuzzy form underwent a transformation into intuitionistic fuzzy
numbers based on language variables. Then we obtained the
intuitionistic fuzzy decision matrix; (2) Calculating intuitionistic
fuzzy entropy was adopted to get the weights of UEC satisfaction
evaluation attribute; (3) Attribute value was used to analyze the
results. The flow chart of the model is shown in Figure 1.

Next, it introduces the process of analyzing UEC satisfaction
evaluation in detail.

Stage 1: Obtain the intuitionistic fuzzy matrix

Assume that H {Hy,Hy,...,H,} is a group of UEC
satisfaction evaluation attribute, surveyed by questionnaire with the

language variables. Suppose S = {so,51,...,5¢} is the linguistic

term set, and the questionnaire’s linguistic evaluation is given by

hiy hiy - hiy

ha1 hyy -+ hay
H=| . .

hiy hip - gy

where hj; is the linguistic expression provided by Kth questionnaire.

Step 1:
fuzzy numbers

Transform language variables into intuitionistic

In order to standardize the judgment of the questionnaire’s
linguistic evaluation, all questionnaire’s linguistic evaluation
is transformed into intuitionistic fuzzy numbers. Then, the
Mo (x), Vg ()7 (%)
obtained. Therefore, all the linguistic assessment information

intuitionistic fuzzy numbers < > s
given by the questionnaire can be expressed by the intuitionistic
fuzzy numbers.
Step 2: Obtain the intuitionistic fuzzy decision matrix

The intuitionistic fuzzy weighted average operator (IFWA)
is used to aggregate the intuitionistic fuzzy numbers in
the questionnaire, and the comprehensive intuitionistic fuzzy
decision matrix of evaluation attributes is obtained.
Stage 2: Get the weight of attribute

frontiersin.org
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Stage 1: Obtain the
intuitionistic fuzzy
matrix

Stage 2: Get the weight
of attribute

Stage3: Analyze the
results

FIGURE 1
The flow chart of the model.

Stepl: Transform language variables into

intuitionistic fuzzy numbers

\ 4

Step2: Obtain the intuitionistic fuzzy decision

matrix

Step3: Calculate intuitionistic fuzzy entropy
of attribute

\4

Step4: Get the weight value of evaluation
attribute

v

StepS: Use attribute value to analyze the
results

Step 3: Calculate intuitionistic fuzzy entropy of attribute

The comprehensive intuitionistic fuzzy decision matrix of
evaluation attributes is used combing the intuitionistic fuzzy
entropy weight method, using the formula (2). Thus, the
intuitionistic fuzzy entropy for the attribute is computed.
Step 4: Get the weight value of evaluation attribute

Due to different domain knowledge and expertise, the weight
value of is different. The intuitionistic fuzzy entropy of attribute
and the formula is as follows:

1 - E(C) .

w; = , (j=1,2,3..n)

M=

1(1 — E(Cy))

q

It is used to get the weight value of evaluation attribute.
Stage 3: Analyze the results
Step 5: Use attribute value to analyze the results

The weight value of evaluation attribute indicates the intensity
of influences received. It represents the influence of the ith attribute
on the whole system. Therefore, the larger the weight value, the
greater the overall prominence.

5 lllustrative examples

In this section, the viability and efficacy of the proposed model
are demonstrated through the conduct of a satisfaction survey
within the UEC context.

Frontiersin Education

5.1 Survey and sampling technique

This study enlisted a sample of 290 postgraduate students
from diverse universities of applied sciences in China to partake
in a survey conducted through a structured questionnaire. The
utilization of such research samples aligns with established
practices in UEC studies (Davey et al, 2014). Access to
the survey was facilitated through a dedicated website made
available to postgraduate students affiliated with the universities
of applied sciences in China, who willingly consented to
participate in the study. The website’s primary purpose was to
administer a questionnaire, focusing on discerning the factors
influencing postgraduate student satisfaction in the context
of UEC.

As a crucial component of ethical research practices, all
participants received comprehensive information about the study’s
objectives and the nature of the questionnaire. This pre-emptive
disclosure afforded participants the autonomy to either consent
or decline to respond to the questionnaire (N = 290), both
during and within a 15-min timeframe post-completion.
Demographic information of the respondents is detailed
in Table 1.

Eleven sub-indicators ~ denoted  as
(Hy, Ha, ..
identified to have a significant influence on the satisfaction of UEC.

performance
.,Hi1} which were used in previous studies were

Based on these indicators, we interviewed postgraduates, and made
an evaluation of the indicators, which are shown in Table 2.

To ascertain 11 performance sub-indicators, this research
engaged a cohort of 290 postgraduates representing diverse
academic departments, who participated in surveys administered
through a structured questionnaire. The assessment data from
these 290 graduate students underwent analysis employing

05 frontiersin.org
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TABLE 1 Demographic information of respondents.

Demographic variables F %
Gender Male 153 52.8
Female 137 472
Grade Ist-year graduate students 113 39.0
2nd-year graduate students 127 43.8
3rd-year graduate students 50 17.2
Major field Humanities and social sciences 108 37.2
Natural sciences 182 62.8

specific methodologies. The evaluation involved the utilization
of an established set of language terminology to assess the
indicators and determine their reliability across the identified 11
performance indicators.

S— s1 = very dissatisfied, s, = dissatisfied, s3 = medium,

s4 = satisfled, s5 = very satisfied

We got 290 graduate students linguistic assessments
about the direct each performance indicators through the
questionnaire survey.

Based on the data of satisfaction survey, the intuitionistic fuzzy
multi-attribute decision-making model based on the perspective
of decision-making preference proposed in the paper is used
for decision-making and evaluation. Since the data obtained
is linguistic, it needs to be converted into intuitionistic fuzzy
numbers first. In addition, the IFWA operator is used to
aggregate the data to obtain a comprehensive intuitionistic fuzzy
decision matrix for scheme evaluation and 11 evaluation attributes.
The result of aggregation, as the decision maker’s deterministic
preference value, is suitable for the intuitionistic fuzzy multi-
attribute decision-making model based on the decision maker’s
deterministic preference.

5.2 Intuitionistic fuzzy processing of survey
data

In this paper, the original data obtained through the
questionnaire are linguistic variables. In order to better
express the uncertainty of the decision results, the linguistic
number is converted into an intuitionistic fuzzy number.
With reference to the nine-level classification method in the
literature, the satisfaction of the results is divided into five
levels, which correspond to the intuitionistic fuzzy number in
the Table 3.

Then IFWA operator is used to aggregate the intuitionistic
fuzzy original data in the questionnaire, as shown in Table 4. The
comprehensive intuitionistic fuzzy decision-making matrix of 11
evaluation attributes is obtained, which is shown in Table 5.

The comprehensive decision matrix provided by the Table 5
is used combing the intuitionistic fuzzy entropy weight method,
which is the Equation 2.
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TABLE 2 Indicators used in the case study.

Indicators Sub-Indicators

Satisfaction with
enterprise teaching,
university teaching,
and integrated
teaching of theory
and practice

Satisfaction with enterprise teaching

H1: A higher level of Enterprise Teaching will positively
associate with a higher level of Student Satisfaction
with UEC

Satisfaction with university teaching

H2: A higher level of University Teaching will
positively associate with a higher level of Student
Satisfaction with UEC

Satisfaction with the integrated teaching model of
theory and practice

H3: A higher level of Integration of Theory and Practice
will positively associate with a higher level of Student
Satisfaction with UEC

Satisfaction with the
guidance from
university tutors and
enterprise tutors in
enterprise practice

Satisfaction with the guidance from university tutors in
the enterprise practice

H4: A higher level of Guidance from university tutors
will positively associate with a higher level of Student
Satisfaction with UEC

Satisfaction with the guidance from enterprise tutors in
the enterprise practice

H5: A higher level of Guidance from enterprise tutors
will positively associate with a higher level of Student
Satisfaction with UEC

Benefits of enterprise
practice

Understanding the real situation of the future career
Hé6: Enterprise Practice will positively influence the
Understanding of the real situation of the future career

Improving professional cognition and practical ability
H7: Enterprise Practice will positively influence the
Improvement of professional cognition and

practical ability

Making a good career plan for the future
H8: Enterprise Practice will positively influence future
career plan

Correlation analysis

The relevance of major and enterprise practice
H9: Enterprise practice is related to major field

The relevance of university theoretical study and
enterprise practice

H10: Enterprise practice is related to university
theoretical study

The relevance of Master’s thesis and enterprise practice
H11: Enterprise practice is related to Master’s thesis

TABLE 3 Correspondence between language variables and intuitionistic

fuzzy numbers.

Language variable

Intuitionistic fuzzy

(corresponding number) number

Very dissatisfied (1) (0.05, 0.95, 0.00)
Dissatisfied (2) (0.25, 0.65, 0.10)
Medium (3) (0.50, 0.40, 0.10)
Satisfied (4) (0.75, 0.15, 0.10)
Very satisfied (5) (0.95, 0.05, 0.00)

Then the intuitionistic fuzzy entropy of each attribute

is calculated.

E(H1) = 0.2447, E(H2) = 0.2059, E(H3) = 0.2179,
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TABLE 4 Primitive intuitionistic fuzzy number.

Hy

(0.75, 0.15, 0.10)

Hy

(0.75,0.15, 0.10)

Hs

(0.75, 0.15, 0.10)

Hy

(0.75,0.15, 0.10)

Hs

(0.95,0.05, 0.10)

He

(0.75, 0.15, 0.10)

H7

(0.75,0.15, 0.10)

Hs

(0.75, 0.15, 0.10)

Hg

(0.75,0.15, 0.10)

Hio

(0.05, 0.95, 0.00)

Hig

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15,0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.25, 0.65, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.75, 0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

(0.75,0.15, 0.10)

(0.95, 0.05, 0.10)

(0.95, 0.05, 0.10)

286

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

287

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

(0.50, 0.40, 0.10)

288

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.50, 0.40, 0.10)

289

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

290

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.50, 0.40, 0.10)

(0.75, 0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75, 0.15, 0.10)

(0.75,0.15, 0.10)

(0.75, 0.15, 0.10)
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E(H4) = 0.1414, E(H5) = 0.1810, E(H6) = 0.2171,
E(H7) = 0.2107, E(H8) = 0.2340, E(H9) = 0.3169,
E(H10) = 0.3575, E(H11) = 0.2664

The intuitionistic fuzzy entropy and the Equation 4 is used.
Therefore, the weight values of each attribute are determined,
and the results are as follows.

w(H1) = 0.0898, »(H2) = 0.0945, w(H3) = 0.0930,

w(H4) = 0.1021, w(H5) = 0.0974, w(H6) = 0.0931,

w(H7) = 0.0939, »(H8) = 0.0911, w(H9) = 0.0813,
w(H10) = 0.0764, o(H11) = 0.0873

Then, the intuitionistic fuzzy weighted (IFWA,) operator
n n
IFWA, (o, 00..00) = (1 — J](1 —uaj)“’f,]_[vgj“’f) is used

=1 j=1
to aggregate the comprehensive evaluation values of the
comprehensive intuitionistic fuzzy decision matrix of 11 evaluation

attributes, and the aggregated comprehensive value is obtained:

e = 1—(1—0.794)"%%(1 - 0.821)*7*(1 — 0.813)*9%
(1 —0.873)%121(1 — 0.842)%9974(1 — 0.813)%0%3!
(1 —0.818)99%9(1 — 0.800)%%11 (1 — 0.744)%0813
(1 —0.719)%076%(1 — 0.779)%9%73 — 0.809

vy = (0.156)%9898(0.133)%994%(0,140)%993%(0.102)* 102!
(0.126)0'0974(0.139)0'0931 (0.135)0.0939 (0.146)0'0911
(0.193)%9813(0.213)%076%(0.169)°%873 — 0.145

Next, introduce risk preference factor 1, using based on risk
preference the intuitionistic fuzzy scoring function

Mo — Vo

sNa) = rp—
- o

(4)
The comprehensive evaluation value is calculated. The result is:
When n = 1, it is assumed that it is a risk chaser, and the

calculation result is s = 0.696;

When n = 0, it is assumed that it is a risk neutral, and the

calculation result is s7 = 0.664;

When n = —1, it is assumed that it is a risk averse person, and

the calculation result is s = 0.635.

6 Discussion
6.1 Results

UEC is a crucial mechanism for advancing the strategic
goals of corporations, universities, and societies. The evaluation
and enhancement of UEC are essential for maximizing its
impact. This study introduces a novel approach—an Intuitionistic
Fuzzy Multi-Attribute Decision-Making (IFMADM) method
grounded in decision-maker preferences—to assess UEC. The
methodology combines Intuitionistic Fuzzy Sets (IFS) with
intuitive fuzzy entropy, establishing an advanced framework for the
comprehensive evaluation and enhancement of UEC dynamics.
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TABLE 5 The comprehensive intuitionistic fuzzy decision-making matrix
of 11 evaluation attributes.

Intuitionistic
fuzzy number

Sub-indicators

Satisfaction with enterprise teaching (0.794, 0.156)

HI1

Satisfaction with university teaching
H2

(0.821,0.133)

Satisfaction with the integrated teaching model of (0.813, 0.140)
theory and practice

H3

Satisfaction with the guidance from university tutors in (0.873,0.102)
the enterprise practice

H4

Satisfaction with the guidance from enterprise tutors in (0.842, 0.126)
the enterprise practice

H5

Understanding the real situation of the future career (0.813,0.139)

Heé

Improving professional cognition and practical ability (0.818, 0.135)

H7

Making a good career plan for the future
H8

(0.800, 0.146)

The relevance of major and enterprise practice (0.744, 0.193)

H9

The relevance of university theoretical study and
enterprise practice
HI10

(0.719, 0.213)

The relevance of Master’s thesis and enterprise practice
H11

(0.779, 0.169)

This research builds on an assessment of students’ satisfaction
with UEC, proposing an effective intuitionistic fuzzy entropy model
to navigate the complexities of UEC evaluation. The model is
designed to address uncertainty inherent in the decision-making
process through a two-phase approach. In the initial phase, IFS
are employed to capture the fuzzy characteristics of decision
information, as detailed in the preceding analysis. The subsequent
phase incorporates a risk preference factor, categorizing decision
evaluation subjects into three distinct types. This innovation
addresses a significant gap in traditional evaluations, where the
decision-maker’s risk attitude is often insufficiently considered.

Within this method, the evaluation values of attributes are
analyzed, and the weight values of each attribute are determined.
Notably, the sub-indicator “Satisfaction with the guidance from
university tutors during enterprise practice (H4)”—where higher
levels of guidance are associated with greater student satisfaction
with UEC—emerges as the most critical factor (weight value
>0.1). This finding underscores H4 as the most influential sub-
indicator within the system, with no other sub-indicator surpassing
a weight value of 0.1. Additionally, the results indicate that the sub-
indicator “Satisfaction with the guidance from enterprise tutors
during enterprise practice (H5)” holds the second-highest weight.
Both H4 and H5 fall under the broader indicator of “Satisfaction
with the guidance from university tutors and enterprise tutors
during enterprise practice;” highlighting the significant impact this
indicator has on the overall system. Enhancements in these areas
are likely to drive improvements across the entire UEC framework.
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6.2 Sensitivity analysis

This
attribute weight to investigate the impact of various settings

subsection performs the sensitivity analysis of
of criteria weights over different weight sets. The formula
§wj + Z;’:l’k 4 PRk =1 was used to calculate the value of
each attribute weight by disturbance analysis with the assumed
disturbance coefficient & = 0.4, 1.2, 2.4, respectively. If one value
of attribute weight is changed, the values of other attribute weights
will change proportionally. That is, the original attribute weight
is wj(j = 1,2,...,n) and the weight value attribute by disturbance
analysis is changed to o} = £w;.

Figure 2 show the results of sensitivity analysis of attribute
weights. It can see that blue, orange, gray and yellow lines describe
the attribute weights, respectively. When disturbance coefficient &
= 0.4, all the weight values of attribute except attribute H4 are
increased. When disturbance coeflicient & = 1, 2 and & = 2.4,
the weight value of attribute changed in the similar way as the
condition when disturbance coefficient £ = 0.4. We can find out
that the weight values are stable no matter how the disturbance

10.3389/feduc.2025.1614174

coeflicients change. This consistency demonstrates the robustness
of the weighting scheme derived from the intuitionistic fuzzy
entropy method. The model exhibits a stable performance across
a range of perturbation levels, suggesting that minor fluctuations
in decision-maker preferences or data inputs will not significantly
alter the evaluation outcome.

In practical applications, we recommend setting the
disturbance coefficient & between 0.8 and 1.2 to reflect reasonable
fluctuations in subjective preferences or expert judgment. Extreme
values (e.g., £ < 0.4 or £ > 2.0) may be used for stress-testing
the model but are less likely to reflect real-world scenarios. This
sensitivity analysis supports the method’s reliability and provides
confidence for its deployment in decision-making environments

with inherent uncertainty.

6.3 Comparative analysis

In this subsection, a comparative analysis is conducted between
our proposed method and the approach introduced by Szmidt and

== The weight of attributes

H11

HI0

H9

HS8

H7

FIGURE 2
Sensitivity analysis results under disturbance conditions.

Sensitivity analysis results

e disturbance coefficient = 0.4

= disturbance coefficient = 1.2
H1

disturbance coefficient = 2.4

H2

H3

H4

Hé6
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TABLE 6 The intuitionistic fuzzy entropy of attribute.

10.3389/feduc.2025.1614174

Sub-indicators H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11
Our method 0.2447 0.2059 0.2179 0.1414 0.1810 0.2171 0.2107 0.2340 0.3169 0.3575 0.2664
Szmidt and Kacprzyk’s method 0.2441 0.2065 0.2174 0.1414 0.1808 0.2172 0.2104 0.2342 0.3172 0.3571 0.2659
The weight values of each attribute
0.120
0.100
0.080
0.060
0.040
0.020
0.000
H1 H2 H3 H4 H5 He6 H7 H8 H9 H10 HI11
m Szmidt and Kacprzyk’s method ~ m our method
FIGURE 3
The weight values of each attribute by the different methods.

Kacprzyk (2001). Table 6 presents the intuitionistic fuzzy entropy
values for each attribute, highlighting distinctions between the
methodologies employed in the two methods.

A comparative analysis is performed against the method
proposed by Szmidt and Kacprzyk (2001). The weight values
assigned to each attribute by the respective methods are
illustrated in Figure 3. The graphical representation in Figure 3
substantiates the efficacy of the intuitionistic fuzzy multi-attribute
decision-making method based on decision-maker preferences.
Consequently, the application of this method ensures the reliability
of the decision-making outcomes.

6.4 Potential limitations

However, despite the strengths of the proposed Intuitionistic
Fuzzy Multi-Attribute Decision-Making (IFMADM) method, there
are potential limitations that should be acknowledged to provide a
balanced perspective.

One of the primary limitations lies in the reliance on subjective
inputs from decision-makers, which, although mitigated by the
use of Intuitionistic Fuzzy Sets (IFS) and entropy measures, still
introduces an element of bias into the evaluation process. The
effectiveness of the model is closely tied to the accuracy and
reliability of these inputs, which can vary depending on the
decision-makers’ expertise and perspectives.

Another limitation concerns the complexity of the model,
which may pose challenges for its practical implementation,
particularly in environments where stakeholders may not be
familiar with fuzzy logic or advanced decision-making techniques.

Frontiersin Education

The model’s sophistication, while beneficial for capturing the
nuances of UEC, might also limit its accessibility to a broader range
of users, necessitating additional training or resources.

Additionally, the model’s focus on risk preferences is an
innovative feature, but it may not fully capture all dimensions of
decision-making in UEC, particularly in dynamic environments
where other factors, such as cultural differences or changing
economic conditions, may play a significant role. The model
could benefit from further refinement to incorporate these external
factors more comprehensively.

Finally, while the evaluation identified “Satisfaction with the
guidance from university tutors and enterprise tutors in enterprise
practice” as critical sub-indicators, the model may not adequately
account for the long-term sustainability of UEC outcomes. For
instance, while immediate student satisfaction is essential, the
model might underemphasize factors such as the long-term impact
of UEC on career development or the evolving needs of industries.

In conclusion, while the IFMADM method offers a robust
framework for evaluating and enhancing UEC, future research
should aim to address these limitations. Enhancing the model’s
user-friendliness, broadening its scope to include a wider range
of decision-making factors, and ensuring that it captures both
immediate and long-term outcomes will be crucial for its continued
development and practical application.

7 Conclusion

This paper introduces a new evaluation method for UEC
satisfaction based on multi-attribute decision-making. To establish
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a sophisticated framework for the analysis of UEC satisfaction,
the proposed method seamlessly integrates Intuitionistic Fuzzy
Sets (IFS) with intuitive fuzzy entropy. Through meticulous
examination of evaluation values, distinct attribute weights are
quantified, delineating the distinct roles each attribute plays in
influencing UEC satisfaction levels.

The study reveals that “satisfaction with the guidance from
university tutors during enterprise practice” is the most influential
factor, followed by “satisfaction with the guidance from enterprise
tutors.” These findings underscore the critical importance of
strengthening mentorship mechanisms within UEC programs to
enhance student satisfaction and educational outcomes. Practically,
universities and enterprises should prioritize improving the
quality and structure of tutor guidance to ensure more effective
cooperation and better student experiences.

By quantifying attribute weights and leveraging the analytical
power of intuitive fuzzy entropy, our method contributes to a
nuanced evaluation process, providing a robust foundation for
decision-making in the realm of UEC. The envisioned integration
of game theory promises to elevate this methodology, offering an
innovative lens through which to analyze UEC satisfaction, paving
the way for further refinement and improvement in collaborative
endeavors between academic institutions and enterprises.

In addition to presenting a novel approach to UEC satisfaction
evaluation, this study offers new insights into the application of
Intuitionistic Fuzzy Sets (IFS) and intuitive fuzzy entropy within
the context of multi-attribute decision-making. By systematically
quantifying the attribute weights and analyzing their impact
on UEC satisfaction, this research not only deepens our
understanding of the factors that drive effective university-
enterprise collaborations but also introduces a method that
can be adapted for broader applications in related fields. The
integration of game theory principles in future research will further
enhance this methodology, providing a more holistic approach to
decision-making processes. The contributions of this paper lie in
its innovative combination of fuzzy logic with decision-making
frameworks, offering a robust tool for both academic researchers
and practitioners aiming to optimize the outcomes of collaborative
ventures between universities and enterprises.
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