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1. Introduction

As the main force of the output of scientific and technological achievements, colleges and universities are short of experience
in the transformation of scientific and technological achievements, resulting in a serious imbalance between the output and
transformation of scientific and technological achievements. At the same time, some colleges and universities are still not
clear about the performance of the transformation of scientific and technological achievements, and are still not aware of the
potential threat to colleges and universities caused by the destructive imbalance between the output and transformation of
scientific and technological achievements. Therefore, it is of great significance for colleges and universities to evaluate the
performance of scientific and technological achievements, understand the transformation of their own scientific and
technological achievements, and improve the transformation thinking of scientific and technological achievements.

In recent years, researchers at home and abroad have done a lot of research on the evaluation indicators of the transformation
performance of scientific and technological achievements. For example, Wang et al. (2022), Li and Xu (2022) and Wang et
al. (2023) established a performance evaluation system for the transformation of scientific and technological achievements.
The research on the performance evaluation of the transformation of scientific and technological achievements in Colleges
and universities is not uncommon. A considerable number of experts and scholars have conducted in-depth research on the
construction of the performance index system of the transformation of scientific and technological achievements in Colleges
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and universities. For example, Liaowenhu et al. (2022) constructed the transformation index of scientific and technological
achievements through factor analysis and weight index analysis. Lin (2021) constructed the performance indicators of the
transformation of scientific and technological achievements in Colleges and universities from the three aspects of
transformation basis, benefit and effect. Liu and Huang (2021) established an evaluation index system for the transformation
of scientific and technological achievements through benchmarking management. Liu et al. (2020) constructed a new index
for the transformation evaluation of University Science and Technology City Based on the six elements deconstruction system.
Chen et al. (2021) constructed the performance evaluation dimension of scientific and technological achievements
transformation from the academic, talent, achievement, transformation and other aspects. Hu et al. (2018) studied the
performance index system of scientific and technological transformation from the perspectives of commercialization,
industrialization and internationalization of scientific and technological achievements.

In addition to the research on the performance index system of the transformation of scientific and technological achievements
in Colleges and universities, some scholars have also made innovative research on the performance evaluation methods of the
transformation of scientific and technological achievements. For example, Bu et al. (2022) used AHP and entropy method to
evaluate the policy performance of scientific research institutions' scientific and technological achievements transformation.
Chen et al. (2024) used the t-sne evaluation method to evaluate and compare the transformation performance of scientific and
technological achievements. Shi et al. (2020) studied the quantitative evaluation of scientific and technological achievements
transformation projects based on the PMC model. Hao and Chen (2022) studied the impact index and system construction of
scientific and technological achievements transformation based on Delphi AHP entropy weight method. Li et al. (2022)
studied the performance measurement of the transformation of scientific and technological achievements in Colleges and
Universities Based on the grey comprehensive evaluation method. Wang et al. (2024) studied the transformation and operation
evaluation of scientific and technological achievements based on the theme model algorithm. An et al. (2023) used AHP
method to study the transformation of scientific and technological achievements of enterprises.

To sum up, the current research of experts and scholars still focuses on the evaluation of accurate data, ignoring the information
fuzziness of the performance evaluation indicators of scientific and technological achievements. Now, some experts and
scholars have noticed the fuzzy characteristics of index information and carried out the research on the fuzzy evaluation of
the performance transformation of scientific and technological achievements (Chen et al., 2021; Hu et al., 2018). But it is still
limited to Pythagorean fuzzy sets, and it still does not get rid of the limitations of membership and non membership in
Pythagorean fuzzy sets. This paper constructs an ivpfowa operator based evaluation research on the performance
transformation of scientific and technological achievements in Colleges and universities, and proposes a new evaluation
method. The applicability and scientificity of the evaluation method proposed in this paper are verified by a numerical example.

2. Construction of the performance evaluation index system for the transformation of scientific and technological
achievements in colleges and universities

Based on the investigation of the opinions of some college teachers on the performance indicators of the transformation of
scientific and technological achievements, and combined with the existing literature on the performance evaluation index
system of the transformation of scientific and technological achievements in Colleges and universities (Li et al., 2021; Han et
al., 2021), this paper constructs the performance evaluation index system of the transformation of scientific and technological
achievements in Colleges and Universities Based on the principles of guidance, integrity and hierarchy. The indicator system
consists of three primary indicators and six secondary indicators, as shown in Table 1.

Table 1
Performance Evaluation Index System of University Scientific and Technological Achievements Transformation
Level I Indicators Level 2 Indicators

Scientific research manpower input

Scientific research funding

Scientific research institutions and projects
International scientific and technological exchanges
Scientific research achievements

Achievements transformation

Scientific research investment
Scientific research strength

Scientific research output

As shown in Table 1, the first level indicators in the performance evaluation indicators for the transformation of scientific and
technological achievements in colleges and universities mainly include three aspects: scientific research input, scientific
research strength and scientific research output.

(A1) Scientific research investment. Scientific research input index refers to the input of elements in scientific research and
development by colleges and universities, mainly including capital, manpower, etc. Therefore, the indicators of scientific
research investment can be divided into two secondary indicators: scientific research manpower investment (B1) and scientific
research funding investment (B2). Among them, the input index of scientific research manpower refers to the number of all
staff engaged in scientific research in colleges and universities, including teaching, scientific research, scientific and
technological service personnel, etc; Scientific research funding refers to the funding provided by colleges and universities
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for the research of teaching and research personnel, including basic research funding, applied research funding, testing costs,
etc.

(A2) Scientific research strength. Scientific research strength refers to the existing research and development hard strength
and soft strength of universities, such as development laboratories, shadow factories, international exchanges, etc. Scientific
research strength indicators can be divided into two secondary indicators: scientific research institutions and projects (B3),
and international scientific and technological exchanges (B4). Among them, scientific research institutions and projects
mainly refer to the number of scientific research laboratories, projects and researchers owned by universities; International
exchange refers to the number of international scientific exchange research conferences or cooperative exchange researchers
held or participated by universities.

(A3) Scientific research output. Scientific research output index refers to the number of achievements signed by universities,
including papers, patents, works, awards, etc. Scientific research output indicators can also be divided into two secondary
indicators: scientific research achievements (B5) and achievements transformation (B6). Among them, scientific research
achievements refer to various intellectual property rights, awards, works, academic information, etc. signed by university
researchers; Achievement transformation refers to the actual transformation of scientific research achievements into
productive forces.

3. OWA aggregation operator based on interval pythagorean fuzzy

When evaluating the performance of the transformation of scientific and technological achievements in colleges and
universities, many experts are often invited to evaluate the indicators. However, nowadays, due to the unequal information
and fuzzy information, experts cannot give accurate indicator evaluation values. Therefore, it is necessary to study the
performance index evaluation of scientific and technological achievements transformation in colleges and universities under
the fuzzy information environment. Considering the membership limitation of intuitionistic fuzzy and Pythagorean fuzzy
numbers and the influence of attribute position weight, this paper considers the study of OWA aggregation operator based on
interval Pythagorean fuzzy numbers.

3.1 Pythagorean Fuzzy Sets

Definition 1 (Hu et al., 2023): Suppose X is a given universe, and define P = {(x, P(up(x),v, (x))>|x eX } as a Pythagorean
fuzzy seton X. u,(x) indicates that x belongs to the subordination degree of P; v,(x) indicates that x belongs to the non-

subordination degree of P, and s, (x) and v,(x) meet 0< z,(x),v,(x)<1 and 0<z (x)+v,(x)<1. Define P's

hesitation degree to x as 7,(x)= \/1—(,uP2 (x)+v,’(x)) . For simplicity, scholars call ( p(X),v,(x)) Pythagorean fuzzy

number, which is abbreviated as « = (g, (x),v,(x)) in this paper.
3.2 OWA Operator Based on Interval Pythagorean Fuzzy Sets

Definition 2 (Hu et al., 2023): Suppose there is a mapping WA: R" >R , WA(xl,xz,x3,...,xn)=Zwixl. where,

i=l1

w=(w,w,,w,,...,w,)" is the weighted vector of WA, satisfying w, € [0,1] and ZW:' =1. In this case, the function WA is
i=1
called the weighted average operator.

4. TOPSIS evaluation method based on ivpfowa aggregation operator

Aiming at the performance evaluation of the transformation of scientific and technological achievements in colleges and
universities, considering the fuzzy information environment when experts assign indicators and the effective aggregation of
multiple expert evaluation matrices, this paper presents a new evaluation method TOPSIS evaluation method based on
IVPFOWA operator.

Step 1: Calculate the closeness and weight of each evaluation.

(1) First, according to the evaluation set of secondary indicators of the transformation performance of university scientific
and technological achievements given by many experts, the positive ideal value set and the negative ideal value set of the

evaluation set are calculated. According to the evaluation results of experts, the positive ideal value set L" and the negative

. _ ~+ ~+ ~+ _ ~— ~— . ~k ~+ ~k
ideal value set L~ can be expressed as L’ =[a1 ,az,...,an}, L :|:0.’l ,az,...,an} where, «; :mm[a},}, a; :max[a,}.
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(2) Calculate the Hamming distance. According to the positive ideal value set and negative ideal value set of the secondary
indicator evaluation set of university scientific and technological achievements performance, combined with the Hamming
p

distance definition of interval Pythagorean fuzzy number, the Hamming distance d(c,,L) between each evaluation value

)
)

(3) Determine the closeness coefficient of each evaluation value. According to the Hamming distance between each evaluation
value and the positive and negative ideal values, the closeness of each evaluation value is calculated using the closeness
calculation formula, which is as follows:

and the positive and negative ideal values can be calculated:

+ (O () = D )|+ () = v )|+ () - v ()
Fj Py B ¥ B By

LT
a@an = -w
AN P

+ + +

~k ~— 1 _ o
d(aj.a)) :—(‘ﬂf’”(ﬂ—ﬂf ()
4\[" & 7

9 (@)= O @)+ P () v @)+ P () v O ()
Py Py Py Py Py Py

e
- d(aja)+d(aj,a))

(4) Determine the weight of each evaluation value. According to the closeness of each evaluation value calculated above,
calculate the weight of the secondary performance index value of university scientific and technological achievements

transformation given by each expert.

Step 2: Gather multiple expert evaluation sets.

According to the closeness and weight of each evaluation value calculated in the first step, combined with the OWA
aggregation operator based on interval Pythagorean fuzzy number proposed in this paper, the evaluation values of the
secondary indicators for the transformation of university scientific and technological achievements given by multiple experts

are aggregated into the comprehensive evaluation value set M = (g: j) .

a;=w [Za(l)@ w, Ao2)® W, 0!0(3)@..,@ W, Qo(n)

i H\/l B ﬁ(l RN ’\/l B ﬁ(l ~ (K, 00" Hﬁ(vm‘m (x)" H W@ B

i=1

Step 3: Determine the attribute weight.

(1) First, according to the comprehensive evaluation value set M =(«a ;) of the secondary performance indicators for the
transformation of scientific and technological achievements of colleges and universities aggregated in the second step, the

.. . ~+ A 3 ~_ . )
positive ideal value o and negative ideal value @ of the comprehensive evaluation value set are calculated. Where,
s ~

a =max[ai], a =min[&,-].

(2) Calculate the Hamming distance. According to the positive ideal value and negative ideal value of the comprehensive
evaluation value set of the secondary indicators of the performance of university scientific and technological achievements,

combined with the Hamming distance definition of the interval Pythagorean fuzzy number, the Hamming distance d (&, ,L)

|
|

(3) Determine the closeness coefficient of each evaluation value. According to the Hamming distance between each evaluation
value and the positive and negative ideal values, the closeness of each evaluation value is calculated using the closeness
calculation formula, which is as follows:

between each evaluation value and the positive and negative ideal values can be calculated:

+ + +

d(t;i,gf)=%(‘u;i(x)—ﬂ;lf+)(x) # ()= @) v (0 =V O )+ () =V ()

d(ana,) = {|w -

+ + +

@)= O @) @)= O @) @)= @)
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rfc _ d(a,aa,)

" d(a,an ) +d(as,an)

(4) Determines the attribute weight. According to the closeness of the set of comprehensive evaluation values of the secondary
indicators of scientific and technological achievements of colleges and universities calculated above, the attribute weight of
the secondary indicators of scientific and technological achievements transformation of each university is calculated.

v

i

2

B
B=1

w, =

i

Step 4: Determine the performance evaluation value.
According to the attribute weight obtained in the third step, the final evaluation value of university scientific and technological

achievements transformation performance can be calculated by collecting the comprehensive evaluation value set of the
secondary indicators of university scientific and technological achievements performance obtained in the second step.

a= z Wi&:
i=1
Step 5: Determine the final performance score S (0}) .

Finally, the performance score of university scientific and technological achievements transformation is determined according
to the integral function of the interval Pythagorean fuzzy number.

- 1 - - + +
S(@) = () = v )+ () = v (0
2 P P P P
Step 6: Grading and feedback.
The final grading of the performance evaluation results of the transformation of scientific and technological achievements in

Colleges and universities can be determined according to the generally applicable performance evaluation grading table of
the transformation of scientific and technological achievements in Colleges and universities, as shown in Table 2.

Table 2

Performance Evaluation Grade of University Scientific and Technological Achievements Transformation
Comment Bad Commonly Good Very Good
Standard [0,0.6] [0.6,0.75] [0.75,0.9] [0.9,1]

5. Case Analysis

5.1 Performance Evaluation Collection of Scientific and Technological Achievements

Taking jiangsu university of science and Technology as an example, four experts were invited to evaluate the performance of
Jiangsu university of science and Technology in the transformation of scientific and technological achievements. This time,
the experts selected interval Pythagorean fuzzy number to score the index, so as to prevent the loss of evaluation information
to the greatest extent. The following is the evaluation results of experts on the secondary performance indicators of the
transformation of scientific and technological achievements of jiangsu university of science and Technology, as shown in
Table 3.

Table 3
Evaluation Collection of Secondary Performance Indicators of Four Experts
First level Second level Ky K, K5 Ky
A B, ([0.7,0.81,[0.2,0.3]) ([0.7,0.81,[0.1,0.2]) ([0.8,0.91,[0.2,0.4]) ([0.7,0.91,[0.1,0.3])
! B, ([0.8,0.91,[0.1,0.2]) ([0.7,0.91,[0.2,0.3]) ([0.7,0.91,[0.1,0.31) ([0.7,0.81,[0.1,0.2])
A Bs (10.7.0.91.10.2.0.31) (0.8.0.91.10.1.0.21) (10.7.0.81.10.1,0.21) (10.8.0.91.10.2,0.31)
2 B, ([0.8,0.91,[0.1,0.2]) ([0.7,0.91,[0.1,0.3]) ([0.7,0.91,[0.2,0.3]) ([0.8,0.91,[0.1,0.3])
A Bs (10.8.0.91.10.1.0.21) (10.7.0.81.10.2.0.31) (10.7.0.91.10.2.0.31) (10.7,0.81,/0.1,0.21)
3 Bs ([0.8,0.91,[0.2,0.3]) ([0.8,0.91,[0.1,0.3]) ([0.8,0.91,[0.1,0.2]) ([0.8,0.91,[0.2,0.4])
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5.2 Performance Evaluation Process of Scientific and Technological Achievements

Step 1: Calculate the closeness and position weight of each evaluation value.

(1) According to the evaluation set of the secondary performance indicators of the four experts given in Table 3, the positive
ideal value set L' and the negative ideal value set L~ of the evaluation value of the scientific and technological achievements

transformation performance of jiangsu university of science and Technology are calculated using TOPSIS decision-making
method. (Four decimal places are reserved for the calculation results in this paper)

Table 4
Positive Ideal Value Set L" and Negative Ideal Value Set L
First level Second level Positive ideal solution negative ideal solution
B; ([0.8,0.91,[0.2,0.4]) ([0.7,0.8],[0.2,0.3])
A B, ([0.8,0.91,[0.1,0.2]) ([0.7,0.8],[0.1,0.2])
B; ([0.8,0.9],[0.1,0.2]) ([0.7,0.8],[0.1,0.2])
A B, ([0.8,0.91,[0.1,0.2]) ([0.7,0.91,[0.2,0.3])
Bs ([0.8,0.91,[0.1,0.2]) ([0.7,0.8],[0.2,0.3])
As Bg ([0.8,0.91,[0.1,0.2]) ([0.8,0.91,[0.2,0.4])

(2) According to the positive ideal value set L and negative ideal value set L~ obtained in Table 4, the Hamming distance

between each evaluation value and the positive and negative ideal values is calculated by using the interval Pythagorean fuzzy
number Hamming distance formula. The calculation results are shown in Table 5.

Table 5
Hamming Distance between Evaluation Values and Positive and Negative Ideal Values
Hamming Distance Second level K1 K2 K3 K4
B 0.0750 0.1250 0.0000 0.0750
B, 0.0000 0.0750 0.0500 0.0500
~ ~s B; 0.0750 0.0000 0.0500 0.0500
d(ai,a:) B, 0.0000 0.0500 0.0750 0.0250
Bs 0.0000 0.1000 0.0750 0.0500
Bs 0.0500 0.0250 0.0000 0.0750
B, 0.0000 0.0500 0.0750 0.0500
B, 0.0500 0.0750 0.0500 0.0000
~ o~ B; 0.0750 0.0500 0.0000 0.1000
d(ai,ai) B, 0.0750 0.0250 0.0000 0.0500
Bs 0.1000 0.0000 0.0250 0.0500
Bs 0.0250 0.0500 0.0750 0.0000

(3) According to the Hamming distance between each evaluation value and the positive and negative ideal values obtained in
Table 5, the closeness coefficient of each evaluation value of scientific and technological achievements transformation
performance of jiangsu university of science and Technology is calculated. The results are shown in Table 6.

Table 6
Proximity Coefficient of Each Evaluation Value
Coefficient of closeness Second level K1 K2 K3 K4
B, 0.0000 0.2857 1.0000 0.4000
B, 1.0000 0.5000 0.5000 0.0000
I"k B; 0.5000 1.0000 0.0000 0.6667
J By 1.0000 0.3333 0.0000 0.6667
Bs 1.0000 0.0000 0.2500 0.5000
Bs 0.3333 0.6667 1.0000 0.0000

(4) Determine the position weight. According to the proximity coefficient of each evaluation value of scientific and
technological achievements transformation performance of jiangsu university of science and Technology obtained in Table 6,
the location weight is determined. The results are shown in Table 7.



H. Li et al. /Decision Science Letters 15 (2026)

Table 7
Weights of Evaluation Values
Weights Second level K, K, K, K,
B, 0.0000 0.1695 0.5932 0.2373
B, 0.5000 0.2500 0.2500 0.0000
W B; 0.2308 0.4615 0.0000 0.3077
! By 0.5000 0.1667 0.0000 0.3333
Bs 0.5714 0.0000 0.1429 0.2857
Bs 0.1667 0.3333 0.5000 0.0000

Step 2: Aggregate expert evaluation values.

According to the paste progress and position weight of the performance evaluation value of scientific and technological
achievements transformation of jiangsu university of science and Technology obtained in the first step, the performance
evaluation value set of multiple experts is aggregated into a single performance evaluation value set by combining the
IVPFOWA operator proposed in this paper. The results are shown in Table 8.

Table 8

Collection of Comprehensive Performance Evaluation Values

First level

Second level

K

4 B, ([0.7650,0.8878],[0.1509,0.3322])
1 B, ([0.7560,0.90001,[0.1189,0.24491)
4 B; ([0.7809,0.90007,[0.1452,0.2488])
2 B, ([0.7864,0.90007,[0.1000,0.2449])
4 Bs ([0.7629,0.87861,[0.1104,0.2119])
3 By ([0.8000,0.90001,[0.1122,0.24491)

Step 3: according to the set of comprehensive performance evaluation values aggregated in step 2, use TOPSIS decision-
making method again to calculate the attribute weight of each evaluation value.

(1) Determine the positive and negative ideal solutions of the comprehensive performance evaluation set, and calculate the

Hamming distance. The results are shown in Table 9.

Table 9

Distance Between Positive and Negative Ideal Solutions of Comprehensive Performance Evaluation Value Set and

Hammering

Ideal solution

K

Positive ideal solution
negative ideal solution

(10.8000,0.90001,[0.1122,0.24497)
([0.7650,0.88781,[0.1509,0.3322])

First level second level d(&,,&,*) a’(&i,&f)
y B, 0.0433 0.0000
! B, 0.0127 0.0351
y B; 0.0140 0.0293
2
B, 0.0065 0.0429
Bs 0.0233 0.0430
A3
By 0.0000 0.0433

(2) The pasting progress of each comprehensive performance evaluation value is calculated according to the Hamming
distance calculated in Table 9, and the results are shown in Table 10.

Table 10
Proximity Coefficient of Each Comprehensive Performance Evaluation Value
Second level B, B, B, B, B, B,
rt 0.0000 0.7347 0.6769 0.8693 0.6483 1.0000

J

(3) Determines the attribute weight. According to the paste progress of the comprehensive performance evaluation value
calculated in Table 10, the indicator attribute weight is determined, and the results are shown in Table 11.
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Table 11
Attribute Weights of Secondary Performance Indicators
Second level B, B, B, B, B, B,
w, 0.0000 0.1870 0.1723 0.2213 0.1650 0.2545

Step 4: Determine the final evaluation value. According to the comprehensive evaluation value set in Table 8 and the attribute
weight of the secondary performance indicators calculated in Table 11, the final evaluation value of the scientific and
technological achievements transformation performance of jiangsu university of science and Technology is determined to be
([0.7810,0.8968], [0.1153,0.2398]).

Step 5: Determine the final performance score of scientific and technological achievements transformation of jiangsu
university of science and Technology according to the integral function of interval Pythagorean fuzzy numbers:

S(a) = %((,u; () =2 (@) +ur! () = (v () ):%<0.78102 ~0.8968”+0.1153* ~0.2398 )=0.6709

5.3 Analysis of Performance Evaluation Results of Scientific and Technological Achievements

Through the analysis of the performance evaluation process of the transformation of scientific and technological achievements
in Section 5.2 of this paper, it is concluded that the performance evaluation score of the transformation of scientific and
technological achievements in Jiangsu University of Science and Technology is 0.6709. According to table 2 performance
evaluation scale of scientific and technological achievements transformation, it can be determined that the performance of
scientific and technological achievements transformation of jiangsu university of science and Technology is only good.

6. Conclusion

This paper explored the performance evaluation of the transformation of scientific and technological achievements in colleges
and universities, focusing on the challenges posed by complex and uncertain evaluation environments. To address these issues,
a new methodological framework was applied that integrates fuzzy logic with the TOPSIS decision-making approach,
enhanced through the IVPFOWA (Interval-Valued Pythagorean Fuzzy Ordered Weighted Averaging) operator. This
combination provides a more flexible and reliable tool for handling fuzzy attribute indicators, which are common in the
assessment of transformation processes. The results show that the method has strong applicability, offering meaningful
insights into performance evaluation when traditional crisp approaches fall short. At the same time, the study identified a
limitation in the weight calculation process. When applying the TOPSIS method, certain index weights may reduce to zero,
which can weaken the discriminative capacity of the evaluation. This issue highlights the need for further refinement in the
determination of weights. Future research will therefore focus on improving weight allocation, potentially by integrating
complementary approaches such as AHP or entropy-based methods. By enhancing the weight determination process,
subsequent studies can strengthen the overall evaluation framework and contribute to more accurate and comprehensive
assessments of scientific and technological achievement transformation.
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