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Accurate risk assessment of international scientifc and technological (S&T) cooperation is signifcant to international co-
operation. In this paper, 5 risk dimensions with respect to the political, economic, social, cultural as well as technological of the
regional comprehensive economic partnership countries (RCEP) are selected to establish a proper S&Tcooperation index system
for risk assessment. To calculate the weight of each index, a cross-entropy combination weighting method is proposed based on
the combination weighting method of game theory. Furthermore, the standard cloud model is constructed by using the golden
ratio, and the risk of S&T cooperation among the RCEP countries is analyzed by the cloud model. Te results show that the
combination weighting method proposed in this paper is efective, and its calculation is simpler than that of the game theory
combination weighting method. Besides, compared with political, social, cultural, and technological indicators, economic in-
dicators have a greater impact on S&T cooperation risk. Furthermore, it is also obtained from the results that the risk of S&T
cooperation with China and the Philippines is at a lower to low level and medium to higher level, respectively, and the risk of S&T
cooperation with other countries is all at a lower to medium level.

1. Introduction

One of the key initiatives to address global risks and chal-
lenges is international science and technology cooperation,
and it is crucial and difcult to reasonably assess the risks of
such cooperation. With the formal implementation of the
regional comprehensive economic partnership (RCEP), the
agreement is more applicable to today’s rapidly developing
world of science and technology as its treaties on intellectual
property rights and science and technology cooperation
have been further developed compared to other free trade
agreements. In recent years, the topic of choosing low-risk
partner countries has gotten more and more attention.

In the literature of international risk studies, Andric et al.
used fuzzy logic to study the infrastructure risk profle of Belt
and Road countries [1]. Wu et al. found that political risks,
economic risks, and resource risks occupy the main de-
terminant position during the overseas renewable energy
investment while Chinese factors have certain efects on

investment behaviors [2]. Yuan et al. pointed out that among
the Belt and Road countries, Singapore has the lowest risk
for China’s CFPP investment, followed by New Zealand and
Tailand [3]. Li et al. identify and evaluate the risk of
countries along the “Belt and Road Initiative” [4]. Sun et al.
identifed 10 core low carbon fnancial risk factors that could
derail Green Belt and Road PPP projects [5].

For the usage of qualitative concepts, some scholars
focus on the transformation between evaluation results and
linguistic variables, such as 2-dimension linguistic variable
[6], interval-valued triangular fuzzy numbers [7], intui-
tionistic fuzzy sets [8], GCLEs [9] as well as HFLTs [10, 11].
Tese methods all refect the problem that failing to account
for the stochastic nature of expert information. Li et al.
suggested the idea of a cloud model based on fuzzy math-
ematics and probability theory to express both fuzziness and
stochasticity. Te cloud model uses three numerical features
with natural language as the entry point to realize the un-
certainty transformation between qualitative concepts and
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quantitative values. Te quantitative value of the cloud
model can refect both the fuzziness of the concept and the
stochasticity of the evaluation [12]. Wu et al. used the ANP-
cloud model to study the risks of renewable energy in-
vestments in 54 countries along the Belt and Road [2]. Xiong
et al. used a cloud model and found that the main factors
infuencing the occurrence of roof accidents were roof pitch,
counterweight strength, and rib spalling, followed by coal
stress concentrations, initial support forces, and geological
conditions [13]. Wang et al. used a cloud model to evaluate
the water quality of each spring in Jinan [14]. Yu et al. used
a cloud model to assess rainfall risk in Changzhou City and
found that areas with high rainfall risk levels included most
of the Jintan and Xinbei districts and parts of Wujin and
Zhonglou districts [15].

Obviously, the relative importance of each indicator is
diferent in the process of risk evaluation, so weight is in-
troduced to refect this characteristic. Tere are many
methods for calculating weights, and the common ones are
entropy method [16], CRITICmethod [17], the coefcient of
variation method [18], and analytic hierarchy process [19].
However, a single weight calculation method has some
disadvantages, so combination assignment methods such as
the game theory combination assignment method, deviation
minimization assignment method, and distance function
minimization assignment method are proposed to combine
the benefts of each combination assignment method
[20–23]. However, these combination assignment methods
all have the limitations of large computation and not con-
sidering the correlation into account.

In this paper, we frst analyzed the factors afecting
international S&T cooperation and classifed the risks of
international S&T cooperation, and the S&T cooperation
index system for risk assessment is built on this basis.
Second, the combination weighting method based on cross-
entropy is introduced, and we use the proposed cross-
entropy combination weighting method to combine the
weights obtained from the entropy method, CRITIC
method, and the coefcient of variationmethod to obtain the
combination weight. Finally, the golden section ratio is used
to build a standard cloud model, the digital characteristics of
the secondary indicator cloud model are obtained through
the reverse cloud model, combining the digital character-
istics of the cloud model with the weights of indicators at all
levels, and the total weights of countries are obtained. Ten,
a comprehensive cloud map is drawn by MATLAB software

and compared with the standard cloud map to obtain the
risk level of S&T cooperation among countries as well as
reasonably evaluated the risks of countries.

Te contributions of this article are twofold. First,
a system for evaluating the risks of international S&T co-
operation has been established. Tis system considers fve
diferent factors to evaluate the risks of such cooperation:
economics, politics, culture, society, and technology. Sec-
ond, a new combination weighting method called the cross-
entropy combination weighting method that is distinct from
the traditional combination weighting method is proposed.
Te method proposed addresses the problems of the current
combination weighting method that involves numerous
calculations and does not take the correlation among in-
dicators into account. As far as we know, we are the frst to
propose the international S&T cooperation’s risk indicator
system and use cross-entropy for combination weighting.

Te rest of this article is organized as follows. Section 2
introduces the cross-entropy combination weighting
method and cloud model. Section 3 takes the member
countries of RCEP as examples to apply the risk assessment
model of S&T cooperation. Section 4 draws the conclusion.

2. Methodology

2.1. Determination of Index Weight. Tis paper frst calcu-
lates each index weight using the entropy method, CRITIC
method, and coefcient of variation method, respectively, to
ensure the accuracy of each index weight. Te fnal weight of
each index is then calculated by combining the weights
acquired in the three ways mentioned above in accordance
with a new weighting approach (named the cross-entropy
combination weighting method) that is proposed in this
paper. Among them, the cross-entropy combination
weighting method’s fundamental idea is as follows.

Assuming that the weight vectors obtained under k

methods are W1, W2, W3, . . . , Wk, the combined compre-
hensive weight is a linear combination of k weight vectors,
and then,

W(k) � λ1W1 + λ2W2 + λ3W3 + · · · + λkWk, (1)

where λi is the linear combination coefcient, and


k
i�1λi � 1, λi > 0.
Te cross-entropy loss function is used to construct the

following optimization model:

min
λ1 ,λ2 ,···λk

−
1
k



k

l�1


n

m�1
Wlmlog(W(k)) − 1 − Wlm( log(1 − W(k)) ,

s.t. λi > 0, i � 1, 2, 3, · · · , k and
k

i�1
λi � 1.

(2)
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Ten, λ1, λ2, · · · , λk is calculated by the Lagrange mul-
tiplier method by substituting λ1, λ2, · · · , λk into equation (1)
and, fnally, normalizing it to get the fnal combination
weight.

Te cross-entropy loss function converges faster than the
mean square error loss function compared to the conven-
tional game theory combination weighting approach, while
also being more straightforward to calculate. Te combi-
nation weighting approach proposed in this paper is easier to
calculate and has a faster rate of convergence. Meanwhile,
this article will prove the efectiveness of this method in an
empirical analysis.

2.2. Cloud Model. Te cloud model is a model of un-
certainty transformation between a qualitative concept
described in terms of linguistic values and its numerical
representation. It has three numerical characteristics: ex-
pectation, entropy, and super entropy, denoted as
C(Ex, En, He), where the expectation is the central value of
cloud drops in the universe of discourse; entropy refects
the level of uncertainty of qualitative concepts, which is
determined by the concept’s randomness and ambiguity.
An increase in entropy implies an increase in the ambiguity
of the concept, i.e., an increase in randomness; super en-
tropy is the entropy of entropy, which is determined by the
randomness and ambiguity of entropy and refects the
degree of cohesion of cloud droplets. Te size of the super
entropy represents the magnitude of the dispersion of the
cloud, and as the super entropy increases, the randomness
of the afliation increases, as does the thickness of the
cloud. Te specifc steps are as follows.

2.2.1. Build a Standard Cloud. By referring to the previous
research results, this paper adopts a fve-level risk evalu-
ation system to evaluate the risk of S&T cooperation.
Defning the risk evaluation results as fve levels, the
comment set is {low risk, lower risk, medium risk, higher
risk, high risk}, denoted as V � V1, V2, V3, V4, V5 . Fur-
thermore, bilateral constraints on each level are carried out,
and the maximum and minimum values of reviews are
represented by xmin, xmax. At the same time, to avoid the
intervention of human factors in the establishment of
evaluation grades, this article uses the golden ratio to
partition the comment set [24], and taking the central point
of the universe 0.5 as the medium risk grade, the medium
risk cloud model parameter is Ex3 � 0.5, He3 � 0.005.
Cooperative risk standard evaluation parameters are shown
in Table 1, and MATLAB is used to draw standard cloud
diagrams, as shown in Figure 1.

2.2.2. Calculating Cloud Parameters of Indicator. On the
basis of expert scores, the cloud model parameters of each
secondary indicator are calculated based on the reverse
cloud model, as shown in the following formula:

Exj � 
t

p�1

xpj

t
,

Enj �

��
π
2





t

p�1

xpj − Exj





t

Hej �

����������

Sj
2

− Enj
2







,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

, (3)

where Sj
2 � 1/t − 1

t
p�1(xpj − Exj)

2.

2.2.3. Calculate Comprehensive Cloud Parameters. Te
characteristic parameters of each secondary indicator are
combined with the weights of each combination to obtain
the cloud model parameters of each primary indicator and
the integrated cloud model parameters. Te following
equation is shown:

Ex �


t
q�1 Exqwq


t
q�1 wq

,

En � 
t

q�1

wq
2


t
q�1 wq

2 Enq,

He � 
t

q�1

wq
2


t
q�1 wq

2 Heq.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

2.2.4. Cloud Chart Comparison. On the basis of the derived
standard and integrated cloud parameters, the MATLAB
software is used to draw the standard and integrated cloud
diagrams through the forward cloud generator and to
compare and analyze them in order to draw conclusions.

3. The Proposed Method to Evaluate the Risk of
a Country’s International S&T Cooperation

Te RCEP agreement will not only promote economic ex-
changes among member countries but also cultural ex-
changes, one of which cannot be ignored is the S&T
exchange and cooperation among member countries. With
this in mind, we analyze the risks of S&T cooperation in
RCEP countries qualitatively and quantitatively, evaluate the
risks of S&Tcooperation in each member country, and then
provide recommendations for S&T cooperation among
member countries based on the results.

Te World Bank, the World Intellectual Property Or-
ganization, the United Nations Conference on Trade and
Development database, as well as national statistical and
customs ofces, provided the data used in this paper. As the
data for 2020 and several countries such as Brunei,
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Cambodia, Laos, and Myanmar are missing, this paper uses
the data of the remaining RCEPmember countries in 2019 to
study the risk of cross-border S&T cooperation.

3.1. Construction of International S&T Cooperation Index
System. Te infuencing factors are regarded as the risk
through the analysis of factors impacting international S&T
cooperation. And identifying risk factors through the lit-
erature review and reading pieces of literature on in-
ternational cooperation, the existing risk index system is
expanded based on existing research, and a total of 15 risk
factors related to international S&T cooperation are
extracted and summarized. Tis paper covers fve di-
mensions: economics, politics, culture, society, and tech-
nology as well as creates an S&T cooperation risk index
system, shown in Table 2, to better adapt to the risk analysis
of international S&T cooperation.

3.2. Determination of Indicator Weight at All Levels.
According to the risk evaluation index system mentioned
previously, in order to analyze the weight of each risk in-
dicator quantitatively, the weight of each indicator is
measured by using the entropy method, CRITIC method,
and coefcient of variation method in this paper. Based on
the combined weighting method of game theory, a new
combined weighting method is proposed to solve a problem,
which ignores the correlation among indicators in the
combined weighting method of game theory. Using
MATLAB, it is found that when using the cross-entropy

model to solve the combination weight, the primary in-
dicator coefcients λi are 0.1757, 0.1208, and 0.7035, and the
secondary indicator coefcients λj are 0.2700, 0.3062, and
0.4238. When using the game theory method to solve the
combination weight, the primary indicator coefcients λi are
0.3331, 0.3329, and 0.3340. Te coefcients of each sec-
ondary indicator λj are 0.3283, 0.3313, and 0.3404. By taking
them in (1), the risk weights of S&Tcooperation obtained by
each weighting method are shown in Table 3.

Table 3 holds that there is little diference between the
combined weight obtained by the cross-entropy model and
the combination weight obtained by the game theory
method. Besides, there is little diference between the sorting
values under the two methods, that is, the combination
weight obtained by the cross-entropy model not only
overcomes the defects of the game theory combination
weight method but also shows its efectiveness through
empirical research.

3.3. Cloud Model Parameter Calculation. In this paper, 15
experts who have a certain understanding of the basic sit-
uation of RCEP countries are invited to evaluate each
country. A total of 2475 scoring data of 15 experts on the 11
countries studied in this paper are collected, of which the
scoring range is [0, 1]. Te scoring results of the No. 1 expert
are given due to the length, as shown in Table 4. Te scoring
results of other experts will not be repeated.

On this basis, risk assessment is carried out for each
country. For China, for example, a total of 15 experts score
15 secondary indicators and a total of 225 scoring data.
Based on this, formula (3) can be used to calculate the digital
characteristics of China’s secondary indicator cloud model,
as shown in Table 5.

Te political risk of the frst level indicator is used as an
example, and the cloud model of China’s political risk can be
obtained as A1(0.2030, 0.0278, 0.0030) by using formula (4),
when the three weights of political trust, political corruption,
and political stability and the digital characteristics of the
cloud model are determined. Similarly, the remaining pri-
mary indicator cloud models can be calculated as follows:
A2(0.2987, 0.0259, 0.0136), A3(0.2116, 0.0238, 0.0062),
A4(0.3693, 0.0748, 0.0213), A5(0.2857, 0.0250, 0.0122). Te
comprehensive cloudmodel of China’s S&Tcooperation risk
assessment is obtained through formula (4) by using the
weight of each primary indicator and the cloud parameters
of each primary indicator, which is
CC(0.2666, 0.0287, 0.0103).

Similar to China’s S&T cooperation risk assessment pro-
cedures, based on the known scores of 15 experts, equations
(3) and (4) can be used to derive the cloud model of S&T
cooperation risk evaluation for the remaining 10 countries,
namely Korea CK(0.4158, 0.0312, 0.0082), Japan CJ

(0.3472, 0.0303, 0.0101), Australia CA(0.3840, 0.0277,

0.0103), Singapore CS(0.3126, 0.0274, 0.0075), New Zealand
CN(0.4863, 0.0294, 0.0084), Malaysia CM(0.4176, 0.0269,

0.01), Tailand CT(0.4849, 0.0262, 0.0084), Indonesia
CI(0.4724, 0.0299, 0.0078), Vietnam CV(0.4932, 0.0326,

0.0099), and the Philippines CP(0.5522, 0.0302, 0.01).

Table 1: Evaluation parameters of risk standards for S&T
cooperation.

Risk level Evaluation value Cloud
model digital features

Low risk (0, 0.2] (0, 0.103, 0.0131)

Lower risk (0.2, 0.4] (0.309, 0.064, 0.0081)

Medium risk (0.4, 0.6] (0.5, 0.039, 0.005)

Higher risk (0.6, 0.8] (0.691, 0.064, 0.0081)

High risk (0.8, 1] (1, 0.103, 0.0131)
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Figure 1: Cloud diagram of risk assessment criteria for technology
cooperation.
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3.4. Comprehensive Evaluation of the Risks of S&T Co-
operation in RCEP Countries. Tis paper divides the 11
countries into 3 categories based on the size of their GDP per
capita in 2019 in order to comprehensively study the risk
profle of S&T cooperation among the 11 RCEP member
countries: countries with a high level of development,
countries with a medium level of development, and coun-
tries with a low level of development. Japan, Australia, and
Singapore are the only three nations with a high level of
development. China, Korea, New Zealand, and Malaysia are
the four nations with a medium level of development.
Tailand, Indonesia, Vietnam, and the Philippines are the
four nations with a low level of development. Tese three
categories of countries are examined separately.

For the three countries with a high level of development,
the integrated cloud models are CJ(0.3472, 0.0303, 0.0101),
CA(0.3840, 0.0277, 0.0103), and CS(0.3126, 0.0274, 0.0075).
A comparison between the integrated cloud and the stan-
dard cloud was achieved using MATLAB, and the results are
given in Figure 2, where the black part is the standard cloud
model, and the red part is the integrated cloud model, which
will not be repeated.

Among them, Figure 2(a) shows the cloud map of risk
evaluation of S&T cooperation in Japan, Figure 2(b) shows
the cloud map of risk of S&T cooperation in Australia, and
Figure 2(c) shows the cloud map of risk evaluation of S&T

cooperation in Singapore. It can be found that the fogging of
the composite cloud map is not obvious for all three
countries, the cloud drops are more concentrated, i.e., En

and He are smaller, and the diferences in their risk per-
ceptions among experts are not obvious. For Japan, the cloud
droplets are mainly distributed between 0.22 and 0.42, with
a risk expectation of 0.3472; for Australia, the cloud droplets
are mainly distributed between 0.28 and 0.48, with a risk
expectation of 0.384; for Singapore, the cloud droplets are
mainly distributed between 0.22 and 0.42, with a risk ex-
pectation of 0.3126. In other words, Japan, Australia, and
Singapore are all in the “ lower risk to medium risk” cat-
egory. However, it is easy to observe that the risk ranking of
those countries is Singapore< Japan<Australia.

For the four countries with a medium level of devel-
opment, the integrated cloud model is
CC(0.2666, 0.0287, 0.0103), CK(0.4158, 0.0312, 0.0082),
CN(0.4863, 0.0294, 0.0084), and CM(0.4176, 0.0269, 0.01),
respectively, which is similar to the risk assessment of S&T
cooperation for countries with a higher level of develop-
ment, can be obtained from the cloud map of S&T co-
operation risk assessment for each country as shown in
Figure 3.

Among them, Figure 3(a) shows the risk evaluation
cloud map of China’s S&T cooperation, Figure 3(b) shows
the risk cloud map of Korea’s S&T cooperation, Figure 3(c)
shows the risk evaluation cloud map of New Zealand’s S&T
cooperation, and Figure 3(d) shows the risk evaluation cloud
map of Malaysia’s S&Tcooperation. It can be found that the
fogging of the composite cloud maps of these four countries
is not obvious, the cloud droplets are more concentrated, i.e.,
En, He is small, and the diferences in their risk perceptions
by experts are not obvious. For China, the cloud drops are
mainly distributed between 0.18 and 0.40, with an expec-
tation of 0.2666; for Korea, the cloud drops are mainly
distributed between 0.28 and 0.54, with an expectation of
0.4158; for New Zealand, the cloud drops are mainly dis-
tributed between 0.24 and 0.48, with an expectation of
0.4863; for Malaysia, the cloud drops are mainly distributed
between 0.30 and 0.50, with a risk expectation of 0.4176.Tat
means, Korea, Malaysia, and New Zealand are at “medium
risk to lower risk” and China is at “lower risk to low risk.” It
is easy to fnd that the ranking of the risk of S&Tcooperation
of those countries is China<Korea<Malaysia<New Zea-
land, and the diference between the risk of S&Tcooperation
of Korea and Malaysia is less pronounced.

For the four countries with lower levels of development,
the integrated cloud models are CT(0.4849, 0.0262, 0.0084),
CI(0.4724, 0.0299, 0.0078), CV(0.4932, 0.0326, 0.0099), and
CP(0.5522, 0.0302, 0.01). Similar to the above, the risk
evaluation cloud for each country can be obtained as shown
in Figure 4.

Among them, Figure 4(a) shows the risk evaluation
cloud of Tailand for S&T cooperation, Figure 4(b) shows
the risk cloud of Indonesia for S&Tcooperation, Figure 4(c)
shows the risk evaluation cloud of Vietnam for S&T co-
operation, and Figure 4(d) shows the risk evaluation cloud of
the Philippines for S&T cooperation. It can be found that,
similar to the countries mentioned previously, the

Table 4: Scoring table for risk assessment of S&T cooperation.

A11 A12 A13 ∼ A52 A53

China 0.2 0.2 · · · 0.78
Japan 0.68 0.1 · · · 0.77
Korea 0.7 0.5 · · · 0.8
Australia 0.78 0.22 · · · 0.66
New Zealand 0.44 0.2 · · · 0.56
Malaysia 0.22 0.2 · · · 0.52
Indonesia 0.6 0.3 · · · 0.5
Tailand 0.7 0.4 · · · 0.51
Singapore 0.5 0.3 · · · 0.45
Viet Nam 0.8 0.4 · · · 0.2
Te Philippines 0.9 0.45 · · · 0.23

Table 5: China’s secondary indicator cloud model.

Indicator Cloud model
A11 (0.2100, 0.1588, 0.0547)

A12 (0.3133, 0.1916, 0.0111)

A13 (0.0900, 0.0953, 0.0085)

A21 (0.3000, 0.2089, 0.1178)

A22 (0.2780, 0.1334, 0.0800)

A23 (0.3420, 0.1955, 0.0891)

A24 (0.2527, 0.2234, 0.0978)

A31 (0.2600, 0.1136, 0.0376)

A32 (0.1547, 0.1107, 0.0110)

A33 (0.2133, 0.1977, 0.0681)

A41 (0.3900, 0.2640, 0.0627)

A42 (0.3407, 0.2783, 0.1035)

A51 (0.3100, 0.1253, 0.0471)

A52 (0.2407, 0.1279, 0.0605)

A53 (0.2867, 0.1370, 0.0729)
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Figure 2: Cloud map of risk assessment of S&T cooperation in countries with high levels of development: (a) Japan, (b) Australia, and
(c) Singapore.
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Figure 3: Continued.
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diferences in risk perceptions among experts for these four
countries are not signifcant. For Tailand, the cloud drops
are mainly distributed between 0.38 and 0.60, with a risk
expectation of 0.4849; for Indonesia, the cloud drops are
mainly distributed between 0.36 and 0.59, with a risk ex-
pectation of 0.4724; for Vietnam, the cloud drops are mainly

distributed between 0.33 and 0.62, with a risk expectation of
0.4932; for the Philippines, the cloud drops are mainly
distributed between 041 and 0.65, with a risk expectation of
0.5522. Both Tailand and Indonesia are at “medium risk to
lower risk,” Vietnam is at “medium risk,” and the Philip-
pines is at “medium to higher risk.” It is easy to see that for
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Figure 3: Cloud chart for risk assessment of S&T cooperation in midlevel development countries: (a) China, (b) Korea, (c) New Zealand,
and (d) Malaysia.

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1

(a)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1

(b)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1

(c)

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 0.2 0.4 0.6 0.8 1

(d)

Figure 4: Cloud map of risk assessment of S&T cooperation in low development countries: (a) Tailand, (b) Indonesia, (c) Vietnam, and
(d) Philippines.
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these four countries with a low level of development, the
ranking of the risk of S&T cooperation in each country is
Indonesia<Tailand<Vietnam<Philippines.

4. Conclusions

RCEP, the largest free trade agreement in the world, is of
great signifcance to the world economy and trade. In ad-
dition to the common economic and trade cooperation, the
newly introduced cooperation on intellectual property and
technology in RCEP is more remarkable, among which the
key issue in cooperation is choosing the cooperation partner.
A risk assessment index system for S&T cooperation was
constructed from a total of fve aspects: economics, politics,
culture, society, and technology. Te weights obtained from
the entropy method, CRITIC method, as well as coefcient
of variation method were combined through the cross-
entropy combination weighting method to ensure the sci-
entifc nature of the indicator assignment. On this basis, the
cloud model was introduced, and the standard cloud model
was constructed by using the golden ratio, and by calculating
the parameters of the integrated cloud model, the cloud
diagram was drawn and compared with the standard cloud
diagram to draw the following conclusions:

(1) Compared with the common game theory combi-
nation weighting method, the cross-entropy com-
bination weighting method is not only more
convenient to calculate but also takes into account
the correlation between indicators. At the same time,
it is found that the cross-entropy combination
weighting method is efective through the empirical
research.

(2) Based on the construction of a system of S&T co-
operation risk indicators, the cross-entropy combi-
nation weighting method was used to assign weights
to the fve major types of risks, namely political risk,
economic risk, social risk, cultural risk, and tech-
nological risk. Economic risks have the greatest
impact on national scientifc and technological co-
operation risks as well as cultural risks the least. In
terms of political risks, political stability and cor-
ruption are more signifcant; in terms of economic
risks, economic volatility has the biggest infuence; in
terms of social risks, the state of human develop-
ment, which represents the economic, social, and
cultural development of each nation, cannot be
disregarded; in terms of cultural risks, religion also
plays a signifcant role in S&Tcooperation because of
the diversity of religions and cultures in South and
Southeast Asia. In terms of technological risks, the
independent innovation capacity of each country is
an important factor interfering with the choice of
countries.

(3) By constructing a cloud model and using MATLAB
to compare the comprehensive cloud map of each
country with the standard cloudmap, it can be found
that the 11 member countries are divided into three
categories of countries with high, medium, and low

levels of development according to their GDP per
capita, and except for China, there is not much
diference between the risks of each category of
countries. Te study fnds that the risk of S&T co-
operation is highest in countries with low levels of
development, second highest in countries with
medium levels of development, and lowest in
countries with high levels of development. Tis
means that it can be inferred that the risk of S&T
cooperation in each country has a negative corre-
lation with the development of that country. For the
11 RCEP members covered in this paper, except for
China and the Philippines, their risks fuctuate be-
tween low and medium risk, with China’s S&T co-
operation risk at “low risk to low risk” and the
Philippines’ S&T cooperation risk at “high risk to
medium risk.”

Tere are some subjective limitations in the indicator
formulation process of this paper as well as ideal to deal with
the relationship between some indicators and risks.
Terefore, it is one of our future research works to prove the
rationality of the proposed international S&T cooperation
risk index system from a statistical perspective. In addition,
the simple interpolation method for processing missing data
has some errors. Choosing more scientifc methods to deal
with missing data is also one of our future research works.
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