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Abstract: International science and technology (S&T) cooperation is one of the important ways to
ensure the continuous development of a national innovation system. “One Belt One Road” advocates
the concepts of common business, common construction, and sharing, and new countries and
regions are constantly added. However, different countries/regions have different natural and socio-
economic characteristics, so the main controlling factors affecting their international S&T cooperation
may not be the same. Therefore, this paper uses a combination of multi-source data and multiple
methods to collectively construct an assessment model of the driving effect of international S&T
cooperation in Xinjiang. The evaluation results of the entropy-weighted TOPSIS model show that
the contributions of S&T level, city nature, and S&T investment to international S&T cooperation in
Xinjiang are 22.9%, 22.3%, and 20.4%, respectively. Singapore, Germany, and Russia are the top three
countries in terms of the effectiveness of international S&T cooperation with Xinjiang. The results of
the STIRPAT model show that the total number of R&D personnel and the number of R&D personnel
per 1000 workers are the main factors affecting the driving effect of international S&T cooperation.
The former can be regarded as the stabilizer of international S&T cooperation. This paper’s findings
can provide theoretical support for the efficient integration of diverse advantageous resources among
cooperating subjects.

Keywords: international science and technology cooperation; driving factors; effectiveness study; Xinjiang

1. Introduction

Since the “One Belt One Road” initiative has been implemented, it has been promoting
the development of economic globalization, scientific and technological internationaliza-
tion, and innovation multipolarity in the countries/regions along the route with significant
economic and social benefits [1–3]. As an important issue in the construction of “One
Belt One Road,” science and technology (S&T) cooperation and innovation aim to rapidly
improve the risk management ability of China and the countries/regions along the route to
manage major scientific and livelihood issues, and it is also a technical guarantee to promote
the implementation of major projects of “One Belt One Road” [4–6]. Currently, the global
strength of S&T innovation is quietly changing; the world innovation pattern and map are
constantly reshaping, and the international competition among countries is increasingly
expressed as the competition of S&T strength and ability to innovate [7–9]. Accelerating the
opening up of S&T innovation to the outside world and deeply integrating into the global
innovation network are not only inevitable requirements for accelerating the development
of S&T innovation, but also an inevitable choice for the internationalization of S&T in
economic globalization and an important way for China to actively participate in the gover-
nance of global S&T [10–12]. International S&T cooperation aims to efficiently integrate the
diverse and advantageous resources among the cooperating subjects and strives to rapidly
improve the S&T and economic level among the cooperating subjects with the optimal
type of resource combination [13–15]. Since the Belt and Road Initiative was proposed
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in 2013, the Chinese government has been committed to international S&T cooperation with
countries along the route at the macro level to seek a vision of common development with the
cooperating countries/regions [16,17]. The choice of cooperation model will affect the efficiency
and success of cooperation in international S&T cooperation to some extent [18–20]. In addition,
the path of “Belt and Road” cooperation spans several continents, and the scientific, economic,
and natural environments of different countries vary significantly [21,22]. Therefore, the choice
of cooperation model and the combination of resources in international S&T cooperation are
crucial for the development of regional economies and science and technology [23,24].

In the late 1970s, Beaver et al. [25] first comprehensively and systematically explained
the theory of scientific cooperation and used scientific co-authorship to demonstrate the
closeness of international scientific cooperation, and since then, the scientific metric method
based on international co-authorship has been widely used in research on international
scientific cooperation [26,27]. Wang et al. [28] using a bibliometric analysis to study the
co-authored papers with international authors in China during the past 40 years and found
that the papers on scientific and technological cooperation between China and countries
along the Belt and Road showed a trend of rapid growth and a wide range of cooperation
areas, but the overall discourse in high-quality co-authored papers was still inadequate.
Zhang et al. [29] used the gravitational model to explore the current situation of scien-
tific cooperation between China and countries/regions along the “Belt and Road” and
its influencing factors and found that geographical proximity and partnership are the
key factors that affect the breadth and depth of international scientific cooperation. Li
et al. [30] used international S&T cooperation patents as a data source and social network
analysis to assess the evolution of China’s role and status in international S&T cooperation
networks. They found that the centrality of Chinese international co-authored papers is
increasing yearly, and its role and availability of resources are also increasing. Guerrero
Bote et al. [31] reported that co-authored literature from 37 different countries/regions
around the world found that international cooperation increases the impact of scientific
production in a country and that the USA and EU countries are the centers of a network of
scientific cooperation between these countries. Bonilla et al. [32] explored the benefits of
international S&T cooperation from different actors’ perspectives based on student mobility
and international cooperation in Korea and Guatemala to assess the potential risks and ben-
efits associated with international student mobility. Kotsemir et al. [33] identified the most
promising areas of international S&T cooperation in Russia based on literature analysis
and expert survey methods. Park [34] explored the evolution of international S&T cooper-
ation institutions and their characteristics in Korea during different cooperation periods
(technical assistance, technology transfer, mutual cooperation, expanded cooperation, and
highly complex cooperation periods), finding that the dynamics of institutional changes
in international S&T cooperation originated from the international and domestic macro
environment. This suggests that many studies report the benefits of international S&T
cooperation, its policies, and its trends. Overall, the breadth and depth of international S&T
cooperation have become important indicators of regional exchanges, economic and trade
cooperation, and the level of S&T among different countries and regions [35,36]. How-
ever, current research on international S&T cooperation is primarily focused on qualitative
and relatively quantitative levels, while there are few systematic and holistic quantitative
studies [37].

Strong international partnerships are key to the effective establishment of national
innovation systems [33]. However, there are many natural and socio-economic differences
among countries and regions, and the main controlling factors affecting their international
S&T cooperation may vary greatly. Zhang et al. [38] constructed a portrait index system
for “One Belt One Road” cooperation countries based on two dimensions: the investment
environment and public opinion trends, which can help promote “One Belt One Road”
cooperation projects. Wang et al. [39] developed a regression model of the relationship
between scientific cooperation and knowledge production in 63 countries and regions
along the Belt and Road based on the number of co-authors, literature, and their potential
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impact indicators and found that scientific cooperation and knowledge production are
mutually reinforcing and show certain cumulative effects. Montobbio and Sterzi [40]
used a gravity model to measure the knowledge output of S&T cooperation among 11
emerging economies and seven developed countries and found that knowledge production
can promote scientific cooperation by increasing the number of specialized disciplines,
economic development, and political stability. In general, scholars have made a lot of
innovative attempts to assess the drivers and effects of international S&T cooperation and
have achieved many valuable research results, but the main controlling factors affecting
international S&T cooperation in different countries and regions at different development
stages are not the same. Therefore, a scientific and accurate assessment of the drivers and
their effects of international S&T cooperation is a hot issue that needs to be solved nowadays.
Therefore, this study introduced both the entropy-TOPSIS and STIRPAT models based on
the applicability of the model and the previous research results to weigh the impact factors
of international S&T cooperation and assess their driving effects, respectively; the entropy
method highlights the utility value of the entropy value of each impact factor, avoids
the introduction of artificial factors, and more scientifically assigns index weights [41–43].
Therefore, the entropy weight method was introduced to improve the TOPSIS model
to further enhance the accuracy of the driving factors of international S&T cooperation.
In addition, to determine the impact factors of international scientific and technological
cooperation, a nonlinear model (STIRPAT) that manages multiple independent variables
was introduced simultaneously and enabled the coefficients of the respective variables to
be used as parameters to operate the model to perform operations during the operation,
while the variables could be appropriately decomposed and extended to improve the fit
of the model, which ultimately helped to enhance the assessment of the effectiveness of
international S&T cooperation that drives the accuracy of results [44,45].

Xinjiang is located in the hinterland of Asia and Europe and is the golden corridor and
bridgehead for China to connect the east with the mainland and the west with Europe, as
well as the core area of the “One Belt One Road” development [35,46]. In the context of the
development of the “Belt and Road” cooperation, the importance and urgency of planning
international S&T cooperation in Xinjiang with a global perspective is self-evident [47,48].
What is the theoretical support behind the different modes of cooperation between Xinjiang
and the different countries/regions along the “Belt and Road” and the significant differences
in their effects? What is the driving mechanism of international S&T cooperation? What
are the driving factors? In summary, this study selected countries or regions along the “Belt
and Road” that cooperate with Xinjiang to conduct international S&T as the research object,
referred to the relevant literature on the driving factors of international S&T cooperation,
and combined the characteristics of international S&T cooperation in Xinjiang with the
availability, representativeness, authority, and scientific nature of data. It adopted the
entropy-TOPSIS and STIRPAT models to evaluate the influencing factors and their driving
effects of international S&T cooperation in Xinjiang. The objectives of this paper are: (1) to
systematically construct an assessment model of the driving effects of international S&T
cooperation in Xinjiang from multiple dimensions; (2) to quantitatively analyze the multiple
factors influencing international S&T cooperation using the entropy-TOPSIS model and
determine their main driving forces; and (3) to quantitatively analyze the impact of changes
in each influencing factor on international S&T cooperation based on the simulation results
of the STIRPAT model. The results of this study will help deepen the understanding of
international S&T cooperation in Xinjiang and provide an important reference for the
subsequent “One Belt One Road” countries and regions to quickly integrate their own
advantageous resources into international S&T cooperation.

2. Materials and Methods

Based on the relevant studies on the drivers of international S&T cooperation; the
characteristics of international S&T cooperation in Xinjiang; and the availability, repre-
sentativeness, and scientific nature of data [49–51], in this study, 30 evaluation indicators
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in six dimensions (S&T input, educational conditions, economic environment, S&T level,
trade level and city nature) were downloaded and compiled from the official websites of
UNESCO and The World Bank. The data of five indicators in the S&T input dimension
were obtained from the UNESCO Institute for Statistics (http://uis.unesco.org/en/topic/
research-and-development, accessed on 1 August 2022), and the data of the remaining 25
indicators were obtained from the World Bank (https://data.worldbank.org, accessed on
3 August 2022). The panel data of the impact factors from 51 countries, which spanned
from 2013 to 2018, were finally collated and obtained. The details of their different driving
dimensions and detailed indicator parameters are shown in Table 1.

Table 1. Factors that influence international science and technology cooperation in Xinjiang.

Drive Dimension Influencing Factors Factor Number

Technology input

R&D spending as a percentage of GDP (%) A1
Total scientific research funding (USD) A2

Research funding per capita (USD) A3
Total number of R&D staff (people) A4

Total R&D personnel per 1000 workforce (person years) A5

Educational conditions

Years of compulsory education (years) B1
Total government spending on education as a percentage of GDP (%) B2

Per-capita education expenditure (USD) B3
Total government spending on education as a percentage of

government spending (%) B4

Higher education enrollment rate (%) B5

Economic environment

GDP (USD) C1
GDP per capita (USD) C2

Total savings (USD) C3
Total foreign direct investment (USD) C4

Economic growth rate (%) C5

Technology level

Total High-Tech Exports (USD) D1
Medium and high technology exports as a percentage of manufactured

exports (%) D2

Number of patent applications (items) D3
Scientific and technical journal articles (articles) D4

Medium and high technology value added as a percentage of
manufacturing value added (%) D5

Trade level

Trade as a percentage of GDP (%) F1
Communications and computer exports as a percentage of service

exports (%) F2

Exports of goods and services as a percentage of total (USD) F3
ICT service exports (USD) F4

Net terms-of-trade index (dimensionless) F5

City nature

Land area (square kilometers) G1
Total urban population (people) G2

Urbanization rate (%) G3
Urban population growth (%) G4

Urban population density (persons/km2) G5

2.1. Entropy-TOPSIS Model

The entropy-weight-TOPSIS model was used to determine the weight coefficients of
the impact factors of international S&T cooperation in Xinjiang [52–54]. The technique for
order preference by similarity to an ideal solution (TOPSIS) is a multi-objective decision
making method to rank a finite number of evaluation objects with respect to their proximity
to the ideal target space. It functions by first constructing two solutions, the optimal and the
inferior, for all evaluation objects, and then continuously approaches the optimal solution
while moving away from the inferior solution, and thus, is a multi-objective decision-
making method [55,56]. However, the traditional TOPSIS method gives the same weight
coefficients to the evaluation indicators among the evaluation objects, which does not
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objectively and truly reflect the contribution of different indicators among the evaluation
subjects; this reduces the accuracy of the evaluation results to some extent [57,58]. The
“entropy weighting method” serves as an objective method to measure the complexity
of data, and it can focus on the differences in local data in which “difference-driven” is
the basic working principle of the method [59,60]. The following two aspects underscore
the advantages and characteristics of the entropy weighting method: (1) The utility value
of each indicator information entropy value is highlighted based on the specific data of
the sample, which avoids the introduction of artificial factors. This makes the assignment
of indicator weights more scientific; and (2) The process of assigning indicator weights
is transparent and reproducible. Therefore, this study introduced the “entropy method”
to improve the TOPSIS method to further improve the accuracy of the driving factors of
international S&T cooperation in Xinjiang. The calculation steps and implementation path
of the entropy-weighted TOPSIS model are as follows [61–63]:

(1) Construction of the original matrix of the driving factors. It is assumed that the
number of countries with which Xinjiang has signed the “Belt and Road” cooperation
agreement is c, and the driving factor is f. The attribute value of the jth driving factor
corresponding to the ith country is xij. Therefore, the matrix of the driving factors of science
and technology cooperation is constructed as follows:

X =
[
xij
]

c× f =


x11 x12 x13 . . . x1 f
x21 x22 x23 . . . x2 f
x31 x32 x33 . . . x3 f

...
...

...
...

...
xc1 xc2 xc3 . . . xc f

 (1)

(2) Normalization of the original matrix X = (xij)c×f for international S&T cooperation
is as follows:

yij =


xij−minxij

maxxj−minxj
, j is a positive indicator

maxxj−xij
maxxj −minxj

, j is a negative indicator
(2)

(3) Calculation of the weight coefficient (pij) of the jth driver for the ith country in the
study period as a percentage of this indicator:

pij =
yij

f
∑

i=1
yij

(3)

(4) Calculation of the entropy value (Ej) of the jth driving element when Pij= 0.
Pij ln Pij = 0.

Ej = −
1

ln o

c

∑
i=1

Pij ln Pij, (i = 1, 2, . . . , f ) (4)

(5) Calculation of the coefficient of variation (Gj) for the jth indicator.

Gj = 1− Ej (5)

(6) Calculate the entropy weight of the jth indicator.

wj =
Gj
f

∑
j=1

Gj

, 0 ≤ wj ≤ 1,
f

∑
j=1

wj (6)
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On the basis of choosing the entropy assignment method as the method for the analysis
of each driver assignment, the entropy TOPSIS model was further constructed jointly with
the TOPSIS method, and its primary calculation formula was as follows [64,65].

(7) The weighted decision evaluation matrix is calculated as follows:

Z =
(
zij
)

c× f , zij = wj × yij (7)

The positive and negative ideal solutions of the driving factors of international S&T
cooperation are the reference criteria to determine the final weight coefficients, and the
maximal value of z+j and the minimum value of z−j are calculated for the jth driving

indicator. The matrix of the positive ideal solution is then expressed as z+ =
(

z+1 , z+2 . . . z+f
)

,

and the matrix of negative ideal solutions is represented as z− =
(

z−1 , z−2 . . . z−f
)

.

Z =
(
zij
)

c× f , zij = wj × yij (8)

(9) The Euclidean distance between each country and the positive and negative ideals
are calculated as follows:

Where the distances from different countries to the optimal ideal solution are as
follows:

D+
i =

√
c

∑
i=1

(
zij − z+j

)2
(i = 1, 2, . . . , f ) (9)

The distances from different countries to the worst ideal solution are as follows:

D−i =

√
c

∑
i=1

(
zij − z−j

)2
(i = 1, 2, . . . , f ) (10)

(10) The relative proximity of each country to the ideal solution (composite score
index) is calculated as follows:

Di =
D−i

D+
i + D−i

(i = 1, 2, . . . , f ) (11)

where the D+
i and D−i values in Equation (11) represent the distance (Euclidean distance)

between the evaluation object and the optimal and inferior solutions in turn. A larger D+
i

value for the research object indicates a farther distance between the evaluation object and
the optimal solution. A larger D−i value indicates that the value has a greater distance from
the inferior solution. If the values of D+

i and D−i satisfy both the smaller value of D+
i and

the larger value of D−i , it is the best solution of the research object [66,67].

2.2. STIRPAT Model Construction

The STIRPAT model is a nonlinear model that simultaneously manages multiple
independent variables; this enables the coefficients of the respective variables to be used as
parameters for the model operation, and the variables can be decomposed and expanded
appropriately [68–70]. In this study, we quantified the influence of multiple driving factors
on international S&T cooperation in Xinjiang in the context of “One Belt One Road” based
on the operating principle of the STIRPAT model. The primary steps of model construction
are as follows: (1) the selection of driving factors; (2) the extension and parameter testing
of the STIRPAT model; and (3) final construction of the model of relationship between the
driving factors of international S&T cooperation in Xinjiang in the context of “One Belt,
One Road” as follows [71,72]:

D4 = KA1a1 A2a2 A4a3 A5 a4 B4 a5 C1 a6 C3a7D5a8 F3a9 F4a10 G1a11 G2a12 G5a13 E (12)
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Given the different magnitudes of the drivers and the magnitude of differences in
data sizes, the heteroskedasticity of each driver datum is significant. Therefore, the natural
logarithm was used to take the natural logarithm of the left and right sides of Equation (12)
to perform the homotropy of the original driver data, so that the relative errors of the 13
drivers shown above have homoscedastic variability, which helps to improve the accuracy
of the model evaluation. The equation after taking the natural logarithm for both the left
and right sides of Equation (12) is as follows:

lnD4 = a1lnA1 + a2lnA2 + a3lnA4 + a4lnA5 + a5lnB4 + a6lnC1 + a7lnC3
+ a8lnD5 + a9lnF3 + a10lnF4 + a11lnG1 + a12lnG2 +a13lnG5 +lnE (13)

where A1 is the weight of R&D expenditure to GDP; A2 is the total research expenditure;
A4 is the total number of R&D personnel; A5 is the number of R&D personnel per 1000
workforce; B4 is the weight of government education expenditure to total government
expenditure; C1 is the gross domestic product (GDP); C3 is the total savings; D5 is the
weight of medium and high technology value added to manufacturing value added; F3
is the exports of goods and services; F4 is the exports of information and communication
technology (ICT) services; G1 is the urban land area; G2 is the total urban population; G5 is
the urban population density; and E is the stochastic term of the model. a1, a2, a3, a4, a5,
a6, a7, a8, a9, a10, a11, a12, a13 are elasticity coefficients, indicating when A1, A2, A4, A5,
B4, C1, C3, D5, F3, F4, G1, G2, and G5 cause a1%, a2%, a3%, a4%, a5%, a6%, a7%, a8%, a9%,
a10%, a11%, a12%, and a13% changes in D4 for each 1% change, respectively [73,74].

3. Results
3.1. Analysis of the International Science and Technology Influencing Factors in Xinjiang Based on
the Entropy Power-TOPSIS Model
3.1.1. Determination of the Index Weights

The weight coefficients of the six dimensions of S&T cooperation between Xinjiang and
countries along the “One Belt One Road” from 2013 to 2018 were calculated and analyzed
using Equations (1)–(6), and the interannual trend in the weight coefficients was plotted using
Origin software (OriginLab, Northampton, MA, USA) (Figure 1). The relationship between
the mean weights of the drivers of science and technology cooperation between Xinjiang and
the countries along the “Belt and Road” is as follows: D3 (0.084) > C3 (0.082) > G5 (0.078)
> D1 (0.076) > A2 (0.075) > A4 (0.073) > G1 (0.070) > G2 (0.066) > D4 (0.056) > C1 (0.055) >
F4 (0.046) > F3 (0.040) > C4 (0.035) > A3 (0.026) > C2 (0.020) > A5 (0.015) ≥ A1 (0.015) > B4
(0.014) > F1 (0.013) > B3 (0.010) >D5 (0.008) ≥ B2 (0.008) > G4 (0.007) > F2 (0.006) ≥ D2 (0.006)
> F5 (0.005) ≥ B5 (0.005) > B1 (0.004) > G3 (0.003) ≥ C5 (0.003). Overall, there was a large
total variation in the weighting coefficients of the different drivers during the study period
(their coefficients of variation of drivers ranged from 0.883 to 0.906, showing extremely high
variability), but the interannual variation in the weighting coefficients of the same driver was
not significant [75,76]. In terms of the interannual variation characteristics of each driver,
except for foreign direct investment (C4), economic growth rate (C5), net terms-of-trade index
(F5), and government education expenditure as a percentage of total government expenditure
(B2), the interannual variation characteristics of other drivers showed a small trend. This
indicated that there is generally low interannual variation in the weight coefficients of the
drivers between Xinjiang and the countries along the Belt and Road.
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Figure 1. Time series diagram of the weight coefficients of each driving factor of international science
and technology cooperation in Xinjiang from 2013 to 2018.

3.1.2. Weighting Coefficient of the Driving Factors in Different Dimensions

Figure 2 shows the chord diagram of international S&T cooperation between Xinjiang
and countries along the “Belt and Road” in different driving dimensions and the weight
coefficients of their influencing factors. In Figure 2, the same color was chosen for the same
driver category, and the size of the driver weight coefficient positively correlated with the
thickness of the line segment, i.e., a larger driver weight coefficient resulted in a thicker line
segment. In terms of each driver dimension, total research funding (A2), total government
expenditure on education as a percentage of government expenditure (B4), total savings
(C3), number of patent applications (D3), ICT service exports (F4), and urban population
density (G5), in that order, are the drivers with the highest weight coefficients among S&T
investment, educational conditions, economic environment, S&T, trade conditions, and
urban nature. Overall, the magnitude of the contribution of science and technology level,
city nature, S&T input, economic environment, trade level, and educational conditions
to international science and technology cooperation in Xinjiang was 22.9%, 22.3%, 20.4%,
19.4%, 11%, and 4%, respectively. This indicates that international S&T cooperation is
primarily influenced by the S&T resources limited to the cooperation region and its current
urbanization status [77–79].
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Figure 2. Chord diagram of the six dimensions and the weight coefficients of the drivers. A, B, C,
D, F, and G represent science and technology input, educational conditions, economic environment,
technology level, trade level, and city nature, respectively.

3.1.3. Combined Score of The Influencing Factors

The joint entropy assignment method and TOPSIS method (entropy-TOPSIS model)
are based on the representativeness, scientific and accessibility of data [80,81]. This study
evaluated the composite scores of the drivers of 51 different countries or regions in Xinjiang
and the countries that have signed the Belt and Road cooperation agreement from 2013
to 2018. There were variable results for the statistical analysis of the composite scores
of the drivers of each country that are shown in Figure 3. The ranking of the mean
value of statistical analysis indicated that the top 10 countries in Xinjiang international
S&T cooperation that drive effectiveness are Singapore, Germany, Russia, Ireland, the UK,
Brazil, The Netherlands, Sweden, The Netherlands, and Italy. This indicated that the driving
effectiveness of the same driving factor for international S&T cooperation in Singapore,
Germany, and Russia was significantly higher than that of other sample countries, while
the driving effectiveness of Armenia was the lowest. In terms of the interannual variation
characteristics of the driving efficacy, there were temporal variations in driving efficacy
across countries from 2013 to 2018, but they had relatively little overall variation.
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3.2. Analysis of the Driving Effectiveness of International Science and Technology Cooperation
Based on the STIRPAT Model
3.2.1. Model Variable Selection and Data Description

Based on the “Analysis of the Drivers of International S&T Cooperation in Xinjiang,”
the representativeness and redundancy of the data were considered, and the weight of
R&D expenditure to GDP (A1), total research expenditure (A2), and total R&D personnel
(A4) in S&T investment; the number of R&D personnel per 1000 labor force (A5) in educa-
tional conditions; the weight of government educational expenditure to total government
expenditure (B4) in economic environment; the weight of medium and high technology
value added to manufacturing value added (C3) in S&T; the weight of medium and high
technology value added to manufacturing value added (B4) in economic environment; the
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weight of medium and high technology value added to manufacturing value added (C3) in
S&T, the weight of government expenditure on education to total government expenditure
(B4); GDP (C1), total savings (C3) in economic environment; value added of medium and
high technology to manufacturing value added weight in S&T (D5); exports of goods and
services (F3), exports of ICT services (F4) at the trade level; urban land area (G1), and total
urban population (G2), urban. The STIRPAT model enabled the quantitative analysis of the
driving gravity model of international S&T cooperation in Xinjiang, which was constructed,
and that of the driving effectiveness of international S&T cooperation in Xinjiang under the
context of “One Belt One Road.”

3.2.2. Ridge Regression and Model Fitting

Given the prominent problem of multicollinearity among the drivers of international
S&T cooperation in Xinjiang, a ridge regression approach was chosen to quantify the
effectiveness of international S&T cooperation between Xinjiang and the sample countries
during the study period based on the STIRPAT model [82,83]. Figure 4 shows the ridge
trace plot of the mean values of the driving data over the years through which the value of
the regression coefficient “K” was determined. The K value was chosen as the minimum K
value when the standardized regression coefficient of each independent variable tended
to be stable. In general, a smaller K value indicates a smaller deviation, and the model
fits better. As shown in Figure 4, the regression coefficients of the mean values of 13
driving factors in six dimensions tended to stabilize overall at K = 0.166, and the result
of the significance test (F test) of the equation among the 13 driving factors in its six
dimensions was F = 61.999 (0.000 ***). This indicated that there was a highly significant
correlation between the explanatory variables and the explained variables of the driving
factor equation of international S&T cooperation constructed by the model. In addition, the
goodness-of-fit of the model R2 is 0.955, which indicated relatively good performance of the
model. Thus, the model fit had a good overall effect. In summary, the analysis showed that
the construction of the model driven by international S&T cooperation between Xinjiang
and the sample countries was more reasonable. This indicated that this should be the
best-fit point of the model [84].
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The results of econometric analysis of the STIRPAT model based on ridge regression
of the mean values of the historical drive data are detailed in Equation (14):

D4 = 0.166 × A10.127A20.126A40.233A50.278B40.128C10.093C30.111 D50.295F30.024F40.063G10.094G20.178G50.081 (14)
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Equation (14) and the definition of parameters indicated that the weight of R&D
expenditure to GDP, total research expenditure, total R&D personnel, number of R&D
personnel per 1000 workforce, weight of government educational expenditure to total
government expenditure, GDP, total savings, value added in medium and high technology
to value added in manufacturing, exports of goods and services, exports of ICT services,
urban land area, total urban population, and urban population density of the elasticity
coefficients were 0.127, 0.126, 0.233, 0.278, 0.128, 0.093, 0.111, 0.295, 0.024, 0.063, 0.094, 0.178,
and 0.081, respectively, which indicated that when each of the driving factors increased
by 1%, the number of scientific and technical articles increased by 0.127%, 0.126%, 0.233%,
0.278%, 0.128%, 0.093%, 0.111%, 0.295%, 0.024%, 0.063%, 0.094%, 0.178%, and 0.081%,
respectively. In summary, the analysis showed that S&T investment and the level of S&T
development were the two driving dimensions with the highest driving effectiveness of
international S&T cooperation in the sample countries [85,86].

3.2.3. Comparative Analysis of the Driving Effect over the Years

The STIRPAT extended model was used to systematically analyze the driving effec-
tiveness of international scientific and technological cooperation for each year during the
period from 2013 to 2018. The analytical results of applying the ridge regression method to
fit the STIRPAT model of international S&T cooperation showed that the coefficients of the
ridge regressions of 2013, 2014, 2015, 2016, 2017, and 2018 were 0.181, 0.16, 0.17, 0.176, 0.179,
and 0.181, respectively, when the coefficients of the ridge regressions were in the order of
0.181, 0.17, 0.176, 0.179, and 0.181, and the ridge traces among the drivers tended to be
smooth. The measurement equations of the STIRPAT model for the drivers of cooperation
are detailed in Equations (15)–(20).

2013 STIRPAT Drive Model: D4 = 0.181 × A10.157 A20.13 A40.217 A50.299 B40.157C10.133 C30.064

D50.207 F30.033F40.062 G10.077 G20.168 G50.08 (15)

2014 STIRPAT Drive Model: D4 = 0.16 × A10.072 A20.125 A40.242 A50.338 B40.126C10.128 C30.061

D50.284 F30.032F40.076 G10.082 G20.165 G50.074 (16)

2015 STIRPAT Drive Model: D4 = 0.17 × A10.155 A20.132 A40.219 A50.267 B40.072C10.12 C30.067

D50.294 F30.028 F40.075 G10.087 G20.175 G50.07 (17)

2016 STIRPAT Drive Model: D4 = 0.176 × A10.095 A20.125 A40.248 A50.272 B40.05C10.108 C30.056

D50.243 F30.035 F40.071 G10.097 G20.174 G50.079 (18)

2017 STIRPAT Drive Model: D4 = 0.179 × A10.162 A20.125 A40.23 A50.189 B40.188C10.098 C30.059

D50.324 F30.033 F40.057 G10.1 G20.179 G50.078 (19)

2018 STIRPAT Drive Model: D4 = 0.181 × A10.164 A20.128 A40.24 A50113 B40.194C10.093 C30.073

D50.338 F30.023 F40.06 G10.101 G20.183 G50.077 (20)

A radar plot of the elasticity coefficients of the drivers of international S&T cooperation
in the sample countries over the years was drawn to visualize the magnitude of the elasticity
coefficients of the drivers and their interannual trends (Figure 5) [87,88]. Figure 5 shows
that the relationship between the magnitude of the elasticity coefficients of the 13 drivers in
2013 is as follows: A5 (R&D personnel per 1000 workforce) > B4 (government education
expenditure as a weight of total government expenditure) > D5 (value added in medium
and high technology as a weight of value added in manufacturing) > G2 (total urban
population) > A1 (R&D expenditure as a weight of GDP) > B4 (government education
expenditure as a weight of total government expenditure) > C1 (GDP) > A2 (total research
funding) > G5 (urban population density) > G1 (land area) > C3 (total savings) > F4 (ICT
service exports) > F3 (exports of goods and services as a weight of total exports). The
decreasing order of elasticity coefficients of each driver in 2014 was as follows: A5 > D5
> A4 > G2 > C1 > B4 > A2 > G1 > F4 > G5 > A1. The decreasing order of the elasticity
coefficients of the drivers in 2015 was as follows: D5 > A5 > A4 > G2 > A1 > A2 > C1 > G1 >
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F4 > B4 > G5 > C3 > F3, while those in 2016 were as follows: A5 > A4 > D5 > G2 > A2 >
C1 > G1 > A1 > G5 > F4 > C3 > B4 > F3. The decreasing order of elasticity coefficients of
each driver in 2017 was as follows: D5 > A4 > A5 > B4 > G2 > A1 > A2 > G1 > C1 > G5 >
C3 > F4 > F3. The decreasing order of elasticity coefficients of each driver in 2018 was as
follows: D5 > A4 > B4 > G2 > A1 > A2 > A5 > G1 > C1 > G5 > C3 > F4 > F3. In 2013~2018,
the decreasing order of the average elasticity coefficients of each driver was D5 > A5 > A4 >
G2 > B4 > A1 > A2 > C1 > G1 > G5 > F4 > F3.
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The interannual ranking of the driver effectiveness shows that there were some differ-
ences in the driver effectiveness of the same driver for different years. From the interannual
variation characteristics of the elasticity coefficients of each driver, the top 3 drivers in terms
of elasticity coefficient size among the above 13 drivers were the number of R&D personnel
per 1000 workforce (A5), the weight of value added of medium and high technology in
manufacturing value added (D5), and the total number of R&D personnel (A4), among
which the number of R&D personnel per 1000 workforce and the weight of value added
of medium and high technology in manufacturing value added in 2013–2018 were the
top two drivers with the largest changes in the three drivers described above. The degree
of contribution of total R&D personnel to international S&T cooperation in the sample
countries remained basically constant throughout the study period, which indicated that
the overall magnitude of the contribution of total R&D personnel to S&T cooperation in
the sample countries varied less with the time series. For example, in aggregate, the total
R&D personnel in countries can usually be regarded as a stabilizer of international S&T
cooperation. Moreover, exports of goods and services (F3), exports of ICT services (F4), and
urban land area (G1) were the three least effective drivers of international S&T coopera-
tion in the sample countries, and their elasticity coefficients were generally less variable
throughout the study period. This indicated that these three drivers had a relatively small
impact on the overall international S&T cooperation between Xinjiang and the sample
countries along the Belt and Road, and there was generally a small interannual variation in
their driving effectiveness. In summary, the radar chart has a unique advantage in showing
the magnitude of the elasticity coefficients of the drivers of international S&T cooperation
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between Xinjiang and the sample countries of “One Belt One Road” and their interannual
trends in variation.

This discussion has clearly shown that there are interannual differences in the mag-
nitude of the driving effectiveness of the same driver for international S&T cooperation
between Xinjiang and the sample countries of the “Belt and Road.” The results of the
descriptive statistical analysis of the elasticity coefficients of the drivers of international
S&T cooperation showed that the magnitude of the coefficient of variation (CV) of the
above 13 drivers during 2013-2018 was as follows: B4 (0.457) > A5 (0.331) > A1 (0.298) >
D5 (0.175) > C1 (0.144) = F3 (0.144) > F4 (0.122) > G1 (0.111) > C3 (0.096) > A4 (0.055) >
G5 (0.049) > G2 (0.038) > A2 (0.024). As shown by the grading criteria of the coefficient of
variation, B4, A5, and A1 were in the medium level of variation, i.e., these three drivers
drove the effectiveness. In addition, there was relatively low interannual variation in the
driving efficacy of the 10 remaining factors.

4. Discussion

The Chinese government is committed to building a new type of international re-
lationship and strengthening the sense of a community of human destiny [89]. In view
of this, the “Belt and Road” initiative has been joined by new countries/regions since it
was proposed in 2013, and its cooperation has generated significant economic and social
benefits [90]. In this paper, we use the entropy-TOPSIS and STIRPAT models to compre-
hensively assess the drivers and effects of international S&T cooperation in “One Belt One
Road” countries/regions. The interannual variation in the weight coefficients of the drivers
shows a significant interannual variation in the weight of foreign direct investment and
economic growth. This is mainly associated with cooperating countries’ efforts to alleviate
their economic pressure by canceling some of their cross-border contracts during economic
downturns [91]. However, the results of Gao and Yu [22] showed that the effect of economic
power on S&T cooperation was weak. This may be related to the significant economic
differences between them and the weakening influence of finance. In terms of the driving
dimensions, the level of S&T is the largest contributor to international S&T cooperation
among the six driving dimensions. However, educational conditions contribute the least to
international S&T cooperation, which does not seem to be quite in line with our common
sense. Our analysis of the source data included in the education conditions reveals that its
data fluctuate less, but the entropy method assigns weights to them based on the variance
drive of the data. This may be the main reason why the calculated results do not quite
match our expectations. Singapore, Germany, and Russia are the top three countries in
terms of the overall score of the driving effect. Among them, Singapore benefits from its
geographical proximity and cultural similarity with China and has gained good economic
and social benefits bilaterally through S&T cooperation. Germany is an economy with a
high stock of knowledge and innovation and a strong cultural heritage, and the pragmatic
trade policy signed with China is the basis for increasing cooperation in scientific and
technological projects and people-to-people contacts between the two countries. The long-
standing stable and friendly bilateral relations between Russia and China, which share a
border and are rich in natural resources, are the basis for deepening cooperation between
the two countries in many fields. The above findings are generally consistent with the S&T
cooperation in countries and regions along the “Belt and Road” in Shaanxi, China [92]. In
terms of the elasticity coefficients of the driving factors, changes in the total number of R&D
personnel and the number of R&D personnel per 1000 workforce are the main variables
that cause changes in the output of international S&T cooperation. Overall, bilateral or
multilateral S&T cooperation usually generates a 1 + 1 > 2 spillover effect, which helps
promote the S&T development of the cooperating parties [93,94].

Although this paper uses a combination of multi-source data and multi-methods
to construct an assessment system of the drivers of international S&T cooperation and
its effects in Xinjiang from multiple dimensions based on previous studies, because the
driving mechanism of international S&T and its influencing factors are too complex, this
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paper inevitably causes a loss of focus in the construction of its assessment system, which
eventually leads to biased assessment results. Ferdinand [95] systematically explained that
China is gradually strengthening its S&T and economic ties with Belt and Road countries
and regions to balance its potentially conflicting relationship with the USA. Gao and Yu [22]
reviewed the knowledge structure of the Belt and Road S&T literature for the period
2013–2019 and found that geopolitics is an important influencing factor for international
S&T cooperation. It has been reported that the Belt and Road will eventually affect about
80% of the world’s population, with an estimated cost of about USD 2.1 trillion [96]. This
would be much higher than the previous record investments made by the United States
or the Soviet Union in geopolitical jockeying [97]. However, this paper did not include
geopolitics in the assessment system, considering that panel data on long-term quantifiable
geopolitics are difficult to obtain. This is also an important reason for the bias in the
assessment results. In addition, the Chinese official vision of the Belt and Road Initiative
has been assigned to the development of the Five Links (policy communication, facility
connection, trade flow, financial integration, and people-to-people contact), and its research
areas cover more than 100 disciplines in the Web of Science database, and its impact on
international relations, economics, and political science is undoubtedly enormous [98,99].
This requires subsequent studies on the international S&T cooperation of the Belt and
Road to be conducted from multiple dimensions and perspectives in order to make the
assessment results more informative.

5. Conclusions and Suggestions

Based on the existing research base, 30 evaluation indicators were studied on the
drivers of S&T cooperation between Xinjiang and the countries along the “Belt and Road”
in six dimensions (S&T investment, educational conditions, economic environment, S&T
level, trade level, and city nature), and the overall weight coefficients of the drivers of
international S&T cooperation in Xinjiang were found to vary significantly over the years
(the coefficients of variation of the drivers ranged from 0.883 to 0.906). There was large
overall variation in the weight coefficients of the drivers of international S&T cooperation
in Xinjiang (the coefficient of variation of the drivers ranged from 0.883 to 0.906, showing a
very high degree of variation), but the weight coefficients of the same drivers did not vary
significantly from year to year. Science and technology, city nature, and S&T investment
were found to be the most important drivers of international S&T cooperation in Xinjiang.

From the results of the econometric analysis of the STIRPAT model based on the mean
values of the ridge regression of the historical driving data, S&T investment and the level
of S&T development were the two driving dimensions that were the most effective at
driving international S&T cooperation in the sample countries. From the characteristics of
interannual changes in the elasticity coefficients of each driver, the top 3 drivers in the size
of elasticity coefficients among the above 13 drivers were the number of R&D personnel
per 1000 workforce (A5), the weight of medium and high technology value added in
manufacturing value added (D5), and the total number of R&D personnel (A4), among
which was the number of R&D personnel per 1000 workforce. The weight of medium and
high technology value added in manufacturing value in 2013–2018 were the two drivers
with the largest changes in the three drivers shown above, while the degree of contribution
of total R&D personnel to international S&T cooperation in the sample countries remained
basically constant throughout the study period. This indicated that the overall magnitude
of the contribution of total R&D personnel to S&T cooperation in the sample countries
varied less with the time series, i.e., taken together, total R&D personnel can usually be
regarded as a stabilizer in the international S&T cooperation.

Since the S&T cooperation between Xinjiang and countries along the “Belt and Road”
has entered a critical period of advancement, to comprehensively improve the level and
effectiveness of cooperation and help construct the Silk Road Economic Belt core area, the
following points should be achieved. First, China should continue to grow its circle of
friends and establish a closer and wider cooperation network and continue to increase S&T,
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urban construction, and investment in S&T to increase the endogenous power of coopera-
tion. Secondly, for the top-ranking countries in terms of effectiveness of international S&T
cooperation with Xinjiang, China should continue to strengthen cooperation, expand coop-
eration areas, and strive for greater results. Simultaneously, the cooperation effectiveness
of the lower countries should also be consistent with the needs of both sides to conduct
fruitful cooperation characteristics and form a multi-level, all-round three-dimensional
pattern of foreign cooperation. Third, for countries with high volatility of cooperation
effectiveness, we should rely on the national diplomatic strategy, use legal and patent
protection and other means to try to avoid cooperation risks, and continue to conduct coop-
eration that is beneficial to both sides. Fourth, China should increase the training support
and service guarantee for Xinjiang R&D personnel so that they can stabilize their minds
and concentrate on research and foreign cooperation without distractions, and talents will
become the stabilizer and power source of international S&T cooperation between Xinjiang
and the “Belt and Road” countries.
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