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ABSTRACT

The ongoing development of bilateral trade among countries participating in the Belt and Road
Initiative (BRI) promotes the creation of trade networks and the advancement of technology in
these countries. This article utilizes social network analysis to investigate the characteristics of trade
networks among the BRI and how these characteristics influence technological progress. Based on
bilateral trade data from 2003 to 2019, the findings of this study indicate the following key insights:
First, in terms of network structure, China occupies a central position within the trade network, and
the overall network density exhibits an upward trend. Notably, key players in the trade network
include China, India and Singapore, which exhibit high and stable levels of centrality, connected-
ness, and heterogeneity. Second, empirical testing indicates that centrality, connectedness, and
heterogeneity all contribute to technological advancement. Third, the varying levels of economic
development among different countries significantly affect their technological progress. Lastly, the
analysis suggests that increased trade liberalization enhances the impact of trade networks on
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technological progress in nations along the BRI.

I. Introduction

In today’s global economic recovery and the
strengthening of national exchanges and colla-
boration, regional cooperation among countries
has been reinforced, leading to a more integrated
world. China introduced the concepts of the Silk
Road Economic Belt and the 21st Century
Maritime Silk Road in September and
October 2013, drawing considerable attention
across the globe. Since the inception of the Belt
and Road Initiative (BRI), China has played
a pivotal role among the countries involved. The
implementation of BRI not only contributes to
establishing a new framework for China’s inter-
national commerce but also stimulates the growth
of bilateral trade with nations along the route
(Zhao and Wang 2023). According to China’s
Ministry of Commerce website, in 2023, China’s
imports and exports with nations participating in
BRI totalled 19.47 trillion Chinese Yuan (CNY),
a 2.8% increase. These transactions accounted for
46.6% of China’s total foreign trade, representing
the largest scale and proportion of trade since the
initiative’s launch.

Technological progress is the fundamental driv-
ing force for development. By fully utilizing existing
production factors and developing new ones, it pro-
motes the rational allocation of production factors,
thereby driving changes in the technological struc-
ture, product, and market structure of enterprises
(Chen and Liu 2015). Actively promoting technolo-
gical progress is essential for a country to inject new
momentum into its economic development.
However, the technological capabilities of the coun-
tries along the BRI are generally low, which limits
their economic and social development. Therefore,
whether bilateral trade along the BRI can foster
technological progress in these countries is an
important question to consider.

Following years of development, economic ties
between nations have become increasingly inter-
connected, creating a complex web of international
trade networks. There are noticeable disparities in
the trading practices of various nations within the
trade network, and the trade practices of nations
along the route frequently change in response to
those of their neighbours (Ma, Ren, and Wu 2016).
Recently, several scholars have begun focusing on

CONTACT Lu Wang @ wanglu@wzu.edu.cn @ Room 209A, School of Business, North Campus, Wenzhou University, Chashan, Ouhai, Wenzhou 325035,

China
© 2025 Informa UK Limited, trading as Taylor & Francis Group


http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/00036846.2025.2567574&domain=pdf&date_stamp=2025-09-29

2 (&) LLNETAL

the study of trade networks as a whole. However,
a review of the relevant literature reveals that few
have examined the relationship between trade net-
works and technological advancement. This raises
an important question: Does the growth of trade
networks among nations participating in the BRI
contribute to technological progress in those
nations? What are the primary factors influencing
this progress?

This article adopts a social network perspective
to explicitly analyse the characteristics of the trade
network among the BRI countries and then assess
its impact on their technological progress. This
new perspective aims to deepen our understanding
of the relationship between trade networks and
technological growth. Ultimately, it provides
a theoretical foundation for enhancing trade coop-
eration among BRI countries to improve their posi-
tion within these networks.

The paper is structured as follows: In the second
section, this article will review the existing litera-
ture review on trade networks and technological
progress. The third section will theoretically exam-
ine the mechanism through which trade networks
influence technological progress and will test the
relevant hypotheses. The fourth section will analyse
the trade network characteristics of the countries
along the BRI from 2003 to 2019 using social net-
work methods. The fifth section will empirically
examine whether the trade network promotes tech-
nology by employing a two-way fixed effects
model. Finally, the conclusion section will sum-
marize the findings and conclusions of this study.

Il. Literature review

A complicated trade network is an investigation
approach for developing a network system and
analysing its characteristics by treating countries
as nodes and the links between countries as edges,
and the coarseness or fineness of these edges repre-
sents the volume of trade (Su and Li 2024).
F. M. Hou et al. (2022) built the trade network
system with the complex network theory as
a basis, and examined its degree, structural
entropy, aggregation, reciprocity, and the core
edge. It resulted in a more orderly trade network
structure and increased frequency of two-way
exchanges between trading nations (F. M. Hou

et al. 2022). Assessing the features of global trade
and its development through social network analy-
sis has become a growing area of interest among
researchers (Cheng and Feng 2017). These charac-
teristics all contribute to the complexity of the
global trade network. A large portion of the net-
work research that is currently available concen-
trates on particular industries or specialized
sectors. Based on the interactions and trade links
between industrial sectors, existing network studies
have focused on energy and minerals (An et al.
2014; Q. Ji, Zhang, and Fan 2014; Li et al. 2021;
J. S. Liu 2016; Yang, An, and Gao 2012), talent
exchange (C. G. Hou et al. 2020), transportation
(You, Yang, and Wang 2020), and agricultural pat-
terns (G. J. Ji et al. 2024; Shutters and
Muneepeerakul 2012; L. Wang et al. 2019), tourism
service (Q. Liu, Liu, and Zhang 2022).

Technological innovation is a key driving force
for export trade (Z. Q. Zhang and Zhang 2020).
M. Y. Zhang and Wang (2023) examined how
technological innovation affects the export compe-
titiveness of digital trade. Hirsch and Bijaoui (1985)
found that innovative enterprises tend to have
a stronger export intention. Additionally, ]. Wang
and Huang (2012) empirically demonstrated that
a higher intensity of technological innovation cor-
relates with increased export propensity and export
intensity among enterprises.

The volume of trade reaching a critical threshold
can facilitate the formation of large-scale trade net-
works. This situation encourages the establishment
of knowledge networks and accelerates technologi-
cal advancement (Kelly 2009). By enhancing
a node’s centrality within the trade network, it is
possible to increase the number of connected
nodes. This, in turn, allows the node to achieve
technological innovation through the integration
of various innovation elements (Lee, Choo, and
Yoon 2016; Qiu and Huang 2021). Ferrier, Reyes,
and Zhu (2016) modelled the international trade
system as a weighted network, quantifying both
direct and indirect trade connections. Their find-
ings highlighted that the network effects of trade
are crucial for technology dissemination.
Additionally, Xin (2021) argued that the primary
competitiveness of Canadian domestic enterprises
originates from the knowledge and technology dif-
fusion facilitated by global networks. An increase



in the centrality of a country’s trade network pro-
motes technological spillover effects (Chen 2023).

However, it has been noted that the application
of social network analysis in international trade is
still developing. Consequently, this paper’s
exploration of how trade network characteristics
of countries along the BRI is particularly significant
and presents ample opportunities for future
research. This article provides a meaningful con-
tribution compared to previous studies in the fol-
lowing ways: First, we examine how the centrality,
connectivity, and heterogeneity of the trade net-
works of the nations among the BRI influence their
technological advancement. This insight enhances
existing research on the BRI and trade networks;
Second, we employ social network analysis and
a two-way fixed-effects model to empirically test
the characteristics of trade networks and their
effects on technological progress, using relevant
data; Third, we explore the theoretical perspective
that countries can increase their centrality within
trade networks and foster technological advance-
ment by incorporating trade liberalization as
a moderating variable in our benchmark model,
thus confirming its moderating effect. These find-
ings carry important policy implications.

lll. Impact mechanisms and research
hypotheses

The characteristics of trade network characteristics
and technological progress

Trade network centrality refers to a national’s ‘struc-
tural importance’ within a trade network. The four
primary characteristics used to describe this centrality
are degree centrality, mediator centrality, eigenvector
centrality, and closeness centrality. A country with
higher centrality is positioned at the heart of the
trade network, maintains trade relations with most
other countries in the network and wields greater
influence. Specifically, the centrality of trade networks
can enhance a country’s technological progress
through competition, selection, and spillover effects.

On the other hand, trade network connectedness
refers to the extent to which a node in the trade
network to other nodes (Granovetter 1973). In the
context of the BRI trade network, connectedness
primarily reflects the strength of a country’s trade
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relations (Lin et al. 2024). A nation’s share of com-
merce within the trade network increases when its
connections are stronger. Additionally, as
a country’s foreign trade volume continues to
grow, so will its rate of capital accumulation and
the likelihood of achieving economies of scale,
which in turn will further promote that country’s
technical advancement (Ma, Ren, and Wu 2016).

Trade network heterogeneity refers to the pre-
sence of structural holes or weak relationships
within a trade network. This heterogeneity occurs
when the overall density of the trade network is low,
meaning that individual nodes (trading partners) are
not closely connected, or when there are redundant
connections between nodes (Burt and Burt 1992). In
the context of trade networks, heterogeneity can
indicate the level of geographic concentration
among a country’s trading partners, which is inver-
sely correlated with the number of structural holes.
In other words, as more heterogeneous trade net-
work implies that a nation’s trade relationship are
more geographically diverse, while a less heteroge-
neous network suggests a greater concentration of
trading partners in specific regions. A diverse trade
network can lead to varied technical risks, which
may help mitigate the effects of foreign trade shocks.
Furthermore, it can establish a stable domestic and
international environment that supports a nation in
fostering technological advancement.

Hypotheses 1, 2, and 3 are developed by the
theories above.

H1: The degree of technological advancement can
be increased by the centrality of trade
networks.

H2: Connectivity to trade networks can enhance
the level of technical advancement.

H3: The heterogeneity of trade networks can pro-
mote higher level of technical advancement.

Mechanisms of trade liberalization

As global trade has expanded, the movement of
commodities, services, factors of production, and
other components of international transactions has
increased significantly. Trade liberalization has
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become the dominant trend in international trade,
fostering closer relationships among nations that
complement each other based on comparative
advantages. It has contributed to the technological
advancement of countries and regions. On one
hand, trade liberalization has reduced bilateral
trade costs and lower trade barriers, allowing high-
quality and competitively priced goods and services
from other nations to enter domestic markets,
which can impact local industries. On the other
hand, it can transform a country’s limited domestic
market into a larger, unified regional market. This
shift encourages greater investment in innovative
infrastructure, enhancing the environment for
technological innovation and overall efficiency.
Thus, trade liberalization not only helps the coun-
try’s technological level but also develops sizable
regional markets. Based on this rationale, we pro-
pose the following hypothesis:

H4: Increased trade liberalization can enhance the
technological progress effect derived from
trade networks

IV. Establishing and characterizing trade
network

Construction of countries among BRI trade network

The construction of the trade network matrix uti-
lizes social network analysis to represent, 64 coun-
tries participating in the BRI as nodes, with the
trade relationship between them depicted as lines.
The matrix G is defined as G = (V, E), where i and
j represent the exporting and importing countries,
respectively. Here, i and j range from 1 to 64, and
t denotes the years from 2003 to 2019. E illustrates
the commercial interaction between two nations,
with each node reflecting its individual status in the
network.

Using the trade network model mentioned
above, this article builds the trade network based
on export data from 64 countries along the BRI
from the years of 2003 to 2019. However, due to the
wide disparity in economic development across
countries, there is also a considerable variation in
the volume of bilateral export trade. To simplify
calculations and create a binary 0-1 matrix, this

study establishes the export trade unit at $1 million.
The export trade data utilized in this article are
sourced from the Gravity database within the
CEPII database, while additional data is obtained
from the World Bank database.

Characterization of countries along the BRI trade
network

Analysis of the centrality of the trade network in the
BRI countries

Network centrality is a key feature of trade net-
works, particularly when it comes to creating trade
network indicators. The goal of centrality analysis
is to identify if a node is situated in the centre of the
network. A country positioned at the centre of the
trade network has greater access to information
and resources and exerts more influence over
other nodes.

In this article, we primarily measure the central-
ity of the trade network among BRI countries using
median centrality. The term ‘mediator centrality’
refers to a node’s capacity to control other nodes.
Specifically, the mediator centrality measures how
frequently a node serves as a mediator within the
network. The mediator centrality of a node is cal-
culated by counting how many times that the node
appears in all shortest pathways within the net-
work. This indicator measures a node’s ability to
influence the transactions of other nodes as well as
the overall connectivity of economies in the trade
network. According to the study by Lv et al. (2021),
the formula for the mediator centrality is as
follows:

k()
b 22]21{ Qi

R P Ty D

In this context, j and k represent two different
economies; Ci” refers to the median centrality of
economy i; the variable gj; indicates the number of
pathways that economies j and k have created
through the trade network; gjx(;y denotes the num-
ber of paths created by economies j and k that have
created through the trade links initiated by econ-
omy i; and n represents the total number of nodes
in the network. A node with higher mediator cen-
trality acted as a more effective intermediary within
the network, granting its greater bargaining power



is and making it more central to the trade network.
Consequently, the greater power held by the actor
at the centre of the network, the more nodes will be
connected to it.

This study examines the top 15 countries along
the BRI for the years 2008, 2013, and 2018, with the
tindings presented in Table 1. This table indicates
that the mediator centrality has gradually declined
over time. This decline may be contributed to sev-
eral factors. First, as BRI countries have grown and
various policies have been implemented, trade bar-
riers have weakened. Moreover, the increase in
international investment, collaboration, and
exchanges has contributed to the annual decline
in mediator centrality. As a result, trade coopera-
tion is shifting from traditional exchange to
a greater focus on the flow of talent and technology.
The median centrality indicates each economy’s
ability to control regional resources. At the country
level, India and China consistently rank the top
three countries in terms of the mediator centrality.
Their highest degree of centrality and stable rank-
ing demonstrate how these two countries have
strengthened the connectivity within the overall
trade network, playing a crucial intermediary role
in establishing extensive trade links with other
economies in the region. As leading nations in the
trade network, they have developed strong trade
ties with varias economies, enabling them to better
influence and control other economies through
their manufacturing and trading capabilities.
Singapore and Malaysia exhibit an increasing
trend in mediator centrality, suggesting that they
are becoming centre players in the trade network of
the BRI countries. They serve as crucial bridges and
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intermediaries, within their impact on other nodes
in the network steadily increasing. The UAE and
Turkey also exhibit stable and consistent rankings,
serving as important intermediaries and bridges
within the trade network and have a significant
impact on other economies. In contrast, the posi-
tions of Vietnam, Russia, Indonesia and Czechia
have gradually declined over time, suggesting that
their contributions to the trade network are
becoming less significant.

Analysis of the connectivity of trade networks in Belt
and Road countries

This article builds on Ma’s, Ren, and Wu (2016)
point intensity method for measuring the connec-
tivity of trade networks. In this context, the
strength of this network connectivity indicates
a nation’s international trade capacity and its
trade relationship with other nations in the
network.

Degree centrality is based on the number of
connections a node has to other nodes in the net-
work. It measures how close a node is to others,
and a high centrality indicates that a node is more
central in the social network. In trade networks,
degree centrality primarily helps assess a country’s
capacity in trade with other nations. Degree cen-
trality can be further divided into in-degree and
out-degree metrics, which are calculated using the
following formula.

Degree!” = Zj aj; (2)

Degreel™ = Zj ajj (3)

Table 1. Top 15 countries along BRI in terms of number of intermediaries in 2008, 2013, and 2018.

Ranking 2008 2013 2018

1 India 102.307 India 137.617 Singapore 85.52
2 Indonesia 91.071 China 78.905 China 82.67
3 China 90.395 Thailand 70.41 India 74.28
4 Vietnam 75.851 Singapore 69.344 Malaysia 72.05
5 Thailand 71.257 Malaysia 68.726 Indonesia 66.8
6 UAE 71.054 UAE 61.643 UAE 65.82
7 Turkey 66.877 Turkey 53.889 Turkey 56.63
8 Russia 62.299 Indonesia 49.846 Poland 54.16
9 Poland 58.231 Russia 44.752 Thailand 50.36
10 Malaysia 53.351 Vietnam 41.032 Vietnam 35.81
1 Czechia 48.645 Ukraine 36.917 Pakistan 34.97
12 Egypt 44848 Czechia 36.19 Saudi Arabia 34.81
13 Singapore 42.278 Iran 34.593 Russia 33.98
14 Bangladesh 40.211 Poland 34.153 Czechia 31.09
15 Ukraine 39.492 Egypt 33.484 Philippines 2491
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In this study, we utilize Ucinet software to esti-
mate the out-degree and in-degree of trade net-
works among nations along the BRI, as illustrated
in Tables 2 and 3. Point degree centrality represents
the influence of a node located at the centre;
a higher out-degree (the number of exports) or in-
degree (the number of imports) indicates that
a nation has more trading partners and is more
competitive. Overall, both out-degree and in-
degree have remained relatively stable. This stabi-
lity is evidenced by the fact that the top 15 coun-
tries in terms of out-degree and in-degree along the
BRI have largely remained unchanged, likely due to
the fixed nature of the countries involved in the
BRI. The number of countries included in BRI is
somewhat limited, which restricts the ability of
these node countries to develop additional trading
relationships. From the perspective of individual
nations, China’s trade level has consistently been
high and stable, solidifying its position. Meanwhile,
Singapore’s trade level has been increasing, posi-
tioning it as a leading trading nation. The number

of nations with a out-degree of 64 increased from
four in 2008 to six in 2018. Countries such as
Poland, Malaysia, Ukraine, Turkey, and Czechia
have all experienced a gradual increase in their out-
degree levels over time, whereas trade levels
between India and Thailand tended to stabilize.

Moreover, Indonesia’s trade level declined from
2008 to 2013 but saw a rise again afterwards. The
decline may have been influenced by the 2008
financial crisis. Fortunately, trade levels have pro-
gressively normalized with the end of the conclu-
sion of the financial crisis and the subsequent
recovery of the country’s economiy.

The top 15 countries along the BRI in terms of
in-degree for the years of 2008, 2013 and 2018 are
presented in Table 3. It is clear from this table that
China consistently holds the top position. This not
only demonstrate that China is at the centre of the
trade network, but also highlights the significance
of the BRI. For China, it is practically important to
maintain close trade relations with the countries
along the BRI and expand trade cooperation in

Table 2. Top 15 BRI countries in terms of out-degree, 2008, 2013, and 2018.

Ranking 2008 2013 2018

1 China 64 China 64 China 64
2 Thailand 64 Singapore 64 Singapore 64
3 Indonesia 64 Thailand 64 Thailand 64
4 India 64 Malaysia 64 Malaysia 64
5 Malaysia 63 India 64 Indonesia 64
6 Russia 63 Indonesia 63 India 64
7 Vietnam 62 Turkey 62 Pakistan 63
8 UAE 62 Czechia 62 UAE 63
9 Turkey 61 Vietnam 61 Turkey 62
10 Czechia 61 UAE 61 Russia 62
1 Singapore 60 Russia 61 Poland 62
12 Pakistan 59 Poland 61 Czechia 62
13 Poland 58 Pakistan 60 Hungary 61
14 Ukraine 58 Ukraine 59 Ukraine 61
15 Sri Lanka 57 Bulgaria 59 Lithuania 61

Table 3. Top 15 BRI countries in terms of in-degree, 2008, 2013, and 2018.

Ranking 2008 2013 2018

1 China 61 India 62 China 63
2 India 60 China 61 India 61
3 Turkey 60 UAE 61 UAE 61
4 UAE 58 Turkey 60 Turkey 61
5 Russia 57 Russia 59 Singapore 60
6 Poland 56 Ukraine 58 Poland 60
7 Egypt 55 Thailand 57 Malaysia 58
8 Czechia 55 Singapore 55 Thailand 56
9 Ukraine 55 Malaysia 55 Vietnam 56
10 Thailand 54 Indonesia 54 Indonesia 56
1 Indonesia 53 Egypt 54 Saudi Arabia 56
12 Lebanon 51 Poland 54 Russia 56
13 Romania 51 Czechia 54 Czechia 55
14 Croatia 51 Kazakhstan 53 Bulgaria 53
15 Serbia 51 Bulgaria 53 Pakistan 52




depth. China and the nations involved in the BRI
are likely to continue fostering close trade relations
and will aim to enhance their trade cooperation
turther. Notably, four nations - India, Turkey,
China and the UAE - have consistently maintained
their top four positional rankings in terms of in-
degree, while Russia has seen a decline in its rank-
ings. Over time, other countries may have
increased their trade levels due to their enormous
economic growth potential, whereas Russia’s trade
level has decreased due to more limited growth
opportunities. Additionally, three countries -
Indonesia, Singapore and Malaysia — have experi-
enced an increase in their in-degree, while Poland’s
in-degree fell and then rebounded.

Analysis of the heterogeneity of trade networks in BRI
countries

The adequate size of the structural hole indica-
tor primarily measures heterogeneity indicators.
The adequate size of a network is the total
number of trading countries or regions involved
in a trade network. An economy’s actual ade-
quate size is calculated by deducting the degree
of redundancy within the network from the
overall size of its networks; in other words, the
adequate size represents the non-redundant por-
tion of the network. The effectiveness of
a country’s trade connectivity can be assessed
through its adequate size. A larger effective size
indicates more trade opportunities and
a broader trade market, which contributes to
trade growth and economic development. An
increase in the adequate size indicator suggests
that a node has greater freedom to operate
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within the entire trade network, without being
constrained by it. In this context, this article
employs Ucinet software to measure the effec-
tive size indicators related to the structural holes
of countries along the BRI from 2003 to 2019. It
then selects the top 15 countries along the BRI
in terms of their adequate size for analysis dur-
ing the years 2008, 2013, and 2018, as shown in
Table 4. Analysis of the data reveals that China
and India consistently rank among the top three
countries, reflecting their strong positions along
the countries along the BRI and their domi-
nance in trade. This suggests that the trade
policies implemented by China and India are
good and have the potential for long-term devel-
opment. Additionally, several nations, including
Singapore, Pakistan, the UAE and Poland, have
increased their rankings in terms of adequate
size, indicating a degree of long-term stability
in their trade policy. Overall, however, the total
practical scale of the nations along the BRI is
trending downward, suggesting that the con-
nected system of the trade network or the over-
all trade policy needs further enhancement.

V. An empirical study of the effect of trade
network characteristics on technological
progress

Sources of data

This article depends on the Gravity database
within the CEPII database and focuses on the
bilateral trade data among 64 countries along
the BRI. Due to a severe lack of data for Qatar,
it has been excluded from the study. The research

Table 4. Top 15 Belt and Road countries in effective size, 2008, 2013, 2018.

Ranking 2008 2013 2018

1 China 22912 India 21.587 China 19.827
2 India 22.798 China 21.124 Singapore 19.621
3 Thailand 22.233 Thailand 20.764 India 19.496
4 Indonesia 22.073 Malaysia 20.651 Malaysia 19.303
5 Russia 20.992 Singapore 20.643 UAE 19.173
6 Malaysia 20.841 Indonesia 19.017 Indonesia 18.992
7 Vietnam 20.696 Turkey 18.414 Thailand 18.637
8 UAE 20.471 UAE 18.016 Turkey 17.833
9 Turkey 20.029 Czechia 17.582 Poland 17.66

10 Czechia 19.392 Vietnam 17.363 Pakistan 16.996
1 Poland 19.25 Poland 17.23 Russia 16.148
12 Singapore 18.603 Russia 17.192 Czechia 15.889
13 Pakistan 16.444 Ukraine 15.842 Saudi Arabia 15.199
14 Ukraine 16.115 Egypt 15.568 Ukraine 15.15

15 Egypt 15.94 Pakistan 15.367 Vietnam 14.875
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constructs a trade network using this data.
According to the calculation of total factor pro-
ductivity, the capital input is presented by capital
stock, which is sourced from Payne’s table.
However, it is important to note that Payne’s
table is only updated to 2019, leading this article
to cover the period from 2003 to 2019. This
article employs Ucinet software to construct
trade networks for countries along the BRI, exam-
ining the development of these networks through
three perspectives: centrality, connectedness, and
heterogeneity. The empirical analysis utilizes
Statal6.0 to evaluate quantitative data regarding
the trade network. Furthermore, the freedom is
chosen as the regulating variable for the robust-
ness of the empirical conclusions, according to
Ucinet. Control variables include economic devel-
opment, foreign investment, industrial structure,
openness, research and development(R&D), urba-
nization, and patents. All data is sourced from the
World Bank database.

The setting of the model

To further validate the hypotheses above, this arti-
cle sets up a two-way fixed-effects model as follows
in order to quantitatively examine the impact of the
structural characteristics of trade networks on
technological progress:

TFPy = B, + Bynety + B, Xi + 0 +p, + & (4)

In this article, i represents countries and
t represents time. The explanatory variable is
technological advancement, which is indicated
by total factor productivity TFPy. The core
explanatory variables related to trade network
features include centrality, connectivity, and het-
erogeneity, which are denoted as net;. And Xj
denotes the control variable. Based on the rele-
vant literature, the controlled variable includes
the level of economic development, the level of
foreign investment, the industrial structure, and
the level of openness, the level of R&D, the level
of urbanization and the number of patents. §;
and p, represent individual and time-fixed
effects, respectively, while &; is the random dis-
turbance term. The coefficients are denoted as

By~ B, and B,, respectively.

Interpretation and explanation of variables

Explained variables
This article examines technical advancement as its
explanatory variable. Technological advancement
is measured using total factor productivity (TFP),
the primary metric used in the present literature.
Two methodologies are used today to estimate
TFP: parametric and nonparametric. Parametric
approaches are separated into deterministic para-
metric production function methods and stochastic
parametric production function methods, while
nonparametric approaches are primarily classified
into data envelopment analysis (DEA) and index
methods. This research utilizes the DEA-
Malmgquist index approach, which combines DAE
with the Malmquist productivity index for measur-
ing TFP.

Each country along the BRI is considered as
a separate decision-making unit (DMU) for evalu-
ating TFP. The number of employed indiviuals in
each nation is chosen annually as the labour input
factor, while the capital input factor is measured by
the capital stock. The data is sourced from the
University of Pennsylvania’s Payne Table 10.01,
updated to 2019, and was accessed
in January 2023. A key indicator of a nation’s
degree of economic development is its GDP, the
intended output. Since economic development can
lead to increase pollutants emissions, particularly
carbon dioxide (a greenhouse gas that severely
impacts the environment), this study identifies car-
bon dioxide emissions as a non-desired output
based on currently available data. For the input
indicators, the labour input is derived from the
World Bank’s calculations of the unemployment
rate relative to the total population. Penn World
Table 10.01 (Penn Table) provides the capital ele-
ment, while the desired and non-desired outcomes
are provided by the World Bank. The input-output
table is shown in Table 5.

Core explanatory variables

This article uses the centrality, connectedness, and
heterogeneity of trade networks as the primary
explanatory variables, as explained in 4.2.1 to
4.2.3. In brief, the primary variable indicative of
centrality in this article is mediator centrality.
Mediator centrality quantifies a node’s capacity to



Table 5. Input-output table.

variables Metrics unit Source
Labor input Total employment by number Calculated
factors country
Capital input Gross fixed capital million  Penn
factors formation usb World Table
version10.01
Desired output gross domestic product million  World bank
(GDP) usb
Undesired output Emissions of carbon kiloton ~ World bank
dioxide

mediate, which is crucial in a social network if
opinions and information are to be shared amongst
nodes. This research using the point intensity
method to measure connectivity. The heterogene-
ity of trade networks is measured in this article
using effective size.

Control variables

Level of economic development (GDP;): Gross
Domestic Product (GDP) is a comprehensive mea-
sure of the level of economic development of
a country or region and is an essential indicator
of the national economy. The spillover effect of
technology requires a specific economic develop-
ment threshold, with both technological invest-
ment and research and development relying on
a robust economy. Developed countries, being
more economically developed than underdeve-
loped countries; therefore, generally have a better
starting point for technological innovation.
Therefore, this study uses GDP per capita, calculat-
ing its logarithm using data from the World Bank
database.

Level of foreign direct investment (FDI;): For
many developing nations, FDI is a primary factor
of development. In addition to providing capital,
FDI introduces advanced technology and manage-
ment practices, enhances the quality of the local
workforce, and has other indirect effects on tech-
nological advancement. These effects increase the
host nation’s total factor productivity, which, in
turn,  advances  technological  progress.
Consequently, this article aims to examine the
impact of FDI on technological progress, utilizing
the ratio of net FDI inflows to GDP, as measured by
the World Bank.

Structure of industries (STRUj): Upgrading the
industrial structure shifts a nation’s focus from
primary industries to more advanced sectors. This
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process creates a ‘structural dividend’, resulting
from resource concentration in high-productivity
businesses and the reallocation of production ele-
ments from low-productivity to high-productivity
sectors due to industrial structure optimization and
upgrading. Economic efficiency is influenced by
industrial structure, which impacts on the environ-
ment; poor environmental conditions and
increased industrialization generate greenhouse
gases, such as CO, and SO,, that pollute the envir-
onment and can lower economic efficiency,
thereby affecting TFP and technological advance-
ment. As a result, quantifying industrial value
added as a proportion of GDP is necessary to assess
the influence of industrial structure on technologi-
cal advancement.

Level of Openness (OPEN;,): This article also
measures the degree of openness to the outside
world among countries invloved in the BRI coun-
tries, as these countries not only participate in
regional trade network but also engage in interna-
tional trade with nations outside the network. To
assess a nation’s openness, this article uses the
percentage of merchandise trade relative to GDP,
as reported by the World Bank.

Level of Research and Development (R&Dj,):
Every nation’s scientific and technical advance-
ment depends heavily on its R&D capability,
which also serves as a gauge of its innovative
input and absorption capacity. When a nation
imports high-tech goods, it must educate itself
about the new products and invest in learning
and copying the advanced technology. However,
the nation’s R&D investment degree also deter-
mines whether the importing nation can fully
absorb and utilize the high-tech products. To
gauge each country’s degree of R&D, this article
employs the R&D expenditure to GDP ratio of the
BRI nations, with data sourced from the World
Bank database.

Level of urbanization (URBAN;,): As a nation’s
level of urbanization increases, its urban economy
expands rapidly, and infrastructure continuously
improves. According to Lewis’s theory of economic
growth, the population shift from agriculture to the
non-agricultural sector is a significant driver of
industrial prosperity and economic development,
which may affect TFA. Thus, the degree of urbani-
zation serves as a measure of a nation’s
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civilizational advancement, stemming from
increased social productivity and indicating the
technological advancement. To measure it, this
article uses the urban population to total popula-
tion ratio, with the data obtained from the World
Bank database.

Level of patent (PAT;): The level of patent
development is an essential indicator of technolo-
gical R&D outcomes. Patents reflect the level of
technical innovation within a nation or region.
A strong level of patent development actively cor-
relate with robust technological research and devel-
opment, which advances the nation’s technological
advancement. Thus, such technological advance-
ments can transform a nation’s economic develop-
ment model and foster high-quality economic
growth. This study assesses the number of patent
applications submitted by citizens, using data
derived from calculations and the World Bank
database.

Moderator variable

Trade freedom (Tradefreedom;. This study pri-
marily employs the Trade Freedom Index of the
World Economic Freedom Index, which is
a measure employed by organizations like the
World Bank and the International Monetary
Fund to gauge the level of global trade liberaliza-
tion. It primarily manifests in two ways: first, it
concerns the weighted average tariff rate of nations
or regions involved in international trade; gener-
ally, the lower the tariff rate, the freer the
trade; second, it considers the non-tariff trade bar-
riers of nations or regions involved in international
trade; the fewer non-tariff trade barriers that exist,
the freer the trade becomes. According to the
Heritage Foundation, a higher score on this index

Table 6. Variable definition table.

correlates with a higher the economic growth rate.
The variable definitions are present in Table 6.

Analysis of empirical results

Benchmark regression analysis

This study uses Stata 16.0 to investigate the afore-
mentioned econometric model empirically, with
the regression findings presented in Table 7.
Columns 1-2 of Table 7 present the findings of
empirical tests on the centrality of intermediaries
at each node in the BRI countries’ trade network,
focusing on technological advancement. Without
including any empirical findings, the first column
passes the significance test. Column 2 includes all
of the control variables. Once these control vari-
ables are added, the results show that the coeffi-
cient for mediator centrality is 0.309, which passes
the significance test at a 1% level. It implies that
after adjusting for other variables, a country’s cen-
trality in the trade network considerably impacts its
technological growth. Specifically, as a country’s
intermeditor centrality increases, its technological
level also rises. While the level of R&D passes the
significance test at the 5% level, the levels of open-
ness, urbanization rate, and patent level fail at the
1% level. On the other hand, the levels of foreign
investment, industrial structure, and economic
development fail the test.

The empirical findings on the interconnection of
between BRI countries’ trade networks and tech-
nological advancement are presented in Table 8.
This research utilizes point intensity to illustrate
the connectivity of nations. The relationship
between point intensity and technological progress
is presented in Column 1, strictly controlling for
time-fixed and country-fixed effects. The results

Variable type Variable Abbreviation Variable Name Data source

Explained variables TFP; Total factor productivity Calculated

Core explanatory variables Cen;; centrality CEPIl database and calculated via Ucinet
Con; connectivity CEPIl database and calculated via Ucinet
Hete;; heterogeneity CEPII database and calculated via Ucinet

Control variables GDP;, level of economic development world bank database

FDI; Level of foreign direct investment
Structure of industries

Level of Openness

Level of Research and Development
Level of urbanization

PAT;; Level of patent

Trade freedom

STRU,
OPEN;,
R&D;,
URBAN,

Control variables

Moderator variable Tradefreedom;,

world bank database
world bank database
world bank database
world bank database
world bank database
world bank database
Index of World Economic Freedom
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Table 7. Trade network centrality test results on technological advancement.

1 2
Variables Total factor productivity Total factor productivity
centrality 0.3071*** 0.309***
(5.565) (4.383)
Level of foreign direct investment —0.00482
(—0.248)
Structure of industries 0.176
(1.582)
Level of Openness —0.139%**
(—3.810)
Level of Research and Development 5.147%*
(2.217)
Level of urbanization 0.227***
(2.739)
Level of patent —0.00260***
(—2.883)
Level of economic development 0.00259
(0.387)
national fixed effects YES YES
time fixed effects YES YES
Constant 1.032%** 1.024***
(203.1) (152.7)

Note: T-values are in parenthesis, and ***, ** and * denote significance at the 1%, 5%, and 10% levels,

respectively. The same as below.

Table 8. Test results of trade network connectivity on technological progress.

1 2
variables Total factor productivity Total factor productivity
connectivity 0.186%** 0.152**

-3.373 -2.397
Level of foreign direct investment —0.0053
(—0.268)
Structure of industries 0.209*
-1.807
Level of Openness —0.128%**
(—3.345)
Leve of Research and Development 5.434**
—2.228
Leve of urbanization 0.195%*
=23
Leve of patent —0.00303***
(—3.222)
Level of economic development 0.0140**
-2.293
country fixed effects YES YES
time fixed effects YES YES
Constant 1.027%** 1.027%**
—165.5 -137.2

demonstrate that point intensity passes the 1% sig-
nificance test. The coefficient value of point inten-
sity is 0.186, implying that point intensity positively
contributes to technological progress. The empiri-
cal findings are shown in Column 2 after adding
control variables. The effect of point intensity on
technological progress passes the 5% significance
test, and the regression coefficient is 0.152, indicat-
ing that point intensity can promote national tech-
nological progress. Among them, the level of
openness and patents passed the significance test
at the 1% level; the level of research and develop-
ment, urbanization rate, and economic

development passed the significance test at the 5%
level; the industrial structure passed the signifi-
cance test at the 10% level; and the level of foreign
investment failed the significance test.

This article employs the effective size index in
structural holes to measure trade network hetero-
geneity. Table 9 presents the findings from empiri-
cal tests on how trade network heterogeneity
influences technological advancement, with
Columns 1 and 2 controlling for country and time-
fixed effects. The results in Column 1 demonstrate
that, without the inclusion of control variables,
trade network heterogeneity is significant at the
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Table 9. Tests of trade network heterogeneity on technological progress.

1 2
variables Total factor productivity Total factor productivity
heterogeneity 1.161%** 1.182%**

(4.954) (3.956)
Level of foreign direct investment —0.00122
(—0.0625)
Structure of industries 0.179
(1.576)
Level of Openness —0.149%**
(-3.907)
Leve of Research and Development 4.363*
(1.812)
Leve of urbanization 0.214%**
(2.585)
Leve of patent —0.003017%***
(-3.272)
Level of economic development 0.00724
(1.147)
country fixed effects YES YES
time fixed effects YES YES
Constant 1.028*** 1.0271%**
(188.9) (147.7)

1% level, with a regression coefficient of 1.161. It
suggests that trade network heterogeneity facili-
tates technological advancement, enhancing
a nation’s ability to advance technologically. With
control variables added, the heterogeneity of trade
networks in column 2 still passes the significance
test at the 1% level. The empirical evidence’s
regression coefficient is 1.182, demonstrating that
the adequate size positively contributes to techno-
logical advancement. Of these, the degree of open-
ness, the rate of urbanization, and the number of
patents passed the significance test at the 1% level;
the degree of R&D passed the test at the 10% level;
however, the degree of foreign investment, the
industrial structure, and the level of economic
development failed the test.

Robustness check

This study tests the baseline hypothesis by substi-
tuting the main explanatory factors to assess the
strength of the empirical evidence. Specifically, it
substitutes eigenvector centrality for the centrality
index, meaning that a node’s importance increases
with its connections to other critical nodes. The
clustering coefficient is used to measure connectiv-
ity and responds to the proximity of network con-
nectivity. Additionally, the trade network’s
connectivity can be measured using this clustering
coefficient. The limiting system quantifies hetero-
geneity; the more open the trade network a node
covers, the lower the limiting system index in the
trade network. The empirical test revealed the

following results. The centrality passed the signifi-
cance test at the 10% level. The regression coeffi-
cient is positive, indicating that the more critical
the node’s neighbouring nodes are, the more it can
promote the technological progress of the altered
nodes. It implies that countries serving as ‘inter-
mediary’ or ‘bridge’ within trade networks promote
their home country’s technological progress. The
degree of connectedness also passes the signifi-
cance test at the 10% level, and the regression
coefficient is 0.0292 (p < 0.05). It suggests that the
more connected nations are, the more technologi-
cal spillover effects occurs, leading to greater tech-
nological development in neighbouring nations.
Heterogeneity passes the significance test at the
10% level, meaning that the more centralized
nations find it is easier to support one another,
which in turn fosters technological development
within developing nations. Table 10 illustrates
that the significance level of each core explanatory
variable matches the regression results of the base-
line hypothesis, and the signs of the regression
coefficients matches that of the regression model.
Consequently, the baseline hypothesis of this arti-
cle is robust.

Endogeneity test

To address potential endogeneity issues — specifi-
cally, the impact of trade network characteristics
among BRI countries on technological progress, as
well as the possibility that a nation’s technological
progress may, in turn, affect its trade network
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Table 10. Empirical results of robustness tests for replacing core explanatory variables.

1 2 3
variables Total factor productivity Total factor productivity Total factor productivity
centrality 0.0248*

(1.730)
connectivity 0.0292*
(1.762)
heterogeneity 0.311*
(1.877)
control variable YES YES YES
country fixed effects YES YES YES
time fixed effects YES YES YES
Constant 1.020%** 1.018%** 1.008***
(28.61) (28.26) (26.86)
R-squared 0.309 0.309 0.310

characteristics - this paper introduces lagged one-
period values of three indicators (centrality, con-
nectivity, and heterogeneity) as instrumental vari-
ables. Additionally, it employs a benchmark fixed-
effects model for endogeneity testing. The results of
these tests are presented in Table 11.

As shown in Table 11, the lagged one-period
value of centrality is significant at the 1% level,
the lagged one-period value of connectivity is sig-
nificant at the 10% level, and the lagged one-period
value of heterogeneity is significant at the 5% level.
Furthermore, the regression coefficients for all
three indicators are significantly positive, indicat-
ing that stronger centrality contributes to greater
enhancement of technological progress, connectiv-
ity positively influences technological advance-
ment, and a higher concentration of dispersion
among countries is beneficial for advancing tech-
nological progress across nations. Therefore, the
regression results incorporating instrumental vari-
ables are consistent with the original regression
model, suggesting that the benchmark empirical
results are free from endogeneity. This further vali-
dates the hypothesis that a country’s trade network

characteristics can significantly and positively pro-
mote improvements in its technological progress.

Heterogeneity analysis

Different countries or regions have varying
levels of economic development and other
aspects of the differences; therefore, this paper
will divide countries along the ‘Belt and Road’
route into upper-middle-income countries and
low-income countries, and separately test the
effects of centrality, connectedness, and hetero-
geneity on technological progress for these two
income categories of countries. Table 12 pre-
sents the findings. The fixed-effects model’s
findings for low- and upper-middle-income
nations in Table 12. According to this centrality
feature, both upper-middle-income countries
and low-income countries passed the signifi-
cance test at the 1% level. The regression coetfi-
cients for these countries are 1.005 and 0.709,
respectively, and the regression coefficient of
upper-middle-income countries is larger than
that of low-income countries. It could be
because upper-middle-income countries have

Table 11. Empirical test results of lagged one-period core explanatory variables.

1

2 3
Total Factor Productivity Total Factor Productivity

Variable Total Factor Productivity

Lagged one-period centrality 0.833%**
(3.682)

Lagged one-period connectivity

Lagged one-period heterogeneity

Control variables YES

Country fixed effects YES

Time fixed effects YES

Constant 1.060***
(17.74)

R-squared 0.284

0.336*
(1.712)
2.2371%*
(2.363)
YES YES
YES YES
YES YES
1.083%** 1.0771%%*
(18.10) (17.80)
0.273 0.276
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Table 12. Regression results of trade network characteristics on technological progress in countries with different income levels.

Upper middle-income countries

Low-income countries

(1) () (3) 4) 5) (6)
Total factor Total factor Total factor Total factor Total factor Total factor
variables productivity productivity productivity productivity productivity productivity
centrality 1.005%** 0.709***
(7.363) (4.459)
connectivity 0.345%** 0.371%**
(3.596) (3.804)
heterogeneity 2.502%** 2.379%**
(5.022) (4.968)
control variable YES YES YES YES YES
country fixed effects YES YES YES YES YES
time fixed effects YES YES YES YES YES
Constant 1.045%** 1.027*** 1.0371%** 1.017%** 1.004*** 1.010%**
(100.7) (86.35) (93.78) (78.77) (75.12) (79.09)

more economic development than low-income
countries and have a greater impact on their
immediate neighbours. Also, they have
a superior starting point for their technological
development, flawless infrastructure that makes
it easier for the nation to overcome technical
obstacles, and reorganized labour and soft
power reserves. In addition, upper-middle-
income nations are more numerous and dis-
persed geographically than low-income nations,
allowing their supply chain to span the whole
Belt and Road region and fostering more favour-
able conditions for reciprocal investments.
Regarding this connectivity characteristic, both
upper- and lower-middle-income nations pass the
significance test at the 1% level, and their regres-
sion coefficients are 0.345 and 0.371, respectively.
It suggests that the concentration of trade in both
high- and low-middle-income countries contri-
butes to the level of technological progress in
their home country. Along the trade network sys-
tem, it is more advantageous to absorb the current
level of technology and knowledge of other
nations when trade linkages are closer.
Additionally, the more room for advancement,
the more it may contribute to the technological
advancement of the home country. Regarding the
heterogeneity characteristics, both upper-middle-
income and low-income countries passed the sig-
nificance test at the 1% level. The regression coef-
ficients are 2.502 and 2.379, respectively,
suggesting that upper-middle-income countries
have a higher technological benchmark than low-
income countries and have contributed more sig-
nificantly to technological advancement.

Tests of the mechanism of trade liberalization

The term ‘trade liberalization’ refers to the trade
between two or more nations or regions by removing
tariffs and non-tariff trade barriers, allowing domes-
tically produced goods to access global markets and
benefit more. Consequently, this article chooses trade
freedom as the regulating variable and builds the
regulating model based on the two-way fixed effect
model, which si structured as follows:

TFP;; = B + B, nety; + f,netjortradefreedom;;
+ ﬁXit + (Si + U, + &t (5)

The letters i and t represent the country and
time, respectively. The explanatory variable is
technological development, as measured by
total factor productivity, denoted by TFPy. The
primary explanatory variable consists of trade
network properties, including centrality, connec-
tivity, and heterogeneity, denoted by net;. Trade
freedom is the moderating variable, represented
by the symbol tradefreedom;;, while Xj; stands
for the control variable. The individual and tem-
poral fixed effects are denoted by & and u,
respectively, while the random perturbation
term is denoted by &. The coefficients of each
are By~ B~ By~ and B,

Table 13 presents the empirical test results
examining the impact of trade liberalization on
this article’s baseline hypothesis. The first, third,
and fifth columns dispaly the empirical results
for centrality, connectedness, and heterogeneity,
respectively, consistent with the baseline
hypothesis. In contrast, the second, fourth, and
sixth columns present the results including the
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Table 13. Results of empirical tests of the impact of trade liberalization on the baseline hypothesis.

1 2 3 4 5 6
Total factor Total factor Total factor Total factor Total factor Total factor
Variables productivity productivity productivity productivity productivity productivity
centrality 0.295**
(2.149)
centrality* 0.0123%**
tradefeedom
(8.586)
connectivity 0.367**
(2.245)
connectivity* 0.0269%***
tradefeedom
(6.979)
heterogeneity 1.317*
(1.826)
heterogeneity* 0.0192%**
tradefeedom
(8.031)
control variable YES YES YES YES YES YES
country fixed effects YES YES YES YES YES YES
time fixed effects YES YES YES YES YES YES
Constant 1.055%** 1.035%** 1.055%** 1.006*** 1.055%** 1.059%**
(23.39) (111.9) (23.49) (124.6) (23.20) (132.7)
R-squared 0.337 0.361 0.337 0.367 0.336 0.358

interaction term of trade freedom. The interac-
tion term for centrality and freedom of trade is
significant in column 2 (p <0.01). In the fourth
column, the interaction term of connectedness
and freedom of trade is significant (p <0.05).
Similarly, in the sixth column, the interaction
term of heterogeneity and freedom of trade is
significant (p < 0.05). In terms of centrality, con-
nectedness, and heterogeneity, adding trade
freedom increases the significance of the empiri-
cal results, even though the coefficients may be
lower. The impact of these factors on technolo-
gical advancement is considerably amplified.
A country’s level of trade and global influence
is positively correlated with trade freedom.
Lower trade costs and increased trade volume
between nations facilitate more sophisticated
technology spillovers, which raises a nation’s or
region’s level of technological advancement and
enhances its position in the global value chain.
Trade liberalization lowers entry barriers and
cost of a nation’s trade, strengthening the
nodes’ core position within the network. This
expansion increases market size and trade
demand for network among these nodes,
thereby increasing the trade network’s influence
on technological advancement. In conclusion,
trade liberalization positively influences the
technical advancement of the BRI countries’
trade network.

VI. Conclusions and implications

This article utilizes Gravity database from the
CEPII database to conduct social network analysis,
establishing the trade networks of 64 countries
along the BRI between 2003 and 2019. The purpose
is to examine these trade networks and the relative
positions of each country within them, as well as to
investigate how trade network characteristics have
empirically affected technological progress. The
key findings of the study are as follows:

First, the density of the trade network is trending
upward, indicating a strengthening structure with
China emerging as a key player. The trade network
among countries involved in the BRI has grown
increasingly strong over time, with trade ties conti-
nually strengthening. In the context of the BRI, China
and the countries along the routes need to maintain
close trade relations and expand their trade coopera-
tion. Second, technological advancement is signifi-
cantly facilitated by centrality, connection, and
heterogeneity. Third, different countries have varying
levels of economic development, which significantly
impact their technological progress differently.
Finally, by analysing the significant effects of trade
liberalization on technological advancement through
the trade networks of countries along the BRI the
findings indicate that the higher a country or region’s
trade level, the greater its global influence and the
higher its degree of trade freedom. Additionally, trade
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freedom positively affects the enhancement of tech-
nological capabilities within the trade networks of
countries along the ‘Belt and Road’.

The findings provide valuable guidance for
nations in developing international trade policies.
Governments should continue adapting trade net-
works and enhance key nodes in the network to
foster stronger economic relationships among the
BRI nations. It includes expanding trade coopera-
tion through policies such as establishing free trade
union with partner countries. From a connectivity
perspective, policy makers should eliminate bar-
riers within the BRI countries’ trade network and
improve inter-country connection. Regarding het-
erogeneity, it is critical for developing countries to
diversify trade partners and reduce trade risks.
Policymakers should also implement trade liberal-
ization policies, supporting negotiations for free
trade agreement, expanding trade and investment
freedom, and fostering closer integration of the
regional economies and trade. Furthermore, devel-
oped countries should promote digitalization and
enhance high-skilled training to attract quality for-
eign investment. It would foster trade liberalization
and support the proposals of M. Y. Zhang and
Wang (2023) to establish a digital service trade
platform using digital technology. Concurrently,
developing nations need to refine their value chains
and encourage export diversification to support the
growth of trade liberalization. Finally, it is crucial
for government to work on achieving trade bal-
ance. States should coordinate to maximize the
benefits for the BRI countries, establish dialogue
mechanisms for equitable and mutually beneficial
outcomes, and strengthen infrastructural ties to
boost the trade network’s development.
Additionally, nations should coordinate their
trade links, reduce trade gaps, build trade routes,
and enhance infrastructure links to encourage the
expansion of the trade network while better sup-
porting each nation’s technological advancement,
as proposed by Lin et al. (2024).

This paper uses social network analysis to quan-
tify the characteristics of national trade networks.
The processing methods employed are relatively
simplified, and future work would benefit from
a more comprehensive evaluation of these

methods. Additionally, this study uses total factor
productivity as the indicator for measuring tech-
nological progress, while the capital input factor is
assessed through the capital stock data from the
Penn World Table, published by the University of
Pennsylvania. However, due to delays in data
release, this data is only current up to 2019. As
the Penn World Table continues to be updated in
the future, research on technological progress in
countries along the BRI can be further enhanced.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The work was supported by the Zhejiang Provincial
Philosophy and Social Science Major Research Foundation
Wenzhounese Economics Research Institute and the Major
Program of National Fund of Philosophy and Social Science of
China [24&ZD286].

References

An, H. Z., W. Q. Zhong, Y. R. Chen, J. H. Li, and X. Y. Gao.
2014. “Features and Evolution of International Crude Oil
Trade Relationships: A Trading-Based Network Analysis.”
Energy 39 (74): 254-259. https://doi.org/10.1016/j.energy.
2014.06.095.

Burt, R. S., and R. S. Burt. 1992. “Structural Holes: The Social
Structure of Competition.” Economic Journal 104 (424):
685-686. https://doi.org/10.2307/2234645.

Chen, J. J. 2023. “Research on the Impact of Trade Network
Centrality on Embodied Energy in Imports.” Zhejiang
Gongshang University. https://doi.org/10.27462/d.cnki.
ghzhc.2021.001057. (Chinese version.

Chen, Q. F,, and Z. B. Liu. 2015. “Imported Services Trade,
Technology Spillovers and Total Factor Productivity-An
Empirical Analysis Based on Bilateral Services Trade Data
of 47 Countries.” World Economy Letters 1 (05): 1-21.
http://sjjjwh.magtech.com.cn/CN/Y2015/V01/105/1
(Chinese version).

Cheng, Z. H., and M. Feng. 2017. “Spatial-Temporal Variation
Characteristics and Trade Pattern of the World Cotton
Trade Network Based on the Dynamic Complex
Network.” International Economic and Trade Exploration
33 (10): 36-50. https://doi.org/10.13687/j.cnki.gjjmts.
(Chinese version). version.

Ferrier, G. D., J. Reyes, and Z. Zhu. 2016. “Technology
Diffusion on the International Trade Network.” Journal of


https://doi.org/10.1016/j.energy.2014.06.095
https://doi.org/10.1016/j.energy.2014.06.095
https://doi.org/10.2307/2234645
https://doi.org/10.27462/d.cnki.ghzhc.2021.001057
https://doi.org/10.27462/d.cnki.ghzhc.2021.001057
http://sjjjwh.magtech.com.cn/CN/Y2015/V01/I05/1
https://doi.org/10.13687/j.cnki.gjjmts

Public Economic Theory 18 (2): 291-312. https://doi.org/10.
1111/jpet.12186.

Granovetter, M. S. 1973. “The Strength of Weak Ties.” The
American Journal of Sociology 78 (6): 1360-1380. https://
doi.org/10.1086/225469.

Hirsch, S., and L. Bijaoui. 1985. “R&D Intensity and Export
Performance: A Micro View.” Weltwirtschaftliches Archiv
121 (2): 238-251. https://doi.org/10.1007/BF02705822.

Hou, C. G, D. B. Du, C. L. Liu, Q. C. Guij, S. F. Liu, and
X. H. Qin. 2020. “Spatio-Temporal Evolution and Factors
Influencing International Student Mobility Networks in the
World.” The Journal of Geography 75 (4): 681-694. https://
doi.org/10.11821/dIxb202004002.(Chinese. version.

Hou, F. M, J. X. Xiao, F. ]. Zhang, H. Xiao, and Y. Cheng. 2022.
“The Impact of Global Trade Networks on the Division of
Labor in Value Chains—Based on Wood Forest Products
Perspective.” Forestry Economics 44 (6): 50-64. https://doi.
org/10.13843/j.cnki.lyjj.20220718.001. (Chinese version).

Ji, G.]., H. L. Zhong, H. L. F. Nzudie, P. Wang, and P. P. Tian.
2024. “The Structure, Dynamics, and Vulnerability of the
Global Food Trade Network.” Journal of Cleaner
Production 434:140439. https://doi.org/10.1016/j.jclepro.
2023.140439.

Ji, Q., H. Y. Zhang, and Y. Fan. 2014. “Identification of Global
Oil Trade Patterns: An Empirical Research Based on
Complex Network Theory.” Energy Conversion and
Management 35 (85): 856-865. https://doi.org/10.1016/j.
enconman.2013.12.072.

Kelly, M. 2009. “Technological Progress Under Learning by
Imitation.” International Economic Review 50 (2): 397-414.
https://doi.org/10.1111/j.1468-2354.2009.00534 x.

Lee, K., K. Choo, and M. Yoon. 2016. “Comparing the
Productivity Impacts of Knowledge Spillovers from
Network and Arm’s Length Industries: Findings from
Business Groups in Korea.” Industrial and Corporate
Change 25 (3): 407-427. https://doi.org/10.1093/icc/dtv036.

Li, J. M., X. C. Dong, Q. Z. Jiang, K. Y. Dong, and G. X. Liu.
2021. “Natural Gas Trade Network of Countries and
Regions Along the Belt and Road: Where to Go in the
Future?” Resources Policy 71:101981. https://doi.org/10.
1016/j.resourpol.2020.101981.

Lin, L., X. Q. Lan, X. T. Xu, and L. Wang. 2024. “Does the
Service Trade Network Impact
Complexity of Exports? —— New Perspective Based on
Social Network Approach.” Asia-Pacific Journal of
Accounting & Economics: 1-23. https://doi.org/10.1080/
16081625.2024.2425842.

Liu, J. S. 2016. “Evolution of World Natural Gas Trade Pattern
Based on Social Network Analysis.” Economic Geography
36 (12): 89-95. https://doi.org/10.15957/j.cnki.jjdl.2016.12.
013. (Chinese version).

Liu, Q. Y. Liu, and J. Zhang. 2022. “The Tourism Service
Trade Network: Statistics from China and ASEAN

on Technological

APPLIED ECONOMICS 17

Countries.” Sustainability 14 (16): 9950. https://doi.org/
10.3390/5u14169950.

Lv, Y. F, R. N. Fang, and D. Wang. 2021. “Topological
Characteristics and Influence Mechanism of Global
Digital Service Trade Network.” Research on Quantitative
and Technical Economics 38 (10): 128-147. https://doi.org/
10.13653/j.cnki.jqte.2021.10.007. (Chinese version).

Ma, S. Z., W. W. Ren, and G. J. Wu. 2016. “Characteristics of
a Country’s Agricultural Trade Network and Its Impact on
the Division of Labor in the Global Value Chain-Based on
the Perspective of Social Network Analysis.” Journal of
Management World 32 (3): 60-72. https://doi.org/10.
19744/j.cnki.11-1235/£.2016.03.006. (Chinese version).

Qiu, Y., and D. Huang. 2021. “The Structural Characteristics
of Trade Networks Along the ‘Belt and Road” and Their
Impacts on Technological Progress——An Study Based on
Social Network Analysis.” Economic Theory and Business
Management 41 (6): 66-80. http://jjll.ruc.edu.cn/EN/
Y2021/V41/16/66. (Chinese version).

Shutters, S. T., and R. Muneepeerakul. 2012. “Agricultural
Trade Networks and Patterns of Economic Development.”
PLOS ONE 7 (7): €39756. https://doi.org/10.1371/journal.
pone.0039756.

Su, T. T, and C. X. Li. 2024. “Evolutionary Characteristics of
Global Livestock Product Trade Network and Its
Implications for China.” Chinese Journal of Agricultural
Resources and Regional Planning: 1-17. http://kns.cnki.
net/kcms/detail/11.3513.5.20231219.1717.014.html.
(Chinese version).

Wang, J., and X. H. Huang. 2012. “Export Effect of Innovation in
the Transnational Outsourcing: An Empirical Study Based on
the Survey Data of Manufacturing Enterprises in Zhejiang
Province.” Journal of International Trade 10:105-114.
https://doi.org/10.13510/j.cnki jit.2012.10.009.  (Chinese
version).

Wang, L., S. G. Liu, P. L. Duan, and P. Yin. 2019. “Network
Structure of Agricultural Product Trade in Countries of the
Silk Road Economic Belt.” Economic Geography 39 (9):
198-206. https://doi.org/10.15957/j.cnki.jjd1.2019.09.024.
(Chinese version).

Xin, N. 2021. Research on the Status and Upgrading of Chinese
High Technology Manufacturing Industry in the Global
Trade Network. Jiangxi University of Finance and
Economics. https://doi.org/10.27175/d.cnki.gjxcu.2019.
000240. (Chinese version).

Yang, X., H. Z. An, and X. Y. Gao. 2012. “Structural Features
of Global Gas Trading Relationship Network Based on
Complex Network Theory.” Resources and Industry
14 (2): 81-87. https://doi.org/10.13776/j.cnki.resourcesin
dustries.2012.02.019. (Chinese version).

You, Y. Y., H. R. Yang, and J. E. Wang. 2020. “The Structure
Evolution of China’s Urban Networks from the Perspective of
HSR Flows.” World Geography Research 29 (4): 773-780.


https://doi.org/10.1111/jpet.12186
https://doi.org/10.1111/jpet.12186
https://doi.org/10.1086/225469
https://doi.org/10.1086/225469
https://doi.org/10.1007/BF02705822
https://doi.org/10.11821/dlxb202004002.(Chinese
https://doi.org/10.11821/dlxb202004002.(Chinese
https://doi.org/10.13843/j.cnki.lyjj.20220718.001
https://doi.org/10.13843/j.cnki.lyjj.20220718.001
https://doi.org/10.1016/j.jclepro.2023.140439
https://doi.org/10.1016/j.jclepro.2023.140439
https://doi.org/10.1016/j.enconman.2013.12.072
https://doi.org/10.1016/j.enconman.2013.12.072
https://doi.org/10.1111/j.1468-2354.2009.00534.x
https://doi.org/10.1111/j.1468-2354.2009.00534.x
https://doi.org/10.1093/icc/dtv036
https://doi.org/10.1016/j.resourpol.2020.101981
https://doi.org/10.1016/j.resourpol.2020.101981
https://doi.org/10.1080/16081625.2024.2425842
https://doi.org/10.1080/16081625.2024.2425842
https://doi.org/10.15957/j.cnki.jjdl.2016.12.013
https://doi.org/10.15957/j.cnki.jjdl.2016.12.013
https://doi.org/10.3390/su14169950
https://doi.org/10.3390/su14169950
https://doi.org/10.13653/j.cnki.jqte.2021.10.007
https://doi.org/10.13653/j.cnki.jqte.2021.10.007
https://doi.org/10.19744/j.cnki.11-1235/f.2016.03.006
https://doi.org/10.19744/j.cnki.11-1235/f.2016.03.006
http://jjll.ruc.edu.cn/EN/Y2021/V41/I6/66
http://jjll.ruc.edu.cn/EN/Y2021/V41/I6/66
https://doi.org/10.1371/journal.pone.0039756
https://doi.org/10.1371/journal.pone.0039756
http://kns.cnki.net/kcms/detail/11.3513.S.20231219.1717.014.html
http://kns.cnki.net/kcms/detail/11.3513.S.20231219.1717.014.html
https://doi.org/10.13510/j.cnki.jit.2012.10.009
https://doi.org/10.13510/j.cnki.jit.2012.10.009
https://doi.org/10.15957/j.cnki.jjdl.2019.09.024
https://doi.org/10.27175/d.cnki.gjxcu.2019.000240
https://doi.org/10.27175/d.cnki.gjxcu.2019.000240
https://doi.org/10.13776/j.cnki.resourcesindustries.2012.02.019
https://doi.org/10.13776/j.cnki.resourcesindustries.2012.02.019
https://doi.org/10.3969/j.issn.1004-9479.2020.04.2019025

18 L. LIN ET AL.

https://doi.org/10.3969/j.issn.1004-9479.2020.04.2019025. Trade in China’s High-Tech Segment Industry.” Science

(Chinese version). and Technology Management Research 40 (17): 118-123.
Zhang, M. Y., and Y. Y. Wang. 2023. “Research on the https://doi.org/10.3969/].issn.1000-7695.2020.17.017.

Threshold Effect of Heterogeneous Technolog-Ical (Chinese version).

Innovation on the Export Competitiveness of Digital Zhao, B. W.,and Y. Wang. 2013. “How Does “The Belt and Road”

Trade.” Prices Monthly 1:52-58. https://doi.org/10.14076/]. Initiative Affect Trade—An Empirical Study Based on

issn.1006-2025.2023.01.08. (Chinese version). Difference-In-Differences Method with City-Level Panel
Zhang, Z. Q., and X. Zhang. 2020. “Research on the Data.” Journal of International Trade 49 (10): 53-70. https://

Heterogeneity of the Development Efficiency of Export doi.org/10.1080/16081625.2024.2425842. (Chinese version).


https://doi.org/10.3969/j.issn.1004-9479.2020.04.2019025
https://doi.org/10.14076/j.issn.1006-2025.2023.01.08
https://doi.org/10.14076/j.issn.1006-2025.2023.01.08
https://doi.org/10.3969/j.issn.1000-7695.2020.17.017
https://doi.org/10.3969/j.issn.1000-7695.2020.17.017
https://doi.org/10.1080/16081625.2024.2425842
https://doi.org/10.1080/16081625.2024.2425842

	Abstract
	I. Introduction
	II. Literature review
	III. Impact mechanisms and research hypotheses
	The characteristics of trade network characteristics and technological progress
	Mechanisms of trade liberalization

	IV. Establishing and characterizing trade network
	Construction of countries among BRI trade network
	Characterization of countries along the BRI trade network
	Analysis of the centrality of the trade network in the BRI countries
	Analysis of the connectivity of trade networks in Belt and Road countries
	Analysis of the heterogeneity of trade networks in BRI countries


	V. An empirical study of the effect of trade network characteristics on technological progress
	Sources of data
	The setting of the model
	Interpretation and explanation of variables
	Explained variables
	Core explanatory variables
	Control variables
	Moderator variable

	Analysis of empirical results
	Benchmark regression analysis
	Robustness check
	Endogeneity test
	Heterogeneity analysis
	Tests of the mechanism of trade liberalization


	VI. Conclusions and implications
	Disclosure statement
	Funding
	References

