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ABSTRACT 
Objective. We examined the development of scientific collaboration in artificial intelligence (AI) be-
tween Central Asian countries and the European Union (EU) across three time periods (2000-2009, 
2010‑2016, and 2017-2024).
Design/Methodology/Approach. We conducted a bibliometric analysis using OpenAlex as the data 
source. We developed the search strategy to find scientific works published by authors affiliated with 
institutions in Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan) in the 
field of AI.
Results/Discussion. During the first period (2000-2009), the scientific collaboration network in the AI 
field shows an emerging structure. In the second period (2010-2016), the network experienced a signif-
icant expansion in both the number of participants and the density of connections. Scientific collabo-
ration became more organized and widespread, with increased diversity of European countries collab-
orating with those in Central Asia. During the period 2017-2024, the collaboration network reached an 
unprecedented level of maturity and diversification. The structure of the network exhibited a substantial 
rise in the number of links and overall density, along with greater interconnectedness between European 
and Central Asian countries.
Conclusions. The analysis shows that AI collaboration between the EU and Central Asia has grown from 
early connections to a broader, more diverse network, with a steady rise in country involvement and 
relationship density. Kazakhstan remains a key and steady regional bridge to Europe, while Uzbekistan 
and Tajikistan have experienced consistent growth in their integration.
Keywords: artificial intelligence; European Union; Central Asia; country collaboration; bibliometric anal-
ysis; digital transformation.
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1. INTRODUCTION

A rtificial intelligence (AI) is deeply em-
bedded in our daily lives. It is increasingly 

used by citizens for tasks ranging from the sim-
plest to the most complex. For this reason, gov-
ernments are implementing projects, agendas, 
and regulations with a view not only to estab-
lishing legal frameworks but also to making use 
of AI to improve the quality of life of citizens.

In the case of Central Asian countries, re-
cent analyses of their digitization efforts re-
veal that, although all nations in the region are 
implementing strategies to promote a digital 
economy and digital government as routes to 
sustainable growth, common structural chal-
lenges persist. These include inadequate leg-
islative frameworks for digital security, limit-
ed internet coverage and speed, a shortage of 
skilled professionals, low levels of digital lit-
eracy, and insufficient regional collaboration. 
Moreover, the pace of digital transformation 
varies: while Kazakhstan, Uzbekistan, and 
Kyrgyzstan advance more quickly, Turkmeni-
stan and Tajikistan are still in the early stages. 
The lack of effective policies to reduce the dig-
ital divide, enhance human capital, and boost 
investment in infrastructure and AI could 
worsen inequalities and hinder opportunities 
for inclusive economic and social development 
in the region (Kurmangali, Yeraliyeva & Beimi-
sheva, 2024).

Younas (2020) offers a relevant overview of 
the progress of AI project implementation in 
these Central Asian countries. For example, in 
Kazakhstan, the modernization plan launched 
in 2017 included AI as a key component, encour-
aging its adoption alongside automation, robot-
ics, and big data. In Tajikistan, the non-profit 
organization TajRupt established TajRupt.
AI, the country’s first AI research center, with 
programs in education, applied research, and 
technology entrepreneurship. Although Turk-
menistan does not have a dedicated AI policy, 
it has participated in international forums and 
has an advanced intellectual property system, 
along with private sector-led projects. Kyrgyz-
stan has developed the Taza Koom 2040 initia-
tive and the “Digital Kyrgyzstan 2019-2023” 
strategy, complemented by events like the “AI 
for Government” hackathon and internation-
al digital transformation conferences. Finally, 

in Uzbekistan, the 2018 Presidential Decree 
set the stage for integrating AI, blockchain, 
and supercomputing, with a recent draft of a 
national AI strategy (2021-2022) proposing a 
national research center and enhanced STEM 
education.

The fact that these countries have initiatives 
that are incipient, under implementation, or 
perhaps in the consolidation stage indirectly 
shows that the role of research is essential. It 
is not only a matter of producing local scientif-
ic literature on the subject, but also of estab-
lishing collaborative partnerships to attract 
experiences from other contexts and promote 
regional and local innovation. According to a 
study by Dwivedi & Elluri (2024), recent re-
search on generative AI shows that, although 
this technology is still in its infancy, its appli-
cations have aroused considerable academic, 
media, and political interest. These authors 
identified two major themes in scientific pro-
duction over the last decade: technical advanc-
es and developments in generative AI systems, 
and their applications in image processing, 
pattern recognition, and computer vision, with 
emerging topics such as ChatGPT, large-scale 
language models, and their use in health and 
education, as well as explorations in geoscienc-
es, remote sensing, the Internet of Things, and 
cybersecurity.

Another significant finding was from Singh 
et al. (2024), who conducted a bibliometric 
study on AI applied to the Sustainable Devel-
opment Goals (AI4SDG). These authors identi-
fied the United States, Western Europe, China, 
Japan, Australia, and India as the most active 
regions and countries. The analysis of country 
collaboration networks showed that the United 
States, the United Kingdom, and China form 
the closest core of cooperation, followed by 
strong links between the US and Canada, the 
UK and Germany, and Australia and China. 
They also observed that most European coun-
tries maintain close collaborative ties with each 
other in this field, reflecting both geographical 
proximity and thematic affinity in knowledge 
and technology transfer.

These results resemble those obtained by 
Gao et al. (2021), who, after mapping scientific 
collaboration in AI from 2008 to 2018, found 
that China, the United States, the United King-
dom, and Australia play central roles in the 
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co-authorship network, with the China-Unit-
ed States partnership being the most prom-
inent. The United States collaborates closely 
with several key partners, including the Unit-
ed Kingdom, Singapore, Australia, Germany, 
and Canada. This study revealed clear partner 
preferences: India, France, Germany, Italy, 
and South Korea tend to work with the United 
States, while the United Kingdom, Australia, 
Canada, Singapore, Saudi Arabia, and Japan 
have more co-authorship ties with China, re-
flecting different strategic alliances in global AI 
research production.

The bibliometric study of AI publications 
indexed in SCI-Expanded from 1991 to 2018, 
which reviewed 13,099 articles from 119 coun-
tries, found that 80% represented national out-
put and 20% involved international collabora-
tions. The United States led in both production 
and citation metrics, followed by China. The 
United Kingdom ranked second in internation-
al collaboration and average citations, while 
China experienced rapid growth during the last 
three years of the studied period. Among the 
countries showing the most recent momentum, 
India and Iran, despite ranking lower globally, 
rose to fourth and fifth place respectively in 
terms of annual publication volume in 2018. 
This indicates a geographical expansion of AI 
research toward emerging economies.

Meanwhile, the analysis of scientific collab-
oration networks in AI conducted by Hu, Wang 
& Deng (2020) showed that the United States, 
China, the United Kingdom, and Germany hold 
central roles, with particularly strong links be-
tween the United States and China. There are 
also notable collaborations between the Unit-
ed States and the United Kingdom, as well as 
between China and Germany. Most European 
countries frequently connect with each other, 
while Asian nations like Japan, South Korea, 
and Singapore tend to cooperate more with 
specific partners in Europe and North Amer-
ica. These findings indicate that, although AI 
research is global, international collaboration 
mainly occurs among a small group of coun-
tries with high capacity for producing and shar-
ing technological knowledge.

Using bibliometric methods, which are ideal 
for describing research patterns based on scien-
tific literature, many studies have examined AI 
research across various fields and sectors such 

as anesthesiology (Xie et al., 2024), entrepre-
neurship (Siddiqui, Mumtaz, & Ahmad, 2024), 
economics (Jrad, 2023), finance (Goodell et al., 
2021; Bahoo et al., 2024), medicine (Frasca et 
al., 2024), digital marketing (Nalbant & Aydin, 
2025), aviation (Lopes, Aparicio & Neves, 
2025), neurosurgery (El-Hajj et al., 2023), agri-
culture (Bhagat, Naz, & Magda, 2022), dentist-
ry (Xie et al., 2024), and the maritime industry 
(Munim et al., 2020), among others. However, 
in this article, we analyze the evolution of scien-
tific collaboration in AI between Central Asian 
countries and those of the European Union 
(EU) across three time periods (2000-2009, 
2010-2016, and 2017-2024). Through this anal-
ysis, we will identify patterns, key players, and 
changes in these collaboration networks. Along 
these lines, we will attempt to answer the fol-
lowing research questions: 

1.	 How has scientific production in AI in Cen-
tral Asian countries evolved in collaboration 
with EU countries over the three periods 
analyzed?

2.	Which countries occupy central positions in 
co-authorship networks, and how has their 
relevance varied between periods?

3.	What changes can be observed in the densi-
ty and structure of collaboration networks 
between the EU and Central Asia in the field 
of AI?

2. METHODOLOGY

We performed a bibliometric analysis focused 
on scientific collaboration networks. The goal 
was to explore how interactions between the 
EU and Central Asian countries in the field of 
AI have changed over time. To collect and ana-
lyze data, we used the open database OpenAlex, 
which provides extensive coverage of scientific 
publications and allows retrieval of metadata 
for bibliometric studies.

We developed the search strategy to identify 
scientific works published by authors affiliated 
with institutions in Central Asia (Kazakhstan, 
Kyrgyzstan, Tajikistan, Turkmenistan, and Uz-
bekistan) in the field of AI. To do this, we used 
the subfield identifier subfields/1702 (Artificial 
Intelligence) and filtered the documents by 
type. We only included articles, book chapters, 
and reviews to focus on the most significant 
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academic contributions. Regarding the time-
frame, we divided the analysis into three pe-
riods, which allowed us to observe structural 
changes in collaboration over more than two 
decades: period 1 (2000-2009), period 2 (2010-
2016), and period 3 (2017-2024).

Each query to the OpenAlex API was formu-
lated independently for each period, incorporat-
ing filters for country, year range, and document 
type. The complete data retrieved was then pro-
cessed to include all relevant nodes and links 
in the network analysis. Once we extracted the 
metadata from the publications, we identified 
co-authorship relationships at the country level, 
considering as a collaborative link the joint pres-
ence of at least one author from a Central Asian 
country and one from an EU country in the 
same publication. The information from these 
interactions was structured in a table format of 
edges and nodes, which served as input for the 
construction and analysis of the networks.

We conducted visualization and analysis of 
the collaboration network using Gephi. In this 
software, we utilized network analysis metrics 
such as degree (number of direct connections 
per node), weighted degree (intensity of con-
nections based on collaborations), PageRank 
(relevance of a node based on the importance 

of its connections), and betweenness centrality 
(the ability of a node to serve as an intermedi-
ary in the network). These metrics helped us 
identify not only the density and centrality of 
countries but also their relative role in overall 
network connectivity and how their influence 
evolved over time. The data analysis concen-
trated on highlighting EU-Central Asia inter-
actions, excluding links with countries from 
other regions for comparative purposes.

3. RESULTS

3.1. Central Asia-EU scientific collaboration: 
first period (2000-2009)

During the first period analyzed (2000-2009), 
the scientific collaboration network in AI shows 
an initial, still developing structure, with 
sparsely connected nodes and a centralized 
distribution in a few countries that serve as 
collaboration hubs (Figure 1). Within the data 
set analyzed, only eight EU countries are iden-
tified (Bulgaria, the Czech Republic, Finland, 
France, Germany, Greece, Italy, and Poland) 
along with five Central Asian countries (Ka-
zakhstan, Uzbekistan, Kyrgyzstan, Tajikistan, 
and Turkmenistan).

Figure 1. Central Asia-EU scientific collaboration network 
during the first period (2000-2009).
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The level of collaboration between coun-
tries in both regions was limited at this stage, 
reflecting the uneven development of scientific 
capabilities and the weak institutionalization of 
bilateral or multilateral mechanisms for scien-
tific cooperation in AI. Germany, France, and 
Italy served as the main sources of collabora-
tion (outdegree ≥ 2), acting as active nodes that 
established publication links with various coun-
tries, including some in Central Asia. Mean-
while, Central Asian countries mainly played a 
receptive or peripheral role, with no nodes ex-
hibiting prominent centrality and very low out-
degree and weighted degree values. Kazakhstan 
was the Central Asian country with the highest 
relative involvement in the network, although it 
still had limited connections and lacked signif-
icant betweenness centrality indicators. Never-
theless, its presence during this period laid the 
groundwork for future growth in the coming 
decades. Additionally, it was observed that, de-
spite the overall low clustering, some European 
countries formed links with more than one Cen-
tral Asian country simultaneously.

In terms of prestige metrics like PageRank, 
EU countries led the network, highlighting 
their central role in scientific collaboration. No 

Central Asian countries showed relevant indi-
cators in these metrics during this period, em-
phasizing their marginal role in this early stage 
of the collaboration network.

3.2. Central Asia-EU scientific collaboration: 
Second period (2010-2016)

During the second period (2010-2016), the 
scientific collaboration network experienced 
a significant expansion in both the number of 
participants and the density of connections 
(Figure 2). We identified 15 EU countries and 
five Central Asian countries actively involved 
in the network, showing notable growth com-
pared to the previous period. At this stage, sci-
entific collaboration became more organized 
and widespread, with increased diversifica-
tion among European countries engaging with 
those in Central Asia. Countries such as Ger-
many, France, Italy, Poland, and Spain solidi-
fied their roles as central nodes, distinguished 
by a high degree and page rank. These coun-
tries not only maintained high scientific out-
put but also broadened their collaborative net-
works, establishing multiple links with authors 
and institutions in Central Asia.

Figure 2. Central Asia-EU scientific collaboration network 
during the second period (2010-2016).



6 Iberoamerican Journal of Science Measurement and CommunicationVol. 5, No. 4, 2025, 1-10. DOI: 10.47909/ijsmc.277

ORIGINAL ARTICLEAlyona Dmitriyeva et al.

On the Central Asian side, Kazakhstan con-
tinued to lead in terms of integration and vis-
ibility within the collaborative network, fol-
lowed by Uzbekistan and Tajikistan, which 
showed growth in their indicators of centrality 
and influence within the network. Although 
Central Asian countries still occupy peripher-
al positions in terms of betweenness centrality, 
we observe increased interregional connectivi-
ty, indicating ongoing institutional strengthen-
ing. The network also shows a slight increase in 
clustering, suggesting a trend toward forming 
more stable collaborative subgroups with mul-
tiple connections. This increased cohesion may 
be related to emerging thematic networks or 
educational cooperation in the context of tech-
nological innovation and digital development.

3.3. Central Asia-EU scientific collaboration 
during the third period (2017-2024)

In the most recent period (2017-2024), the sci-
entific collaboration network reached an un-
precedented level of maturity and diversifica-
tion (Figure 3). Twenty-four EU countries and 
five Central Asian countries were identified 
as participants in the network, representing 
the widest coverage across the three periods 

analyzed. The network structure shows a sig-
nificant increase in the number of connections 
and overall density, along with greater inter-
connection between European and Central 
Asian countries. Germany, France, Italy, Spain, 
Poland, and the Netherlands continue to hold 
key positions in terms of degree and page rank, 
confirming their roles as leaders in scientif-
ic cooperation and key nodes for knowledge 
sharing. Additionally, other EU countries, such 
as Austria, Bulgaria, and Finland, have in-
creased their importance in connectivity mea-
sures, expanding the geographical diversity of 
collaboration.

In Central Asia, Kazakhstan strengthens 
its role as a key scientific partner of the EU, 
achieving higher weighted scores and con-
nectivity compared to previous periods and 
forming denser links with multiple European 
countries. Uzbekistan and Tajikistan continue 
to show steady growth in their integration met-
rics, while Kyrgyzstan and Turkmenistan, with 
lesser relative influence, maintain a consistent 
presence in the network. Average clustering 
has increased from earlier periods, indicating 
the development of more cohesive collaborative 
communities, possibly focused on specific AI 
themes.

Figure 3. Central Asia-EU scientific collaboration network 
during the third period (2017-2024).
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Region Country Degree 
2000-2009

PageRank 
2000-2009

Degree 
2010-2016

PageRank 
2010-2016

Degree 
2017-2024

PageRank 
2017-2024

Central 
Asia

Kazakhstan 4.0 0.105156 11.0 0.124759 24.0 0.088889
Kyrgyzstan 1.0 0.042136 4.0 0.036984 4.0 0.029138
Tajikistan 7.0 0.188645 5.0 0.118993 10.0 0.125595

Turkmenistan 1.0 0.054063 2.0 0.042744 1.0 0.014316
Uzbekistan 4.0 0.140937 5.0 0.084796 15.0 0.234588

UE

Austria 2.0 0.025821 5.0 0.014316
Belgium 1.0 0.025821 1.0 0.014316
Bulgaria 1.0 0.042136 5.0 0.014316
Croatia 3.0 0.01675
Cyprus 2.0 0.025821
Czechia 1.0 0.042136 3.0 0.025821 6.0 0.01675

Denmark 1.0 0.025821 3.0 0.01675
Estonia 1.0 0.014316
Finland 1.0 0.042136 2.0 0.014316
France 2.0 0.042136 2.0 0.025821 4.0 0.020401

Germany 3.0 0.042136 7.0 0.036793 10.0 0.026718
Greece 1.0 0.042136 1.0 0.025821 1.0 0.014316

Hungary 2.0 0.014316
Italy 4.0 0.054063 8.0 0.042005 3.0 0.014316

Latvia 1.0 0.025821 3.0 0.020612
Lithuania 2.0 0.020612

Luxembourg 3.0 0.052702
Malta 1.0 0.020612

Netherlands 1.0 0.05234 2.0 0.023856
Poland 3.0 0.042136 2.0 0.057552 7.0 0.037467

Portugal 1.0 0.020612
Romania 1.0 0.05234 3.0 0.029368
Slovakia 2.0 0.033135 4.0 0.045285
Slovenia 1.0 0.014316

Spain 4.0 0.058291 4.0 0.024669
Sweden 3.0 0.023856

Table 1. Data derived from social network analysis of the maps for the three periods.

4. DISCUSSION

The longitudinal analysis of scientific collabo-
ration in AI between EU countries and Central 
Asia shows patterns that, although developing 
within a specific geographical and thematic 
context, share certain similarities with global 
trends identified in previous studies. In the first 
period analyzed, collaboration was marked by 
the involvement of a limited number of coun-
tries, with Kazakhstan serving as the main 
central partner in Central Asia and EU scientif-
ic leaders like Germany, France, and the Unit-
ed Kingdom. This initial setup, although less 

dense than the global networks described in 
the literature, already indicated the presence of 
strategic nodes that act as bridges between the 
two regions.

Compared to global studies, such as the one 
by Singh et al. (2024), which identified the 
United States, China, and the United Kingdom 
as the closest core of cooperation in AI4SDG, 
our analysis shows that, in the specific case of 
EU-Central Asia collaboration, alliances are 
more concentrated in European countries with 
high research capacity and a tradition of inter-
national cooperation, while the role of Central 
Asia is unevenly distributed, with Kazakhstan 
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and Uzbekistan as the main actors. This differ-
ence is probably due to the lower critical mass of 
scientific production in AI in the Central Asian 
region, compared to the large global hubs.

During the second period, there was an in-
crease in network density and diversification 
of links, with more countries from both the EU 
and Central Asia being included (see Table 1). 
This trend mirrors the findings of Gao et al. 
(2021), who reported that global collaboration 
in AI between 2008 and 2018 saw the forma-
tion of distinct strategic alliances, such as Chi-
na-United States and United Kingdom-Austra-
lia, with clear partner preferences. In our case, 
although the volume of publications and the 
diversity of partners are more limited, a cer-
tain preference is also evident: countries like 
Germany, France, and the United Kingdom 
maintain recurring links with Kazakhstan and 
Uzbekistan, while other EU countries, such as 
Poland and Spain, establish ad hoc collabora-
tions, reflecting a pattern of selectivity similar 
to that observed in global networks.

In the third period, the steady growth of 
collaborations and the emergence of new 
links between EU and Central Asian countries 
strengthen the trend toward increased region-
al integration. This trend partly aligns with 
the findings of Hu, Wang & Deng (2020), who 
demonstrated that in global AI networks, there 
is a core group of countries with especially 
strong connections, surrounded by a network 
of secondary collaborations. However, in the 
EU-Central Asia context, this core mainly con-
sists of European countries (Germany, France, 
Italy, and the United Kingdom), with one or two 
central partners from Central Asia. This makes 
the network more reliant on individual nodes 
and less balanced than the global network.

Finally, it should be noted that, unlike the 
findings of Dwivedi and Elluri (2024) and the 
bibliometric study based on SCI-Expanded 
(1991-2018), where leadership in collabora-
tion consistently favors powers like the United 
States and China, our analysis shows that, in a 
bilateral framework such as that of the EU and 
Central Asia, the sway of collaboration is more 
influenced by regional, historical, and linguis-
tic factors than by global scientific dominance. 
This indicates that, although some general pat-
terns of centrality and preference in AI collab-
oration are partially shared, the geographical 

and political context creates unique configu-
rations that cannot be directly inferred from 
global networks.

5 CONCLUSIONS

The analysis shows that AI collaboration be-
tween the EU and Central Asia has expanded 
from initial connections to a broader, more var-
ied network, with a steady rise in country par-
ticipation and relationship density. Kazakhstan 
has played a crucial and stable role, acting as the 
main regional link to Europe, while Uzbekistan 
and Tajikistan have shown consistent growth 
in their integration. In the EU, countries like 
Germany, France, and Italy have maintained 
steady leadership, along with the increasing 
importance of others such as Spain, Poland, 
and the Netherlands. Despite progress, the col-
laboration network still relies heavily on a few 
key nodes, suggesting that future efforts should 
focus on diversifying partners and enhancing 
capacity across all Central Asian nations to cre-
ate a more balanced cooperation network.
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