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effects of AI on societal, economic, and environmental aspects. It particularly 
examines how brain drain influences governmental AI implementation capabili-
ties, addressing a gap in existing literature. The study investigates the interplay 
between government AI implementation and brain drain, factoring in macro-
economic conditions, governance quality, educational levels, and R&D efforts. 
Utilizing 2022 data from European Union countries, the research employs in-
strumental-variables regressions (2SLS and LIML) to counteract endogeneity and 
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actions. The findings reveal brain drain’s detrimental effect on governmental AI 
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1. Introduction 

The concept of Artificial Intelligence (AI), often utilized in specialized studies and increasingly 
prevalent in recent language, encompasses technically complex and computer-oriented ide-
as that are difficult to succinctly express. From a governmental standpoint, AI represents a 
multifaceted blend of technology, policy, and social impact, necessitating a multidisciplinary 
approach for its successful integration and application.

In citizen services, AI’s applications range from handling inquiries and processing docu-
ments to directing requests, aiding translations, and drafting documents (Mehr, 2017). Three 
primary AI applications in government stand out: Robotic and cognitive automation, enabling 
the reallocation of human labor to more value-added tasks through technologies like Robotic 
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Process Automation; Cognitive insights generation, improving predictive capacities; and Co-
gnitive engagement, addressing citizen queries (Eggers et al., 2017).

Government entities are increasingly adopting AI, expected to fundamentally transform 
their operations, from policy-making to the execution of daily public services. AI provides 
tools for predictive analytics, decision-making, and problem-solving, particularly valuable in 
contexts of significant uncertainty. Utilizing AI capabilities allows public sector organizations 
to enhance agility, anticipate citizen needs, optimize resource allocation, and improve service 
delivery quality (Mikhaylov et al., 2018).

AI presents countries with a vital opportunity to advance their economic landscapes, espe-
cially in public services. It enables enhanced, personalized service delivery (Robles & Mallin-
son, 2023). Its powerful data analytics capacity helps governments derive insights from large 
data sets, supporting evidence-based policymaking. AI equips governments with powerful 
tools for automating bureaucratic tasks, extracting insights from vast data, and customizing 
public services to meet individual needs, thus symbolizing a beacon for improved governance, 
informed policymaking, and heightened citizen engagement (Frățilă et al., 2023).

The European Union, a unique assembly of countries with varied economic and techno-
logical paths, offers a key study area for examining government AI readiness and brain drain 
within its unified political and economic structure. Understanding each member state’s AI 
preparedness is crucial, as disparities could significantly impact the EU’s collective policy and 
strategic direction.

The EU’s principle of free movement (Article 45, Treaty on the Functioning of the EU 
(European Union, 2012)) highlights its unique brain drain issues, with high-skilled workers 
easily relocating between states, differing from global patterns. Member states face simi-
lar problems like aging populations (Walker & Maltby, 2012) and upskilling needs (Jacobs, 
2023). Examining AI readiness in this context reveals opportunities for collective strategies 
and cooperation.

Given the EU’s acknowledgment of AI as an instrumental force shaping future socio-
economic contours (European Parliament, 2023), gauging the AI readiness of its governments 
is indispensable. “The Government AI Readiness Index provides an overall estimate for how 
prepared each country’s national government is for implementing AI in public service deliv-
ery” (Oxford Insights, 2022). 

The EU’s policy harmonization, alongside its member nations’ varied economic and te-
chnological stages (Calderaro & Blumfelde, 2022), poses challenges and opportunities in 
tackling brain drain and enhancing AI readiness. The EU’s Coordinated Plan on Artificial 
Intelligence (European Commission, 2018) encouraged nations to develop or integrate AI 
strategies. By 2023, all 27 EU countries had AI strategies (OECD, 2023; European Commission, 
2020; Cath et al., 2017). Studying the EU offers a comprehensive view on AI readiness and 
brain drain dynamics, yielding relevant insights into AI integration and labor mobility trends 
in the EU.

Prior research reveals new emerging paradigms in public administration (post-New Public 
Management Paradigms) have been identified that focus on the importance of technological 
innovation and artificial intelligence to improve the delivery of services to citizens and the 
policies implemented by the government (Ojo et al., 2019). These new paradigms focus on 
tangible benefits and creating public value through investment in disruptive technologies.

Integrating AI into governance introduces innovation but also challenges. Studies indicate 
that governments struggle to keep pace with AI advancements, showing a noticeable gap in 
public sector AI governance (Wirtz et al., 2020). Challenges often arise from skill shortages 



270 I. C. Iuga, A. Socol. Government Artificial Intelligence readiness and brain drain: influencing factors and spatial effects...

(Dwivedi et al., 2021), evident in employees’ limited AI and machine learning knowledge 
(Ojo et al., 2019) and a lack of local AI experts (Gupta, 2019). The scarcity of AI professio-
nals (Al-Mushayt, 2019) and insufficient advanced technology education (Montoya & Rivas, 
2019) add to these difficulties. Simultaneously, many countries, especially developing ones, 
face a significant “Brain drain” – skilled workers migrating to developed countries for better 
opportunities. The Fragile States Index highlights the economic and developmental impacts 
of such human displacement (Fund for Peace, 2022).

In the context of the European Union (EU), spatial interactions and spillovers between 
member states are crucial for understanding phenomena like brain drain and AI readiness. 
In the EU, countries are interdependent; developments in one can influence others. This in-
terconnectedness, inherent to the EU’s structure, necessitates a comprehensive view of these 
dynamics, considering the collective impact rather than isolated national trends.

The EU’s principle of free movement for workers fosters a unified labor market, ena-
bling professionals to pursue opportunities across borders with fewer migration barriers. This 
mobility carries significant consequences: professionals transfer their skills, experiences, and 
insights as they move (Frankowska & Pawlik, 2022), encouraging cross-border collaborations 
in research and innovation.

The interconnectedness of the EU means that member states are continually observing, 
learning from, and adapting policies from their neighbors (Altuzarra et al., 2019). A successful 
policy or initiative in one country can serve as a blueprint for others. 

To our knowledge, there has been no research exploring within the EU member states 
how the national context influences government readiness to adopt AI in neighboring states. 

The aim of the study is to analyze whether governments’ readiness for artificial intel-
ligence AI in the European Union countries depends on “brain drain”, using Government 
Artificial Intelligence Readiness Index as dependent variable and the Human Flight and brain 
drain as the major independent proxy. Also, given the specifics of the EU labour market and 
the freedom of movement of workers, we were interested in discovering possible spatial 
interactions and spillover effects between countries.

The objective of the paper is threefold: 
1. Examines the influence of brain drain on government AI readiness in EU countries; 
2. Studies the existence of spatial effects and spillover effects between neighboring EU 

countries; 
3. Highlight the policies that can be adopted to reduce the government AI discrepancy 

between the EU member states.
This study addresses the following research questions:
 ■ RQ1: Does the European Union experience a negative effect of brain drain on AI gov-
ernment readiness?

 ■ RQ2: Are there positive effects of EU-funded projects for R&D, economic freedom, and 
government spending on AI government readiness in the European Union countries?

 ■ RQ3: Does the brain drain (along with control variables) in a country influences the 
government’s readiness to adopt AI in the neighboring states? 

While there is indirect literature exploring the individual phenomena of brain drain and 
government AI readiness, there remains a paucity of research specifically examining the in-
terplay between these two dimensions, especially within the unique context of the European 
Union. The existing body of work often treats brain drain and AI readiness as distinct enti-
ties, with limited exploration of how they might influence each other. Moreover, the spatial 
interactions and spillover effects within the EU, shaped by its singular policies such as the 
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freedom of movement, present a nuanced backdrop that hasn’t been adequately addressed 
in current studies. This lacuna in understanding becomes particularly significant given the 
rapid technological advancements and shifting labor dynamics within the EU. As such, there 
is a pressing need for an integrative analysis that holistically examines how brain drain might 
impact AI readiness across governments and vice versa, and how these dynamics manifest in 
the EU’s interconnected landscape. This study endeavors to bridge this gap, offering insights 
that can inform both policy-making and future academic pursuits.

The present study bridges gaps in the prevailing literature on AI in government and the 
phenomenon of brain drain. Historically, AI’s role in public sector augmentation has been 
discussed in isolation, with emphasis on its potential to streamline operations and elevate 
citizen engagement. This study illuminates the intricate interplay between brain drain and 
government AI readiness, a dimension underexplored in earlier works. Echoing findings from 
Oxford Insights (2019) we underscore the criticality of human capital in the AI realm. This 
aligns with Docquier and Rapoport (2012), who highlighted the repercussions of high-skilled 
labor emigration on a country’s technical prowess. Our research deviates from merely ac-
knowledging brain drain as a challenge, extending into its direct and indirect impacts on AI 
adoption, especially in the European context. Furthermore, while past literature like Brynjolfs-
son and McAfee (2014) touched upon potential delays in AI development due to expertise 
shortage, our findings delve deeper into the cascading effects of such delays on public service 
quality and national security. By juxtaposing economic freedom, EU-funded R&D projects, 
and government readiness for AI, we offer a comprehensive narrative that not only augments 
existing literature but also charts out potential trajectories for future research in the domain.

The innovation of this paper is that we incorporate five major groups of factors (human, 
macroeconomic, governance, education and research & development) into the model and 
study both panel effects for European Union states, as well as spatial effects and data clus-
tering. 

The research’s originality lies in its unique combination of geographical focus, method-
ological robustness, emphasis on spatial interactions, exploration of the brain drain phenom-
enon, and its bridge between theoretical findings and policy implications.

The remainder of this paper is organized as follows: Section 2 outlines the current state 
of knowledge in the field and the research hypothesis; Section 3 details the data and meth-
odology; Section 4 focuses on the results and discussion; and the paper concludes with the 
conclusions.

2. Literature review

2.1. Interaction between government AI and brain drain  

Government AI signifies the use of AI technologies in the public sector, enhancing efficiency, 
effectiveness, and decision-making. It possesses the potential to transform government oper-
ations by improving citizen services, reducing costs, and optimizing resource use. AI involves 
computational techniques that enable machines to learn, reason, and solve problems, akin 
to human cognition. Worldwide, governments are increasingly interested in embedding AI 
into their operational fabric.

AI’s application in government spans various domains: in Public Services, it could auto-
mate tasks like application processing and inquiry handling; in Policy and Decision-making, 
it could analyze extensive datasets for policy shaping; in Law Enforcement and Public Safety, 
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technologies like facial recognition and predictive analytics could augment safety efforts; in 
Infrastructure and Resource Management, AI could assist in resource management and in-
frastructure planning (Wang & Cui, 2022); and in Healthcare, AI could improve public health 
outcomes by analyzing medical data for disease detection and treatment optimization (Go-
mes de Sousa et al., 2019).

Countries’ readiness for AI technology varies, as revealed by an Oxford Insights (2019) 
review, which identified challenges in adopting AI for the common good, including policy, 
capacity, and resources, with human capital as a key resource. The Human flight and brain 
drain indicator focuses on the economic effects of skilled labor migration and its impact on 
a nation’s advancement. Brain drain, a complex phenomenon, particularly affects developing 
countries, with skilled workers emigrating to more developed regions (Docquier & Rapoport, 
2012). This migration impacts a nation’s capacity to maintain and grow its expertise in critical 
areas like AI. In the context of globalization and international competition, brain drain affects 
a country’s ability to maintain and develop its expertise in key areas such as AI and attract 
foreign direct investment (Czaika & de Haas, 2015; Siar, 2013).

In the European Union, there’s a notable migration of experts from Central and South-Eas-
tern Europe to Western countries (Bălan & Olteanu, 2017). This movement, driven by personal 
and socio-economic factors, began after the fall of communist regimes in the 1990s. The 
impact of brain drain on government AI is multi-dimensional: It restricts access to needed 
expertise for AI development (Brynjolfsson & McAfee, 2014), potentially causing delays in AI 
adoption and risks to data protection (Dignum, 2019). It also leads to a loss of AI talent to 
the private sector, slowing public sector innovation. Additionally, governments might become 
over-reliant on private AI solutions (Gesk & Leyer, 2022), posing national security risks and 
loss of control over data and algorithms (Offer, 2022). The public-private pay gap (Agrawal 
et al., 2019) and the lack of public sector investment in AI R&D (Johnson, 1965) further fuel 
brain drain.

Overall, while AI holds transformative potential for government operations, its effective 
integration faces hurdles due to brain drain, resource limitations, and evolving AI develop-
ment and policy landscapes. This interplay requires a multifaceted approach to enhance AI 
readiness in the public sector, considering the dynamics of economic disparities and global 
talent mobility.

Considering these, we can formulate the main research hypothesis of this study:

H1: There is a negative effect of brain drain on AI government readiness in the European 
Union countries.

2.2. Interaction between macroeconomic, governance, education and 
research & development variables on AI government readiness

Brain drain, government spending, economic freedom and EU-funded research and develop-
ment projects for artificial intelligence are fundamental themes for the contemporary debate 
on sustainable development and national or European competitiveness.

The introduction of artificial intelligence into government operations has the potential 
to transform the mode the public sector operates, optimizing efficiency, effectiveness and 
decision-making. Government spending can have a positive impact on government readiness 
for AI, ensuring that public institutions can reap the benefits of this innovative technology 
(Bredt, 2019).
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Investing in infrastructure, health, education and research can help increase a country’s com-
petitiveness and improve citizens’ quality of life (Bose et al., 2007), while the development of the 
telecommunication infrastructure has a significant positive impact on the efficiency of govern-
ment (Doran et al., 2023). Thus, governments can also help prepare the workforce for the integra-
tion of AI in the public sector. By investing in training and reskilling programs, governments can 
ensure that public sector employees are prepared to work with AI technologies and manage the 
changes associated with the automation of certain tasks (Duan et al., 2019). This can lead to a bet-
ter adaptation of the workforce to technological developments and to a smoother transition into 
the digital age. With the development of advanced language models using Artificial Intelligence 
(AI), the issue of AI readiness becomes critical, and the quality of the human factor involved in AI 
depends largely on the use of AI for purposes truly useful to humanity and without associated 
risks, especially those related to unpredictability and ethical concerns. 

Another important aspect of government spending is investment in the infrastructure 
needed to support AI implementation (Wang & Cui, 2022). This may include the develop-
ment of high-speed communication networks, data centers and other technological resources 
that enable the efficient use of AI in public services and decision-making processes. On the 
other hand, investments in infrastructure, education and research and development can help 
increase a country’s AI competitiveness. Studies show that governments investing in AI can 
benefit from economic growth and improved quality of life for citizens (Arntz et al., 2019).

Government investment in AI can also foster international cooperation (Millard, 2017) and 
partnerships between different governments and organizations, promoting a global and har-
monized approach to AI regulations and standards. This can lead to greater interoperability 
between AI systems used in different countries and to strengthen collaboration to address 
common challenges such as cybersecurity and data protection (Pan & Zhang, 2021).

Government spending on R&D in AI is another key issue for sustainable economic de-
velopment. The European Commission has made significant investments in the projects of 
Artificial Intelligence (AI) research and development firms. This is done with the intention of 
enhancing the preparedness of governments to adopt AI technologies.

Given the premise that governmental expenditures are directed towards enhancing the 
capability of governments to deploy artificial intelligence, it is hypothesized that:

H2: There is a positive effect of government spending on AI government readiness in the 
European Union countries.

The Economic Freedom Index by The Heritage Foundation assesses economic liberty worl-
dwide, often used to examine the economic conditions favorable for Artificial Intelligence 
(AI) growth. Nations scoring higher on this index typically present a conducive environment 
for AI adoption, characterized by lower taxes, fewer regulations, and better property rights 
protection.

Economic freedom is instrumental for governments in AI readiness, mainly by attracting 
investment and fostering innovation. Countries with high scores in the Index of Economic 
Freedom attract investors, thanks to stable economic conditions and growth potential. This 
environment helps governments gather necessary capital and expertise for AI development 
and implementation (World Economic Forum, 2023).

Moreover, countries with greater economic freedom usually have dynamic, competitive 
markets, sparking innovation and advanced AI technologies. In such markets, companies 
invest more in research and development, striving to create and market top-tier AI products 
(Ciftci & Durusu-Ciftci, 2022).
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Another benefit of economic freedom for government AI readiness is the promotion 
of entrepreneurial spirit and risk-taking. High-scoring countries on the Index of Economic 
Freedom offer favorable conditions for entrepreneurship, like easier credit access and strong 
property rights. These factors encourage individuals and businesses to pursue innovative 
ideas, including AI-related ventures. As a result, governments in these countries have access 
to a continuous stream of innovative AI technologies and applications (Le & Kim, 2020).

Economic freedom also facilitates the integration of AI technologies within governments. 
High-ranking countries on the Index of Economic Freedom typically have efficient, streamlin-
ed bureaucratic systems that can easily adapt to AI-driven changes. These nations face fewer 
bureaucratic hurdles to innovation, allowing government entities to experiment with new AI 
applications and technologies more freely (Okulich-Kazarin et al., 2020).

In summary, economic freedom significantly influences government AI readiness. It draws 
investment, stimulates innovation, fosters entrepreneurship, and eases AI technology inte-
gration within government. Countries prioritizing economic liberty are better positioned to 
leverage AI’s benefits, thus reaping the rewards of this transformative technology.

Considering these, we can estate:

H3: There is a positive effect of economic freedom on AI government readiness in the Eu-
ropean Union countries.

EU-funded projects for R&D in AI are another key element in supporting technological 
development and innovation. The European Union has invested massively in programs such 
as Horizon 2020 and the new Horizon Europe program (2021–2027) to boost AI research 
and development (European Commission, 2021a). These initiatives offer financial support and 
collaborative prospects among researchers, universities, and companies across various Euro-
pean countries, thereby advancing the sharing of knowledge and the creation of innovative 
solutions (Spence, 2021). A pertinent example is the AI4EU project, funded by the EU under 
Horizon 2020. It strives to establish a European platform for the advancement and utilization 
of AI, contributing positively to both the economy and society (AIoD Platform, 2019).

The substantial investment by the European Commission in projects related to AI research 
and development firms has notably enhanced government readiness for AI. These initiatives 
have contributed to better government efficiency, increased citizen engagement and satisfac-
tion, and augmented accountability and transparency. As AI technology continues to evolve, 
these advantages are expected to become even more distinctive, positioning AI as an increas-
ingly vital instrument for governments globally. These projects have produced considerable 
positive effects, furnishing governments with the essential tools to leverage the potential of 
AI and revolutionize their operations.

A key advantage of the European Commission’s funding in AI research and development 
firms’ projects lies in the improvement of government operations’ efficiency and efficacy. Uti-
lizing AI-powered instruments, governments can automate mundane tasks and procedures, 
consequently cutting operational expenses, enhancing accuracy, and boosting speed. For 
example, AI can assist governments in swiftly and precisely processing enormous quantities 
of data, facilitating superior decision-making and more efficient resource allocation (European 
Parliament, 2021a).

Another significant benefit of these projects is improved citizen engagement and satis-
faction. AI-driven chatbots and virtual assistants can facilitate citizens in accessing govern-
ment services with greater speed and efficiency, leading to reduced waiting times and an 
enhanced overall experience. Additionally, AI-enabled tools can assist governments in more 
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comprehensively comprehending the needs and preferences of their citizens (Ojo, 2019), 
thereby allowing for the delivery of more tailored services (European Parliament, 2021b).

The investments made by the European Commission in AI research and development 
firms’ projects have additionally contributed to enhancing government accountability and 
transparency. AI-enabled tools can aid governments in overseeing and assessing their per-
formance, simplifying the process of pinpointing areas that need improvement and tracking 
progress over time. Moreover, AI can assist governments in identifying and averting fraud 
and corruption, thereby guaranteeing that public funds are utilized properly (European Com-
mission, 2021b).

Considering the abovementioned, we can formulate the last hypothesis:

H4: There is a positive effect of EU-funded projects for R&D on AI government readiness in 
the European Union countries.

3. Data and methodology

Our study analyzes whether governments’ readiness for artificial intelligence AI in the Euro-
pean Union (EU) countries depends on “brain drain”, using Government Artificial Intelligence 
Readiness Index as dependent variable and the Human flight and brain drain as the major 
independent proxy. Several economic, research and development and governance factors are 
considered control variables, based on the results identified in the previous studied literature. 
To control the macroeconomic conditions, the study use Government Expenditure, Gross 
Domestic Product and Economic Freedom, while to control governance and education in AI 
field, two proxies are employed: Government Pillar of AI Index and AI in University Bachelor’s 
Programs (proportion of programs with AI content in the total number of programs). Also, 
the study considers the variable represented by AI R&D Firms’ Projects founded by Europe-
an Commission (percentage of the total number of AI R&D players financed) as a proxy to 
capture Research and Development activities in AI. 

The panel comprises the European Union countries, except for Cyprus, Malta and Ire-
land, which are excluded from the studied sample, given their geographical status without 
EU neighboring countries (bases on spatial analysis methods that do not allow the analysis 
of those states that do not have common borders with the rest of the states in the chosen 
sample). 

Table 1 presents the description of the variables and data sources from which the infor-
mation was gathered. 

To best to our knowledge, at regional or global level, the scarcity of indicators to capture 
the preparation of governments in the implementation of artificial intelligence is obvious, 
because there are limited initiatives to develop such indicators. We are interested in captur-
ing the situation of AI implementation in government in the period as close to the present 
as possible, so we use a year window which refers to the year 2022, and for the rest of the 
variables we rely on the most recent data collection available, published in 2022 and related 
to the previous year or years, depending on the collection criteria of those variables.  

The issue of preparing governments for AI deployment is rarely studied in the literature, 
much less its connection to brain drain, given the novelty of the subject and the incipient 
concerns of scientific communities to analyze unconventional perspectives of AI implementa-
tion by governments. As far as the author’s knowledge is concerned, no study has explored 
such a topic from the perspective of the European Union and the variables chosen by us. 
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The theoretical previous identified literature mentions demographic shift, namely brain drain, 
which is composed of well-educated masses as a challenge for implementing the AI strategy 
in Turkey’s case (Can, 2023). 

The motivation for choosing brain drain as core explanatory variable is based on the 
essential role that the highly qualified human factor plays both in creating AI tools, AI im-
plementing and assisting AI users. International mobility and the exodus of highly skilled 
workforce generate labor market distortions and shortages of specific skills needed by gov-
ernments in AI implementation. The migration of highly skilled labor force from the former 

Table 1. Variables and data sources

Category Variable / Symbol / Source Definition / Measurement

Explained – 
Governance

AI IN GOVERNMENT.
Government Artificial 
Intelligence Readiness Index 
(Oxford Insights, 2022)

The measure of governments readiness to 
implement AI in the delivery of public services. 
Score: 0 (low) – 100 (high).

Core explanatory – 
Human

BRAIN DRAIN. 
Human Flight and Brain Drain 
Index (Fund for Peace, 2022)

The measure of the economic impact of human 
displacement (for economic or political reasons) 
and the consequences this may have on a 
country’s development. Score: 0 (low) – 10 
(high).

Control variable – 
Macroeconomic

GOVERNMENT EXPENDITURE. 
Government Expenditure 
(World Bank, 2022a)

General government final consumption 
expenditure includes all government current 
expenditures for purchases of goods and 
services (including compensation of employees). 
Billion current U.S. dollars.

Control variable – 
Macroeconomic

ECONOMIC FREEDOM.  
Economic Freedom
Index (Heritage Foundation, 
2022)

The measure of fundamental right of every 
human to control own labor and property. The 
mix of 12 quantitative and qualitative factors, 
grouped into four broad categories: rule of law, 
government size, regulatory efficiency and open 
markets. Score: 0 (low) – 100 (high).

Control variable – 
R&D / Governance

AI R&D FIRMS EC FUNDED 
PROJECTS. 
AI R&D Firms’ Projects 
founded by European 
Commission (European 
Commission, 2022)

Proportion of AI R&D Firms in the total number 
of AI R&D players financed by European 
Commission. Percentage.

Instrumental (only in 2SLS and LIML instrumental-variables regressions)  

Macroeconomic GDP. 
Gross Domestic Product
(World Bank, 2022b)

Gross Domestic Product is a basic measure of 
the value added created through the production 
of goods and services in a country. Billion 
current U.S. dollars.

Governance GOVERNANCE Government 
Pillar of AI Index (Oxford 
Insights, 2022)

The assessment of vision, governance & 
ethics, digital capacity, and adaptability of 
governments in AI implementation. Score: 0 
(low) – 100 (high).

Education / 
Governance

AI BACHELOR. 
AI in University Bachelor’s 
Programs (European 
Commission, 2022)

Proportion of bachelor programs with AI 
content in the total number of bachelor 
programs. Percentage.
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communist countries of the European Union has been sizeable for last three decades, amid 
socio-economic difficulties, political instability, social insecurity, corruption, unemployment, 
inflation, low wage levels, inefficient health and education systems etc. Based on the ana-
lyzed data, in the traditional countries of the European Union there are lower levels of labor 
migration with high knowledge and skills and are usually preferred as destination countries 
for skilled emigrants, attracted by job quality and career prospects.

A particularity of our analysis is given by the incorporation of a wide range of control 
variables belonging to macroeconomics (GDP), governance (Government pillar of AI Index), 
R&D (AI R&D Firms’ Projects founded by European Commission) and education in AI (AI in 
University Bachelor’s Programs).

The choice of economic freedom as a control variable is based on the fact that it is directly 
related to the fundamental right of individuals to work and property, and that it character-
izes an environment conducive to growth and innovation. Economic freedom is organically 
linked to government, whose decisions influence individual autonomy, as well as personal 
and national prosperity. 

Another control variable used in modelling the effect of brain drain on AI government 
readiness is proportion of AI R&D Firms in the total number of AI R&D players financed by 
European Commission. Its choice was based on the major role of AI companies in develop-
ing the AI-specific technology and software ecosystem, based on research, innovation and 
entrepreneurship, given that a country’s AI advancement depends on grants and patent 
applications in AI-related technologies (Thomas & Murdick, 2020). 

Government expenditure is a major macroeconomic determinant considered the explana-
tory control variable in our study. Governments’ ability to implement AI depends significantly 
on their willingness to incur government spending, both to provide AI infrastructure and soft-
ware, as well as to provide the necessary trained and sufficient human resources to operate 
the technical facilities of government AI. 

Endogeneity represents an essential aspect to be studied in econometric analysis of eco-
nomic data, whose potential for endogeneity is considerable compared to other areas and 
which, if ignored, increases the risk of including not only very few explanatory variables, but 
also irrelevant ones in the model, leading to the so-called omitted variable bias (Ibrahim & 
Arundina, 2022). Endogeneity can result from the omission of unobserved factors from the 
model, which could affect the relationships between the studied variables and also endog-
eneity can be understood as a consequence of the past on the present, both on the model 
(dependent variable) and on independent variables, or as a causal relationship between re-
gressors and the variable explained over time (Labra & Torrecillas, 2018). 

Based on these considerations, and in line with prior research, our approach is to identify 
the risk of endogeneity initially through theoretical judgement, followed by statistical Durbin-
Wu-Hausman tests, which confirm endogeneity (Ullah et al., 2018). A detailed analysis of the 
significance of government spending shows that it is intrinsically linked to diverse specific fac-
tors, among which the following are relevant in the context of this analysis: economic growth, 
a composite indicator showing vision, governance & ethics, digital capacity, and adaptability 
of governments in AI implementation, and a specific factor related to the undergraduate 
degree program that addresses specific AI content. 

We will detail in turn each of the three variables mentioned as influencing factors of gov-
ernment expenditure. First, the influence of government expenditure on economic growth is 
extensively studied in the literature, while the inverse relationship is less analyzed. The numer-
ous competing theories that analyze the link between government spending and economic 
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growth (Keynesian macroeconomic theory, Wagner’s law, Peacock and Wiseman displacement 
effect hypothesis, etc.), although antagonistic, show consistent results of the determining role 
that economic growth has on government spending (Szarowska, 2022; Voda et al., 2022). 
From the perspective of our study, we want to find out to what extent economic growth 
influences government expenditure and we chose GDP as a reference, given its high degree 
of complexity, standardized methodology of determination and ability to reflect the funda-
mental aspects of the country’s economic development (Trishch et al., 2023). 

Second, governance is critical for government spending and institutional efficiency con-
tributes to the efficacy of public expenditure (Thanh et al., 2020). We are interested in a 
particular form of governance (Government pillar of AI Index) aimed at openness, vision and 
digital capacity of states in implementing AI. Such a complex composite indicator of govern-
ance in AI implementation captures in a comprehensive manner the degree of governance 
of the analyzed state from the perspective of AI implementation: vision (by answering the 
question of whether governments have a vision for implementing AI and a specific strate-
gy), governance and ethics (whether governments have set up specific legislation and an 
ethical framework for implementing AI in a manner that builds trust and legitimacy) digital 
capacity (whether governments have the digital capacity to implement AI – online services, IT 
infrastructure, government investment in emerging technologies) and adaptability (whether 
governments are indeed change and innovate effectively in AI field). A high degree of insti-
tutional governance contributes significantly to the digitalization of businesses and public 
services for citizens (Ionescu et al., 2022). 

Third, although unconventional and previously unexplored by the literature studied to our 
knowledge, the link between government spending and AI content addressed in university 
studies represents an avant-garde approach that encompasses a specific education variable 
directly connected to the topic of AI. We believe that in studying the relationship between 
governments’ AI readiness and brain drain and human flights, it is necessary to create an 
expanded perspective, by calling for an education variable, reflecting how much governments 
invest in education and familiarization of tertiary education graduates in AI. The AI contents 
of the undergraduate studies that have been considered refer to all types of studies, not 
only the technical ones, but also to AI-specific social, psychological, ethical, legislative, etc. 
contents. Countries in the European Union have integrated specific AI aspects into their uni-
versity curricula, and as higher education systems in the European Union are mainly funded 
by the state (Lepori et al., 2018; European Tertiary Education Register, 2019), we consider that 
governments’ motivation to invest in AI content is a strong marker of government spending. 
Government awareness of AI’s staggering expansion has also led to the creation of educa-
tional mechanisms for AI to become part of university training. The generalized desideratum 
to recognize and learn about AI from various perspectives – technical, social, psychological, 
legislative, etc. – is obvious and can contribute over time to obtaining expected positive 
effects in terms of managing AI within appropriate moral, social and economic parameters.

The paper gradually approaches three econometric methods. First, given the conceptual 
links presented between the analyzed variables and the presence of endogeneity, the model 
suitable to address endogeneity proves to be instrumental-variables regression with regres-
sors endogenously determined, namely two-stage least-squares 2SLS, and for robustness 
testing the LIML model (limited-information maximum likelihood). The choice of these meth-
ods is based on the systems of simultaneous equations, whose premises are built on the use 
of instrumental variables, correlated with the identified endogenous variable and unrelated 
with the error term and which allow to predict the links between the investigated variables.  
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Second, to find the similarities between countries in the government’s readiness for artifi-
cial intelligence, we apply cluster analysis as a descriptive and explanatory technique for data 
analysis, whose principle is to place countries in homogeneous groups. 

Third, founded on the spatial data of the countries, we set out to discover patterns of 
spatial dependence, global spatial autocorrelation, and spatial relationship. Europe shapefile 
(.shp) that store geographical characteristics of countries is used in GeoDa software and 
then import into Stata, which allowed the spatial analysis of the mentioned states from the 
perspective of the determinants of the government’s readiness in the implementation of AI. 

Instrumental-variables 2SLS and LIML regressions are developed based on the following 
model (equations 1 and 2), in which the endogenous regressor is considered GOVERNMENT 
EXPENDITURE, while BRAIN DRAIN, ECONOMIC FREEDOM and AI R&D FIRMS EC FUND-
ED PROJECTS are included in the model as exogenous regressors. The excluded exogenous 
regressors are lnGDP, GOVERNANCE and AI BACHELOR, which are instruments for endog-
enous variable GOVERNMENT EXPENDITURE. Government spending is considered endoge-
nous starting from the endogenous growth model valences, according to which the role of 
government expenditure in allocating resources in the economy is very important and the 
lever of government spending improves the quality of public services (Nguyen & Bui, 2022). 
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where i represents country; t is time; α1 and α2 represent intercepts; ui and vi are zero-mean 
error terms, and the correlation between ui and the elements of vi are presumably nonzero.

Cluster analyses is performed through the hierarchical clustering methods, based on them 
main premise that the geographically close countries exhibit similar behaviors compared to 
the more distant states (Noja, 2018). The analyzed countries are grouped into clusters formed 
based on complete link method and Ward’s method. In the hierarchical clustering methods, 
the distance or dissimilarity between a group k and a group (ij), which consists of the fusion 
between two groups (i and j), based on the Lance-Williams formula is the following (Everitt 
et al., 2011):

 ( )        , i ki j kj ij ki kjk ijd d d d d d=α + α +β + γ −  (3)

where i, j and k represent group i, j or k; dij is the distance between groups i and j; dki is the 
distance between groups k and i; dkj is the distance between groups k and j; iα , ,jα  β  and γ  
are parameters; ni, nj and nk are the number of observations in group i, j and k, respectively.

In the third phase of the study, spatial analysis is conducted to find out whether the data 
collected from the European Union countries are spatially correlated, specifically whether the 
observations of closer countries tend to be more similar than further ones and the spatial 
spillovers decrease as the distance between countries increases (Belotti et al., 2017).

In developing the spatial dependency model, we started from the general equation (Equa-
tion (4)) of the Spatial Error Model (Belotti et al., 2017; Pisati, 2001): 

   ,Y X W= β +λ ξ+ ∈  (4)
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where Y denotes an Nx1 vector of observations on the dependent variable; X denotes Nxj 
matrix of observations on the explanatory variables; β is a jx1 vector of regressions coeffi-
cients; λ denotes the spatial autoregressive parameter; ξ is an Nx1 vector of spatial errors; 
and ò  represents an Nx1 vector of normally distributed, homoscedastic, and uncorrelated 
errors. The testing of the spatial autocorrelation is performed using the Moran test. The ex-
pected values of the Moran coefficient could vary between –1 and +1 (perfect dispersion or 
perfect correlation) and show how much close countries are in comparison with other close 
countries (Noja, 2018).
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where i and j are countries; Y represents the variable of interest; Y  is the average value of Y; 
Wij is an element of a matrix of spatial weights and is generally a binary value. 

The preliminary statistic descriptive analysis of the variables is stated in Table 2 and Table 3. 

Table 2. Descriptive statistics (part 1)

Characteristics AI in government Brain drain Government 
expenditure Economic freedom

Mean 65.810 3.204 154.275 71.041
Std. Dev. 7.911 1.552 235.461 4.813
Minimum 48.590 0.700 7.360 61.000
Maximum 77.590 5.700 947.78 78.000

Table 3. Descriptive statistics (part 2)

Characteristics AI R&D firms
EC funded projects GDP Governance AI bachelor

Mean 0.675 692.810 70.788 5.309
Std. Dev. 0.097 1041.030 10.378 4.307
Minimum 0.461 37.190 48.700 0.000
Maximum 0.809 4259.930 88.450 14.070

Regarding the dependent variable, AI IN GOVERNMENT, it varies between 48.590 
and 77.590 values, with a mean of 65.810 and the standard deviation of 7.911, which 
suggests the significant differences between countries. Also, the interval in which BRAIN 
DRAIN varies between 0.700 and 5.700, as well as the other disclosed statistic values, 
outline for the human flight and brain drain a character of increased heterogeneity in 
the studied countries. The lowest degree of dispersion from the average is found for the 
variable ECONOMIC FREEDOM, whose mean is 71.041, with a standard deviation of 4.813 
between the analyzed states. At the opposite pole, with the highest values of dispar-
ity from the mean, it stands out GOVERNMENT EXPENDITURE, GDP and AI BACHELOR, 
which denotes a higher degree of diversity between countries, in terms of the evolution 
of indicators especially regarding macroeconomic conditions and AI implementation in 
curricula for bachelor’s studies. The rest of the examined variables (AI R&D FIRMS EC 
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FUNDED PROJECTS and GOVERNANCE) display medium significant values of the disper-
sions compared to the average.

4. Results and discussion

4.1. Instrumental-variables regressions 

The influence of brain drain on AI in government is estimated for the analyzed EU countries 
through the instrumental-variables 2SLS and LIML regressions models, whose outcomes are 
presented in Table 4.

Table 4. Indicators’ impact on AI IN GOVERNMENT: instrumental-variables 2SLS and LIML 
approaches

AI IN GOVERNMENT 2SLS LIML

BRAIN DRAIN –1.661**
(0.821)

–1.520*
(0.853)

GOVERNMENT EXPENDITURE 0.012***
(0.004)

0.013***
(0.004)

ECONOMIC FREEDOM 0.710***
(0.158)

0.728***
(0.163)

AI R&D FIRMS EC FUNDED PROJECTS 19.661*
(11.502)

20.076*
(16.575)

Constant 5.485
(16.020)

3.228
(16.575)

R-squared 0.816 0.807
Durbin test 2.753* na
Sargan test 5.060* na
Basman test 4.542 2.211
Anderson-Rubin test na 6.243**
Instrumented: GOVERNMENT EXPENDITURE
Instruments: BRAIN DRAIN, ECONOMIC FREEDOM, AI R&D FIRMS EC FUNDED PROJECTS, lnGDP, 
GOVERNANCE, AI BACHELOR

Note: * Significant at 10%; ** Significant at 5%; *** Significant at 1%; na – not applicable. Standard errors are in round 
brackets. 

To confirm the reliability of the results, several robustness checks are employed. First, 
we perform endogeneity test to determine whether GOVERNMENT EXPENDITURE as en-
dogenous regressor are in fact exogenous and for that, the performed Durbin test shows 
that null hypothesis which considers variable as exogenous can be reject (at 10% sig-
nificance level in the SLS model). Therefore, the variable GOVERNMENT EXPENDITURE 
considered initially endogenous based on the theory of economic growth models, it 
really proves in the econometric robustness test to be endogenous to the government’s 
readiness for artificial intelligence. Second, in both models, we test whether the instru-
ments are uncorrelated with the error term, through Sargan and Basman tests in 2SLS 
approach, whose results show that the null hypothesis that instruments are valid cannot 
be rejected (not significant at 1% and 5% levels for Sargan test and not significant for 
the Basman test). In the case of the LIML model, the tests obtained, Anderson-Rubin 
and Basman, illustrate the validity of the instruments (not significant at the level of 1% 
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for Anderson-Rubin and not significant for the Basman test). Also, in the 2SLS model, 
we perform tests to study the explanatory power of the instruments, whose outcomes 
confirm that additional instruments (lnGDP, GOVERNANCE and AI BACHELOR) have signif-
icant explanatory power for AI IN GOVERNANCE after control for the effect of the rest of 
the independent variables of the model (F statistic significant at 1% level). The minimum 
eigenvalue statistic as a test of weak instruments compared with critical values of 2SLS 
relative bias denotes that our instruments are not weak (the F statistic exceeds the critical 
value if we were willing tolerate a 10% relative bias).

As far human proxy is concerned, BRAIN DRAIN has a significant negative influence on AI 
IN GOVERNMENT, which shows that the increase in the flows of human flight and brain drain 
from a country that is losing human capital we are witnessing a reduction in the government’s 
ability to implement and manage artificial intelligence in public services for citizens. There 
are only circumstantial indications within the cited literature suggesting a negative effect of 
brain drain on government AI readiness. Our findings are consistent with this body of liter-
ature (Czaika & de Haas, 2015; Siar, 2013; Brynjolfsson & McAfee, 2014; Dignum, 2019) and 
validate the main research hypothesis H1 that brain drain negatively affects AI in government.

The brain drain phenomenon can have a negative impact on a country’s government’s AI 
readiness, for several reasons: 

1. Shortage of AI-skilled human resources can slow down or even stop the development 
and implementation of AI-based solutions in the public sector (Vicsek, 2021); 

2. Brain drain can negatively affect the level of innovation in a country (Spence, 2021) 
(when AI experts leave the country, they take their knowledge and experience with 
them, which can lead to a decrease in scientific and technological advances in AI); 

3. Brain drain can lead to a loss of investment in education and training: governments 
invest in the education and training of AI specialists, with the hope that they will con-
tribute to the country’s economic development and growth. When these specialists 
choose to work abroad, the government loses the benefits of its investments, while 
the host countries benefit from these talents;

4. Brain drain can create major difficulties in international collaboration: experts who 
leave their home country may be less interested in working with the government and 
institutions in their country of origin, which can make it difficult to access international 
knowledge and resource networks; 

5. Brain drain can weaken ability to compete globally: as other countries attract talent 
into AI, they can become more technologically and economically competitive. At the 
same time, the country of origin could be left behind in the global AI race.

Adopting strategies can help governments counter the negative effects of brain drain on 
government AI training and develop an environment conducive to growing AI expertise and 
skills in the country. From the multitude of strategies that can be applied by governments, 
we present the most important ones: 

1. Enhancing education systems: Investing in academic and research institutions to deliv-
er superior AI programs, developing AI training and research initiatives, and fostering 
partnerships between universities, businesses, and governmental entities. Promoting 
STEM education: Encouraging interest in AI from an early school level through em-
phasis on science, technology, engineering, and mathematics.

2. Providing financial incentives and support: Allocating government funds for AI re-
search and development and establishing a tax-friendly environment for companies 
developing and applying AI technologies.
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3. Creating a conducive environment for innovation: Encouraging collaboration between 
public and private sectors to tackle societal and governmental issues via AI, and fa-
cilitating access to essential infrastructure and resources for AI solution development 
and implementation (Bredt, 2019).

4. Attracting and retaining of AI talent: implementing favorable migration policies to 
attract and retain foreign AI talent; providing competitive and advantageous career 
opportunities in the public sector for AI specialists. Even more, the policy of increasing 
wages and benefits can also be applied (governments can increase wages and benefits 
for public sector AI professionals to encourage retaining and attracting talent. This 
strategy could also include the development of bonus schemes and other benefits 
that would attract and retain AI professionals in the country) (Agrawal et al., 2019).

5. International cooperation and knowledge exchange: participation in international AI 
alliances, partnerships and projects to benefit from the expertise and resources of 
other countries; promoting academic and professional exchanges in the field of AI 
to facilitate the transfer of knowledge and good practice; supporting cooperation 
between research and innovation institutions in different countries to work together 
in the development of AI solutions.

6. AI infrastructure development: governments can develop the infrastructure needed to 
support AI development, such as data centers, communication networks, and cloud 
computing infrastructure (Duan et al., 2019). This strategy could also include invest-
ments in the country’s digital infrastructure, including connectivity and the develop-
ment of advanced digital technologies.

Regarding the control variables of the models, the contribution of GOVERNMENT EX-
PENDITURE in strengthening the capacity of governments to implement artificial intelligence 
is confirmed and demonstrates a positive relationship with dependent variable: the higher 
the volume of government spending, the higher the government’s readiness in artificial in-
telligence. The results confirm the general assumptions from previous literature (Wang & 
Cui, 2022; Bredt, 2019; Duan et al., 2019; Bose et al., 2007) and the resorts of such an in-
terdependence are related to the innovative and relatively expensive technical character of 
the state’s investments in the artificial intelligence infrastructure and software for the public 
services. Also, the personnel needed to develop and manage informatic applications and 
infrastructure based on artificial intelligence leads to significant government spending. Given 
the premise that governmental expenditures are directed towards enhancing the capability of 
governments to deploy artificial intelligence, the outcomes of the study empirically validate 
and substantiate Research Hypothesis H2, which posits a positive effect of such spending on 
AI government readiness in the European Union countries.

ECONOMIC FREEDOM is positively significantly associated with the government’s ability to 
implement artificial intelligence (Ciftci & Durusu-Ciftci, 2022; Le & Kim, 2020; Okulich-Kazarin 
et al., 2020). The more economic freedom is experienced in EU countries, the more it creates 
premises for governments to adopt artificial intelligence. Drawing from the empirical findings 
of the study, Research Hypothesis H3, which posits that there is a positive effect of economic 
freedom on AI government readiness in the European Union countries, has been validated.

 The financing by the European Commission of research & development firms for artifi-
cial intelligence projects is also found to be a significant determinant of increasing artificial 
intelligence in public administration (Spence, 2021). The higher the percentage of research & 
development companies that benefit from financing artificial intelligence projects, the more 
national governments benefit from scientific research results in artificial intelligence, which 
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can be developed and implemented at government level. Upon rigorous examination of the 
data, Research Hypothesis H4, which postulates a positive effect of EU-funded projects for 
R&D on AI government readiness in the European Union countries, has been validated. 

In the instrumental-variables regressions, GOVERNMENT EXPENDITURE is considered the 
instrumented variable, whose configurated instruments are lnGDP, GOVERNANCE and AI 
BACHELOR. Employing GDP as an indicator to assess the influence of AI on the economy has 
been beneficial for gauging governmental AI readiness. GDP, a prevalent metric of economic 
activity, when used to measure AI’s impact, underscores the technology’s significance for 
economic expansion. By monitoring AI’s contribution to GDP, governments can achieve a 
more profound comprehension of AI’s economic benefits and identify the sectors where AI 
can make the most substantial impact (Piasecki et al., 2021).

The development of Government Pillar of AI Index has been a positive development for 
government AI readiness. The index is a tool for assessing the readiness of governments for 
AI adoption, and it includes a range of metrics related to AI policies, regulations, and infra-
structure. It provides the assessment of vision, governance and ethics, digital capacity, and 
adaptability of governments in AI implementation. 

By using the index to benchmark their AI readiness, governments can identify areas for 
improvement and develop strategies to support the growth of AI in their countries.

The Government Pillar of AI Index also provides a platform for international comparison, 
allowing governments to assess their AI readiness in relation to other countries. This can help 
to promote competition and encourage governments to adopt policies and strategies that 
support the growth of AI in their countries.

As AI’s role in shaping the future of work expands, its integration into University Bache-
lor’s Programmes has gained importance. Governments globally acknowledge the significance 
of AI readiness and developing AI strategies for sustainable economic growth. The use of GDP 
and AI in University Bachelor’s Programmes, as well as the development of Government Pillar 
of AI Index, have both had a positive impact on government AI readiness.

The drive to integrate AI into University Bachelor’s Programmes stems from the increas-
ing demand for AI skills in the job market. The application of AI tools is quickly becoming 
an integral part of numerous industries, including finance, healthcare, and manufacturing. 
Universities, by incorporating AI in their programmes, equip students with vital skills for the 
future workplace (Vicsek, 2021).

Moreover, this integration fuels innovation and economic growth. AI is a potent inno-
vation tool, and the emergence of new AI technologies could stimulate new industries and 
jobs. Universities, by teaching students the skills needed to create and apply AI solutions, spur 
economic growth and pave the way for new opportunities for graduates.

In summary, the use of GDP as an AI impact measure, the creation of the Government 
Pillar of the AI Index, and the integration of AI into University Bachelor’s Programmes have 
positively influenced government AI readiness. By tracing AI’s economic benefits, providing 
a gauge for government AI readiness, and preparing students with essential skills for the 
future workplace, these initiatives bolster global governments’ capacity to leverage the op-
portunities AI offers.

4.2. Cluster analysis 

To establish groups of EU countries and discover their mutual similarities based on the set 
of independent variables associated with the government artificial intelligence readiness, we 
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carried out the cluster analysis for the year 2022. EU countries are characterized by disparities 
in socio-economic development and unequal national evolution, especially as the states that 
joined the European Union in 2004 and 2007 (Bulgaria, Czech Republic, Estonia, Hungary, 
Latvia, Lithuania, Poland, Romania, Slovakia and Slovenia) experienced centralized communist 
economies until the early 1990s, have since passed through difficult periods of transition 
to the market economy and have had to overcome structural differences and gaps in their 
economies compared to those of the developed countries of the European Union. In addition, 
traditionally, national inequalities also derive from the different size of states, discrepancies 
in equipment and public technological infrastructure. The determination of homogeneous 
clusters of states in terms of AI implementation in government is quite challenging given the 
obvious conditions of heterogeneity exposed.  

The clusters associated with the government artificial intelligence readiness index were 
developed through two categories of hierarchical clustering algorithm (complete linkage that 
produces spatially compact clusters and Ward’s linkage where groups were joined to maxi-
mize an error-sum-of-squares objective function), which were applied to establish the groups 
of homogeneous states and which creates a hierarchy of clusters, based on dissimilarity meas-
ure in comparing two observations. The suitable number of clusters was established based 
on cluster stopping rules (Duda-Hart pseudo-T-squared small values and Calinski-Harabasz 
pseudo-F large values, which both indicated four clusters), as well as from the study of the 
dendrogram and graphic representation. 

By applying the complete linkage and Ward’s methods for year 2022, four countries clus-
ters based on their similarities are obtained (Table 5). The synthetic description of the charac-
teristics of the countries in each cluster, according to the studied variables, confirms that the 
degree of implementation of artificial intelligence in public services is inversely proportionally 
with the brain drain phenomenon. Also, the positive associations of the dependent variable 
with spending expenses, economic freedom and research and development projects funded 
by the European Commission for AI companies are confirmed.   

Table 5. Clusters by AI IN GOVERNMENT – complete linkage and Ward’s methods

Group of country AI IN GOVERNMENT dimension

Number of 
cluster – 
complete 
linkage 
method

Number 
of clus-

ter – Ward’s 
method

Countries with the average highest degree of government artificial intelligence 

Czechia, Finland, 
Netherlands, 
Luxembourg, 
Austria, Denmark, 
Estonia, Sweeden

High to medium (in terms of AI IN GOVERNMENT)
Medium to low (in terms of BRAIN DRAIN)
High (in terms of ECONOMIC FREEDOM and AI R&D 
FIRMS EC FUNDED PROJECTS)
High to medium and low (in terms of GOVERNMENT 
EXPENDITURES)

Cluster 1 Cluster 1

Countries with high level of government artificial intelligence

France, Germany High to medium (in terms of AI IN GOVERNMENT)
Medium (in terms of BRAIN DRAIN, ECONOMIC 
FREEDOM and AI R&D FIRMS EC FUNDED PROJECTS)
High (in terms of GOVERNMENT EXPENDITURES)

Cluster 2 Cluster 3
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Group of country AI IN GOVERNMENT dimension

Number of 
cluster – 
complete 
linkage 
method

Number 
of clus-

ter – Ward’s 
method

Countries with moderate level of government artificial intelligence

Belgium, 
Hungary, 
Italy, Greece, 
Portugal, 
Slovenia, Spain

Medium (in terms of AI IN GOVERNMENT)
Medium to low (in terms of BRAIN DRAIN)
High to medium (in terms of AI R&D FIRMS EC 
FUNDED PROJECTS)
High to medium and low (in terms of GOVERNMENT 
EXPENDITURES)
Medium to low (in terms of ECONOMIC FREEDOM)

Cluster 3 Cluster 2

Countries with low degree of government artificial intelligence

Romania, 
Slovakia, Croatia, 
Latvia, 
Poland, Bulgaria, 
Lithuania

High to medium (in terms of AI IN GOVERNMENT)
High (in terms of BRAIN DRAIN)
Medium to low (in terms of GOVERNMENT 
EXPENDITURES, ECONOMIC FREEDOM)
Low (in terms of 
AI R&D FIRMS EC FUNDED PROJECTS)

Cluster 4 Cluster 4

The geographical representation of the countries based on the main proxy BRAIN DRAIN 
compared with the cluster’s representation in complete linkage methods are illustrated in 
Figure 1. 

The lowest values of core explanatory variable (BRAIN DRAIN) are in Romania, Bulgaria, 
Croatia, Slovakia, Poland, Latvia, Lithuania and Estonia. This group of states overlaps (with 
the exception of Estonia) with the last cluster obtained, cluster 4, determined on the basis of 
cluster analysis and containing states with low degree of government artificial intelligence. 
The similar type of correspondence between the two maps (Figure 1) is found for the first 
three clusters, in the sense that the countries in categories 2, 3 and 4 after the decreasing 
volume of the brain drain are in distinct clusters and for the entire set of data analysis by 
the cluster method, in which all variables were considered in the AI government estimation 
(Figure 1b and Table 6). For example, the countries with the lowest brain drain values (Finland, 

Figure 1. Geographical representation of the EU (24) countries based on: a – brain drain;  
b – Clusters in complete linkage method

a) b)

End of Table 5
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Netherlands, Luxembourg, Denmark, and Sweden) are included in cluster 1 with the aver-
age highest degree of government artificial intelligence. States such as Czechia and Austria, 
placed in cluster 1 and having medium brain drain values are in the first part of the states 
studied from the perspective of adopting AI in government. Estonia’s case is a special one, in 
the sense that although it presents high values of brain drain migration flows, it has devel-
oped and consolidated AI in government, through targeted and successful national measures. 
Germany and France (cluster 2 in complete linkage method) present medium values in terms 
of brain drain and high level of government artificial intelligence, while the rest of countries 
(cluster 3 – Belgium, Hungary, Italy, Greece, Portugal, Slovenia, Spain) shows average to low 
brain drain values, as well as average values of AI in government. The analyzed geographical 
distribution reveals situations in which immediately neighboring states have the same type of 
behavior from the perspective of the clusters of belonging and the variation of the variables 
studied by the cluster analysis, which adds preliminary signals of influences between states, 
as we will study in the following through spatial analysis. 

To determine if the selected independent variables have the potential to explain the evo-
lution of the degree of implementation of the government artificial intelligence, we estimate 
a cluster multivariate regression model (Table 6). The results display high rates of explanation 
of the chosen model for each independent variable (R-squared), as well as statistically sig-
nificant outcomes of the F statistic, which indicates that the model has predictive capability.    

Table 6. Clusters analysis for AI IN GOVERNMENT (source: author's calculations using STATA)

AI IN GOVERNMENT F R-squared

BRAIN DRAIN 13.596*** 0.671
GOVERNMENT EXPENDITURE 29.465*** 0.815
ECONOMIC FREEDOM 10.468*** 0.610
AI R&D FIRMS EC FUNDED PROJECTS 21.356*** 0.762

Note: * Significant at 10%; ** Significant at 5%; *** Significant at 1%. 

4.3. Spatial analysis

After identifying the relationship between the variables studied by the instrumental-variables 
regression method and cluster countries analysis, another aim of the study is to find the 
spatial pattern of the data, more precisely whether AI IN GOVERNMENT and its determinants 
display agglomeration of high values with high values between countries, low values with low 
values or high values is grouped next to low values. 

To perform the spatial analysis, we initially design a spatial weight matrix in the GeoDa 
software (Anselin et al., 2006), which defines the neighborhoods between states, in a binary 
format, in which if there is a common border between countries the value is 1 and oth-
erwise 0. As the weight matrix cannot reflect the specific relationships between countries 
(human, economic or governance in our case), we develop the nested spatial weight matrix 
obtained by multiplying the adjacent matrix with the weight matrix for human, economic or 
governance distance from our data. We use the nested standardized matrix, which can reflect 
the spatial characteristics of neighboring countries, as well as the degree of interdependence 
between countries (Elhorst, 2017; Wang et al., 2023).

Based on nested matrix, we estimate the global Moran index I and obtain positive values of 
it and quite close to 1 for the explained and core explanatory variables (AI IN GOVERNMENT 
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and BRAIN DRAIN) which indicates that these variables have a substantial positive spatial au-
tocorrelation, and the data is grouped on the principle high-high or low-low (Table 7). Values 
are also positive, but closer to 0 are obtained for control variables and show a lower degree 
of spatial grouping of observations. Overall, data presents significant spatial correlation and 
is suitable for their use in spatial models.   

Table 7. Global Moran’s I spatial correlation for the selected variable, year 2022

Variable(s) Moran’s I p-value z-value

AI IN GOVERNMENT 0.479 0.002 2.818

BRAIN DRAIN 0.699 0.000 3.930

GOVERNMENT EXPENDITURE 0.193 0.071 1.469

ECONOMIC FREEDOM 0.258 0.054 1.612

AI R&D FIRMS EC FUNDED PROJECTS 0.267 0.048 1.666

Note: * Significant at 10%; ** Significant at 5%; *** Significant at 1%. Standard errors are in round brackets. 

Following the confirmation of the existence of spatial correlations, the spatial error re-
gression model is examined. The robustness check of the model shows that the lambda 
parameter is significant (as are the Wald and Lagrange multiplier tests), and the values of 
variance ratio and squared correlation ensure a considerable predict of dependent variable 
through explanatory indicators.

 From the empirical results (Table 8) we can find that both core explanatory variable and 
control variables present statistically significant values of spatial correlation coefficients and 
explain government AI from spatial perspective between countries. The increasing BRAIN 

Table 8. Spatial Error Model regression results (source: authors’ calculations using STATA)

AI IN GOVERNMENT SEM

BRAIN DRAIN –1.826***
(0.633)

GOVERNMENT EXPENDITURE 0.008**
(0.003)

ECONOMIC FREEDOM 0.703***
(0.108)

AI R&D FIRMS EC FUNDED PROJECTS 22.039*
(11.850)

Constant 5.595
(14.669)

Variance ratio  0.843

Squared correlation 0.825

Lambda –0.466***
(0.127)

Wald test 13.378***

Lagrange multiplier LM test 4.594**

Note: * Significant at 10%; ** Significant at 5%; *** Significant at 1%. Robust standard errors are in round brackets. 
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DRAIN in neighboring countries has a spatial spillover effects or negative externality on the 
home country’s AI IN GOVERNMENT. Also, the improvement of macroeconomic conditions 
(GOVERNMENT EXPENDITURE and ECONOMIC FREEDOM), as well as those for financing AI 
R&D (AI R&D FIRMS EC FUNDED PROJECTS) in neighboring countries are responsible for 
increasing the capacity of governments to manage AI adoption.  

Spatial analysis of the influence of brain drain on AI in government highlights regional 
and global inequalities in the development and deployment of AI technologies in the public 
sector. Addressing these inequalities requires concerted efforts by governments, academia 
and the private sector to develop a strong talent base in AI, encourage international col-
laboration and support the development of local AI solutions tailored to the specific needs 
of different governments.

Spatial analysis of the influence of the brain drain on AI in government highlights regional 
and global disparities in the development and implementation of artificial intelligence in the 
public sector. Brain drain refers to the migration of highly qualified specialists, including AI 
experts, from countries of origin to destinations with better opportunities, such as developed 
countries (Kapur & McHale, 2005). This talent migration can have a negative impact on gov-
ernments’ ability to develop and deploy AI solutions.

Regional imbalances in AI development can critically affect government efficiency in pub-
lic service delivery and policy formation (Wirtz et al., 2020). Governments with AI talent access 
and the resources to realize AI solutions are better equipped to tackle complex social and 
economic problems, meeting citizen needs (Mikhaylov et al., 2018). Conversely, governments 
failing to attract and retain AI specialists could see their public service and policy manage-
ment efficiency decline (Zajko, 2022).

The brain drain can exacerbate inequalities between countries in access to innovations 
and advanced technologies in AI. Countries that manage to attract and retain talent in AI can 
benefit from investment in R&D and accelerated economic growth (Singh & Krishna, 2018). 
The concentration of talent in AI in certain regions or countries can amplify differences in AI 
development and adoption in governments around the world. Developed countries, especially 
Western European countries, have managed to attract many AI specialists, strengthening their 
AI positions. In contrast, developing countries and local governments may face difficulties in 
attracting and retaining AI talent (Banerjee & Duflo, 2019).

At the same time, countries affected by the brain drain may lag behind in the technologi-
cal race, which may limit their ability to address social and economic problems and respond 
to citizens’ needs (Sabry, 2021).

To address these spatial inequalities and encourage a more equitable development of 
AI in the public sector, governments need to consider several strategies. First, investment in 
education and research in AI should be encouraged and supported at local and regional level 
(Basri & Box, 2010). This can help develop a solid talent base in AI and create employment 
opportunities in the public sector (Yamashita et al., 2021). Second, international AI collabora-
tion can be crucial to combat the brain drain and ensure that former communist EU coun-
tries have access to cutting-edge knowledge and technologies (Berger, 2022). Partnerships 
between countries and institutions can facilitate the transfer of technology and knowledge 
and contribute to the development of AI solutions tailored to the specific needs of different 
governments (Qin et al., 2023). Third, governments can encourage the development of lo-
cal AI solutions and support small and medium-sized enterprises (SMEs) specializing in AI. 
Creating an innovative AI ecosystem can attract local and international talent and help build 
governments’ capacities to implement AI in the public sector (Djeffal et al., 2022).
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The findings lead to various inferences and recommendations. For public administrations, 
AI extends beyond being merely instrumental; it’s a transformative catalyst with potential to 
reshape governance, policy formation, and public service provision. AI can help governments 
generate accurate predictions and simulate complex systems to experiment with different policy 
options (Margetts & Dorobantu, 2019). Hence, it’s crucial for public servants to keep pace with 
AI advancements and comprehend its applicability for societal welfare (Reis et al., 2019).

Moreover, AI’s role in government underscores the necessity for robust collaborations 
amongst public institutions, private enterprises, academic bodies, and civil society organiza-
tions. Such partnerships encourage knowledge exchange, resource sharing, and expertise 
pooling, which are vital for crafting AI systems tailored to governmental needs and goals.

It is important to note that brain drain impedes government AI development, as the 
emigration of AI professionals slows AI progress in public services, reducing expertise and 
innovation. This results in economic losses for governments, especially in resource-limited 
nations, and hampers international AI collaboration due to less cooperation from relocated 
experts. Such nations risk falling behind in the global AI race, while those retaining talent 
could advance technologically and economically. Government spending is key to AI readiness, 
and stable economic policies favor AI adoption. The European Commission’s AI R&D invest-
ment underscores the need for ongoing financial support in this field.

Finally, addressing brain drain is vital for a nation’s AI future, economic growth, and in-
novation. Governments must tackle these challenges with proactive strategies, fostering an 
environment conducive to AI progress for the benefit of all citizens.

5. Conclusions 

Given the intersection between Artificial Intelligence (AI) and brain drain, this study garners 
broad public interest by providing valuable insights, enhancing understanding of AI’s impact 
on society, economy, and environment and highlighting the need for governments to regu-
late and implement AI across various sectors.

This study offers nuanced understandings of the factors influencing AI government readi-
ness within the European Union. Specifically, it delves into the potential negative repercus-
sions of Brain Drain (RQ1) and the potential positive implications of EU-funded projects for 
R&D, economic freedom, and government spending (RQ2) on AI preparedness. Moreover, 
the research provides crucial insights into the interplay between brain drain and a country’s 
influence on its neighboring states’ AI adoption readiness (RQ3). These findings elucidate the 
significance of understanding both internal and external dynamics to enhance AI readiness 
and integration at the governmental level in the European region.

Our findings unequivocally indicate a negative correlation between brain drain and AI 
readiness in EU governments in 2022. This suggests that as brain drain intensifies, govern-
ments’ preparedness to integrate AI diminishes. This correlation, coupled with the insights 
garnered from the spillover effects and the potential policy interventions, offers a compre-
hensive roadmap for EU nations to strategically address the challenges posed by brain drain 
in the realm of AI readiness.

Several implications arise from our findings:
Detrimental Effects of Brain Drain: Brain drain significantly undermines government AI 

readiness. Skilled AI professionals migrating abroad impede the progress and application of 
advanced AI in public services, confirming Hypothesis H1 and supporting existing research 
findings.
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Innovation Lag: The migration of AI talent leads not only to a loss of expertise but also 
diminishes the potential for technological innovation within their home countries.

Economic Implications: When AI experts leave, their home countries lose the investments 
made in their education and training. This exacerbates economic difficulties, especially in 
resource-constrained nations.

Challenges in International Collaboration: The brain drain phenomenon can adversely 
affect international AI collaborations. Experts relocating abroad might become less willing to 
engage with their home countries, resulting in lost opportunities in international AI projects.

Global AI Race: Countries severely affected by brain drain risk falling behind in the inter-
national competition for AI advancement. In contrast, those retaining or attracting AI talent 
could see significant technological and economic growth.

Prominence of Government Expenditure: There is a notable correlation between govern-
ment investment and AI readiness. Adequate government funding can substantially improve 
the public sector’s AI capabilities.

The Role of Economic Freedom: An enabling economic environment is crucial for the ad-
option of AI in government. Countries with greater economic freedom typically have an 
easier path to AI integration, emphasizing the importance of stable and supportive economic 
policies.

European Commission’s AI R&D Investment: The European Commission’s funding in AI 
research and development has been pivotal. This investment is essential for advancing AI 
readiness, highlighting the importance of ongoing financial support in this field.

Addressing brain drain is crucial for a nation’s future in the AI arena, ensuring economic 
growth and innovation. Governments need strategies to retain talent and create AI-friendly 
environments, benefiting citizens. However, our study faces limitations, including data avail-
ability constraints. Despite using reliable sources, data gaps and discrepancies may exist 
due to AI’s dynamic nature and fluctuating socio-political factors influencing brain drain. 
Additionally, incorporating diverse qualitative insights, like AI professionals’ or policymakers’ 
experiences, could have enriched our methodology.

Future research could delve deeper into the following areas: Global Perspective (while our 
study focused on the EU, understanding this dynamic in other regions or on a global scale 
could provide more comprehensive insights); sectoral Analysis (AI’s integration varies across 
sectors. Future studies could examine how brain drain affects AI readiness in specific govern-
ment sectors, such as health or defense).
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