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Abstract. In the modern globalized world, human capital and economic growth roles have become increasingly vital, demanding a closer 

examination of their dynamics. It is crucial to grasp the unique nuances of globalization to comprehend how it shapes global socio-

economic systems and impacts individual nations. This understanding also highlights the evolving challenges and opportunities for human 

capital in driving economic progress. Moreover, the distinct circumstances small countries face amidst globalization must be noted. Studies 

have confirmed that these nations operate under unique mechanisms that influence their socioeconomic development. This study focuses on 

a macro systemic analysis of the interplay between human capital and economic growth, explicitly offering tailored recommendations for 

Georgia. Research leveraged econometric methods and harnessed the power of artificial intelligence, specifically employing machine 

learning models. The analysis shows that the null hypothesis about no cointegration was rejected for the GDP per capita and spending on 

healthcare with the P-value of 0.0354, while for the GDP per capita (or GDP growth) and spending on environment had the P-value of 

0.0074 (0.0052) in Georgia. This reflects the impact of spending on human capital on the economy (in Georgia and Ireland) and vice versa 

(in Georgia, Latvia and Lithuania). Research findings show that future-oriented skills training for entrepreneurs and specialists is essential 

in a modern, globally competitive environment, focusing on adaptability and global best practices. 
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1. Introduction  

In today's interconnected world, a hallmark of globalization, it's vital to grasp the current challenges it faces. The 

COVID-19 pandemic highlighted this interdependence by disrupting the flow of goods, people, and information. 

Now, with the war in Ukraine and the economic sanctions on Russia from the West, it is already clear a new 

aspect of globalization – one marked by deeper political and economic rifts, indicating a more confrontational 

phase. 
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In the context of a confrontational globalization landscape, a critical macrosystemic challenge arises from 

heightened uncertainty. This phenomenon transcends the boundaries of individual domains, stemming from a 

complex interplay of processes across diverse societal spheres. Uncertainty manifests as cascading shock effects 

that disrupt seemingly unrelated fields, further amplifying the challenge. Additionally, the simultaneous influence 

of multiple interconnected factors acts as a multiplier, exacerbating the inherent uncertainties and creating a 

volatile and unpredictable environment. 

 

It is noteworthy that the growing uncertainty caused by both economic and non-economic factors is of a 

macrosystem nature. This is evidenced, for example, by the global problem of climate change, the most critical 

problem in the era of globalization, including in the economic and social aspects. 

 

In the face of confronting globalization, human capital remains essential and valuable. It includes knowledge, 

skills, experience, education and talent and contributes to creating tangible and intangible assets. There is no 

doubt that individuals with good health, education and motivation can work effectively and, as a result, contribute 

significantly to economic growth. 

 

The problems of human capital, economic growth and their interaction require identifying the features that 

accompany the modern stage of globalization and the growth of the uncertainty factor. Taking them into account, 

the requirements for human capital itself should be formulated based on the positions of more effective promotion 

of economic growth and sustainability of the state's socio-economic system. 

 

2. Theoretical Background and Hypotheses 

Human capital theory evolved from earlier economic thought. As economies modernized and technology 

advanced, the demand for skilled labour grew, highlighting the increasing importance of human capital in 

economic progress. 

 

The Solow-Swan model attributes economic growth to labour, capital, and technological progress. Initially 

excluding human capital, the model was refined to explain productivity and growth disparities (Solow, 1956; 

Swan, 1956). Mankiw, Romer, and Weil (1992) linked human capital (measured by education) to economic 

growth, demonstrating its crucial role in boosting labour productivity and overall economic expansion. 

 

Lucas (1988) emphasized human capital accumulation through education and training, leading to a more 

productive workforce and long-run economic growth. 

 

Romer's 1990 model (endogenous growth theory) highlights epistemic capital (knowledge) and technological 

innovation as key growth drivers. He argues a skilled workforce (high human capital stock) is crucial for ideating, 

developing, and spreading new technologies, which fuel sustained economic growth. 

 

Galor and Weil's (2000) theory integrates demographic transitions and human capital accumulation. It posits that 

as economies develop, investments in human capital lead to lower fertility rates and higher economic growth, 

facilitating a transition from stagnation to sustained growth. 

 

Barro (1991) examined a substantial number of countries and discovered a positive correlation between higher 

education levels and economic growth. He highlighted the significance of primary and secondary education in 

fostering economic development. 
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Acemoglu (2002) examines the impact of technological change on wage inequality. His research suggests that 

technical advancements have disproportionately benefited skilled workers over the past six decades. This "skill-

biased" technological change is identified as a primary driver of the recent rise in income inequality. 

 

Hanushek and Woessmann (2008) used international assessments to show cognitive skills, not just years of 

schooling, have a stronger link to economic growth. This implies the quality of education, measured by its ability 

to develop these skills, is crucial for economic prosperity. 

 

For developing countries, studies like those by Psacharopoulos and Patrinos (2004) have shown that returns to 

investment in education are exceptionally high in these regions, suggesting significant potential for human capital 

to drive growth. 

 

Case studies of rapidly growing economies such as South Korea and Singapore illustrate how targeted 

investments in education and skill development can transform economic prospects (Lee, 2001). 

 

Research by Bloom, Canning, and Sevilla (2004) indicates that health improvements contribute significantly to 

economic growth. Healthier populations are more productive, and reductions in mortality rates can lead to 

increased investment in education and skills. 

 

Aghion and Howitt (2009) discussed how human capital in the form of research and development (R&D) 

personnel drives innovation and technological advancements, further promoting economic growth. 

 

Governments should prioritize investments in both the quantity and quality of education. Ensuring access to 

primary, secondary, and tertiary education, coupled with improvements in educational infrastructure and teaching 

quality, is essential. 

 

Vocational training and continuous professional development programs align the workforce's skills with the 

evolving demands of the economy. 

 

Public health policies to improve healthcare access can have substantial economic benefits. Programs targeting 

maternal and child health, nutrition, and disease prevention are particularly effective. Encouraging innovation 

through investment in R&D and fostering collaborations between universities, research institutions, and industry 

can drive technological advancements and economic growth. 

 

The modern theory of human capital originated in the 1960s, following the works of American scientists Schultz 

(1961) and Becker (1964). According to neoclassical growth theory, as stated by Solow (1956) and Swan (1956), 

capital, labour, and technological development play a significant role in economic growth.  

 

The importance of education for human capital development, particularly oriented towards the implementation of 

new technologies, was highlighted by Nelson and Phelps (1966). Romer (1990), in the endogenous economic 

growth theory, emphasized the priority of human capital and its significance in economic growth through the 

generation of new ideas.  

 

Endogenous growth models link specialized education to economic growth. These models show how a skilled 

workforce focused on research and development (R&D) boosts productivity and economic expansion. 

 

The authors have contributed significantly to the literature addressing this research problem, offering theoretical 

and practical insights. For example, Smith (1938) explores the foundational aspects of human capital in economic 

theory, while Barro (2001) examines its impact on economic growth. Becker (1964) is renowned for his 
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groundbreaking work on human capital theory, further developed by Blaug (1976) in his analyses of education 

and economics. 

 

Jones (2014) and Kuznets (1955) delve into historical and empirical aspects of economic growth, focusing on 

human capital. Mankiw, Romer and Weil (1992) and Lucas (2015) offer influential models that underscore the 

importance of human capital in macroeconomic contexts. Recent studies, such as those by Bulina Mozgovaya and 

Pakhnin (2020), Deming (2022) and Bedianashvili (2023), provide contemporary perspectives on the evolving 

role of human capital in the global economy. 

 

Manuelli and Seshadri (2014) present empirical analyses of the return on investment in human capital, while 

Mincer (1958) and Schultz (1961) are pioneers in the study of the economic value of education. Solow  (1991) 

and Uzawa (1965) contribute to understanding the relationship between technological change and human capital. 

Finally, Weil (2007) synthesizes these concepts, providing a comprehensive view of human capital's role in 

economic development. 

 

Modern views on human capital's role in economic growth are captured by the Human Development Index (HDI) 

and Human Capital Index (HCI). The HDI (UNDP, 2015) offers a broad view of a nation's human development in 

terms of health, knowledge, and living standards. The HCI (World Bank, 2018) focuses on health and education, 

which directly impact future worker productivity. 

 

The literature consistently affirms the pivotal role of human capital in driving economic growth. Theoretical 

frameworks and empirical studies support the notion that investments in education, health, and innovation are 

instrumental in enhancing productivity and sustaining long-term economic development. To cultivate robust and 

inclusive economic growth, policymakers must prioritize the creation of environments conducive to human 

capital formation. 

 

Based on the review of the existing literature, it is worth noting the weak reflection of the features and challenges 

of modern globalization in the studies surrounding the problem of human capital and economic growth, the failure 

to consider the growing economic uncertainty and the simplified representation of human capital as a complex 

systemic phenomenon. All this points to the urgency of further research in this field. 

 

This paper aims to determine the features of the interaction between human capital and economic growth, 

considering the specifics of modern globalization, distinguishing the features of Georgia and formulating 

recommendations. Based on the literature review and the abovementioned, the conceptual model of the study is 

presented in Figure 1, and the research hypotheses are as follows. 
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Figure 1. Conceptual Framework 

The above conceptual framework refers to Gross Domestic Product (GDP) per capita and GDP growth as 

indicators of economic growth, but the hypotheses are assumed separately. Education, healthcare, and 

environmental expenditures reflect human capital development with some conditions. This analysis measures 

human capital by considering expenses on education, healthcare, and the environment.  

 

 

H1:    GDP per capita has a significant influence on expenditure on education.  

H2:    Expenditure on education has a significant influence on GDP per capita.  

H3:    GDP growth has a significant influence on expenditure on education.  

H4:    Expenditure on education has a significant influence on GDP growth. 

H5:    GDP per capita has a significant influence on expenditure on healthcare.  

H6:    Expenditure on healthcare has a significant influence on GDP per capita. 

H7:    GDP growth has a significant influence on expenditure on healthcare.  

H8:    Expenditure on healthcare has a significant influence on GDP growth. 

H9:    GDP per capita has a significant influence on expenditure on environment.  

H10:  Expenditure on environment has a significant influence on GDP per capita. 

H11:  GDP growth has a significant influence on expenditure on environment. 

H12:  Expenditure on the environment has a significant influence on GDP growth. 

 

3. Research Methodology and Methods 

 

A mixed-methods approach was used, combining qualitative and quantitative techniques. Data was collected from 

literature, Georgian Statistical Office (Geostat) and analyzed statistically. Comparative and benchmarking 

methods were also applied (Bedianashvili & Kokhreidze, 2024). 
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One of the important methodological frameworks and foundations of the research is confrontational globalization 

under growing uncertainty as a systemic concept of modern globalization (Bedianashvili, 2021, 2023; Papava, 

2022a, 2022b).  

 

The statistical data used in the study were sourced from various organizations, including the International 

Monetary Fund (IMF), World Bank (WB), United Nations (UN), and Geostat. In addition to these data sources, 

the research employed econometric methods and advanced artificial intelligence (AI) techniques. Specifically, the 

study utilized machine learning (ML) models, drawing on the methodologies and findings of notable works such 

as those by Breiman (2001), which introduced fundamental concepts in ML, and Lundberg and Lee (2017), who 

developed methods for interpreting ML models. Further contributions from Lundberg et al. (2020) expanded on 

these interpretative techniques. Pedregosa et al. (2011) provided essential tools for implementing ML algorithms, 

and Shapley (1951) offered foundational insights into cooperative game theory that are now applied in ML to 

explain model predictions. 

 

Data from several small countries was used to evaluate how human capital might affect economic growth. 

Alongside Georgia were selected benchmark countries, considering factors such as population size, country area, 

and development level. Three European Union (EU) member countries were chosen as benchmark countries: 

Ireland, Latvia, and Lithuania. The table below presents the primary characteristics of these countries in terms of 

area and population (Table 1). 

 
Table 1. Area and number of populations in Georgia and benchmark countries, 2023 

 

Country Number of population (mln)  Area (km2) 

Georgia 3.73 69700 

Ireland 5.06 70273 

Latvia 1.83 64589 

Lithuania 2.72 65300 

Source: www.imf.org, www.worldometers.info 

The data analyzes the relationship between economic growth and human capital for Georgia and benchmark 

countries. It measures economic growth using GDP per cent change and Purchasing Power Parity (PPP) per 

capita. Public spending data includes expenditures on education, healthcare, and the environment. Education is 

measured by the total years spent in primary and secondary school. 

 

The analysis also includes the HDI, using average life expectancy for healthcare and CO2 emissions for 

environmental indicators. Data from 2000-2021 comes from the IMF, World Bank (WB), and the UNDP for HDI. 

The World Bank Human Capital Project provides data, with the latest from 2020.  

 

For simplification used the abbreviations of the variables: GDP, GDP_ppp, exp_edu, exp_h, exp_env. Below, the 

variables used in the analysis and their respective abbreviations are explained (Table 2).  
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Table 2. Abbreviations of used variables 

Variable Abbreviation 

Gross Domestic Product GDP 

Economic Growth  Y_gr 

GDP per capita by Purchasing Power Parity  Y_capita 

expenditures on education (% of GDP) exp_edu 

expenditures on healthcare (% of GDP) exp_h 

expenditures on environment (% of GDP) exp_env 

 
 

Considering the causal relationship between economic growth and expenditures on human capital such as 

education, healthcare and environment, the appropriate quantitative estimation is based on the cointegration 

analysis. The analysis, cointegration enabled the identification of long-term equilibrium relationships between the 

variables shown above. First, it should be noted that human capital consists of expenditures on education, 

healthcare and the environment as well. On the other hand, there is economic growth and GDP per capita data. 

During the analysis, it formulated the null and alternative hypothesis and tested them. Cointegration testing is 

crucial to determine if there is a causal relationship between the mentioned variables, and if there is, to identify 

which variable causes changes in the other. The null hypothesis was that there is no level relationship among the 

tested time series, while the alternative hypothesis is that there is a level relationship among these series. The 

casual relationship is tested for the following variables: on the one hand, expenditures on education, healthcare, 

and the environment as a percentage of GDP, and on the other hand, GDP per capita. The null hypothesis of no 

cointegration between these variables was rejected in the following cases:  

➢ GDP growth and expenditure on education for Ireland and Latvia;  

➢ GDP per capita and expenditure on healthcare for Georgia and Ireland;  

➢ GDP growth and expenditure on healthcare for Ireland;  

➢ GDP per capita and expenditure on the environment for Georgia and Latvia;  

➢ GDP growth and expenditure on the environment for Georgia, Ireland, and Lithuania.  

Considering this, it can express the Granger Causality Test hypothesis as follows (Table 3). 

Table 3. Granger Causality Test hypotheses 

Null Hypothesis (H0) and Alternative 

Hypothesis (H1-H12) 

Result for 

Georgia 

Result for 

Ireland 

Result for Latvia Result for Lithuania 

H0: Y_capita does not ➔  Exp_edu  

H1: Y_capita  ➔  Exp_edu 

H0 H0 H0 H0 

H0: Exp_edu does not ➔ Y_capita  

H2: Exp_edu ➔ Y_capita 

H0 H0 H0 H0 

     

H0: Y_gr does not ➔  Exp_edu  

H3: Y_gr  ➔  Exp_edu 

H0 H0 H0 H0 

H0: Exp_edu does not ➔ Y_gr  

H4: Exp_edu ➔ Y_gr 

H0 H0 H0 H0 

     

H0: Y_capita does not ➔ Exp_h  

H5: Y_capita ➔ Exp_h 

H1 H0 H0 H0 

H0: Exp_h does not ➔ Y_capita 

H6: Exp_h ➔ Y_capita 

H1 H0 H0 H0 
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H0: Y_gr does not ➔ Exp_h  

H7: Y_gr ➔ Exp_h 

H0 H0 H0 H0 

H0: Exp_h does not ➔ Y_gr 

H8: Exp_h ➔ Y_gr 

H0 H0 H0 H0 

     

H0: Y_capita does not ➔  Exp_env  

H9: Y_capita ➔  Exp_env 

H1 H0 H1 H0 

H0: Exp_env does not ➔ Y_capita  

H10: Exp_env ➔ Y_capita 

H0 H1 H0 H0 

     

H0: Y_gr  does not ➔ Exp_env  

H11: Y_gr  ➔ Exp_env 

H0 H0 H0 H1 

H0: Exp_env does not ➔ Y_gr  

H12: Exp_env ➔ Y_gr 

H0 H0 H0 H0 

 
4. Results 

 

The study explores the causal relationship between education, healthcare, and environment, expressed as a 

percentage of GDP, on one hand, and economic growth on the other hand. To analyze these interconnections, the 

first step involves examining stationarity to determine the degree of integration. This is achieved by conducting 

unit root tests through various methodologies. Subsequently, cointegration is assessed to measure the correlation 

between the time series. After assessing the degree of cointegration, causality is defined using appropriate tests, 

providing insights into whether the selected public spending influences economic growth in the chosen countries.  

 

Public spending for education, healthcare, and the environment is represented as a percentage of GDP. As the 

initial data were non-stationary, they underwent transformation to achieve first-order difference stationarity. This 

transformation enables the estimation of cointegration in the time series, allowing for the investigation of 

causality among the variables. In some instances, no cointegration vector was identified, or it was impractical to 

assess cointegration. For example, the Johansen cointegration test for economic growth and public spending on 

education did not reject the Null hypothesis, indicating any cointegration in the model for Georgia. 

 

The cointegration test between economic growth and public spending on healthcare yields the same result. 

Concerning spending on the environment, the Trace Statistic test reveals two vectors, whereas the Maximum 

Eigenvalue test indicates no cointegration vector among these variables.  

 

Since one of the tests demonstrates correlation, Granger Causality tests are employed to investigate causality. The 

selected variables are initially nonstationary but attain stationarity through first-order differencing, denoted as 

I(1). The Vector Error Correction (VECM) method is employed for causality testing. However, the results 

indicate that none of these variables cause another. If replaced GDP per capita data for economic growth, the 

findings persist. There is still no discernible relationship for spending on education and healthcare. Both Trace 

Statistic and Maximum Eigenvalue tests confirm a single cointegration vector for spending on the environment 

see Table 4). 
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Table 4. Johansen cointegration test for Georgia, between GDP per capita and spending on environment 

 

During the causality testing, the results indicate that the GDP per capita causes changes in spending on the 

environment (see Table 5).  
Table 5. Granger Causality test  

 

 

As it was received the result that there is at most 1 cointegration vector, one can use the Granger Causality test 

and see whether spending on environment causes GDP per capita or GDP per capita causes spending on 

environment in Georgia. 

 

The Johansen test reveals one cointegration vector between economic growth and spending on education and 

economic growth and spending on the environment for Ireland. Additionally, two vectors are identified for 

economic growth and spending on healthcare. However, causality analysis indicates that none of these variables 

causes another. 

 

In the case of GDP per capita analysis and causality tests for the same variables, the results show that public 

spending on the environment causes a change in GDP per capita. This causality is also confirmed for Latvia, 

where GDP per capita causes a change in spending on the environment. Johansen tests for Latvia indicate one 

cointegration vector between spending on education and economic growth, a finding was supported by Trace 

Statistics and Maximum Eigenvalue Statistics. On the other hand, for Lithuania, the causality is observed in the 

economic growth and expenditure on the environment, where economic growth causes spending on the 

environment.  
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Table 6 below shows the p-values for all four analysed countries, where it tested if there was a cointegration 

vector. In cases where the results show that no cointegration vector was observed, they had a probability higher 

than 5 per cent. Otherwise, the p-value was less than 0.05.  

 
Table 6. The p-values for analysed countries 

Null Hypothesis (H0) and Alternative 

Hypothesis (H1) 

P-value for 

Georgia 

P-value for 

Ireland 

P-value for 

Latvia 

P-value for  

Lithuania 

H0: No cointegration vector between Y_capita 

and Exp_edu  

H1: At least 1 cointegration vector between 

Y_capita and Exp_edu 

0.7995 0.1228 0.0582 0.5117 

H0: No cointegration vector between Y_gr 

and Exp_edu  

H1: At least 1 cointegration vector between 

Y_gr and Exp_edu 

0.0784 0.0197 0.0012 0.0552 

 

 

     

H0: No cointegration vector between Y_capita 

and Exp_h  

H1: At least 1 cointegration vector between 

Y_capita and Exp_h 

0.0354 0.0294 0.2109 0.3634 

H0: No cointegration vector between Y_gr 

and Exp_h  

H1: At least 1 cointegration vector between 

Y_gr and Exp_h 

0.1091 0.0103 0.1369 0.08 

     

H0: No cointegration vector between 

Y_capita and Exp_env  

H1: At least 1 cointegration vector between 

Y_capita and Exp_env 

0.0074 0.0954 0.034 0.4744 

H0: No cointegration vector between Y_gr 

and Exp_env  

H1: At least 1 cointegration vector between 

Y_gr and Exp_env 

0.0052 0.0274 0.0649 0.0038 

 

Furthermore, the causality analysis reveals that GDP per capita is a driving factor for changes in spending on the 

environment in both Georgia and Latvia. Conversely, in Ireland, the spending on the environment serves as the 

explanatory variable. This discrepancy suggests the potential influence of other variables related to human capital, 

which were not included in the analysis. The relationship between these omitted variables for Georgia and 

benchmarking countries is illustrated in Pictures 1-6 below.   
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Picture 1. Ireland                                                                      Picture 2. Latvia 

 

 

 

 

 

 

 

 

 

 

Picture 3. Lithuania                                                                     Picture 4. Georgia                       

 

Picture 5. HDI                                                            Picture 6. CO2 emmision (kilotones) 
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Considering one of the main factors affecting income in the human capital analysis, it is crucial to assess the 

factors influencing income. Similar studies have been conducted in other countries (e.g., Chakrabarty, Biswas, 

2018).  

 

Georgian 2019-year labour force survey data analysis using machine learning by Bedianashvili et al. (2023) 

extracted meaningful insights about relationships between income as the dependent variable and various features 

like age, education, sex, worked hours, etc. It would be scientifically interesting to analyze 2022-year survey data 

of Geostat (https://www.geostat.ge/en/modules/categories/130/labour-force-survey-databases) using same 

methods for two reasons: 1. There was Covid-19 pandemic in the world in 2021; 2. The Russian-Ukrainian war 

affected the world economy in different ways in 2022. So, these two events might affect relationships between 

variables described above. There is a difference in methodologies between the 2019 and 2022 surveys. Classifiers 

are changed, but the general picture is the same.  

 

In 2022-year survey dependent variable in database is B24_B25_Net_earnings, which is the interval of net 

earnings in the main job for the last worked month in Georgian Laris (GEL). It contains several intervals, but 

authors removed ‘Refuse the answer’ and ‘Has not received earnings for the last working month’, then combined 

some intervals and created classes. The intervals and created classes are: 

 
• '100 GEL or less': 0, 

• '101-150 GEL': 0, 

• '151-200 GEL': 0,  

• '201-300 GEL': 0,  

• '301-400 GEL': 0, 

• '401-500 GEL': 0, 

• '501-600 GEL': 0, 

• '601-800 GEL':1, 

• '801-1000 GEL':1, 

• '1001-1500 GEL':2, 

• '1501-2000 GEL':2,  

• 'More than 2000 GEL':3. 

 

So, Class 0 contains 600 GEL or less income, class 1 contains earnings from 601 GEL to 1 000 GEL, class 2 is 

earnings from 1 001 to 2 000 GEL and class 3 is earning more than 2 000 GEL.  

 

The independent variables from the survey database are sex, age, the second job (‘Second_Job’ in databases), 

education (Education attainment level), the status in employment at the main job, occupation (The authors 

converted the four-digit level ISCO-08 code for the main job occupation to a two-digit level according to the 

international standard classification of occupations.), atypical work, the number of hours worked in the main job 

during the last 7 days (denoted as 'M_Actually_worked' in database), the authors converted the NACE Rev.2 four-

digit level code for the kind of economic activity (referred to as 'Brunch' in database) to a three-digit level, the 

permanence of the job, authors mapped null values as 'No' for income sources across variables 

H2_1_Income_sources through H2_7_Income_sources.                                                 

 

In study was encoded categorical variables. If variable had only two categories, 0 and 1 was used. For example, in 

variable ‘Sex’ woman was encoded as 0 and man was encoded as 1. In ‘Second Job’ variable ‘No’ was encoded 

as 0 and ‘Yes’ was encoded as 1. All other categorical variables were encoded using One-Hot Encoding method 

using sklearn programming library with drop_first=True parameter. Authors removed rows with missing 

variables. At last authors got 12 362 rows and 258 columns in 2022-year data. 
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It used Random Forest algorithm for classification (Breiman, 2001). This method is based on decision trees. After 

that data was split in training and testing datasets using sklearn’s train_test_split method, this method used 

shuffling (for research reproducibility random_state=365 parameter was used). The size of test dataset was 10% 

of preprocessed data. Because of class imbalance problem in datasets stratification was used while splitting. 

 

In study used balanced subsample method in Random Forest to deal with imbalanced classification (for research 

reproducibility random_state=365 parameter was used). For hyperparameter tuning authors used randomized 

search cross-validation, where focusing hyperparameters were (some of them were from Bedianashvili et al., 

2023): 

 
Number of decision trees: [30, 37, 45, 53, 61, 68, 76, 84, 92, 100]; 

Maximum tree depth: [10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, None]; 

Minimum samples required to split a node: [2, 5, 10]; 

Minimum samples required at each leaf node: [1, 2, 3, 4, 5, 6, 7]; 

Bootstrap sampling: [True, False]. 

 

As for randomized search cross-validation, number of iterations was 50 and cv parameter was 10.  

After that for this model, the found hyperparameters were: 

 

The number of trees were 92, minimum samples required to split a node was 2, the minimum samples required at 

each leaf node was 1, the maximum tree depth was 46, bootstrap sampling was True. The score was 

0.7137115644411695. 
 

Random Forest used balanced subsample here also.  

 

Using balanced subsample method and these hyperparameters authors trained model and tested it using F1 

(weighted) and Jaccard (micro) scores on test dataset. As for model performance, the F1 (weighted) score was 

0.726 and Jaccard (micro) was 0.574. 

5. Discussion 

The analysis aims to comprehend the link between human capital and economic growth. It was included 

expenditures on education, healthcare, and the environment as components of human capital since investments in 

these sectors contribute to its development. 

 
Therefore, the table below illustrates the cointegration analysis examining the relationship between economic 

growth and human capital (Table 7). 

 
Table 7. The table below illustrates the cointegration analysis examining the relationship between economic growth and human capital 

Null Hypothesis (H0) and Alternative Hypothesis 

(H1) 

Result for 

Georgia 

Result for Ireland Result for Latvia Result for  

Lithuania 

H0: Human capital does not ➔ Y_capita  

H1: Human capital ➔ Y_capita  

H0 H1 H0 H0 

H0: Y_capita does not ➔ Human capital  

H1: Y_capita ➔ Human capital 

H1 H0 H1 H0 

H0: Human capital does not ➔ Y_gr 

H1: Human capital ➔ Y_gr 

H0 H0 H0 H0 

H0: Y_gr does not ➔ Human capital 

H1: Y_gr ➔ Human capital 

H0 H0 H0 H1 
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The table above shows that for Georgia and Latvia, higher GDP per capita leads to higher spending on human 

capital, while for Ireland, spending on human capital drives higher GDP per capita. This result, combined with the 

findings above, is logical: countries with rising GDP per capita are investing more in human capital, such as 

education, healthcare, and the environment, which in turn stimulates economic activity and increases GDP per 

capita. Additionally, expenditure on education is crucial, especially as environment and climate issues become 

more prominent, illustrating a bidirectional relationship where economic growth enables more environment 

spending, which is a form of human capital spending that fosters further economic growth.  

In conclusion, it should be noted that spending on human capital does not directly cause economic growth, and 

this finding can be attributed to various factors. The analysis was constrained by the limited time period, 

hindering a comprehensive examination of time series with structural variables. The impact of spending on the 

economy may take years to manifest, underscoring the importance of considering time lags. Moreover, a possible 

reason could be that a bachelor’s degree is sometimes not tailored to real-world practice. Hence, spending on 

education might not be the right instrument to drive economic growth. Additionally, Georgia is at a 

developmental stage where prioritizing economic growth is necessary for a shift towards emphasizing capital 

spending over current spending. The public spending categories analyzed primarily constituted current spending, 

which typically garners more attention in later stages of development. This trend is observed in other countries 

that also redirected focus towards education and the environment after reaching a specific stage of development. 

From the results of the empirical research, it can be seen that the trace cointegration test confirms that there is 1 

cointegration vector (at the 0.05 level) between the GDP per capita and spending on the environment for Georgia. 

The probability of the null hypothesis about no cointegration vector was set at 0.0074, meaning that the p-value is 

statistically significant, which implies rejecting the null hypothesis. The alternative hypothesis about at most 1 

cointegration vector has the probability at 0.2851, and therefore, it cannot reject this hypothesis, meaning that 

there is 1 cointegration vector. The same result is from the Maximum Eigenvalue test, with null hypothesis of no 

cointegration vector and alternative hypothesis of at most 1 cointegration vector. Null hypothesis has the 

probability at 0.0065, which is statistically significant, and it must reject it, while alternative hypothesis has the p-

value at 0.2851, so one cannot to reject this hypothesis and say that there is 1 cointegration vector between the 

GDP per capita and spending on environment. 

 

Using the Granger Causality test, it turned out that P-value for the null hypothesis that spending on environment 

causes GDP per capita is 0.7596 with the F-statistic 0.28353, which shows that it is not statistically significant and 

hence, cannot be reject null hypothesis. This confirms that spending on environment does not cause GDP per 

capita at this point. On the other hand, another null hypothesis indicates that GDP per capita causes spending on 

the environment; this has a probability of 0.0356, which is less than 5 per cent and F-statistic is higher, 4.94484. 

Therefore, one can conclude that can reject the null hypothesis and confirm that GDP per capita causes spending 

on environment in Georgia.   

 

The possible reason for the abovementioned aspect is that spending on human capital is spending on education, 

healthcare, and the environment, which creates healthy and educated people who are capable of working better 

and hence, they are more expected to contribute to the economy. On the other hand, when a country has a higher 

GDP per capita, it is already in the developing stage and starting to have more concentration on the human capital 

aspects, such as the education of its population, healthcare and climate-related issues. 

 

It is meaningful to interpret models; sometimes, imbalance of classes and multicollinearity might affect insights, 

and balanced subsampling can alleviate imbalanced class problems. There are different approaches to get insights 

from models and data, but authors made interpretation using Shapley values (Shapley, 1951) with Python SHAP 

library (Lundberg and Lee, 2017). The authors used the TreeExplainer algorithm (Lundberg et al., 2020) on test 
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datasets; this algorithm reduces the effects of multicollinearity. The algorithm gave results. Variables are ranked 

in descending order by average impact on model output magnitude on Diagram 1. 

 

As for 2022-year model, the most important variables are sex, actually worked hours, age and education level of 

master’s degree or equivalent as displayed on Diagram 1. It is meaningful to consider that SHAP is interpreting 

here categorical variables as dummy variables after One-Hot Encoding, but the main interest of the study is to 

interpret individual categories.  

 

 

  

 

 

 

 

 

 

 

 

 

Diagram 1. Average impact on model output magnitude 

Next, it’s important to interpret features for individual classes. To illustrate the results, it is interesting to consider 

the year 2022. Diagram 2 shows variable impact for individual classes for 2022-year model. 

 

Diagram 2(I) shows the main factors for which the model classifies a particular observation as having a net 

income of 600 GEL or less. Males are less likely to be included in this class compared to females, increasing 

actually worked hours per week decreases the probability of inclusion the person in this class, people with 

master's degree and equivalent are less likely to be included in this class. Older people and people whose highest-

level education is secondary general education/upper secondary are more likely to be included in this class. If the 

person works in economic activity, which NACE Rev.2 code is 85.1 (Pre-primary education), then the model will 

more likely include the person in this class. Diagram 2(II) shows the main factors for which the model classifies a 

particular observation as having a net income from 601 GEL to 1 000 GEL. Here actually worked hours per week 

and age are the most important factors, but these require further analysis. Males are more likely to be included in 

this class than females. Education shows a nonlinear relationship, but people with master's degrees are more likely 

to be included in this class. Diagram 2(III) shows the main factors for which the model classifies a particular 

observation as having a net income from 1 001 GEL to 2 000 GEL. Males, people with master's degree, teaching 

professionals (ISCO-08 sub-major group 23) or equivalent are more likely to be included in this class. 

 

In contrast, people whose highest education level is secondary general education/upper secondary are less likely 

to be included here. Diagram 2(IV) shows the main factors for which the model classifies a particular observation 
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as having a net income from 2 001 GEL or more. Older people are less likely to be included here. Still, males, 

people with master's degrees or equivalent, production and specialized services managers (ISCO-08 sub-major 

group 13), and people who work in economic activity NACE Rev. 2 52.2 (Support activities for transportation) 

are more likely to be included here.  
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Diagram 2. 2022-year model summary plots for individual classes 

 

 

 

 

IV 

III 
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6. Conclusion and Recommendations 

 
The examination of the previous period reveals that the contemporary global and national economies are 

characterized by a new, distinctively confrontational nature of globalization. Amidst confrontational globalization, 

heightened uncertainty emerges as a pivotal macrosystemic challenge, underscoring the critical importance of 

maintaining stability within the socio-economic systems of individual countries. Human capital remains crucial in 

the face of confrontational globalization. 

 

Spending on human capital may not immediately affect economic growth due to long-term effects and structural 

inefficiencies. Developing social infrastructure like healthcare and social security is vital for overall well-being 

and economic growth. 

 
Countries that invest in human capital tend to achieve higher GDP per capita. Conversely, countries with rising 

GDP per capita are more likely to increase their spending on human capital. 

 

One potential explanation for the phenomenon is that investments in human capital - such as education, 

healthcare, and environmental protection - lead to a healthier and more educated population. These individuals are 

better equipped to contribute to the economy. Conversely, countries with higher GDP per capita are often already 

on a path of development and tend to prioritize human capital factors like education, healthcare, and 

environmental sustainability. 

 
The results show that in Georgia, higher GDP per capita causes more expenditure on human capital, which 

combines education, healthcare, and environment. However, during the detailed analysis, more impact was visible 

on the spending on healthcare and the environment. Spending on the environment can be explained by the recent 

interest in climate issues, as climate-related risks create additional pressure on the economy. Hence, countries 

realized that it is crucial to consider climate aspects and increase environmental financing. On the other hand, 

spending on healthcare is vital as it affects productivity and can affect economic activity. At the same time, 

countries with high GDP per capita are more concerned about the improvement of the healthcare system in the 

economy.  

 

The study showed that Georgia needs a holistic approach to human capital development. Initial levels of 

education may not strongly impact worker earnings, emphasizing the need for quality institutions. Professional 

education should be integrated and elevated within the broader education system. 

 
As a result, the study recommends that to overcome the uncertainty surrounding the future workforce, the 

education of business founders and professionals should prioritize the development of skills oriented to future 

trends, with a focus on facilitating the forming of adaptation skills. 

 
The next research focus will be on examining how digital transformation and AI influence human capital 

development and economic growth. Additionally, it will comprehensively explore the impact of life expectancy 

on economic growth, the effect of education quality on economic activity, and the influence of the environment 

on productivity.  
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