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Abstract 

United Nations Member States adopted the Sustainable Development Goals (SDGs) in autumn 2015. The SDGs 

are a series of 17 goals, each one including several targets and indicators. This paper implies that the evolution of 

GDP per capita is influenced by many indicators, which have already been analysed in various scientific studies. In 

this research, the authors focused primarily on the influence of indicators in the SDG4 and SDG8 groups to evolution 

of GDP per capita in EU member countries. The purpose of the article is to identify whether SDGs indicators have a 

significant influence on the evolution of GDP per capita in EU member countries and to develop models dividing 

countries into two groups: euro area countries and non-euro countries. Our study covers all EU member states during 

the period 2008-2021. The results of the study are multiple: we note that in all three models there is no change in the 

independent variables behaviour (in terms of signs + or -) in the long term; the influence of the variables chosen in our 

model is significant in all 3 models, explained by very high value of R-squared; EU-19 group represents dominant 

group in EU-27; it is noted that in all three models there is an inverse correlation between the NULCG and the GDP 

per capita; of all the determinants analysed, ELEd (which has the lowest negative value) and ER (which has the highest 

positive value) overwhelmingly influence GDP per capita. 

 

Keywords: Sustainable Development Goals; GDP per capita; regression analysis; Euro-zone countries; non-euro 

countries.  

 

1. Introduction 

 

United Nations Member States adopted the Millennium Development Goals in the year 2000 

as practical and measurable objectives. The Action Plan focused on the commitment of all 

countries and organisations to achieve these goals to serve the poorest and most disadvantaged 

people in the world by 2015. With approval the Sustainable Development Goals (SDGs) in autumn 

2015, the United Nations adopted an ambitious agenda to simultaneously address several major 

challenges of the 21st century [1]. The Sustainable Development Goals (SDGs) agreed in the UN 

2030 Agenda for Sustainable Development [2] is a major step forward and an improvement on the 

Millennium Development Goals (MDGs). [3] 

The agreement of the United Nations member states on the Sustainable Development Goals 

(UN SDGs) represents a major policy achievement for environmental assessment, social and 

economic development, and guiding future scenarios [4]. Globally, governments are committed to 

protecting ecosystems, promoting equality, and focusing on sustainable development, while 

recognising the interconnection of these goals to achieve human well-being. The SDGs are a series 

of 17 goals, each one including several targets and indicators. Targets specify the goals, and 

indicators represent the metrics by which to track when targets are achieved [5]. For example, one 

of SDG 8's objectives on "Decent work and economic growth" is to promote sustained, inclusive 

and sustainable economic growth, full and productive employment and decent work for all". 

Progress towards this objective is assessed through several indicators, including Annual growth rate 

of real GDP per capita; Investment share of GDP, Employment rate. The objective of SDG 4 is to: 
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"Ensure inclusive and equitable quality education and promote lifelong learning opportunities for 

all".  To achieve all Sustainable Development Goals (SDGs) by 2030, it is necessary to understand 

how they interact with each other. 

Human development has been defined as expanding people's choices in a way that allows 

them to lead longer, healthier, and more complete lives. Human development has recently been 

advanced as the ultimate objective of human activity instead of economic growth. There is a strong 

link between GDP and human development [6]. First, GDP provides the necessary resources to 

enable sustained improvements in human development. Second, improving the quality of the 

workforce is an important contributor to the GDP. However, specific factors linking GDP to human 

development have not been systematically explored. 

Economic development is usually expressed as GDP, an indicator that can be used in a 

regional context to measure activity and growth at a macroeconomic level, as well as to provide a 

basis for comparison between regions/countries. GDP is also an important indicator from a policy 

perspective, being essential in calculating each Member State's contribution to the EU budget, 

while three-year averages of GDP are used to determine which regions are eligible to receive 

assistance from the EU Structural Funds. Gross domestic product (GDP) is the most widely used 

unit of measure for the overall dimension of an economy.  GDP per capita is often considered an 

indirect indicator of the overall standard of living. Regions, where real GDP per capita is less than 

75% of the EU average (calculated over three years), are eligible to receive support through the 

Structural Funds. GDP per capita is very useful when we want to make comparisons between 

different countries because it reflects the relative performance of countries. GDP growth per capita 

signals an increase in the economy and tends to reflect an increase in productivity. GDP per capita 

can also be used to measure the productivity of a country's workforce, as it encompasses the total 

production of goods and services of each component of the workforce in each nation. 

A particular question we are trying to answer is this: Is there a link between the indicators 

related to the labour and education pillars and economic development in the EU countries?? The 

conclusions of this study could provide context for the initiation of constructive debates on the 

formulation of appropriate programmes to either take problem-solving measures that hinder the 

achievement of objectives and, therefore, to give priority to development plans and programmes, or 

to accelerate the strengths of other objectives. 

Gross domestic product, being the main aggregate for measuring a country's growth and 

economic development, is a measure often used to assess its economic potential. As such, in our 

study, we consider variable dependent: GDP per capita. Given the complexity and range of the 

problem, from several factors influencing GDP per capita, in the research we selected the following 

indicators: Early leavers from education and training, Employment rate, Investment share of GDP,  

Labour productivity per person employed, Nominal unit labour cost growth. The reason to choose 

these indicators was that the developments and evolution of these factors as well as the dependent 

variable changed significantly after 2008. 

The paper addresses the issue of dependency and impact of the 5 indicators on GDP per 

capita in EURO and non-euro EU countries. We have not found studies in the empirical literature 

that provide a comparative analysis of the impact of these five indicators (mentioned above) on 

GDP per capita of EU euro-zone countries with EU countries that have their national currency 

between the two major crisis periods from the 21st century: 2008 and 2020. 

In our study, we will answer the following secondary questions: How different is the action 

of the indicators for each of EU countries groups (euro area and non-euro)? Which of the two 

countries groups is similar with the EU-ALL group in terms of the indicators influence? We will 

develop models for both EU-ALL (all 27 states) and then divide the countries into two groups: euro 

area countries (EU-19) and countries that have their national currency (non-euro countries, EU-8), 

which analyse the influence of the SDG8 and SDG4 indicators on GDP per capita. 
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The purpose of the investigation will be achieved through the following objectives:  

• identifying indicators in SDG8 and SDG4 groups that could explain a country's economic 

development, their empirical testing and assessing their impact on a country's GDP per capita. 

• determine empirically whether the relationship between the nominal unit increase in labour 

costs and GDP per capita is positive or negative in the long term for EU member States. 

The aim is to identify those indicators (from the SDG8 and SDG4) that significantly 

influence GDP per capita in both euro-zone and non-euro countries (which are EU members) as 

well as analysis of correlation intensity. Finally, we try to answer the 2 secondary questions above. 

The selected countries are all EU member countries for the EU-ALL model, 19 EU member 

countries for the Euro-zone countries model, 8 EU member countries for non-euro countries. 

We identify the macroeconomic factors determining economic growth by using panel 

regression models. Firstly, we analysed whether independent variables are not multi collinear by 

using the correla­tion matrix of the independent variables. Then, the T-test was used to test the 

significance of the coefficients. The overall significance of the model was tested by using the F test. 

R-squared shows the extent to which the variation of the dependent variable is explained by the 

independent variables in the model.  

The study offers a unique approach to comparing the two groups of countries: Euro-zone 

countries and non-euro countries during the period between the two major crises of the 21st 

century, the economic crisis of 2008 and the pandemic crisis of 2020.  Our work contributes to 

several levels. Firstly, to maintain comparability of results, the analysis is based on the overall data 

available in the public domain. Secondly, we take into account the multiple dimensionalities of 

SDGs without calculation indices or averages that require autonomous weights. Finally, our 

analysis allows us to examine which of these indicators have the strongest impact on GDP per 

capita for euro area countries and non-euro countries. 

Our study covers all EU member countries in the period 2008-2021. In the second section, 

we presented the revision of scientific literature. In Section 3, we described the data and research 

methodology, namely the variables used, and specified the empirical results of our model and 

compared them with different studies. The work concludes with deductions made from our study. 

 

2. Literature review  

 

Sustainable development was initially interpreted as a dynamic problem of optimising 

intergenerational equity. It was about ensuring optimal consumption that could be maintained in the 

long term without depleting future generations’ resources [7]. Since the early 1990s, several 

sustainability measures have been developed and used by policymakers. These range from 

conventional economic performance measures, such as gross domestic product (GDP), to measures 

aimed at capturing sustainable development [8]. According to a knowledge-based economy, 

intellectual capital is regarded as one of the most important organizational intangible assets, being a 

powerful source of competitiveness and performance [9]. Popescu & Popescu's paper aims to 

address the relationship between corporate social responsibility, intellectual capital, and 

performance, providing valuable information and relevant evidence from the Romanian business 

environment. The findings support the idea of a strong relationship between corporate social 

responsibility, intellectual capital, and performance in the Romanian business environment. 

Recognizing the importance and complexity of social development, several indicators are now 

intended to measure objectives, explore strengths and weaknesses, and detail the relationship 

between the well-being of their nations and SDGs [10]. In his paper, Iyad assesses the 

achievements and disparities toward SDGs in MENA countries in two-stage performance analysis. 

Furthermore, the results reveal consistency between the SDGs and GDP per capita for some 

countries and inconsistency for others. For the link between SDGs and GDP per capita, results 
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showed no consistency for GCC countries (GCC: Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and 

the United MENA Emirates) and more consistency for the rest. 

One of the reasons GDP has achieved such dominance as an indicator of national progress 

is that it is integrated with a basic model of the economic system. Countries with high GDP growth 

can invest more in social development to achieve SDGs or improving social indicators can lead to 

GDP growth per capita. So, the causal relationship is unclear when considering the correlation [10]. 

Outgoing measures such as GDP, net domestic product, and real consumption per capita are widely 

used, but only capture the economic aspect of development [11]. In 1992, economists Gregory 

Mankiw, David Romer and David Weil created a macroeconomic model to calculate the impact of 

long-term economic growth from a range of economic variables, such as capital accumulation, the 

accumulation of human capital, the change in labour as an expression of technological innovation 

and the entrepreneurial rate. Their model explains that bridging the gap between countries can be 

achieved through education, innovation, and the development of information technology [12]. 

Finally, education may affect per capita income growth via its impact on the denominator, i.e. 

population growth [6]. 

Education is also an important contributor to technological capacity and technical changes 

in the industry. Only education cannot transform an economy. The quantity and quality of 

investment, domestic and foreign, together with the general political environment, form other 

important determinants of economic performance. However, the level of human development 

influences these factors. The quality of the policy-making and investment decision-making process 

is bound to be influenced by the education of both decision-makers and managers; also, the volume 

of domestic and foreign investment is likely to be higher when the supply of human capital to a 

system is more abundant. Although high investment rates do not guarantee high levels of sustained 

growth, a positive relationship between investment and growth normally prevails, its strength is 

based on factors such as the political environment, the quantity and quality of human resources, the 

availability of technological options and the flexibility of the institutional framework.  Both 

domestic and foreign direct investment are influenced by a country's human development level – 

the level of education and workforce qualification [6]. 

From a macro-perspective, "new theories of growth" aim to endogenize technical progress 

by incorporating some of the same effects, highlighting education, as well as learning and R&D. 

According to Lucas [13], the higher the level of labour education induces higher overall capital 

productivity, because the more educated are more likely to innovate and thus affect all productivity. 

The impact of education on economic growth and GDP through the production, accumulation and 

dissemination of human capital channels has been a highly popular research topic since the 1960s 

[14-18]. More recent studies have also looked at the relationship between learning outcomes and 

growth rates and showed a robust positive correlation [19]. According to Rehme [20], "education 

simultaneously affects income growth and inequality”. According to Colombier [21], public 

spending on education supports the GDP's economic growth and positive evolution. 

Relatively high levels of labour productivity may be linked to efficient labour use (without 

using multiple inputs) or may derive from the combination of activities that form a particular type 

of economy (because some activities have higher levels of productivity than others). For example, 

the financial services sector plays a particularly important role in any economy and this activity is 

characterised by particularly high levels of productivity. 

The list of variables whose potential impact on GDP per capita has been assessed is long. 

Below are listed the independent variables that frequently appear in research articles: 

• The size of human capital was approximated by the following variables: average years of 

education [22], secondary and higher education [23] and university graduates [24]; 

• Labour force growth or population growth (average population growth rate) were 

introduced in the studies of Afonso and Furceri [25] and Kneller, Bleaney and Gemmell [26]; 
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• The investment variable is found in the researches of Barro [27] and Afonso and Furceri 

[25], as a share of investments in GDP and in the works of Croix and Doepke [28], Voitchovsky 

[29] and Kneller, Bleaney and Gemmell [26] as an investment rate; 

However, to date, far too little attention has been paid to the relationship between GDP per 

capita and indicators in the SDG8 and SDG4 groups. This study contributes to the existing 

literature and provides insights into the relationship between indicators (from SDG8 and SDG4 

groups) and the well-being of countries. 

 

3. Research Methodology and Data   

 

The variables we have chosen (for this econometric model) are part of the 17 Sustainable 

Development Goals adopted by the United Nations and are presented in the table below. Based on 

an analysis of a set of studies addressing several macroeconomic and non-economic indicators, the 

authors decided to use the following indicators (as independent variables) for this empirical 

research: early leavers of education and training, employment rate, share of investment in GDP, 

labour productivity per employee, nominal unit increase in labour cost. The dependent variable is 

real GDP per capita. A single currency offers many advantages: businesses can make cross-border 

trade more easily, the economy is evolving better, and consumers have more opportunities and 

choice. The purpose of the article is to identify the related indicators SDG8, SDG4 that 

significantly influence GDP per capita in EU member countries and to develop 3 models. The 

countries analysed in the three models were the countries of the European Union (27 countries) for 

the first model, the countries of the Euro area (19 countries) for the second model and the last 

model will comprise the countries that are part of the European Union but are not part of the euro 

area (8 countries). The reasons why we have chosen to divide EU member countries into the two 

groups (euro area countries and non-euro countries) is to see whether the single currency creates 

superior advantages over the national currencies of non-euro countries or whether national 

currencies have a different influence on GDP in non-euro area countries. We also want to study 

which of the 2 models (EU-19 or EU-8) is similar with the EU-27 model. The data used were 

chosen (years 2008-2021) to present a more comprehensible picture of the variables as well as a 

diversified economic environment specific to countries in times of crisis. Data for this study were 

taken from Eurostat. Proxies and expected relationship of all the variables is provided in Table 1. 

 

Table 1 : Variables description and their relationship 
Category  Proxy or definition 

Measurement 

Expected sign 

Independent variables 

Early leavers from education 

(Part of the SDG goal 4) 

ELEd Early leavers from education 

% of population aged 18 to 24 

 

- 

Employment rate 

(Part of the SDG goal 8) 

ER Employment rate 

% of population aged 20 to 64 

+ 

Investment 

(Part of SDG goal 8) 

IS Investment share of GDP  

% of GDP 

 

+ 

Labour productivity per person 

employed and hour worked 

LP % 

Labour productivity per hour worked is calculated as real 

output per unit of labour input (measured by the total 

number of hours worked). 

+ 

Nominal unit labour  

cost growth 

NULCG The unit labour cost (ULC) is defined as the ratio of 

labour costs to labour productivity. 

 

- 

Dependent variable 

Gross Domestic Product   GDP Real GDP per capita (Part of SDG goal 8) 

Source: Authors’ view 
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We will build 3 models for this study: 

Model 1: we will analyse the influence of the five indicators (ELEd, ER, IS, LP, NULCG) 

on GDP per capita in the 27 countries of the European Union (EU-27) in the period 2008-2021. 

Model 2: we will analyse the influence of the five indicators (ELEd, ER, IS, LP, NULCG) 

on GDP per capita in the 19 Euro area countries (EU-19) in the period 2008-2021. 

Model 3: we will analyse the influence of the five indicators (ELEd, ER, IS, LP, NULCG) 

on GDP per capita in the 8 countries outside the Euro area (EU-8) in the period 2008-2021. 

First, we move on to a brief graphical overview of the level of the dependent variable 

(GDP), as shown in Figures 1 and 2. As can be seen in Figures 1 and 2, the increasing trend of the  

GDP indicator was recorded in all countries (both in euro area countries and in countries with their 

national currency) during the period 2008-2021. 

 

 
Figure 1. GDP per capita in euro-zone countries during 2008-2021 
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Figure 2. GDP per capita in non-euro countries during 2008-2021 

 

In both EU-19 as well as in EU-8 countries the trend is increasing GDP per capita. In most 

countries, the lowest level was recorded in 2009 or the years immediately following. Standard 

deviation is an indicator that tells us how far the values of a variable are from their average (Table 

2). EU-8 countries have an average level of GDP per capita of 18605.73, while euro area countries 

have a level of 26619.78. It is not difficult to see that the difference between the euro area and non-

euro members in terms of GDP per capita is significant as a good argument is to carry out a 

separate analysis of GDP per capita on these two subgroups to explain this variation. As can be 

seen from Table 2, for EU-27 the GDP values are between 4990 and 83640 with the minimum 

recorded by Bulgaria and the maximum recorded by Luxembourg. 

 

Table 2. Some statistical values for GDP considered by country groups 
Group Mean Std. Dev. Min. Max. 

EU-27 25103.8 16331.01 4990.000 83640.00 

EU19 27619.78 15802.37 8520.000 83640.00 

EU8 18605.73 14880.97 4990.000 49720.00 

Souce: author’s processing 

 

3.1. Empirical Regression Model    

 

In statistical modelling, regression analysis is used to estimate the relationships between 

two or more variables. Regression analysis helps us understand how the dependent variable evolves 

when one of the independent variables varies, thus allowing the mathematical determination of 

variables that have a greater impact on the dependent variable. In the three models, we will present 

), a panel data models regressions between Early leaves from education (ELEd), the Employment 

rate (ER), Investment (IS), Labour productivity per person employed and hour worked (LP), 

Nominal unit labour cost growth (NULCG) and GDP per capita (GDP) for EU-27 (model 1), EU-

19 (model 2), EU-8 (model3). The dependent variable will be GDP per capita. 
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The empirical function is posed as follows: 

GDP = 𝐹(ELEd, ER,IS,LP,NULCG) (1) 

We will develop models for the EU-27 (all 27 states) and then divide the countries into two 

groups: the euro area countries and the countries that have their national currency (non-euro 

countries). 

 

3.1.1. Model 1: EU-27 

 

First, we will analyse the general data of all variables with data specific to EU countries and 

for this, we will use the descriptive statistics that allow us to formulate a clearer picture of the 

aggregated data of the indicators of the countries analysed. As can be seen from Table 3, for the 

indicator: early leavers from education and training, the lowest value is recorded by Croatia 2.8 and 

the highest for Portugal 34.9, the minimum of 52.9 for employment rate is specific to Greece and 

the maximum of 82.4 specific to Sweden, for the investment share of GDP minimum of 10.14 

(Greece), maximum of 45.6  (Ireland), labour productivity per person employed and hours worked: 

minimum of 39.7 (Bulgaria), maximum of 196.9 (Ireland), nominal unit labour cost growth with a 

minimum of 15.6 specific to Ireland and maximum of 23.1 for Romania. Thus, the majority of 

maximum values for GDP, the employment rate, the share of investments in GDP, labour 

productivity per person employed and hours worked are specific to euro area countries 

(Luxembourg, Sweden, Ireland). The minimum values of the ELEd indicator are recorded by 

Croatia. In the case of the NULCG indicator, the lowest value is recorded by Ireland. 

As measures of data normality, we will consider skewness and kurtosis. All indicators, 

except the employment rate (ER), have values greater than 0 with positive skewness, as well as for 

kurtosis with values greater than 3. The normality of the distribution is represented by Jarque-

Berra, namely its probability, which with probability values of less than 5% indicates an abnormal 

distribution, but it does not stop us from carrying out our regression, because of the chronological 

data we study.  

 

Table 3. Descriptive statistics (EU-27) 
 GDP ELEd ER IS LP NULCG 

Mean 25103.8 10.60802 70.05031 21.28849 95.58426 1.989198 

Median 20240.00 9.500000 70.45000 21.05500 89.85000 1.750000 

Maximum 83640.00 34.90000 82.40000 45.60000 196.9000 23.10000 

Minimum 4990.000 2.800000 52.90000 10.14000 39.70000 -15.60000 

Std. Dev. 16331.01 5.483383 6.006624 3.986919 29.10032 3.764767 

Skewness 1.453983 1.480736 -0.293980 0.946919 0.821218 0.658526 

Kurtosis 5.628238 5.732262 2.521118 8.406897 3.984700 9.403470 

Jarque-Bera 207.4127 219.1802 7.762828 443.0856 49.50761 576.9771 

Probability 0.000000 0.000000 0.020622 0.000000 0.000000 0.000000 

Observations 324 324 324 324 324 324 

Source: author’s processing 

 

Analysing Table 4 with the estimation of the parameters of the linear regression model, we 

can see a probability of less than 1% for all indicators except the ELEd indicator. Variable 

coefficients correspond to our predictions, less NULCG which have a positive sign which would 

mean that rising labour costs contribute to GDP growth. 

 

13



Annals of the „Constantin Brâncuşi” University of Târgu Jiu, Economy Series, Issue 6/2023, Volume 2 

 

„ACADEMICA BRÂNCUŞI” PUBLISHER, ISSN 2344– 3685/ISSN-L 1844 - 7007 

 

 

 

Table 4. Estimation of parameters for the linear regression model. Dependent Variable: 

GDP (Included observations: 324) 
Variable   Coefficient t-St. P-value 

C -47403.81 -11.49446 0.0000 

ELEd -79.44119 -1.346147 0.1792 

ER 544.6096 9.052068 0.0000 

IS -640.4051 -7.293527 0.0000 

LP 502.6389 44.15971 0.0000 

NULCG 396.7115 4.217145 0.0000 

R-squared 0.886679 

Adjusted R-squared 0.884897 

Prob(F-statistic) 0.000000 

Source: author’s processing 

 

To ensure that the variables do not have high correlations among themselves, that could 

influence the results of the model for estimating the parameters of linear regression, we will 

estimate the correlations between the independent variables of this model. 

Table 5 shows the correlations between the independent variables of our model, so we can 

observe appropriate values, which would mean that independent variables do not self-correlate, and 

do not create a mutual dependence that influences our model. 

 

Table 5 : Estimating correlations between variables (EU-27) 
 GDP ELEd ER IS LP NULCG 

GDP 1.000000 -0.160025 0.370356 -0.000276 0.914069 -0.114916 

ELED -0.160025 1.000000 -0.268191 -0.029150 -0.100759 0.066239 

ER 0.370356 -0.268191 1.000000 0.367957 0.220110 0.254528 

IS 0.000276 -0.029150 0.367957 1.000000 0.052791 0.375068 

LP 0.914069 -0.100759 0.220110 0.052791 1.000000 -0.219892 

NULCG -0.114916 0.066239 0.254528 0.375068 -0.219892 1.000000 

Source: author’s processing 

 

Since panel least squares method is not one of the most effective although it is one of the 

most used, we will also build the model of fixed and random effects. Thus, according to Table 6, 

we can observe the differences between fixed effects and random effects. There is a difference in 

the sign for the IS indicator coefficient in Table 6 versus Table 4. At the same time, the nominal 

unit labour cost growth which in the method of the panel least squares were present with a positive 

sign now has a negative one (See table 6). The probability represented by p-value is less than 5% 

for all variables for both the fixed-effect model and the random-effects model. R-square in the case 

of fixed effects has a value of 99% and in the case of random effects 76%. 

 

Table 6. Estimation of parameters for the linear regression model 
Variable Fixed effects Random Effects 

  Coefficient t-St. p-val  Coefficient t-St. p-val 

C -16769.56 -10.79409 0.0001 -19580.60 -11.29184 0.0004 

ELEd -152.0270 -6.229088 0.0001 -140.0172 -5.799161 0.0001 

ER 299.6007 14.72855 0.0000 297.4045 14.71185 0.0000 

IS 192.9342 7.741972 0.0210 150.6388 6.127330 0.0080 

LP 194.4344 17.70671 0.0030 233.2135 22.64516 0.0021 

NULCG -97.12458 -4.928955 0.0007 -81.43113 -4.147621 0.0024 

R-squared  0.996658 

Adjusted R-squared 0.996303 

R-squared 0.765449 

Adjusted R-squared 0.761761 

Source: author’s processing 
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After analysing these parameters we could assume that the model of fixed effects will be 

more appropriate, but to ensure that we will perform Hausman's test which will compare the two 

and then we will be able to decide which model is the most appropriate. Thus, we will construct 

two hypotheses: 

Hypothesis ( ): The random-effects model is appropriate 

Hypothesis ( ): The fixed-effects model is appropriate 

Following the test created, we will accept the null hypothesis if the probability will be more 

than 5%, otherwise, we will reject the null hypothesis and we will accept the alternative hypothesis. 

As we can see from Table 7, the probability is less than 5%, which means that we reject the null 

hypothesis and accept the alternative hypothesis, meaning that the fixed effects method will be the 

right one. Thus, the ELEd, ER, IS, LP, NULCG indicators explain 99% of the variations of GDP 

per capita, and present a successful estimate for the regression equation. Thus, we can infer that all 

5 indicators have a cumulative influence on GDP per capita. 

 

Table 7. Hausman Test 
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 

Cross-section random 131.231393 5 0.0000 

Cross-section random effects tests comparisons: 

Variable Fixed Random Var (Diff.) Prob. 

ELEd -152.0270 -140.017174 12.700740 0.0008 

ER 299.6006 297.404457 5.118185 0.3317 

IS 192.9341 150.638762 16.624777 0.0000 

LP 194.4343 233.213466 14.517457 0.0000 

NULCG -97.1245 -81.431132 2.820127 0.0000 
 

Source: author’s processing 

 

Next, we will build the equation based on our model. The general linear regression equation is: 

,       (1) 

where Y is the dependent variable (GDP per capita) 

 are the coefficients 

are independent variables (ELEd, ER, IS, LP, NULCG) 

Thus, our equation will be: 

GDP= -16769.56 - 152.0270 x ELEd + 299.6007 x ER + 192.9341 x IS + 194.4344 x LP-

97.1245 x NULCG          
  (2) 

For the first model equation, we get the highest coefficient of 299,6006 specific to employment 

rate (ER), and the lowest level is -152,0270 for those who leave early education and training 

(ELEd). 

According to data from Table 6 (fixed effects) and equation 2, it follows that the variables ER 

(299.6007) and LP (194.4344) have the greatest positive impact on GDP and the variable ELEd (-

152.0270) has the greatest negative impact on GDP. The signs of the ER, LP and IS coefficients are 

the ones expected, being positive. If the ER increases by one point, the GDP will increase by about 

299 points. If the LP increases by one point, the GDP will increase by about 194 points.   

The ELEd coefficient sign is negative, meaning that if ELEd increases by one point then the 

GDP will decrease by -152.0270 points. Regarding the NULCG variable, the sign is the expected 

one, being a negative one. If the NULCG increases by one point, the GDP will decrease by about 

97 points. 

With each ER, IS, LP increase, GDP will increase, and with each increase of ELEd, GDP will 

decrease.  
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3.1.2. Model 2: EU-19 

 

In this model, we will look at the influence of the same variables only for the 19 euro area 

countries: Belgium, Germany, Ireland, Spain, France, Italy, Luxembourg, the Netherlands, Austria, 

Portugal, Finland, Greece, Slovenia, Cyprus, Malta, Slovakia, Estonia, Latvia and Lithuania. 

As can be seen in Table 8, for GDP the values are between 8520 and 83470 with the minimum 

recorded by Latvia and the maximum for Luxembourg. For those who leave education and training 

early the lowest value is recorded by Slovenia 3.9 and the highest by Portugal 34.9; the minimum 

employment rate of 52.9  is recorded by Greece and the maximum by Germany (80.6); for the 

investments share of GDP, the minimum is 10.14 (Greece), the maximum of 45.6 (Ireland); labour 

productivity per person employed and working hours minimum of 56.7 (Latvia), maximum of 

196.9 (Ireland), nominal unit labour cost growth with the minimum of 15.6 for Ireland and 

maximum of 20.7 for Latvia. For normality indicators (skewness and kurtosis) all indicators, except 

employment rate is higher than 0 with positive skewness and only the employment rate has a 

negative skewness, as well as for kurtosis with values greater than 3 for all variables, except for 

ER.  

Table 8. Descriptive statistics (EU-19) 
 GDP ELED ER IS LP NULCG 

Mean 27619.78 11.15133 70.02655 20.77248 102.3978 1.675664 

Median 24160.00 9.800000 70.45000 20.61500 102.1000 1.500000 

Maximum 83470.00 34.90000 80.60000 45.60000 196.9000 20.70000 

Minimum 8520.000 3.900000 52.90000 10.14000 56.70000 -15.60000 

Std. Dev. 15802.37 5.785155 5.717669 4.087938 28.10162 3.675043 

Skewness 1.719233 1.590679 -0.554372 1.053739 1.036487 0.112727 

Kurtosis 6.580448 5.673014 2.918028 9.651588 4.160337 8.766477 

Jarque-Bera 232.0517 162.5886 11.63931 458.4512 53.14393 313.6040 

Probability 0.000000 0.000000 0.002969 0.000000 0.000000 0.000000 

Observations 226 226 226 226 226 226 

Source: author’s processing 

 

 

From Table 9 we observe that correlations are suitable for our model and that we can go 

further in making models for fixed and random effects. 

 

Table 9: Estimating correlations between variables (EU-19) 
 GDP ELED ER IS LP NULCG 

GDP 1.000000 -0.199156 0.219381 0.123456 0.902921 -0.045424 

ELED -0.199156 1.000000 -0.346381 -0.0565561 -0.106394 -0.008048 

ER 0.219381 -0.346381 1.000000 0.481878 0.047751 0.361060 

IS 0.123456 -0.056561 0.481878 1.000000 0.237766 0.346761 

LP 0.902921 -0.106394 0.047751 0.237766 1.000000 -0.154397 

NULCG -0.045424 -0.008048 0.361060 0.346761 -0.154397 1.000000 

Source: author’s processing 

 

We see small differences regarding the coefficients between the two models (Table 10), so 

most coefficients increase (IS exception). The probability is less than 5% for all variables in both 

models. R-square is 99% in the fixed effects method and 80% in the random effects method. 
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Table 10. Estimation of parameters for the linear regression model (EU-19) 
Variable Fixed effects Random Effects 

  Coefficient t-St. p-val  Coefficient t-St. p-val 

C -19404.35 -9.307941 0.0001 -23073.92 -10.45187 0.0004 

ELED -131.6529 -5.104981 0.0001 -112.9682 -4.437894 0.0001 

ER 338.9326 12.30899 0.0000 342.3710 12.53479 0.0000 

IS 161.1940 4.718927 0.0210 78.10154 2.353335 0.0080 

LP 210.8683 16.01208 0.0030 260.0067 21.37685 0.0021 

NULCG -109.1511 -4.510981 0.0007 -80.31195 -3.346881 0.0024 

R-squared 0.996659 

Adjusted R-squared 0.996279 

R-squared 0.807555 

Adjusted R-squared 0.803181 

Source: author’s processing 

 

When performing the Hausman test, the two hypotheses are identical to the ones presented 

in the EU-27 model. Following the Hausman test (see Table 11) we will reject the null hypothesis 

with a probability of less than 5% and accept the alternative hypothesis, meaning that the fixed 

effects method is the appropriate one. Thus, we can infer that independent variables have a 99% 

influence on GDP. 

Table 11. Hausman Test 
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 

Cross-section random 126.155784 5 0.0000 

Cross-section random effects tests comparisons: 

Variable Fixed Random Var (Diff.) Prob. 

ELEd -131.6529 -112.968237 17.102469 0.0000 

ER 338.9326 342.370967 12.161491 0.3242 

IS 161.1940 78.101541 65.422999 0.0000 

LP 210.8683 260.006703 25.492634 0.0000 

NULCG -109.1510 -80.311950 9.672148 0.0000 
 

Source: author’s processing 

 

Thus, the equation (1) will be: 

DP= -19404.35 - 131.6529 x ELEd + 338.9326 x ER + 161.1940 x IS + 210.8683 x LP - 

109.1510 x NULCG            (3) 

From the equation (3) we can conclude that the highest coefficient is characteristic to the 

employment rate (338.9326), and the lowest level of -131.6529 for early leavers from education 

and training. Thus, with each increase of ER, IS, LP, GDP per capita will increase, and with each 

increase of ELEd and NULCG, GDP per capita will decrease. 

 

3.1.3. Model 3: EU-8 

 

In this model, we will analyse the influence of the same variables only for countries that 

have their national currencies: Bulgaria, Croatia, Czech Republic, Denmark, Hungary, Poland, 

Romania, Sweden. The values of the GDP indicator (see Table 12) are placed between 4990 and 

49720 with the minimum recorded by Bulgaria and the maximum recorded by Denmark; for those 

who leave early education and training the lowest value is recorded by Croatia 2.8 and the highest 

by Romania 19.3; for the employment rate, the minimum of 57.2 (Croatia) and the maximum of 

82.4 (Sweden); the investments share of GDP with a minimum of 17.53 (Poland), the maximum of 

37.29 (Romania), for the productivity of work per person employed and the hour worked: the 

minimum of 39.7 (Bulgaria), the maximum of 120.2 (Sweden), the nominal unit labour cost growth 
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with a minimum of -7.1 and a maximum of 23.1 both specific to Romania (recorded in the year 

2008 and 2011). 

For normality-skewness and kurtosis indicators all indicators are higher than 0 with positive 

skewness. The kurtosis indicator has values greater than 3 for the investment share of GDP and the 

nominal unit labour cost growth indicating a leptokurtic curve, with the rest of the indicators having 

a platikurtic kurtosis with values of less than 3.  

 

Table 12. Descriptive statistics (EU8) 
 GDP ELED ER IS LP NULCG 

Mean 18605.73 9.295833 70.00729 22.57500 78.87396 2.698958 

Median 11225.00 7.800000 70.15000 22.11000 73.55000 2.20000 

Maximum 49720.00 19.30000 82.40000 37.29000 120.2000 23.10000 

Minimum 4990.000 2.800000 57.20000 17.53000 39.70000 -7.100000 

Std. Dev. 14880.97 4.465562 6.684330 3.450326 23.87007 3.926522 

Skewness 1.051625 0.559374 0.122619 1.181589 0.410601 1.709906 

Kurtosis 2.340753 2.260539 1.888086 5.443260 2.158300 9.738403 

Jarque-Bera 19.43305 7.193590 5.185977 46.21649 5.531318 228.4047 

Probability 0.000060 0.027411 0.074796 0.000000 0.062935 0.000000 

Observations 96 96 96 96 96 96 

Source: author’s processing 

 

From Table 13, with the estimation of the parameters of the linear regression model, we can 

see a probability of less than 5% for all indicators except for those leaving early education and 

training. R-squared has a value of 93%. 

 

Table 13. Estimation of parameters for the linear regression model. Dependent Variable: 

GDP (Included observations: 96) 
Variable   Coefficient t-St. P-value 

C -50295.99 -9.351705 0.0000 

ELED 485.1533 4.556970 0.0000 

ER 342.2809 3.555501 0.0006 

IS -171.1394 -1.263821 0.2096 

LP 559.1204 19.20563 0.0000 

NULCG 71.54035 0.562368 0.5753 

R-squared 0.930449 

Adjusted R-squared 0.926585 

Prob(F-statistic) 0.000000 

Source: author’s processing 

 

The relationships between independent variables are suitable and we continue by estimating 

the model using the fixed and random effects model (Table 14). 

 

Table 14: Estimating correlations between variables (NONEA8) 
 GDP ELED ER IS LP NULCG 

GDP 1.000000 -0.227810 0.753775 -0.092205 0.945378 -0.201946 

ELED -0.227810 1.000000 -0.110329 0.219370 -0.395301 0.360350 

ER 0.753775 -0.110329 1.000000 0.156856 0.692701 0.055748 

IS 0.092205 0.219370 0.156856 1.000000 -0.129747 0.412525 

LP 0.945378 -0.395301 0.692701 -0.129747 1.000000 -0.296016 

NULCG -0.201946 0.360350 0.0557480 0.412525 -0.296916 1.000000 

Source: author’s processing 
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Considering Table 15 we can see lower coefficients in the case of the random-effects 

model, also an R-square of 99% for the fixed effects model and 53% in the random-effects model. 

The p-value for both models for all variables has appropriate values below 5%. Since in the case of 

the random effects method we have an R-square much lower than the minimum of 60% we can 

assume that the fixed effects method will be more suitable but to ensure we will perform the 

Hausman test.  

Table 15. Estimation of parameters for the linear regression model 
Variable Fixed effects Random Effects 

  Coefficient t-St. p-val  Coefficient t-St.- p-val 

C -5607.757 -1.558973 0.0001 -12097.71 3.142761 0.0004 

ELED -212.9358 -1.1978731 0.0001 -177.5568 -1.694873 0.0001 

ER 271.6440 8.787950 0.0000 263.3415 8.547670 0.0000 

IS 73.86158 1.527888 0.0210 129.2363 2.740701 0.0080 

LP 71.64754 2.107815 0.0030 141.6575 4.478227 0.0021 

NULCG -52.87564 -1.747812 0.0007 -63.89444 -2.117950 0.0024 

R-squared 0.996836 

Adjusted R-squared 0.996379 

R-squared 0.534446 

Adjusted R-squared 0.508582 

Source: author’s processing 

 

If p-value will be more than 5% then we will accept the null hypothesis and consider that 

the random-effects model is the right one, but if it is less than 5%, then we will reject the null 

hypothesis and accept the alternative hypothesis considering that the fixed effects model is the right 

one for our model. By performing the Hausman test (Table 16), with a probability value below 5% 

we reject the null hypothesis and accept the alternative hypothesis, with the fixed effects model 

being the one suitable for our linear regression model. 

 

Table 16. Hausman Test 
Test Summary Chi-Sq. Statistic Chi-Sq. d.f. Prob. 

Cross-section random 35.261768 5 0.0000 

Cross-section random effects tests comparisons: 

Variable Fixed Random Var (Diff.) Prob. 

ELED -212.9357 -177.556756 605.511615 0.1505 

ER 271.6439 263.341483 6.321810 0.0010 

IS 73.8615 129.236309 113.431189 0.0000 

LP 71.6475 141.657511 154.799258 0.0000 

NULCG -52.8756 -63.894437 5.100779 0.0000 
 

Source: author’s processing 

 

Thus, the equation (1) will be:  GDP= -5607.757 - 212.9357 x ELEd + 271.6439 x ER + 

73.8615 x IS + 71.6475 x LP - 52.8756 x NULCG     (4) 

According to the equation obtained in the third model, we observe the highest coefficient is 

271.6439 recorded by the ER and the lowest coefficient of -212.9357 recorded by ELEd. As in the 

first two models (model 1 and model 2), the indicators that will contribute to GDP growth are: ER, 

IS, LP, and the indicators that contribute to GDP decrease are: ELEd and NULCG. 

 

4. Discussion 

 

All three models attempt to analyse the cumulative influence of the SDGs indicators 

(presented by the United Nations) on GDP. Using the same indicators for different groups of 

countries, those in the European Union, the Euro area and the non-euro area gives us an opinion on 

the influence of the euro on the results of the cumulative dependency created by the five indicators. 
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In Figure 3 we compare on the left graph, the estimated GDP from the first model EU -27, 

(blue colour) with the estimated GDP from the Model 2 EU-19 (orange colour).  

On the right graph we compared the estimated GDP from first model EU-27 (the blue 

colour) with the estimated GDP from the Model 3 EU-8 (the orange colour). As we can see, the 

countries from euro area bring major influence on the cumulative dependence of factors. In the 

non-euro area create much smaller influences for GDP. 

 

 
Figure 3. Comparison of the estimated GDP of Model 1 with Model 2 (left graph). Comparison of 

the GDP estimate from Model 1 with Model 3 (right graph). 

 

In Table 17 we see a similarity of signs in all 3 models. What is noteworthy is that the 

Model 2 (EU-19) is closer to the Model 1 (EU-27). For all models, the fixed effects method with a 

99% R-squared was applied, meaning that 99% of the independent variables of our model (ELEd, 

RER, IS, LP, NULCG) have a cumulative influence on the dependent variable (GDP). The 

indicator with the highest coefficients is ER, and the indicator with the lowest value is ELEd for all 

three models. Using the same variables and coefficients for all groups of countries, in total five, we 

note that there is no change in the behaviour of independent variables (in terms of signs + or -). 

Following the Hausman Test, a probability of less than 5% is observed, indicating more accurate 

model by using the fixed effects model for all three models (EU-27, EU-19 and EU-8). EU-19 

group represents the dominant group in the EU-27. This statement can also be reinforced by the 

number of countries in this group (19) compared to the number of countries with their national 

currency (8 countries). Also, the influence of the five variables chosen in our model is great, being 

explained by the value of R-squared very high in all three models. Prob (F-statistic) is suitable for 

all three models for the three groups of countries, with values suitable for adjusted R-square, 

greater than 80%. 

 

Table 17.  Comparative analysis of models 
 ELEd ER IS LP NULCG 

Model 1 -152.0270 299.6006 192.9341 194.4343 -97.1245 

Model 2 -131.6529 338.9326 161.1940 210.8683 -109.1510 

Model 3 -212.9357 271.6439 73.8615 71.6475 -52.8756 

Source: author’s processing 

 

Thus, when the indicator of early leavers does not increase education and training by one 

unit, the GDP per capita will decrease by -152.0270 for EU-27, by -131.6529 in the case of EU-19, 

by -212.9357 in the case of EU-8. When the employment rate increases by one unit the 

employment rate per capita, GDP will increase by 299,6006 for EU countries, by 338,9326 for euro 

area countries, by 271,6439 for non-euro area countries. When the one-unit increase in the 

investments, GDP per capita will increase by 192.9341 for EU countries, by 161.1940 in the case of 
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euro area countries, by 73.8615 for non-euro area countries. When the one-unit increase in labour 

productivity per person employed and working hours, GDP per capita will increase by 194.4343 for 

EU countries, by 210.8683 in the case of euro area countries, by 71.6475 for non-euro area 

countries. When the indicator nominal unit labour cost growth increases by one unit, GDP per 

capita will decrease by 97.1245 for EU countries, by 109.1510 in the case of euro area countries, by 

52.8756 for non-euro area countries. 

 

5. Conclusions 

 

Since 2008 (the year of the economic crisis on the European continent) the decreasing trend 

of the GDP per capita indicator has been recorded in all countries (both in euro area countries and 

in countries that have their own national currency) and this decreasing trend has been maintained 

for several years. There is no difference in the evolution of this indicator in the case of countries 

with their national currency (given the specificity of national currencies and their management by 

the respective state authorities) and the euro area countries. The study was based on 27 countries 

(all EU member countries) with various economic and fiscal policies, 19 of them are in the euro 

area and 8 countries have their national currency. This paper implies that the evolution of GDP per 

capita is influenced by many indicators, which have already been analysed in various scientific 

studies. The variables chosen in this study are part of the 17 Sustainable Development Goals 

adopted by the United Nations. Of all the macroeconomic indicators, the authors focused on 

indicators in the SDG8 and SDG4 groups: Early leavers from education and training (ELEd), the 

Employment rate  (ER), Investment share of GDP  (IS),  Labour productivity per person employed 

(LP), Nominal unit labour cost growth (NULCG). 

The paper contains a comparison between the results of the regression model for Euro-zone 

countries and non-euro countries, and the similarities with EU-ALL, the synthesis being found in 

Chapter 4. Discussion.  

In response to the specific question (Is there a link between the indicators related to the 

labour and education pillars and economic development in the EU countries?) presented in the 

Introduction section, we can argue that there is a link between the indicators related to the labour 

and education pillars (SDG8 and SDG4) and economic development in the region because in all 

models there was an R-square of 99%, meaning that 99% of the independent variables from our 

model (ELEd, ER, IS, LP, NULCG) have a cumulative influence on the dependent variable (GDP). 

Regarding the secondary question 1: How different is the action of the indicators for each of 

EU countries groups (euro area and non-euro)? We conclude that using the same variables and 

coefficients for all three models, we note that there is no change in the behaviour of independent 

variables (in terms of signs + or -). Also, the influence of the variables chosen in our model is great 

in all 3 models, is explained by the very high value of R-squared (in all three models). 

Regarding the secondary question 2: Which of the two countries groups is similar with the 

EU-ALL group in terms of the indicators influence? Comparing EU-19 with EU-8 we found out 

that the values of the EU-19 model are closest to the EU-27 model. EU-19 group is the dominant 

group in the EU-27. This statement can also be reinforced by the number of countries in this group 

(19) compared to the number of countries with their national currency (8 countries).  

In this study, we also wanted to see whether the relationship between the nominal unit 

labour cost growth and GDP per capita is positive or negative in the long term for EU member 

countries. It is noted that in all three models there is an inverse correlation between NULCG and 

GDP per capita. When the indicator the nominal unit labour costs growth increases by one unit, 

GDP per capita will decrease by 97.1245 for EU-27, by 109.1510 for EU-19, by 52.8756 for EU-8. 

Our findings confirm that from all the determinants analysed, ELEd (which has the lowest 

negative value) and ER (which has the highest positive value) overwhelmingly influence GDP per 

capita. 

21



Annals of the „Constantin Brâncuşi” University of Târgu Jiu, Economy Series, Issue 6/2023, Volume 2 

 

„ACADEMICA BRÂNCUŞI” PUBLISHER, ISSN 2344– 3685/ISSN-L 1844 - 7007 

 

 

In this research, the authors focused primarily on the influence of the SDG8 and SDG4 

indicators on GDP per capita. However, we have not considered combining with social, political, 

and environmental factors. Therefore, we consider it necessary to include other factors in future 

research. 
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