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Abstract: The paper focuses on explaining the relationship between employment in research and 

development activities and selected variables describing the low and high technology sector, taking 

into account individual effects in EU-27 countries, based on balanced macro panel data (n=405, 27 

cross-sectional units, research period 2008-2022). The study used panel models with decomposition 

i.e. one-way error component regression model. The construction of one-way error models is based 

on the assumption that research units (groups of units) differ from each other in certain ways 

characteristics that remain constant over time for a specific entity. The hypothesis of the existence 

of an individual effect was verified. The model with intercept decomposition described share of 

employment in R&D better than the model without decomposition based on the same data. The 

applied panel models with intercept decomposition made it possible to estimate differences in share 

of employment in research and development activities resulting from the affiliation of the analyzed 

sector to a given EU-27 country. 
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1. Introduction 

Digital technologies are reshaping EU labour markets, creating new jobs, and automating others 

while shifting demand towards more digitally intensive occupations (www1). Share of EU-27 

adult workers whose tasks were replaced by new digital technologies in 2020-2021 is 14%. 

Share of adult workers who had to learn new digital technologies during the same period is 

35%. Share of jobs demanding at least basic digital skills in the EU-27 in 2021 is 87% (www1; 

Da Roit & Iannuzzi, 2022; Leonard & Tyers, 2021; Hodder, 2020; Schlogl et al., 2021; 

Dorschel, 2022). 

The analysis of employment changes in research and development activities, classified as 

one of the individual component classes of the high-tech sector, is justified in particular due to 

the dynamism of outsourcing and offshoring of R&D functions both within and outside the EU 

Member States. The servitization process taking place on a micro scale, i.e. in the activities of 

enterprises and, as a result, also in the national economies of the European Union, materializes 

in particular through the progressive fragmentation of the production process and the use of the 

effects of research and development work carried out by specialized external entities. As a result 

of such adjustment mechanisms in the economy, the specificity of the research and development 

sector takes on at least a dichotomous dimension, i.e. in some enterprises it still plays an integral 

role in the production process and for some, and this is a growing number of entities, it becomes 

an external service or a subcontract. The contemporary mechanisms of changes taking place in 

business models of enterprises described above are one of the important determinants of 

changes in the employment absorption capacity of individual economies in the European Union, 

thus contributing to changes in the state, dynamics and dispersion of employment in the group 

of its member states. 

 Research and development activity (R&D) as creative work undertaken systematically 

in order to increase the amount of knowledge, in particular knowledge about man, culture and 

society, and the use of this knowledge to develop new applications in the economy, is one of 

the basic classification categories (components) high technology sectors in the European Union 

countries. The innovative progress of enterprises may mean an improvement in their 

competitive position and the entire economy, and as a result, an increase in the ability to create 

new, highly efficient jobs in the knowledge-intensive activities. 

 The study took into account in particular employment in the high and low technology 

sectors as variables that could explain the diversity of the share of employment in research and 

development activities in EU countries. The source of a higher share of employment in research 
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and development activities may result from the average technical advancement of a given 

economy and thus generating internal demand for knowledge-intensive services. The share of 

high-tech occupations in total employment indicates the technology intensity of a sector or of 

a whole economy. 

 The main aim of the paper is to explain the relationship between employment in research 

and development activities and selected variables describing the low and high technology 

sector, taking into account individual effects in EU-27 countries, based on balanced macro 

panel data. 

 

2. Methodology and Data 

Panel data analysis is used when information about individual cross-sectional units is compiled 

over a relatively long period of time, i.e. more than one period. As a result, the acquired 

statistical data are observed in at least two dimensions and are cross-sectional and temporal. 

One of the exemplifications of this type of data is a two-dimensional variable, dependent on 

time and space (Arellano & Honoré, 2000; Maddala, 2006; Hsiao, 2007; Kufel, 2007; Kunst, 

2010), as shown below: 

 𝑿𝒊𝒕= [

𝑋11 𝑋12 … 𝑋1𝑇

𝑋21 𝑋22 … 𝑋2𝑇

… … … …
𝑋𝑁1 𝑋𝑁2 … 𝑋𝑁𝑇

] (1) 

Statistical data from available databases, in which the unit of observation is a specific 

group (country, economic sectors, etc.), create a macro panel. Panel models are estimated on 

the basis of a special type of cross-sectional data in which the number of observed objects N 

exceeds, and in certain cases significantly exceeds, the number of points in time T (Dańska-

Borsiak, 2009a; Kunst, 2010; Torres-Reyna, 2007). Macro panels are characterized by a 

relatively small number of cross-sectional observations (N ranges from a dozen to several 

dozen) and a longer sample period, compared to micro panels (Dańska-Borsiak, 2009b; Kunst, 

2010), reaching the length of the time series T is in the order of several dozen observations. The 

panel data included in the analysis suggest that the studied objects, i.e. states, people, companies 

or countries, are heterogeneous. Panel data make it possible to control variables that cannot be 

observed or measured, for example those whose values change over time but not between the 

statistical objects. This means that such variables represent individual heterogeneity (Arellano 

& Honoré, 2000; Baltagi, 2005; Torres-Reyna, 2007; Kunst, 2010), thus representing one of 

the advantages of panel modeling. 
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The class of econometric models estimated on panel data, in which it is assumed that the 

evolution of the explained variable is influenced not only by a set of explanatory variables, but 

also by immeasurable, time-constant and object-specific factors - called group effects - is called 

the class of panel models. (Dańska-Borsiak, 2009b). Most often, these models are oriented 

towards cross-sectional analysis and their aim is to isolate differences between the studied 

objects, which are inextricably linked to factors specific to individual objects (Hsiao, 2007; 

Starzyńska & Grzelak, 2013). Panel data are characterized by a relatively high information 

value, greater volatility, less collinearity of variables, and provide a greater number of degrees 

of freedom (Baltagi, 2005; Hsiao, 2007; Kunst, 2010). 

Econometric models estimated on panel data belong to the group of so-called models with 

decomposition (error component regression models). Panel models can be in the form of models 

with intercept decomposition (FEM - Fixed Effects Model) or models with random component 

decomposition (REM - Random Effects Model), and the decomposition can take into account 

only one factor (one-factor models) or two factors simultaneously (two-factor models) 

(Starzyńska & Grzelak, 2013). Models with fixed factors are often used in the case of long 

panels, i.e. with a small number of statistical units and a relatively long study period, which 

allow differences between units to be captured as differences in the intercepts (Maddala, 2006). 

Naive analysis involves estimating a regression model taking into account all 

observations as if they were a set of cross-sectional data (Zwierzchowski, 2014). Therefore, the 

lack of individual effects is assumed, thus recognizing the homogeneity of the studied entities 

after taking into account differences in the available vector of observable variables and the lack 

of changes in the analysed phenomenon over time. With such assumptions, all observations can 

be treated as coming from a simple random sample and the ordinary least squares method can 

be used (Kunst, 2010; Zwierzchowski, 2014). In the panel model, observations are double 

indexed (Arellano & Honoré, 2000; Maddala, 2006; Hsiao, 2007; Kufel, 2007). The FEM 

model has the form: 

 𝑦𝑖𝑡 = 𝛼 + 𝑋𝑖𝑡𝛽 + 𝑢𝑖 + 𝜀𝑖𝑡      𝑖 = 1, … , 𝑁;  𝑡 = 1, … , 𝑇, (2) 

where: 

i – given object, 

t – time, 

yit – dependent variable, 

α – scalar, 

Xit – realizations of explanatory variables for the i-unit in t-period, 
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β – vector of dimension N of the model's structural parameters, 

ui – error containing an unobserved time-stable individual effect relating to the i-th unit of the 

panel, 

εit – remainder disturbance. 

In order to estimate the parameters of the FEM model (2), it is reduced to the following form: 

 𝑦𝑖𝑡 = 𝛼 + 𝑋𝑖𝑡𝛽 + 𝑣𝑖𝑡       𝑣𝑖𝑡 = 𝑢𝑖 + 𝜀𝑖𝑡, (3) 

where: 

vit – total random error consisting of the time-constant individual effect relating to the i-th unit 

of the panel (ui), 

εit – remainder disturbance. 

Estimation of model parameters (3) using the ordinary least squares method is possible when 

individual effects do not occur and, consequently, the panel is treated as a set of cross-sectional 

data (Kufel, 2007). Model estimation is possible when the OLS estimator is consistent for the 

total error E(vit) = 0, Cov(vit, xit) = 0, and for the remainder disturbance E(εit) = 0, Cov(εit, xit) = 

0 for i = 1, …, N, t = 1, …, T, and when there is no correlation between the individual effect ui 

and explanatory variables xit (Maddala, 2006). The null hypothesis about the existence of an 

individual effect is verified using the Breusch-Pagan test: 

 
H0 : σu

2 = 0 (the variance of the individual effects is zero), 

H1 : σu
2 ≠ 0. 

 

(4) 

Rejecting the null hypothesis means a significant change in the variance when introducing 

individual effects, i.e. the justification for introducing individual effects into the model (4). In 

the case of an individual effect, two cases should be considered, i.e. fixed effects and random 

effects (5). The fixed effects model has the form: 

 𝑦𝑖𝑡 = 𝑋𝑖𝑡𝛽 + 𝑢𝑖 + 𝜀𝑖𝑡      𝑖 = 1, … , 𝑁;  𝑡 = 1, … , 𝑇, (5) 

where: 

ui – individual effect, 

εit – remainder disturbance. 

Individual effects may also take the form of random effects. In the case of a random 

effects model, we assume that the individual effects ui are a random variable. Moreover, we 

know that they are not correlated with the remainder disturbances εit, Cov(ui, εit) = 0, for t = 1, 

…, T. The total random error, consisting of the individual effect (random effects) and remainder 

disturbances vit = ui + εit, is characterized by correlations in the same object. At the same time, 

it is assumed that there is no correlation for different objects. In this case, Generalized Least 
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Squares method should be used as the estimation method. The hypothesis about the existence 

of correlation between explanatory variables and random effects is verified using the Hausman 

test (6). The hypotheses have the following form: 

 
H0 : Cov(ui, xit) = 0 

H1 : Cov(ui, xit) ≠ 0 
(6) 

The lack of grounds to reject the null hypothesis indicates that both estimators are consistent – 

for fixed effects and random effects, with the random effects estimator being more effective. 

The rejection of the null hypothesis suggests the selection of fixed effects. 

Taking into account the criteria of completeness and comparability of cross-sectional and 

time data, including changes in the statistical classification of economic activity in the European 

Union at the turn of 2007 and 2008, the research period 2008-2022 was adopted. Based on the 

substantive criterion, thirteen variables were initially classified into the macro panel data 

describing low and high-tech sectors in the EU-27: 1) employment in high-technology 

manufacturing and knowledge-intensive high-technology services, 2) employment in medium 

high-technology manufacturing, 3) employment in low and medium low-technology 

manufacturing, 4) employment in medium low-technology manufacturing, 5) employment in 

low-technology manufacturing, 6) employment in total knowledge-intensive services, 7) 

employment in knowledge-intensive high-technology services, 8) employment in knowledge-

intensive activities, 9) employment in knowledge-intensive activities – business industries, 10)  

exports of high technology products as a share of total exports to all countries of the world, 11) 

total high-tech trade to all countries of the world, 12) share of research and development 

personnel and researchers, 13) patent applications, per million inhabitants, to the EPO 

(European Patent Office). 

Statistical data (balanced macro panel) were extracted from the Eurostat database 

(www1). In order to determine the final set of variables, the procedure of eliminating 

statistically insignificant variables (p>0.05) was used within the considered specification of the 

panel model. On this basis, the final set of the following four variables was selected: 

1. share of research and development personnel and researchers in total employment 

(RD_in_emp), 

2. employment in high-technology manufacturing and knowledge-intensive high-technology 

services as a percentage of total employment (HTEC_emp_sectors), 

3. employment in low-technology manufacturing as a percentage of total employment 

(l_HTEC_emp_man), 
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4. patent applications to the EPO, per million inhabitants, by country of applicants (Pat_app). 

 

3. Results 

The variable RD_in_emp – share of research and development personnel and researchers in 

total employment was defined as the dependent variable in the estimated panel model. The 

following were used as explanatory variables: employment in high-technology manufacturing 

and knowledge-intensive high-technology services (HTEC_emp_sectors), employment in low-

technology manufacturing as a percentage of total employment (l_HTEC_emp_man), patent 

applications to the EPO, per million inhabitants, by country of applicants (Pat_app). In the one-

way error component model used, the basis for the decomposition of the intercept/random 

component is the geographical location in the European Union (EU country). Models with the 

adopted specification were estimated in the following sequence: pooled regression without 

decomposition (see Tab. 1), one-way error component models: with intercept decomposition 

(FEM – Fixed Effects Model), model with random component decomposition (REM – Random 

Effects Model). 

 

Tab. 1 Model Pooled OLS; dependent variable (Y): RD_in_emp, 405 observations, 27 cross-sectional units, 

time-series length = 15) 

Variable Coefficient Standard error t-ratio p-value 

const 0.9023 0.1178 7.658 <0.0001 *** 

HTEC_emp_sectors 0.1005 0.0133 7.540 <0.0001 *** 

l_HTEC_emp_man −0.0427 0.0113 −3.778 0.0002 *** 

Pat_app 0.0016 0.0001 10.73 <0.0001 *** 

Fit indices 

F(3, 401) 219.6089 <0.0001 

Adjusted R-squared                                       0.6216 

Joint significance of differing group means 

F(26, 375) 73.0867 <0.0001 

Breusch-Pagan test 

LM  1848.7 <0.0001 

Source: own estimation based on (www2). 

 

 All three explanatory variables included in the model are statistically significant 

(p<0.05). The pooled model, estimated using ordinary least squares (OLS), is a moderate fit to 

the empirical data. In order to determine whether the panel model can be estimated using OLS 

method, the hypothesis of the existence of an individual effect was verified. The total 

significance of inequality in group means is F(26, 375) = 73.0867 with p-value<0.0001 (see 

Tab. 1). A low p-value counts against the null hypothesis that the pooled OLS model is 
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adequate. The null hypothesis should be rejected in favor of the H1 hypothesis fixed effects 

alternative. As a result, the OLS estimation method cannot be used. The adoption of the 

alternative hypothesis (H1) indicates the justification for introducing individual effects into the 

panel model (see Tab. 2). 

 

Tab. 2 Fixed-effects model; dependent variable (Y): RD_in_emp, 405 observations, 27 cross-sectional units, 

time-series length = 15) 

Variable Coefficient Standard error t-ratio p-value 

const 0.9738 0.1456 6.690 <0.0001 *** 

mHTEC_emp_sectors 0.1487 0.0148 10.02 <0.0001 *** 

l_HTEC_emp_man −0.0683 0.0151 −4.518 <0.0001 *** 

Pat_app 0.0007 0.0002 3.193 0.0015 *** 

Fit indices 

LSDV F(29, 375) 194.4277 <0.0001 

LSDV R-squared                                       0.9377   

Joint test on named regressors 

F(3, 375) 87.8855 <0.0001 

Test for differing group intercepts (H0: the groups have a common intercept) 

F(26, 375) 73.0867 <0.0001 

Source: own estimation based on (www2). 

 

All three explanatory variables included in the model are statistically significant (p<0.05). 

The fixed-effects model fits the empirical data very well (R2 = 0,94). The model with intercept 

decomposition described employment in R&D better than the model without decomposition 

based on the same data. The signs of the regression coefficients for the independent variables 

are consistent with economic theory. The higher the percentage of employment in high-

technology manufacturing and knowledge-intensive high-technology services, the higher the 

share of research and development personnel and researchers in total employment. The higher 

employment in low-technology manufacturing, the lower the share of research and development 

personnel and researchers. The greater the number of patent applications to the EPO, per million 

inhabitants, in applicant country, the higher the share of research and development personnel 

and researchers in total employment. The statistics of the test for differentiation of the intercept 

indicate the justified use of a panel model with fixed effects. 

 The random effects model was estimated last. In order to verify the hypothesis about the 

lack of correlation between the explanatory variables and the random effect, the Hausman test 

was performed (Chi-square test statistic (3) = 19.117 with p-value = 0.0003). The result of the 

Hausman test confirms the need to reject the hypothesis about the consistency of both estimators 

i.e. fixed effects and random effects, and the choice of the fixed effects model. 
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4. Conclusions 

The use of econometric panel models allowed to assess the relationship between the share of 

people employed in research and development activities and the share of employment in: high-

technology manufacturing and knowledge-intensive high-technology services, low-technology 

manufacturing, patent applications to the EPO, per million inhabitants, by country of applicants. 

The applied panel models with intercept decomposition made it possible to estimate differences 

in employment in research and development activities resulting from the affiliation of the 

analyzed sector to a given EU-27 country. These differences are permanent. This means that 

the share of employment in research and development activities in the EU-27 depends not only 

on the explanatory variables mentioned above but also on the spatial unit, which is the analyzed 

country and its economic policy and other attributes. 
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