
Volume 11 (2) 2025

Volum
e 11 (2) 

2025

Poznań University of Economics and Business Press

e-ISSN 2392-1641
e-ISSN 2450-0097Economics

and Business

Econom
ics and B

usiness R
eview

Review

Subscripti on

Economics and Business Review (EBR) is published quarterly and is the successor to the Poznań University of Economics 
Review. The EBR is published by the Poznań University of Economics and Business Press.

Economics and Business Review is indexed and distributed in Scopus, Claritave Analyti cs, DOAJ, ERIH plus, ProQuest, EBSCO, 
CEJSH, BazEcon, Index Copernicus and De Gruyter Open (Sciendo).

Subscripti on rates for the print version of the EBR: insti tuti ons: 1 year – €50.00; individuals: 1 year – €25.00. Single copies: 
insti tuti ons – €15.00; individuals – €10.00. The EBR on-line editi on is free of charge.

CONTENTS
Editorial introducti on
Joanna Lizińska, Katarzyna Schmidt-Jessa, Konrad Sobański

ARTICLES

How initi al price history infl uences expectati on formati on in multi -asset 
experimental markets: An exploratory case study
Aleš Kresta, Michaela Sedláková

What makes stocks sensiti ve to investor senti ment: An analysis based on 
Google Trends
Adeel Ali Qureshi

Financial inclusion, remitt ances and household consumpti on in sub-Saharan 
Africa: Evidence from the applicati on of an endogenous threshold dynamic 
panel model
Mahamat Ibrahim Ahmat-Tidjani

Economic growth in the European Union: Exploring the role of innovati on 
and gender
Vicente J. Coronel, Carmen Díaz-Roldán

Game-theory behaviour of large language models: The case of Keynesian 
beauty contests
Siti ng Estee Lu



Paper based publication

POZNAŃ UNIVERSITY OF ECONOMICS AND BUSINESS PRESS
ul. Powstańców Wielkopolskich 16, 61-895 Poznań, Poland
phone +48 61 854 31 54, +48 61 854 31 55
https://wydawnictwo.ue.poznan.pl, e-mail: wydawnictwo@ue.poznan.pl
postal address: al. Niepodległości 10, 61-875 Poznań, Poland

Printed and bound in Poland by: 
Poznań University of Economics and Business Print Shop

Circulation: 80 copies

This work is licensed under a Creative Commons Attribution 4.0 International License
https://creativecommons.org/licenses/by/4.0

e-ISSN 2392-1641 
e-ISSN 2450-0097

Editorial Board
Monika Banaszewska (Editor-in-Chief), Ivo Bischoff, Horst Brezinski,  
Gary L. Evans, Niels Hermes, Witold Jurek, Tadeusz Kowalski, Joanna Lizińska,  
Ida Musiałkowska, Paweł Niszczota, Michał Pilc (Deputy Editor-in-Chief),  
Katarzyna Schmidt-Jessa, Konrad Sobański

International Editorial Advisory Board
Edward I. Altman – NYU Stern School of Business
Udo Broll – School of International Studies (ZIS), Technische Universität, Dresden
Conrad Ciccotello – University of Denver, Denver 
Wojciech Florkowski – University of Georgia, Griffin
Oded Galor – Brown University, Providence
Binam Ghimire – Northumbria University, Newcastle upon Tyne
Christopher J. Green – Loughborough University
Eduard Hochreiter – The Vienna Institute for International Economic Studies
Mark J. Holmes – University of Waikato, Hamilton
Andreas Irmen – University of Luxembourg
Bruce E. Kaufman – Georgia State University, Atlanta
Robert Lensink – University of Groningen
Steve Letza – The European Centre for Corporate Governance
Robert McMaster – University of Glasgow
Victor Murinde – SOAS University of London
Hugh Scullion – National University of Ireland, Galway
Yochanan Shachmurove – The City College, City University of New York
Thomas Taylor – School of Business and Accountancy, Wake Forest University, Winston-Salem
Linda Gonçalves Veiga – University of Minho, Braga
Thomas D. Willett – Claremont Graduate University and Claremont McKenna College
Habte G. Woldu – School of Management, The University of Texas at Dallas

Thematic Editors
Economics: Monika Banaszewska, Ivo Bischoff, Horst Brezinski, Niels Hermes, Witold Jurek, 
Tadeusz Kowalski, Ida Musiałkowska, Michał Pilc, Konrad Sobański • Finance: Monika Banaszewska, 
Gary Evans, Witold Jurek, Joanna Lizińska, Paweł Niszczota, Katarzyna Schmidt-Jessa, Konrad Sobański • 
Statistics: Marcin Anholcer, Maciej Beręsewicz, Elżbieta Gołata
Language Editor: Robert Pagett

https://doi.org/10.18559/ebr.2025.2

© Copyright by Authors, Poznań 2025
© Copyright for this edition by Poznań University of Economics and Business, Poznań 2025

https://wydawnictwo.ue.poznan.pl
mailto:wydawnictwo@ue.poznan.pl
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.18559/ebr.2025.2


Volume 11 (2)  2025

CONTENTS
Editorial introduction 
Joanna Lizińska, Katarzyna Schmidt-Jessa, Konrad Sobański................................................� 3

ARTICLES

How initial price history influences expectation formation in multi-asset experimental 
markets: An exploratory case study
Aleš Kresta, Michaela Sedláková........................................................................................... � 7

What makes stocks sensitive to investor sentiment: An analysis based on Google Trends
Adeel Ali Qureshi................................................................................................................... � 39

Financial inclusion, remittances and household consumption in sub-Saharan Africa: 
Evidence from the application of an endogenous threshold dynamic panel model
Mahamat Ibrahim Ahmat-Tidjani......................................................................................... � 67

Economic growth in the European Union: Exploring the role of innovation and gender
Vicente J. Coronel, Carmen Díaz-Roldán................................................................................� 91

Game-theory behaviour of large language models: The case of Keynesian beauty  
contests
Siting Estee Lu........................................................................................................................ �119





Economic growth in the European Union: 
Exploring the role of innovation and gender

 Vicente J. Coronel1  Carmen Díaz-Roldán2

Abstract

This paper aims to investigate the linkages between human 
capital and employment in high-tech sectors and their im-
pacts on economic growth, considering the overall level of 
innovation in both the public and private sectors and ex-
ploring the role of gender. The analysis employs dynamic 
ordinary least squares (DOLS) to estimate a model for the 
EU-27 across the period 2008–2021. The results indicate 
that employment in high-tech sectors is the variable that 
most contributes to economic growth in those countries 
that are leaders in innovation. However, in these countries, 
a positive and significant effect of the gender gap in em-
ployment is observed.
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Introduction

The relationship between innovation and socio-economic factors has be-
come a key area of academic study, driven by the understanding that inno-
vation is not only a result of technological progress but is also deeply inter-
twined with the socio-economic context in which it occurs. The rapid pace 
of technological change further highlights the need for detailed studies that 
explore these dynamic relationships.

The literature on economic growth underscores the importance of innova-
tion processes in driving productivity (Bongers et al., 2022). Griliches (1992) 
and Jones (1995) argue that growth is generated endogenously through R&D 
spillovers, with productivity depending on the discovery of novel designs by 
agents capable of using new technologies. Additionally, human capital exter-
nalities have been a key area of interest (Acemoglu & Angrist, 2000; Iranzo & 
Peri, 2009; Moretti, 2004).

Recently, there has been a body of research examining the role of firms’ in-
novative strategies in enhancing workers’ technological capabilities (AlQershi 
et al., 2021; Capozza & Divella, 2019; Chabbouh & Boujelbene, 2020; Kahn 
& Candi, 2021; Yue, 2024). However, there is still a lack of empirical studies 
that jointly examine how innovation-related factors, such as R&D expenditure 
and employment in high-technology sectors, interact with gender-related dy-
namics and human capital characteristics in shaping economic performance.

To fill these gaps, this paper aims to investigate the linkages between hu-
man capital and employment in high-tech sectors and their impacts on eco-
nomic growth, considering both the overall level of innovation—including 
public and private sector efforts—and the role of gender. The key novelty of 
this paper is twofold: first, we consider the degree of innovation performed 
by companies and, second, we incorporate a gender perspective.

To analyse the impact of gender, the study incorporates the gender gap in 
employment as a variable, estimating the model for both total employment 
and employment by gender. Regarding innovation, the impact is assessed by 
estimating the model for three groups of countries based on their innovation 
performance: “highly innovative,” “intermediate innovative,” and “scarcely 
innovative,” as classified by the European Innovation Scoreboard (European 
Commission, 2023a). This classification allows for a more nuanced under-
standing of how innovation impacts human capital and employment across 
different levels of innovation dissemination, while also contextualising the 
role of gender in these dynamics.

The empirical analysis uses dynamic ordinary least squares (DOLS), 
which addresses endogeneity issues, eliminates serial correlation and min-
imises biases associated with small sample sizes, to estimate cointegrated 
panel data for the 27 European Union member states (EU-27). The period 

92



V. J. Coronel, C. Díaz-Roldán, Economic growth in the European Union

covered spans 2008–2021 and Eurostat is the data source. GDP growth is 
the dependent variable used to capture the economic performance of the 
countries, and the independent variables are grouped into two categories: 
those related to R&D expenditure and those associated with education and 
the labour market.

The results indicate that employment in high-tech sectors is the most sig-
nificant contributor to economic growth in highly innovative countries. In 
this group, a positive and significant effect of the gender gap in employment 
on economic growth is observed which may reflect the current male-domi-
nated composition of high-tech sectors rather than differences in productiv-
ity. Additionally, in all countries except for the low-innovation group, women 
with higher levels of education contribute more than their male counterparts 
with the same degree, although women’s contributions in high-tech sectors 
remain lower overall.

The paper is organised as follows: Section 1 reviews the relevant literature, 
Section 2 presents the data and research method, Section 3 discusses the re-
sults, and the last Section offers concluding remarks.

1. Literature review

1.1. Human capital and innovation

The connection between human capital and innovation has been wide-
ly acknowledged as a  fundamental driver of long-term economic growth. 
Pioneering works by Uzawa (1965) and Lucas (1988) highlighted human capital 
as a critical factor in endogenous growth models. This idea was further sup-
ported by Jones (2002, 2005) and Álvarez et al. (2008), suggesting that inno-
vation is not merely about access to education, but also concerns the ability 
of a skilled workforce to contribute to technological progress.

In addition, a substantial body of literature has examined the population’s 
level of education and its externalities. For instance, Acemoglu and Angrist 
(2000) attempted to quantify the external effects of human capital, while 
Moretti (2004) explored the link between educational externalities and firm 
productivity. More recently, Capozza and Divella (2019) analysed the relation-
ship between human capital and firm-level innovation, highlighting the efforts 
made by companies to pursue a path of innovative development.

Chabbouh and Boujelbene (2020) consider both the resource-based ap-
proach and the open innovation approach to study the effects of human re-
sources on open innovation and on firm performance. They suggest that hu-
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man capital has positive effects on innovation and performance via the indi-
rect channel of openness. Kahn and Candi (2021) analyse the effects of firm 
size on innovation strategy and performance, finding that managerial and re-
search characteristics are relevant. Furthermore, AlQershi et al. (2021) study 
the relationship between human capital and firm size, finding that the former 
plays an important role as a moderating variable in the relationship between 
strategic innovation and firm performance.

From a different perspective, Bongers et al. (2022) investigate the interna-
tional migration of highly skilled labour, developing a dynamic stochastic gen-
eral equilibrium (DSGE) model in which aggregate productivity is a function of 
innovations produced exclusively by STEM workers (i.e. science, technology, 
engineering and mathematics graduates). The results predict the existence 
of a wage premium for STEM workers, increasing with positive technological 
shocks. More recently, Yue (2024) uses the Chinese university enrolment ex-
pansion policy, to analyse the effect of human capital development on firm 
innovation. Yue’s results prove that an increase in human capital improves 
firm innovation, thus providing new arguments related to the microeconom-
ic effects of human capital on innovation.

In summary, the interaction between business innovations, human capi-
tal, and economic policies creates socio-economic conditions that enhance 
productivity and economic growth. However, in most studies, the role of 
women has rarely been captured by existing innovation data and indicators. 
Nevertheless, the consensus is that measuring and including the gender di-
mension will help change attitudes and outcomes in innovation (European 
Commission, 2020). Based on this foundation, our focus will now shift to an-
alyse how gender dynamics within corporate environments shape innovation 
processes and outcomes.

1.2. Innovation from a gender perspective

Although the field of innovation has been widely studied, the role of 
gender within it has received comparatively little attention. This is part-
ly because much of the existing research tends to concentrate on the out-
comes of innovation—such as new products, processes, or organisational 
changes—rather than on the characteristics and contributions of the indi-
viduals involved in generating these innovations. Moreover, the commonly 
used indicators of innovation are often not disaggregated by gender, which 
makes it difficult to analyse potential differences. In recent years, however, 
a growing number of studies have begun to explore innovation from a gen-
der perspective, offering new insights into how gender dynamics may shape 
innovative activity.
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According to Alsos et al. (2013), the dominant approach views gender as 
a variable and innovation as an outcome. This approach is evident in studies 
examining innovation in businesses owned by men and women, as well as 
in the literature exploring gender differences in patenting and commercial-
isation. Beyond these context, Cropley and Cropley (2017) examine gender 
diversity’s impact on an Australian manufacturing firm. They find a negative 
relationship between the proportion of females in functional areas and inno-
vation potential attributable to an unfavourable organisational climate. Their 
study highlights how simply increasing the number of female employees does 
not necessarily enhance innovation, unless the organisational climate sup-
ports such diversity. This suggests that organisational culture and climate play 
crucial roles in harnessing the benefits of gender diversity. Ritter-Hayashi et 
al. (2019) find that gender diversity among firms’ human resources enhanc-
es innovation in developing countries. Similarly, Xie et al. (2020) analyse how 
gender diversity within R&D teams influences firms’ innovation efficiency by 
offering informational and social benefits. Furthermore, Griffin et al. (2021) 
find that boards are more likely to include women in countries with narrow-
er gender gaps and higher female labour market participation, given that 
gender-diverse boards have more patents and higher innovative efficiency.

From a different perspective, the gender gap in STEM fields has significant 
implications for innovation and technological development. This gap (the dif-
ference between the number of men and women graduating in STEM fields) 
is evident across various levels, from education to professional careers, and 
is influenced by a range of institutional, organisational, and individual factors. 
Delaney and Devereux (2019) discuss the gender gap in STEM university pro-
grammes, which is primarily attributable to subject choices and, to a lesser 
extent, grades. Equity-focused educational interventions for girls and women 
in STEM aim to bridge this gap, facilitating women’s access to higher educa-
tion and careers in technologically innovative fields. Women are significantly 
underrepresented in STEM entrepreneurship due to systemic gender biases 
and structural disadvantages (Botella et al., 2019; Kuschel et al., 2020), thus 
demonstrating the need to achieve gender equity and promote education and 
career advancement for women of all backgrounds (Perez-Felkner et al., 2020).

This growing body of research underscores the nuanced relationship be-
tween gender diversity and innovation. Beyond the mere presence of wom-
en in leadership or R&D, the broader organisational and social context plays 
a key role in facilitating their contributions. A supportive environment and 
equitable opportunities are essential to fully realising the innovative poten-
tial of gender diversity. Examining gender dynamics within European firms of-
fers valuable insights into how diversity influences innovation and economic 
growth. Differences in access to resources, decision-making roles, and organ-
isational climate can significantly shape innovation outcomes across both the 
public and private sectors.

95



Economics and Business Review, Vol. 11 (2), 2025

1.3. Innovation and economic growth

Innovation plays a crucial role in economic growth, as emphasised by nu-
merous studies. Empirical evidence demonstrates that innovation significant-
ly contributes to economic expansion. This impact manifests itself through 
various measures such as R&D spending, patenting, and innovation counts, 
alongside technological spillovers between firms, industries, and countries. 
However, these spillovers tend to be localised, limiting the benefits for foreign 
economies and slowing the technological “catch-up” process (Cameron, 1996).

However, according to Verspagen (2009), the relationship between inno-
vation and economic growth is complex and varies across theoretical frame-
works. While neoclassical endogenous growth models depict growth as 
a steady-state phenomenon driven by innovation, evolutionary approaches 
emphasise historical contingencies, intricate causal mechanisms, and turbu-
lent growth patterns.

Many governments have invested in R&D to boost innovation and econom-
ic growth in peripheral regions, though the effectiveness of these policies de-
pends on region-specific socio-economic factors (Bilbao-Osorio & Rodriguez
‑Pose, 2004). Similarly, Ulku (2004) identifies a positive relationship between 
per capita GDP and innovation, particularly in OECD countries with large mar-
kets. However, the study suggests that innovation alone may not guarantee 
sustained economic growth due to the absence of constant returns to inno-
vation. Pece et al. (2015) highlight that R&D expenditures and technological 
investments are key drivers of economic competitiveness and sustainability. 
Maradana (2017) also finds strong evidence of a long-term relationship be-
tween innovation and per capita economic growth in 19 European countries.

Beyond traditional measures of innovation, entrepreneurship plays a pivotal 
role in economic growth. Wong et al. (2005) argue that high-growth potential 
entrepreneurship—rather than entrepreneurship in general—has a substan-
tial impact on economic performance, as job creation is primarily driven by 
fast-growing new firms. From the perspective of firm performance and prod-
uct innovation, remote work and online activity appeared in the literature as 
indicators of the digital capability of people, even before the obligation to work 
remotely resulting from COVID-19 confinement, as can be seen in Zhou and 
Wu (2010), and Heredia et al. (2022). In a broader sense, the ability to deal 
with technological advances is referred as “technology readiness” and is com-
monly referred to in the literature on innovation and management (Bowen, 
2016; Parasuraman, 2000). Moreover, despite critiques of rapid technological 
change, historical evidence shows that technological innovation has significantly 
improved living standards and human well-being (Broughel & Thierer, 2019).

In conclusion, while the link between innovation and economic growth is 
well established, its effectiveness depends on factors such as market struc-
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tures, policies, and socio-economic contexts, thus necessitating tailored ap-
proaches. Our analysis highlights the role of gender diversity in innovation, 
particularly in R&D and entrepreneurship. However, its impact varies across 
countries, especially in the European Union, where gender gaps and policy 
differences shape innovation dynamics. This is particularly relevant given re-
gional variations in gender-inclusive policies and innovation performance, 
which influence how diversity affects the efficiency and direction of innova-
tion in firms and industries.

Moreover, this study builds upon the work of researchers like Bilbao-Osorio 
and Rodriguez-Pose (2004), who emphasise the role of socio-economic fac-
tors in shaping innovation policies in peripheral regions. By incorporating 
gender as a key variable, our analysis contributes to a better understanding 
of gender dynamics in innovation, highlighting patterns that may be relevant 
for informing future discussions on how public policies could address gender 
imbalances and support inclusive innovation. This approach provides a more 
comprehensive understanding of the mechanisms that drive both technolog-
ical and organisational innovation and their implications for sustained eco-
nomic growth in the European Union.

2. Data and research method

2.1. Variables and data set

We will conduct our analysis on an annual balanced panel data set for the 
EU-27 member states across the period 2008–2021, using Eurostat data. Our 
choice of start date stems from some of the variables required not being avail-
able before 2008. Moreover, starting in 2008 allows us to capture the post-fi-
nancial crisis period. Fortunately, the DOLS method of estimation possesses 
satisfactory properties even for small panels. In our case, to ensure a valid 
number of observations, the sample ends in 2021. The member states includ-
ed are Austria, Belgium, Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania, Slovakia, 
Slovenia, Spain, and Sweden.

Our dependent variable will be GDP. Using the real GDP growth rate as 
a dependent variable instead of GDP per capita will better capture output 
growth as the basic indicator of economic performance and will also be use-
ful for comparing economies at the international market level. Thereby, we 
will estimate the effects on the GDP growth of variables related to the ex-
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penditure on R&D both in the business sector and in the higher education 
sector, whatever the source of funds. In addition to variables related to the 
labour market, which may indicate the level of digitalisation of workers (such 
as working in technology and knowledge-intensive sectors and working from 
home), we will complement the analysis by exploring the role of higher edu-
cation level of those employed. Furthermore, in line with the new European 
Innovation Agenda, we will consider the gender perspective, recognising that 
such a view has scarcely been adopted in innovation processes or policies 
(European Commission, 2023b). To do so, we will introduce the gender per-
spective in two dimensions: firstly, differentiating the variables between male 
and female; and secondly, exploring the role of the gender gap. In addition, 
and as way of performing a robustness check, we also consider gross fixed cap-
ital formation and the exports of goods and services as additional variables, 
in order to capture the role of investment and the openness of the economy, 
respectively. Table 1 presents the names and description of the variables.

Table 1. Description of variables

Dependent variable

GDPg real GDP growth rate, in percent

Independent variables

ERB gross domestic expenditure on R&D at the national level, business enterprises sector; 
whatever the source of funds; in percent of GDP

ERE gross domestic expenditure on R&D at the national level, higher education sector; what-
ever the source of funds; in percent of GDP

HTT employment in technology and knowledge-intensive sectors (high-technology manufac-
turing and knowledge-intensive high-technology services); in percent of total employment

HTF high-technology and knowledge employees, female; in percent of total employment

HTM high-technology and knowledge employees, male; in percent of total employment

TWT employed persons working from home; in percent of total employment

TWF employed persons working from home, female; in percent of total employment

TWM employed persons working from home, male; in percent of total employment

EHT employment rate with tertiary level of education; in percent of total employment

EHF employment rate with tertiary level of education, female.; in percent of total employment

EHM employment rate with tertiary level of education, male; in percent of total employment

GAP gender employment gap; difference between the employment rates of men and wom-
en aged 20–64; in percent of total population of the same age group

INV gross fixed capital formation; in percent of GDP

EXP exports of goods and services; chain-linked volumes, percentage change to previous pe-
riod

Source: own elaboration on the basis of Eurostat data.
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Table 2 presents the descriptive statistics. These statistics reveal the heter-
ogeneity of the EU-27 data during the period. Examining the Jarque-Bera (JB) 
statistic, the null hypothesis of normally distributed data is rejected for most 
of the variables. However, due to the relatively short time frame of the panel 
(14 years), we remain cautious in drawing firm conclusions solely based on 
this test. In our study, the potential problems associated with working with 
a small sample are overcome when estimating using DOLS (Mark & Sul, 1999, 
2001). The correlation matrix is provided in the Appendix to complete the in-
formation (see Table A1).

Table 2. Descriptive statistics

Mean Median Max Min Standard 
deviation

Skew
ness Kurtosis JB JB-Prob.

GDPg 1.48 2.00 25.20 –14.80 4.18 –0.24 7.02 257.96 0.00

ERB 0.98 0.75 2.67 0.07 0.69 0.65 2.22 36.34 0.00

ERE 0.41 0.35 1.04 0.04 0.22 0.63 2.87 25.67 0.00

HTT 4.19 4.00 10.10 1.70 1.37 0.91 4.41 84.17 0.00

HTF 3.13 2.90 7.20 1.40 1.02 1.07 4.24 96.64 0.00

HTM 5.10 5.00 12.80 1.90 1.78 0.76 4.00 52.44 0.00

TWT 6.24 4.60 32.00 0.20 5.14 1.67 6.81 404.83 0.00

TWF 4.19 4.00 10.10 1.70 1.37 0.91 4.41 84.17 0.00

TWM 6.01 4.40 31.50 0.10 5.16 1.67 6.60 379.50 0.00

EHT 33.87 34.35 55.20 15.50 8.89 –0.02 2.16 11.09 0.00

EHF 39.46 40.40 61.50 15.70 10.22 –0.15 2.13 13.35 0.00

EHM 28.99 29.60 51.70 11.80 8.33 0.17 2.25 10.65 0.00

GAP 11.05 10.05 39.10 –1.50 6.24 1.15 5.47 179.76 0.00

INV 3.77 3.70 6.60 1.60 1.10 0.31 2.46 10.59 0.00

EXP 3.98 4.50 41.00 –23.20 7.91 –0.32 6.00 146.47 0.00

Note: 378 observations and 27 cross-sections.

Source: own elaboration.

Various panel unit root tests suggest that the variables are I(1), and the 
Pedroni (1999, 2004) and Kao (1999) panel cointegration test rejects the null 
hypothesis of no cointegration (please see Tables A2 and A3 in the Appendix). 
Having determined the cointegration relationship, we could apply the panel 
DOLS method to estimate our cointegrated panel.
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2.2. Research method

We perform our analysis on the sample of the EU-27 member states. In 
the current paper, dynamic ordinary least squares (DOLS) is implemented. 
Its preconditions are the same order of integration of the variables, and that 
there is cointegration between the variables (see Maeso-Fernández et al., 
2004, for an overview). This method uses lags and leads of the differences 
of variables (which are non-stationary) to resolve the problems endogeneity, 
autocorrelation and, also minimise biases associated with small sample sizes. 
Following Kao and Chiang (2000), DOLS provides better results than FMOLS 
estimators in terms of average biases. For this reason, we will apply the DOLS 
methodology in our study.

Our specification for the total population is described in equation (1), while 
the alternative specifications where we introduce the gender perspective (dis-
tinguishing between the variables for female and male) are equivalent and 
are not reported to save space:

 GDPgti = β0 ERBti + β1 EREti + β2 HTTti +�  
 + β3 TWTTI + β4 EHTti + β5 GAPti + εti � (1)

The expected signs of the estimates are not unambiguous a priori. Regarding 
the effects of expenditure on R&D on growth, there is no consensus in the 
empirical literature. Pradhan (2023) finds a positive relationship, mixed re-
sults are found by Gumus and Celikay (2015), and Bassanini et al. (2011) ob-
tain negative effects, while Sylwester (2001) detects a positive but not signif-
icant relationship. An interesting discussion on the (non-expected) effects of 
government expenditure can be found in Arawatari et al. (2023) and the ref-
erences therein. Concerning the effects of employment in high-tech sectors, 
the studies suggest that their potential benefits are highly context-depend-
ent and unevenly distributed (Kemeny & Osman, 2018; Lee & Clarke, 2019). 
As addressed in the literature section, in our study, the telework variable is 
intended to capture the workers’ technological capabilities; as well as a gen-
der effect given, women usually tend to choose the telework option (Althoff 
et al., 2021; Elsamani & Kajikawa, 2024). In line with the studies outlined in 
the literature section, our variable of employment with high level of educa-
tion, tries to record the accumulation of human capital. Finally, including the 
gender gap allows us to evaluate the impact of the European Gender Equality 
Strategy 2020–2025 (European Commission, 2020). With regard to the expect-
ed result, the sign of the coefficient in the GAP variable is an indirect indica-
tor of the type of work men do. Assuming that men and women are equally 
productive, if GAP contributes positively to growth, it would probably mean 
that men are employed in more productive jobs.
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For all the estimations, we offer a pooled weighted estimation, which ac-
counts for heterogeneity by using cross-section-specific estimates of the 
conditional long-term residual variances to reweight the moments for each 
cross-section when computing the pooled DOLS estimator. As noted by Kao 
and Chiang (2001), although the DOLS estimator outperforms other proce-
dures for estimating cointegrated panel regressions, DOLS could give differ-
ent estimates depending on the lags and leads chosen. To overcome this po-
tential drawback, we have employed the Akaike information criterion (AIC) 
selection. Moreover, as pointed out by Choi and Kurozumi (2012), the mod-
el selection criteria perform better than the fixed selection rules. The long-
term variance weights are computed by applying the Bartlett kernel and the 
Newey-West fixed bandwidth.

3. Empirical results and discussion

3.1. Estimations for the entire EU

Table 3 presents estimations for the whole EU. As can be seen, spending 
on R&D, both in the business sector and in the higher education sector, shows 
a negative and significant effect. These results are consistent with those of 
Birdsall and Rhee (1993), Bilbao-Osorio and Rodríguez-Pose (2004), Bassanini 
et al. (2011) and Kadir et al. (2020), to name a few studies. The reasons are 
related to the public and private sector’s interrelationships, bureaucracy, in-
efficiency, time horizon, spillover effects and innovation overflow. Our results 
could be explained by the time period used (2008–2021), which started with 
a financial and economic crisis, and thus covers years of cuts in expenditure. 
Moreover, this austerity might have led to difficulties in obtaining the satis-
factory return on expenditure on education.

On the other hand, the share of employees in high-tech sectors (both total 
and men) and with a higher level of education shows a positive and signifi-
cant effect. These results are in line with those of Chabbouh and Boujelbene 
(2020) and Yue (2024), who find that human capital improves firms’ innova-
tion. By contrast, the result for women employed in high-tech sectors is neg-
ative, although not significant, which could be explained using the findings 
of Cropley and Cropley (2017), who attribute the negative relationship to an 
unfavourable organisational climate.

The variable telework shows a  positive effect, but it is not significant. 
Furthermore, regarding the gender gap in employment, it reveals a negative 
effect, although not a significant one when the estimation considers the to-
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Table 3. The DOLS regressions on real GDP growth rate in EU-27, 2008–2021
TOTAL FEMALE MALE

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

ERB –0.76*
(–0.71

–1.22***
(–3.65)

–0.69***
(–3.38)

–0.59
(–1.22)

–1.28***
(–3.50)

–1.12***
(–4.75)

–0.63
(–1.51)

–0.78**
(–2.54)

–0.74***
(–2.59)

ERE –3.54***
(–2.92)

–4.94***
(–4.98)

–2.27***
(–3.36)

–2.31*
(–1.81)

–2.72*
(–2.29)

–2.48***
(–3.08)

–1.93*
(–1.68)

–3.04***
(–2.78)

–3.06***
(–4.25)

HTT 0.83***
(3.39)

0.72***
(2.92)

0.59***
(3.42)

0.79***
(2.84)

0.22*
(1.96)

HTF –0.14
(–0.21)

–0.63
(–0.83)

–1.20*
(–2.28)

–0.81
(–0.97)

–1.72**
(–2.85)

HTM 0.62***
(3.37)

0.33*
(1.89)

0.46***
(3.17)

0.66***
(3.44)

0.45***
(3.52)

TWT 0.07
(1.35)

0.07
(1.57)

0.04
(1.30)

0.13**
(2.87)

0.03
(1.02)

TWF 0.61
(1.20)

1.08
(1.75)

1.63***
(3.63)

1.01
(1.54)

1.35**
(2.76)

TWM 0.01
(0.18)

0.02
(0.39)

–0.01
(–0.18)

0.06
(1.41)

0.01
(0.45)

EHT 0.05**
(2.35)

0.04**
(1.95)

–0.01
(–0.72)

0.05*
(1.93)

0.02
(1.32)

EHF 0.04**
(2.23)

0.03
(1.11)

–0.03*
(–2.03)

0.03
(1.53)

0.01
(0.56)

EHM 0.03*
(1.64)

0.05*
(2.18)

–0.01
(–0.42)

0.03
(1.17)

0.01
(0.02)

GAP –0.02
(–0.60)

–0.04
(–1.36)

–0.04
(–1.70)

–0.09*
(–2.20)

0.01
(0.95)

0.09**
(2.19)

0.15**
(3.12)

0.03*
(2.76)

0.13**
(2.58)

0.07**
(2.18)

–0.01
(–0.16)

0.01
(0.19)

–0.03
(–1.27)

–0.09**
(–2.28)

–0.01
(–0.84)

INV –0.04
(–0.29)

0.13
(0.71)

–0.19
(–1.10)

0.08
(0.44)

0.01
(0.03)

0.05
(0.31)

EXP 0.29***
(12.69)

0.32***
(9.02)

0.35***
(13.54)

0.39***
(13,21)

0.31***
(11.12)

0.33***
(11.16)

R2 0.75 0.77 0.88 0.71 0.89 0.70 0.73 0.86 0.68 0.85 0.76 0.78 0.89 0.76 0.90

R2
adj 0.53 0.56 0.78 0.52 0.78 0.44 0.48 0.74 0.40 0.72 0.54 0.58 0.79 0.54 0.81

Periods: 13; Cross-sections: 27; Observations: 351

Note: t statistics in parentheses. ***, **, *, indicate 1%, 5%, 10% significance levels, respectively.

Source: own elaboration.
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tal and the male series. However, when the estimation only includes the fe-
male data, the effect of the gender gap on economic growth is positive and 
significant. This result might also be related to the gender gap in STEM areas 
addressed in the literature.

As a robustness check3, we have included additional explanatory variables 
as the gross fixed capital formation for capturing the role of investment (INV) 
and the percentage change over the previous period of the exports of goods 
and services (EXP) to record, in a simple way, a measure of the economy’s 
openness (the rate of growth of exports) as well as, indirectly, the productiv-
ity of the firms (Berthou & Dhyne, 2018), given that we are analysing the role 
of the environment’s level of innovation. Adding the additional variables, the 
results for the variables of interest do not show serious changes. In detail, 
if we add investment as a variable, the estimate shows a very small and no 
significant coefficient. The results could be explained by the austerity poli-
cies of the post-2008 financial crisis period. If, on the other hand, we add the 
variable ‘exports’, the estimate exhibits a moderate positive value and high 
significance. The only noticeable change is the loss of significance of employ-
ment in high-tech sectors and higher education, when the variable ‘exports’ 
is added. Additionally, for further exploring the gender perspective, we have 
estimated the interactions between women’s (and men) telework and wom-
en’s (and men) education4 (see Table A4 in the Appendix). For the women, 
the estimates prove to be positive and significant, reinforcing the individual 
effects of the variables. On the contrary, the estimates of the interactions in 
the male case are not significant.

3.2. Estimations for countries differentiated  
by innovation level

Next, we try to delve deeper into the extent to which the level of innova-
tion achieved by firms contributes to economic growth. To this end, we di-
vide the data for the EU-27 into three groups according to how companies 
disseminate innovation. From a different perspective, this approach can be 
found in Gasparri et al. (2023) and concerns the role played by foreign sub-
sidiaries and domestic firms regarding R&D and innovation. To distinguish 
among these three groups of EU countries, we use the information provided 
by the European Innovation Scoreboard Index (EISI). This index summarises 
32 indicators of 12 innovations dimensions, which are grouped into four types 
of activities: framework, conditions, investments, and innovative activities 

	 3 We acknowledge this suggestion to an anonymous referee.
	 4 We acknowledge this suggestion to an anonymous referee.
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(European Commission 2023a). In these ways, the index synthesises the re-
search and innovation performance of the EU-27 countries and characterises 
the degree of innovation disseminated by their firms. Using the EISI, we can 
differentiate among: (1) ‘Highly innovative’ countries, which include both ‘in-
novation leaders’ (Denmark, Sweden, Finland, the Netherlands, and Belgium) 
and ‘strongly innovative’ countries (Austria, Germany, Luxembourg, Ireland, 
Cyprus, and France); (2) ‘moderately or intermediate innovative’ countries 
(Estonia, Slovenia, Czechia, Italy, Spain, Malta, Portugal, Lithuania, Greece, 
and Hungary): and (3) ‘emerging innovators or scarcely innovative’ countries 
(Croatia, Poland, Latvia, Bulgaria, and Romania).

The results of the estimations can be seen in Tables 4, 5 and 6. When ana-
lysing the degree of innovation, we established that in the group of highly 
innovative countries, employment in high-tech sectors is the variable that 
contributes the most (both in total, and for men), followed by the gender gap 
variable. However, disaggregating by gender, the variable that contributes 
the most is the gender gap, followed by the female population that telework 
and women with higher education. While the spending on R&D allocated 
to higher education continues to be negative, it is no longer significant. The 
group of moderate innovators behaves very similarly to that of the whole 
EU, although the contributions of employees who telework (total) and wom-
en with a tertiary level of education are noteworthy. In addition, the gender 
gap is negative, but highly significant for the total and male cases. Finally, in 
the group of emerging innovators, the effect of spending on R&D allocated 
to higher education is negative and highly significant, while the contributions 
of employees who telework (total) and men with higher education prove to 
be positive and significant.

If we consider the results offered by gender differentiation, we can observe 
that for employees in high-tech sectors, the result for men is maintained, ex-
cept in the case of scarcely innovative countries, where this becomes neg-
ative. In the case of intermediate innovative countries, the important con-
tribution of men employed in high-tech sectors merits highlighting. For the 
population with higher education and employees who telework, the positive 
signs remain. Both in highly and intermediate innovative countries, women 
with higher education exhibit a positive and significant contribution to eco-
nomic growth, while men do not present a significant contribution. The op-
posite is true in the case of employment in high-tech sectors. These results 
are in line with those of WIPO (2020), which indicate that in high-income 
countries women tend to attain higher grades and are more likely to com-
plete master’s programmes than men, while in terms of professional develop-
ment, the outcomes are the other way around. The results may also indicate 
that although women tend to achieve high levels of education, a gender gap 
persists in STEM-related employment, as evidenced by the strong and signif-
icant contributions to growth observed among men employed in high-tech 
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Table 4. The DOLS regressions on real GDP growth rate in highly innovative EU countries, 2008–2021
TOTAL FEMALE MALE

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

ERB –0.86
(–1.42)

–0.68
(–1.79)

–0.48**
(–2.33)

–0.63
(–1.31)

–0.59
(–1.44)

–0.66**
(–3.54)

–0.88
(–1.31)

–0.44
(–1.27)

–0.43
(–1.47)

ERE –1.52
(–0.82)

–3.60**
(–2.20)

–1.69**
(–2.24)

–1.23
(–0.93)

–2.09
(–1.63)

–1.29
(–1.61)

–0.29
(–0.13)

–1.82
(–1.08)

–2.38**
(–2.95)

HTT 0.65**
(2.02)

0.36
(1.30)

0.31
(1.77)

0.47
(1.20)

0.11
(0.57)

HTF 0.38
(1.18)

0.24
(0.72)

0.81**
(3.88)

0.18
(0.41)

0.33
(1.27)

HTM 0.49**
(1.89)

–0.07
(–0.35)

0.19
(1.11)

0.16
(0.51)

0.31*
(2.03)

TWT 0.06
(1.01)

0.02
(0.39)

0.01
(0.48)

0.06
(0.89)

0.02
(0.64)

TWF 0.07*
(1.77)

0.07
(1.41)

0.03
(1.07)

0.06
(1.03)

0.01
(0.22)

TWM 0.01
(0.19)

0.02
(0.31)

0.01
(0.01)

0.04
(0.69)

–0.02
(–0.66)

EHT 0.01
(0.44)

0.04
(1.64)

–0.01
(–0.46)

–0.01
(–0.24)

0.01
(0.28)

EHF 0.04**
(2.22)

0.06**
(2.84)

–0.02
(–1.43)

0.01
(0.64)

0.01
(0.34)

EHM –0.01
(–0.17)

0.09**
(2.49)

–0.01
(–0.08)

–0.01
(–0.06)

–0.01
(–0.11)

GAP 0.11**
(1.76)

0.05
(1.04)

0.03
(0.99)

0.12
(1.85)

0.06
(1.50)

0.11***
(2.44)

0.13**
(2.52)

–0.02
(–0.61)

0.17**
(2.79)

0.02
(0.35)

0.16**
(2.15)

–0.03
(–0.53)

0.03
(0.73)

0.12
(1.38)

0.07
(1.46)

INV –0.07
(–0.26)

0.41
(0.98)

–0.47
(–1.71)

0.26
(0.71)

0.11
(0.37)

0.38
(0.97)

EXP 0.33***
(10.55)

0.36***
(9.02)

0.32
(12.44)

0.33***
(8.01)

0.32***
(7.95)

0.31***
(7.48)

R2 0.79 0.76 0.93 0.75 0.93 0.82 0.78 0.93 0.77 0.93 0.79 0.78 0.92 0.77 0.93

R2
adj 0.58 0.53 0.87 0.52 0.86 0.64 0.56 0.87 0.55 0.86 0.59 0.56 0.84 0.54 0.86

Periods: 13; Cross–sections: 11; Observations: 143

Note: see note in Table 3.

Source: own elaboration.
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Table 5. The DOLS regressions on real GDP growth rate in intermediate innovative EU countries, 2008–2021
TOTAL FEMALE MALE

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

ERB –2.17*
(–1.68)

–1.26
(–1.22)

–2.37**
(–2.19)

–0.29
(–0.20)

–0.93
(–0.78)

–0.57
(–0.51)

–0.25
(–0.16)

–1.26
(–1.22)

–2.37**
(–2.19)

ERE –6.42**
(–2.38)

–6.26**
(–2.36)

–4.21**
(–1.61)

–8.06**
(–2.64)

–5.71*
(–2.06)

–5.96**
(–2.46)

–6.54***
(–2.93)

–5.69*
(–2.17)

–5.41**
(–2.86)

HTT 1.80***
(3.53)

1.95***
(4.53)

1.41**
(2.98)

1.07**
(2.79)

0.42
(1.04)

HTF 0.03
(0.04)

1.30*
(1.99)

0.01
(0.01)

–0.02
(–0.04)

–1.06*
(–2.35)

HTM 1.54***
(4.56)

1.80***
(5.26)

1.31***
(4.52)

1.41***
(4.45)

1.05***
(3.81)

TWT 0.27***
(2.52)

0.17
(1.51)

0.22*
(1.81)

0.33**
(4.00)

0.18*
(1.78)

TWF 0.21
(1.45)

0.24
(1.71)

0.16
(1.47)

0.35**
(2.86)

0.17*
(2.29)

TWM 0.17
(1.05)

0.06
(0.40)

0.16
(1.11)

0.28*
(1.81)

0.19
(1.32)

EHT 0.03
(0.59)

–0.01
(–0.13)

–0.06
(–1.53)

0.07
(1.89)

0.05
(1.19)

EHF 0.14***
(3.03)

0.05
(1.33)

0.03
(0.96)

0.08*
(2.17)

0.14***
(3.97)

EHM 0.02
(0.43)

–0.02
(–0.72)

–0.07*
(–2.05)

0.02
(0.32)

–0.01
(0.11)

GAP –0.24***
(–4.44)

–0.13***
(–2.93)

–0.11**
(–2.29)

–0.14**
(–2.75)

–0.07
(–1.35)

–0.06
(–0.90)

–0.05
(–0.89)

–0.02
(–0.52)

–0.05
(–0.07)

0.03
(0.90)

–0.26***
(–4.72)

–0.18**
(–3.88)

–0.14**
(–3.01)

–0.22**
(–4.06)

–0.15**
(–3.42)

INV –0.74
(–0.33)

–0.34
(–1.21)

–0.77*
(–2.41)

0.10
(0.32)

–0.51*
(–2.43)

–0.15
(–0.55)

EXP 0.28***
(5.47)

0.23**
(4.04)

0.25***
(6.87)

0.23***
(5.76)

0.27***
(5.61)

0.25***
(4.62)

R2 0.80 0.92 0.87 0.79 0.87 0.78 0.81 0.87 0.78 0.89 0.82 0.84 0.88 0.81 0.89

R2
adj 0.60 0.62 0.74 0.59 0.75 0.57 0.61 0.74 0.57 0.78 0.64 0.84 0.77 0.62 0.78

Periods: 13; Cross-sections: 10; Observations: 130

Note: see note in Table 3.

Source: own elaboration.
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Table 6. The DOLS regressions on real GDP growth rate in low innovative EU countries, 2008–2021
TOTAL FEMALE MALE

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

ERB –3.58
(–1.47)

–5.24
(–1.79)

–0.05**
(–0.02)

–1.80
(–0.74)

0.80
(0.43)

–10.53**
(–2.35)

2.16
(0.95)

ERE –12.18**
(–2.77)

–9.56
(–1.34)

–3.62
(–0.76)

–0.47
(–0.06)

–4.56
(–0.95)

–6.18
(–0.81)

–1.43
(–0.73)

HTT 0.61
(0.70)

0.77
(0.89)

0.20
(0.26)

1.05
(1.23)

0.29
(0.40)

HTF 0.72
(0.92)

–0.16
(–0.26)

0.33
(0.34)

–0.19
(–0.26)

HTM –0.71
(–0.87)

0.25
(0.41)

–0.07
(–0.07)

0.44
(0.52)

TWT 0.64***
(1.81)

0.42
(1.35)

0.34
(1.43)

0.49
(1.15)

0.38
(1.23)

TWF 0.02
(0.09)

0.22
(1.07)

–0.18
(–0.49)

0.25
(0.97)

TWM 0.71*
(1.96)

0.38
(1.50)

0.40
(0.84)

0.40
(1.43)

EHT 0.09
(1.10)

0.14
(1.46)

0.02
(0.29)

0.09
(0.96)

0.01
(0.06)

EHF 0.07
(1.16)

0.04
(1.02)

0.10
(1.29)

0.03
(0.61)

EHM 0.54**
(3.54)

–0.08
(–0.84)

0.26
(1.63)

–0.10
(–0.90)

GAP 0.18
(1.38)

0.16
(1.24)

–0.04
(–0.38)

0.05
(0.44)

–0.04
(–0.35)

0.20
(1.83))

–0.04
(–0.41)

0.31***
(2.84)

0.03
(0.24)

0.16
(1.72)

0.03
(0.27)

0.03
(0.25)

0.05
(0.56)

INV –0.98*
(–2.06)

–0.48
(–0.98)

–0.60
(–1.36)

–0.94*
(–1.91)

–1.55**
(–4.18)

–0.58
(–1.42)

EXP 0.27***
(1.48)

0.35***
(4.44)

0.32***
(4.25)

0.35***
(4.22)

0.32***
(6.02)

0.38***
(6.21)

R2 0.65 0.73 0.87 0.71 0.87 0.64 0.70 0.87 0.69 0.87 0.63 0.74 0.86 0.73 0.89

R2
adj 0.26 0.43 0.73 0.38 0.74 0.22 0.37 0.74 0.34 0.73 0.21 0.46 0.71 0.43 0.77

Periods: 13; Cross-sections: 6; Observations: 78

Note: see note in Table 3.

Source: own elaboration.
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sectors. If this is indeed the case, such a result would be in line with Botella 
et al. (2019), regarding the gender biases in STEM areas. In addition, we can 
stress that the contribution of educated women to growth is noticeable both 
in highly and intermediate innovative countries. This result is consistent with 
the findings of Xie et al. (2020) and Griffin et al. (2021), who note that gen-
der diversity leads to higher innovative efficiency. Finally, the gender gap ef-
fect proves to be positive and significant in highly innovative countries, while 
it is negative but not significant for women in intermediate ones. In the case 
of scarcely innovative countries, the gender gap is significant only when the 
men’s group is considered.

Conclusions

Our study has looked at the intricate relationship between innovation, 
human capital, employment, and economic growth within the EU, with par-
ticular emphasis placed on the roles of innovation and gender. Our analysis 
incorporates a variety of factors, including spending on R&D, employment 
in high-tech sectors, educational attainment, and participation in telework.

Our findings reveal that R&D spending, particularly in the higher educa-
tion sector, appears to have a negative impact on economic growth. This rais-
es questions about the timing of returns on investment and the potential for 
a brain drain. However, both employment in high-tech sectors and the level 
of higher education demonstrate a positive and significant correlation with 
economic growth. Interestingly, participation in telework shows a positive 
sign but lacks conclusive statistical significance.

The inclusion of gender perspectives allows for a nuanced understanding. 
While the overall gender gap in employment exhibits a non-significant nega-
tive association with economic growth, the separate analysis of female em-
ployment reveals a positive and significant relationship. This suggests that nar-
rowing the gender employment gap could contribute significantly to boosting 
the economy´s performance.

Our analysis of innovation levels within member states has shed additional 
light. In highly innovative countries, employment in high-tech sectors exhib-
its a significant positive association with growth, as does the gender gap in 
employment. However, when disaggregated by gender, the gender gap varia-
ble and the number of women with higher education both show positive and 
significant associations with growth. Moderately innovative countries exhibit 
behaviour like the whole EU, although telework participation here displays 
a more noticeable positive association with growth. For emerging innovators, 
the negative and significant impact of public R&D spending on higher edu-
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cation is noteworthy. Additionally, telework participation and the number of 
men with higher education show positive associations.

Our conclusion, while emphasising the important role of employment in 
high-tech sectors for growth, could be the departure point for some policy 
recommendations. For highly innovative countries, promoting policies that 
address the gender gap in employment, particularly in high-tech sectors, 
would be vital. Moreover, for intermediate and low-innovation countries, it 
is important to foster policies that encourage investment in human capital, 
particularly by improving the efficiency of R&D spending in higher education 
and providing more accessible pathways for women to enter the STEM fields. 
Encouraging female participation in high-tech roles through targeted educa-
tion and industrial policies is crucial.

 Summarising our findings, we can state that employment in high-tech 
sectors is the variable that contributes most to growth in countries leading 
in innovation. For these highly innovative countries, the positive and signifi-
cant effect of the gender gap in employment may indicate that men occupy 
more positions in high-technology sectors than women. Our second result is 
that women with a high level of education appear to have a stronger associ-
ation with economic growth than men with the same level of training (except 
in the case of low-innovative countries), although their contribution through 
employment in high-tech sectors remains lower in all cases. These findings 
may help to inform future research and broader policy discussions concerning 
how gender, education, and innovation interact to shape growth trajectories. 
In particular, the analysis highlights the importance of exploring further the 
structural factors that limit women’s participation in technological sectors, as 
well as the potential benefits of increasing their representation.

Future research should explore the specific reasons behind the negative 
short-term association between R&D spending on higher education and eco-
nomic growth. Additionally, examining the mechanisms behind the observed 
gender-specific patterns in highly innovative countries could provide useful 
insights into the factors that influence female participation in innovation-driv-
en economies.
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Appendix

Table A1. Correlation matrix

GDP ERB ERE HTT HTF HTM TWT TWF TWM EHT EHF EHM GAP INV EXP

GDP 1.00

ERB –0.05 1.00

ERE –0.09 0.73 1.00

HTT 0.24 0.47 0.23 1.00

HTF 0.22 0.25 –0.01 0.91 1.00

HTM 0.23 0.57 0.35 0.97 0.80 1.00

TWT 0.03 0.51 0.46 0.44 0.19 0.55 1.00

TWF 0.24 0.47 0.23 1.00 0.91 0.98 0.44 1.00

TWM 0.02 0.53 0.51 0.46 0.20 0.57 0.99 0.46 1.00

EHT 0.15 0.25 0.25 0.36 0.18 0.44 0.46 0.36 0.47 1.00

EHF 0.17 0.14 0.19 0.35 0.22 0.41 0.35 0.35 0.36 0.96 1.00

EHM 0.12 0.34 0.28 0.36 0.15 0.46 0.54 0.36 0.54 0.94 0.81 1.00

GAP 0.02 –0.37 –0.43 –0.07 0.09 –0.17 –0.27 –0.07 –0.28 –0.49 –0.48 –0.40 1.00

INV –0.07 –0.12 –0.02 –0.15 –0.12 –0.16 –0.08 –0.15 –0.09 –0.09 –0.02 –0.20 –0.17 1.00

EXP 0.78 –0.13 –0.12 0.07 0.08 0.06 –0.05 0.07 –0.05 0.11 0.13 0.07 0.01 –0.08 1.00

 Source: own elaboration.
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Table A2. Unit root tests

GDPg ERB ERE HTT TWT EHT GAP INV EXP

Stat Prob Stat Prob Stat Prob Stat Prob Stat Prob Stat Prob Stat Prob Stat Prob Stat Prob

LLC 24.88 1.00 –5.02 0.00 –1.96 0.02 –1.92 0.02 –1.90 0.02 6.06 1.00 8.02 1.00 –4.46 0.00 34.47 1.00

Breitung 0.41 0.66 4.17 1.00 –0.41 0.34 5.65 1.00 5.65 1.00 –2.68 0.00 1.17 0.87 0.62 0.73 2.87 0.99

IPS –0.83 0.20 –0.49 0.31 –0.89 0.18 1.30 0.90 1.30 0.90 0.34 0.63 1.11 0.86 –1.18 0.11 1.01 0.84

ADF - F 50.64 0.60 72.14 0.05 64.29 0.15 62.66 0.19 62.66 0.19 46.66 0.75 33.27 0.98 65.44 0.13 34.56 0.95

PP - F 187.94 0.00 48.43 0.68 115.76 0.00 80.73 0.01 80.73 0.01 85.42 0.00 98.02 0.00 95.03 0.00 194.74 0.00

Hadri 5.75 0.00 7.11 0.00 7.10 0.00 12.20 0.00 8.21 0.00 13.66 0.00 11.08 0.00 7.54 0.00 4.44 0.00

Note: Null hypothesis: No stationarity. LLC, Breitung, IPS, ADF-F and PP-F. Stationarity. Hadri.

Source: own elaboration.
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Table A3. Cointegration tests

Pedroni

Statistic Probability

Panel v-Statistic –1.43 0.92

Panel rho-Statistic 4.53 1.00

Panel PP-Statistic –13.71 0.00

Panel ADF-Statistic –3.04 0.00

Group rho-Statistic 6.69 1.00

Group PP-Statistic –24.31 0.00

Group ADF-Statistic –5.57 0.00

Kao

Statistic Probability

ADF –7.47 0.00

Note: Null hypothesis: no cointegration.

Source: own elaboration.
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Table A4. The DOLS regressions on real GDP growth rate in EU-27, 2008–2021. Interactions

Female Male
(1) (2) (3) (4) (5) (6) (7) (8)

ERB –0.59
(–1.22)

–0.83**
(–2.55)

–0.30
(–0.61)

0.14
(0.44)

–0.63
(–1.51)

–0.01*
(–3.00)

–0.59
(–1.52)

–0.19
(–0.58)

ERE –2.31*
(–1.81)

–0.55
(–0.58)

–1.58
(–1.17)

–0.98
(–1.15)

–1.93*
(–1.68)

–0.67
(–0.77)

–1.43
(–1.32)

–1.03
(–1.29)

HTF –0.14
(–0.21)

0.25
(0.80)

0.33
(0.79)

–0.52
(–1.71)

HTM 0.62***
(3.37)

0.69***
(5.55)

0.61***
(4.10)

0.33**
(2.85)

TWF 0.61
(1.20)

TWM 0.01
(0.18)

EHF 0.04**
(2.23)

EHM 0.03*
(1.64)

GAP 0.09**
(2.19)

0.10**
(2.51)

0.10**
(1.99)

0.06**
(1.87)

–0.01
(–0.16)

–0.01
(–0.38)

0.01
(0.22)

–0.02
(–0.06)

TWF*EHF 0.01**
(2.48)

0.01
(1.19)

0.01*
(2.63)

TWM*TWM 0.01
(1.52)

0.01
(1.11)

0.01
(0.21)

INV 0.21
(1.40)

0.10
(0.83)

EXP 0.37**
(12.47)

0.30***
(9.91)

R2 0.65 0.71 0.86 0.76 0.71 0.76 0.88
R2

adj 0.42 0.46 0.73 0.54 0.52 0.54 0.78

Periods: 13; Cross sections: 27; Observations: 351

Note: See note in Table 3.

Source: own elaboration.
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