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Abstract. This study aims to investigate the nature and drivers of foreign investment in 16 regions
of Poland. Using a spatial analysis approach, the study examines the spatial characteristics of the
factors that influence foreign investment, namely labour and research and development (R&D) sup-
port. The results of the first analysis indicate strong spatial characteristics and interregional corre-
lations in the observed variables, although they are not characterised by spatial dependence. The
regression analysis results show that R&D expenditure significantly supports the enhancement of
foreign investment alongside the labour factor, which has a more substantial impact.
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1. INTRODUCTION

Foreign investment has become a key driver of economic growth in the Euro-
pean Union region, contributing to economic integration and modernisation of the
industrial sector in various Member States (Berkowitz et al., 2020; Drahokoupil,
2008; Radosevic and Ciampi Stancova, 2018). Since the transition in the 1990s,
the Central and Eastern European (CEE) region, including Poland, has attracted
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foreign investors by dint of market openness and trade factors, especially after
Poland’s accession to the European Union in 2004. Foreign investment in Poland
has not only increased competition and market efficiency but has also facilitated
the transfer of knowledge and technology. As a resource-rich country in the CEE
region, Poland has experienced significant foreign investment, leading to an in-
crease in foreign capital, labour dynamics, infrastructure development, and a dif-
fusion of innovation and technology (Aghion et al., 2011; Gorynia et al., 2009;
Krpec and Wise, 2022). With its strategic location in the heart of Europe and the
advantageous connections via the Baltic Sea and the Eurasian region, Poland has
gained recognition among global investors and ranks among the top ten European
countries for foreign investment (Grgi¢, 2023; Kavalski, 2018; Krpec and Wise,
2022). As an EU Member State, Poland is using EU funds to improve its com-
petitiveness by investing in innovation and infrastructure. Foreign investment in
Poland is also increasingly targeting the services and technology sectors, helping
to diversify the economy (Churski, 2008; Goujard and Guérin, 2018; Murzyn,
2020). As one of the key players in attracting foreign investment in the European
region and beyond, Poland strategically benefits from several location factors,
including an ample labour supply, a relatively stable economic environment, and
government financial support to strengthen local infrastructure. The Polish gov-
ernment has also implemented various policy initiatives to attract foreign invest-
ment by encouraging innovation and strengthening domestic technology by sup-
porting research and innovation activities. The presence of foreign investors has
contributed to the growth of the local economy and industry (Brandt, 2018; Kapil
et al., 2013; Tuznik and Jasinski, 2022).

Various studies have shown the significant economic impact of foreign invest-
ment, including its impact on labour absorption. Conversely, labour, as a critical
factor of production, is also an essential consideration in influencing foreign in-
vestment decisions (Ambroziak and Hartwell, 2018; Bermejo Carbonell and Wer-
ner, 2018; Kurtishi-Kastrati, 2013; Su and Liu, 2016). In addition to the labour
supply factor, the role of research and development (R&D) in encouraging foreign
investment is also critical. Research conducted by Gotz (2020) shows that support
for R&D in a region can attract foreign investment because it can increase local
innovation and productivity. When combined with the labour supply factor, R&D
support directed not only at infrastructure investment but also at improving the
quality of R&D personnel is an important input for innovation that will ultimately
increase local innovation capacity and thus attract foreign investment (T6th et al.,
2020; Yaghi and Tomaszewski, 2024). Tuznik and Jasinski (2022) and Chybows-
ka et al. (2018) reported that the Polish government has demonstrated the impor-
tance of R&D in driving innovation and economic growth by introducing various
funding schemes and incentives to encourage domestic and foreign investment.
This relationship highlights the need for a deeper understanding of how R&D sup-
port directly and indirectly affects foreign investment. However, the importance
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of regional R&D support in the context of foreign investment is less explored in
literature. Previous studies on these factors have tended to consider them sepa-
rately. There is a limited number of studies which link it to foreign investment,
although some studies specifically examine R&D support in the context of foreign
investment to support innovation (Castellani et al., 2022; Newman et al., 2015;
Sharma, 2019). Conversely, studies of foreign investment are more likely to be as-
sociated with key factors of production, such as the quality and quantity of labour,
and their impact on the economy (Asongu et al., 2018; lamsiraroj, 2016; Newman
et al., 2015). Therefore, the literature on foreign investment needs more attention,
especially on how labour-intensive and knowledge-intensive foreign investment
can complement each other. In such cases, a spatial analysis approach becomes
important, especially to identify which regions have better availability of produc-
tion factors, innovation, and productivity to attract foreign investment.

A study by Wibisono (2023) identified a spatial dependence between knowl-
edge inputs and innovation in the Visegrad regions (Poland, Hungary, Czech Re-
public, and Slovakia). The study found that personnel with specialised skills in
R&D significantly impact innovation, while public expenditure on R&D, although
significant, negatively impacted innovation in the Visegrad region. A study by
HintoSova et al. (2020) in the same region, where the analysis used a fixed effects
model, found that R&D spending had a negative effect on FDI inflows in the
Visegrad region over the period 1989-2016. Busom et al. (2014) have argued that
continuous government funding of R&D can create dependency and reduce the
competitiveness of firms, leading to a less competitive and less attractive environ-
ment for investment. Zufiga-Vicente ef al. (2014) and Pellens ef al. (2018) have
argued that the negative effects of R&D may be due to inefficient resource allo-
cation, with R&D support being directed to less productive and less competitive
sectors. Thus, a region may have high R&D support but low foreign investment
intensity, or vice versa.

These descriptions reveal some inconsistencies regarding the impact of R&D
on foreign investment. Some studies show that R&D support has a positive im-
pact on foreign investment through increased productivity and local innovation.
Meanwhile, other studies in regional contexts, such as CEE or Visegrad, show
a negative impact of R&D support on innovation and foreign investment inflows.
The author argues that each country has specific regional characteristics, so the
results may differ in the context of other countries or regions. These phenomena
then raise the question of the extent to which R&D support, in addition to human
capital support, affects foreign investment in the context of a specific region in
a country such as Poland. Specifically, this study questions what the spatial char-
acteristics of foreign investment, labour, and R&D support in Poland are, and
to what extent labour and R&D support can influence foreign investment in its
spatial context. Using a spatial analysis approach, this study investigates these
questions by examining 16 voivodeship regions in Poland. The results of the first
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analysis indicate that there are strong spatial characteristics and interregional cor-
relations in the observed variables, although they are not characterised by spatial
dependence. Most regions in Poland are classified in the high and medium catego-
ries for the intensity of each observed variable, yet at least one third of the regions
in Poland still need to improve in terms of foreign investment and its enabling
factors. Furthermore, the estimation results of this study show that R&D support
has a positive and significant influence on foreign investment, alongside the la-
bour factor, whose influence is more substantial. The results of this study provide
an essential contribution to the literature specifically examining R&D support or
policies related to foreign investment, as well as have implications for broader
regional policies of Poland and contribute to academics and practitioners in the
field of international studies and regional studies.

The paper is organised as follows. The second section of the paper outlines
background literature on foreign investment and its supporting factors, particu-
larly in the context of regional and spatial analysis. The third section outlines the
methodological approach used and the steps of the analysis. The fourth section
presents the results and a discussion. The fifth section presents conclusions, im-
plications, limitations, and opportunities for future research.

2. LITERATURE REVIEW

The economic characteristics of a region or country often play an essential role in
MNEs’ investment decisions. Factors such as the host country’s labour force and
the level of knowledge and technology are critical determinants (Castellani ef al.,
2006; Dunning and Lundan, 2008). These decisions reveal strategic differences
in how foreign firms manage costs and acquire critical resources such as labour
and knowledge. Recent literature provides valuable insights into foreign direct
investment (FDI) preferences, whether for labour-intensive or knowledge-inten-
sive firms or industries (Amoroso and Moncada-Paterno-Castello, 2018; Nielsen
et al., 2018). However, there is an urgent need for a deeper understanding of the
reasons behind these choices, especially in developing and transition economies
such as Poland. Historically, Poland has been an attractive destination for for-
eign investment in labour-intensive sectors due to its low labour costs and grow-
ing infrastructure (Janton-Drozdowska and Majewska, 2016). However, as the
economy has progressed and its innovation capacity has grown, there has been
a noticeable shift towards knowledge-based sectors (Klagge and Klein-Hitpal,
2010; Salamaga, 2023). This transition requires a comprehensive understanding
of how research and development (R&D) policies or technological advances can
influence foreign investment decisions. Poland faces particular challenges in tran-
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sitioning from a labour-intensive to a knowledge-based economy. While the coun-
try has made significant investments in high technology and research, it needs to
focus on attracting high-quality FDI and ensuring that the positive effects of these
investments are spread evenly throughout the economy.

Labour-intensive industries depend highly on labour and often attract for-
eign direct investment (FDI) because of lower production costs. According to the
Heckscher-Ohlin model and the classical theory of comparative advantage, coun-
tries with abundant labour at lower wages tend to attract foreign investment in sec-
tors such as light manufacturing, textiles, and agribusiness (Rahman et al., 2019;
Siddiqui, 2018). MNCs can reduce costs by taking advantage of cheap labour in
these sectors. Some studies suggest that while labour-intensive sectors create jobs
and income in the short term, they may be less stable in the long term because
firms can quickly shift production to low-cost countries (Omoruyi, 2021). Exces-
sive reliance on labour-intensive foreign investment may hinder economic diver-
sification and long-term innovation, especially in developing countries seeking
to transition to a knowledge-based economy. Conversely, knowledge-based firms
depend on knowledge, technology, and innovation. Countries that invest in R&D
or technological infrastructure often attract foreign investment in high-tech sec-
tors. According to Porter’s (1990) theory of competitive advantage, countries with
strengths in innovation and R&D are more likely to attract investment in knowl-
edge-based industries (Ge and Liu, 2022). Studies show that MNEs are attracted
to countries with thriving innovation ecosystems that offer advanced technologies,
a skilled workforce, and growing markets (Suseno and Standing, 2018). While
some studies show that countries with established innovation ecosystems tend to
attract knowledge-based foreign investment, the literature needs a comprehensive
analysis of the role of factors such as R&D policies in attracting FDI. For econ-
omies in transition, such as those in Central and Eastern Europe (CEE), deciding
whether to attract foreign investment in labour-intensive or knowledge-intensive
activities is challenging. Countries such as Poland have successfully attracted
foreign investment in both sectors but with different policy strategies. Initial-
ly, foreign investment growth in the early stages of the transition was driven by
labour-intensive manufacturing. However, investments in education, research, de-
velopment, and technology have increased foreign investment inflows into more
knowledge-intensive sectors (Bryl, 2018; Wyszkowska-Kuna, 2014).

Research and development funding is increasingly important in attracting for-
eign direct investment (FDI). By supporting innovation capacity, competitive-
ness, and technological progress, R&D funding can increase the attractiveness
of a country or region to foreign investors (Guimon, 2009; Guimén et al., 2018;
Hu and Mathews, 2005). In practice, R&D funding can stimulate foreign invest-
ment inflows in several ways. First, investment in R&D promotes the creation
and diffusion of innovations, leading to productivity and efficiency gains for local
firms (Erdal and Goger, 2015; Liang, 2017). A strong track record of innovation
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makes domestic firms more attractive to foreign investors seeking partnerships
or a strong base for market entry at the local or regional level. Second, extensive
R&D initiatives can foster a highly skilled and educated workforce, an essen-
tial factor that multinationals carefully consider when making investment deci-
sions (Hegde and Hicks, 2008; Di Minin et al., 2012; Piva and Vivarelli, 2009).
R&D funding is often linked to higher education and technical training programs
that can upgrade the local workforce’s skills, attracting multinationals requiring
specialised expertise. Third, R&D funding can strengthen a country’s global in-
novation and technology centre position. A positive reputation can significantly
influence foreign investors’ perceptions of a country’s economic potential, en-
couraging more investment (Dunning and Lundan, 2009; Fu, 2008). Countries
known for their vital R&D infrastructure and continued government support for
innovation often attract high-tech foreign investment.

Several empirical studies have demonstrated the positive relationship between
R&D investment and foreign investment inflows. De Beule and Somers (2017) and
Du ef al. (2022) have found that increased R&D intensity in a country significantly
affects the location preferences of multinational firms, with increased R&D spend-
ing increasing the attractiveness of foreign investment. Ben Hassine et al. (2017) and
Ghosh et al. (2018) have also concluded that R&D increases the attractiveness of
locations for foreign investment and increases the potential for technological spillo-
vers that benefit the domestic economy. The importance of R&D investment in pro-
moting foreign investment is increasingly relevant in economic policy discussions
in Central and Eastern Europe, including Poland, Hungary, the Czech Republic,
and Slovakia. A recent study by Medve-Balint and Elteté (2024) shows a positive
correlation between increased public R&D funding in CEE including Poland and
an increase in foreign investment inflows, especially in the high-tech sector. This
suggests that R&D investment is an important policy tool for attracting foreign in-
vestment. However, it is important to keep in mind that the effectiveness of R&D
investment in attracting foreign investment may depend on various region-specific
contextual factors, including the advantage of the region’s location within a country
(e.g., capital vs. peripheral), institutional stability, consistent economic policies, and
supportive infrastructure (Jindra and Rojec, 2018; Zoltan and Gabor, 2022). Over-
all, the literature suggests that R&D investment is critical for attracting foreign in-
vestment by strengthening innovation capabilities, improving workforce skills, and
building an international reputation as a centre of technological excellence.

Regional connectivity is essential in foreign investment location decisions. This
can be explained by a spatial economic analysis. According to the agglomeration
economic theory, firms tend to cluster together to benefit from lower transportation
costs, improved market access, and technology spillovers (Lee and Hwang, 2014;
Mariotti et al., 2010). In the context of foreign investment, a high concentration
of foreign investment in a region can create an attractive environment for other
investors due to improved infrastructure, availability of skilled labour, and strong
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industrial networks (Go6tz, 2020; Mariotti ef al., 2010; Popescu, 2014). The den-
sity of foreign investment in a region can influence the attractiveness of foreign
investment in neighbouring regions through the spillover effect mechanism. The
spatial economic analysis suggests that investment decisions are influenced not
only by a region’s characteristics but also by surrounding regions, especially those
that are adjacent or related to it in terms of resource-related factors (Jaworek et al.,
2019). For example, if a region has a high concentration of foreign investment in
the technology sector, nearby regions may become more attractive for foreign in-
vestment due to the proximity of firms, which allows for the sharing of resources
and knowledge. In addition, the level of foreign investment density in a region can
influence investment decisions in neighbouring regions. Regions with high foreign
investment density often become agglomeration centres, attracting other firms in
the same industry and promoting economic diversification through multiplier ef-
fects. Successful industrial clusters in a region can indicate the quality of local
institutions, supportive policies, and economic stability, all of which are attractive
to foreign investors (Bailey, 2018; Feldman et al., 2005). These benefits not only
attract direct foreign investment to the region but also enhance the reputation and
trust of surrounding regions, which ultimately increases their attractiveness to for-
eign investment as well. The concept of spatial spillovers suggests that the posi-
tive effects of foreign investment density can extend beyond regional boundaries
and enhance the broader economic potential of the region (Lin and Kwan, 2016;
Serwicka et al., 2024). Therefore, government policies aimed at attracting foreign
investment may be more effective if designed with these spatial effects in mind.
A comprehensive understanding of the spatial interactions between regions and
their impact on foreign investment is essential for policymakers to develop strate-
gies that enhance the overall attractiveness of a region.

3. METHODOLOGY

This study is based on secondary data on foreign investment in domestic for-
eign-affiliated companies in the 16 voivodeships of Poland. The dataset contains
information on the presence and activities of these firms in different regions. The
study focuses on analysing the spatial distribution patterns of foreign investment
and the factors influencing foreign investment decisions in Poland. The analysis
is based on the most recent data available on the website of the Polish Statisti-
cal Office (https://stat.gov.pl). In the first stage, the spatial distribution of the ob-
served variables is examined. In particular, a spatial analysis is used in this stage
to examine the spatial relationship or spatial dependency of foreign investment
and its determinants, such as labour force and R&D expenditures. The second
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step is to estimate the impact of labour force and R&D expenditures on foreign
investment. The regression model assesses the impact of labour force (measured
by total number of employees) and intramural R&D expenditure by cost type and
province/region (RDP_EXP) on foreign investment (measured by total foreign
capital, FORG_EQTY). Following the spatial regression estimation procedure
outlined by Wibisono (2023), the estimation starts with an ordinary least squares
(OLS) regression analysis, followed by an identification of spatial dependence
and a subsequent spatial regression analysis. The operationalisation of these vari-
ables is documented in Table 1.

Table 1. The operationalisation of variables

Variables Information

FORG_EQTY Total foreign capital in firms with more than 10 employees (in million PLN)

TOT EMPL Total number of employees

Intramural expenditure on R&D by type of costs and voivodeships in 2020

RDP_EXP (in thousands PLN)

Source: https://stat.gov.pl/en/topics/economic-activities-finances [accessed on: 28.02.2023].

A logical explanation for the existence of spatial dependence effects of observed
variables is that geographical distance may change the way knowledge and technol-
ogy are transmitted from foreign firms to host firms in a given region (Makieta et al.,
2021; Thompson and Zang, 2023; Tian and Zhang, 2019). Spatial analysis enables
us to interpret the interactions arising from a variable observed at one location in
a region as a result of the activity of the same variable in other regions around it
(Capik and Drahokoupil, 2011; Orlic et al., 2018). Different sources and spillover
mechanisms of foreign investment in one region may have the same or different
effects on neighbouring regions. Large geographical distances should technically
decelerate technology spillovers. However, with the advancement of the ICT indus-
try today, geographical distance may have a reciprocal relationship with its negative
effects (Leamer and Storper, 2017). Long distance or negative geographical proxim-
ity can still increase the knowledge spillover effect (Cieslik, 2020; Tchorek, 2016).
In addition, geographic distance is expected to affect the spillover effects of foreign
investment in terms of agglomeration or labour mobility. Foreign investment firms
with greater financial capacity may ignore distance when hiring more skilled work-
ers, leading to high labour intensity in certain regions and beyond (Chellaraj and
Mattoo, 2019; Loncan, 2021; Wang et al., 2021).

This study applies the spatial regression analysis procedure by Wibisono (2023,
pp. 114—116). Firstly, the spatial distribution analysis is observed to see the spatial
distribution and intensity of the observed variables. Secondly, OLS regression
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and spatial regression analysis of the observed variables are performed. Before
estimating spatial regression, it is important to determine the weighting matrix
and identify spatial autocorrelation from the results of Moran’s I global univariate
statistical analysis. The decision of modelling estimation is based on the best re-
gression estimate among ordinary least squares (OLS), spatial lag model (SLM),
and spatial error model (SEM). While the best estimate between SLM and SEM
is based on the significance value of one of them or the most significant Lagrange
Multiplier (LM) value if both are significant (Anselin, 2005; Lu and Zhang, 2010;
Sisman and Aydinoglu, 2022).

The basic OLS equation of the proposed regression estimation models is as
follows:

FORG_EQTYi=a+ Bl TOT EMPLi + 2 RD_EXPi+ ¢ (1)

Spatial regression estimation that meets the requirements of the Spatial Lag
Model (SLM) implies the existence of spatial dependence effects resulting from
the spillover of lag variables from neighbouring regions. This effect is denoted by
the spatial autoregressive coefficient (p) and must be evaluated to prove the exist-
ence of spatial autocorrelation of the observed lag variables (p#0). The Y variable
in one region and the lag variable from another adjacent region are associated with
a spatial weighting matrix (W) so that a new variable (pW) appears in the SLM
regression model. This is what distinguishes the SLM spatial regression model
from the OLS estimation model. The base equation for SLM is as follows:

Y=a+pWY+pX+e (2)

The spatial regression estimation that meets the requirements of the Spatial
Error Model (SEM) indicates the presence of spatial autocorrelation in the error
term (g). In SEM, the composition of € consists of multiplying & by the spatial
weighting matrix (W). The parameter coefficient of € is denoted by A, whose ex-
istence must also be evaluated (A#0). The basic equation of SEM is as follows:

Y=a+pX+e wheree=AWe+¢ 3)

4. RESULTS AND DISCUSSION

Figure 1 shows the spatial distribution of foreign capital investment in Poland’s 16 prov-
inces (voivodeships). The distribution of foreign investment is shown in three quan-
tile maps. The high quantile group, with foreign investment values ranging from
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11,173 million to 63,682 million Polish zlotys (PLN), is represented by dark brown
areas. This group includes five regions: Mazowieckie, Matopolskie, Slaskie, Dol-
noslaskie and Wielkopolskie, all of which are classified as regions with high foreign
investment intensity. Mazowieckie, the country’s capital region, is the centre of gov-
ernment institutions and the headquarters of multinational companies. The region is
an important economic centre characterised by rapid development, advanced infra-
structure and wide market access. Slaskie is known for its strong industrial presence,
with various manufacturing and high-tech companies attracted to the area due to its
strong innovation and technology ecosystem. Similarly, Dolnoslaskie, Wielkopol-
skie, and Matopolskie have advanced commercial and industrial centres, and strong
international connections. Wroclaw, the capital of Dolnoslaskie, thrives in manufac-
turing and electronics, while Poznan, the capital of Wielkopolskie, serves as one of
Poland’s largest trade and logistics centres with easy access to Western European
markets. Krakow, one of Poland’s most important historic cities, is home to leading
universities and research centres that foster an environment conducive to techno-
logical innovation and development, making it an attractive destination for foreign
investment focused on advanced technology domains.
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In the middle quantile, regions in Poland have attracted foreign investments
for PLN 2,258 to 5,505 million. The six regions included in this category are Pod-
karpackie, L.odzkie, Opolskie, Kujawsko-Pomorskie, Pomorskie, and Zachodnio-
pomorskie. Although not in the highest investment category, these regions offer
unique investment potential. Podkarpackie, with Rzeszow as its capital, has a rich
history in the aviation industry. The region benefits from a strong engineering and
technological infrastructure, with an international airport in Rzeszow facilitating
access to global markets and promoting various international partnerships. £.6dz-
kie, located in the central part of Poland with the capital city of £.6dz, has a long
history of textile and manufacturing industries. Opolskie and Kujawsko-Pomor-
skie focus their investments on agribusiness, logistics, and light industry. Pomorsk-
ie and Zachodniopomorskie, both on the Baltic Sea, are critical players in the
maritime economy and host Poland’s strategically important trade, logistics, and
transport services industries. The remaining five regions are classified in the lower
quantile, with an average foreign investment value of less than PLN 1,758 mil-
lion. These regions are Warminsko-Mazurskie, Lubuskie, Lubelskie, Podlaskie,
and Swietokrzyskie. These regions are generally characterised by agriculture and
light industry, which tend to develop (e.g., Lubelskie, and Lubuskie). Some are
advanced in the tourism industry due to their magnificent landscapes (e.g., Warm-
insko-Mazurskie, and Podlaskie). Swictokrzyskie has a history of industry, espe-
cially mining and minerals, but tends to lag despite being flanked by more devel-
oped regions.

TOT_EMPL R8D_EXP
[10335 : 39226] (5) 0

|| 140540 : 99060] (6) [460173:: 2008005.100] (6)
[ (130683 : 667260] (5) o 1 12365460500 : 11783390.500](5)

Fig. 2. Spatial distribution of total number of employees (left) and intramural R&D expenditure
(right)
Source: own work.
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Foreign investment has been a critical driver of labour-intensive industrial de-
velopment in Poland, where foreign firms often invest in labour-intensive man-
ufacturing sectors such as textiles, electronics, and automotive (Dziemianowicz
et al., 2018). In some cases, foreign investment is even directed to regions with
abundant labour availability and relatively low labour costs (Drahokoupil ef al.,
2015; Janton-Drozdowska and Majewska, 2016). Figure 2 (left) shows that al-
most all regional distributions based on labour are similar to the distribution of
foreign investment, except for Lubuskie, which has medium labour density but
belongs to a region with low foreign investment density. Despite its moderate
labour density, the relatively low density of foreign investment in Lubuskie may
be due to a lack of specific skills or the level of education required by compa-
nies. Moreover, attracting foreign investment often depends on the availability
and quality of R&D facilities. According to Crescenzi et al. (2016), regions can
attract foreign investment by having a robust R&D infrastructure, mastering
essential technologies that are in demand by many firms, or fostering strong
innovation networks.

Using a three-quantile classification, the pattern of labour distribution can
be categorised into high labour density areas (around 130,000 to 667,000 em-
ployees), medium labour density areas (around 40,000 to 100,000 employees),
and low labour density areas (less than 40,000 employees). Several factors con-
tribute to this similar spatial distribution pattern. According to Kottaridi et al.
(2019), regions that can attract foreign investment usually have skilled labour
available to meet the needs of the industry. Consistent with Go6tz (2020) find-
ings, foreign firms are likely to invest in Polish firms in regions with access to
an educated and trained workforce. Gotz et al. (2023) and Tarlea (2017) have
found that regions with leading universities and colleges in Poland often attract
more foreign investment due to the availability of highly skilled graduates. In
addition, high-quality infrastructure also facilitates efficient labour allocation,
which allows for easy worker mobility. As a result, regions with high-quality
infrastructure tend to have higher levels of labour allocation (Horobet ef al.,
2021; Salike, 2016). Slusarczyk (2018) found that Polish local governments
also offered incentives such as tax breaks or support for skills development to
attract foreign investment. These policies not only attract foreign investment
but also create jobs at the same time. As foreign investment inflows increase, so
does the demand for labour. foreign investment is often industry-specific. Ablov
(2015) showed that in Poland, regions with a concentration of specific industries
were more likely to attract investment in these sectors and thus created more
jobs in these industries. Several previous findings have shown that these points
contribute to the pattern of labour distribution, which is reflected in the pattern
of foreign investment concentration in Polish regions.

In the map of the spatial distribution of R&D expenditure (Fig. 2, right), the
pattern of R&D expenditure is divided into three quantiles. The high quantile
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includes regions with total R&D expenditure ranging from about PLN 2,400 mil-
lion to PLN 11,800 million. In particular, Mazowieckie, Matopolskie, Slaskie,
Dolnoslaskie, and Pomorskie are highlighted in this quantile due to their inten-
sive R&D expenditure, which is represented by dark brown areas. The distribu-
tion of R&D in these top regions closely mirrors the distribution of foreign in-
vestment. However, while Pomorskie is in the middle quantile for the foreign
investment distribution, it is in the top quantile for the R&D expenditure distribu-
tion. Moving to the middle quantile, the R&D expenditure of the regions ranges
from around PLN 460 million to PLN 2,008 million. Interestingly, Wielkopols-
ka, which is in the high quantile for foreign capital distribution, is classified in
the middle quantile for R&D expenditure. Conversely, Lubelskie and Warm-
insko-Mazurskie, which are in the lower quantile for foreign capital distribution,
are in the middle quantile for R&D expenditure. Finally, the lower quantile in-
cludes regions with total R&D expenditure ranging from around PLN 212 million
to PLN 452 million. Notably, Zachodniopomorskie has a low R&D density while
having a medium foreign investment density, whereas the remaining regions have
low densities for both R&D and foreign investment.

From R&D expenditure distribution some questions may arise, such as why
there are regions that have low R&D density but can have higher foreign invest-
ment density, for example, in Zachodniopomorskie or such as in Pomorskie, which
belongs to the high R&D quantile but belongs to the medium foreign investment
quantile. In this case, there are several possible reasons behind it. Pomorskie,
despite belonging to the high R&D quantile, has a foreign investment density that
is only at a medium level due to the role of infrastructure and accessibility that in-
fluence investment decisions. According to Bochenski et al. (2021), Pomorskie,
which has the leading port in Gdansk and is one of the main ports on the Baltic
Sea, provides direct access to international markets, playing an important role
in sea trade and transportation. This sector makes Pomorskie attractive to for-
eign investors seeking a location with high connectivity and direct access to glob-
al markets, regardless of whether the region has a density of R&D activity. Sim-
ilarly, according to Saidi et al. (2020), a region can attract foreign investment
in sectors that are less dependent on R&D, such as traditional manufacturing,
transportation, and logistics, where the presence of R&D facilities is not a key
determinant, but instead tends to be a facilitator or catalyst. Moreover, regions
with lower R&D density may attract foreign investment in sectors that do not re-
quire large investments in technological innovation or scientific research but may
focus more on strategic location or cost advantages. For instance, this is the case
in Zachodniopomorskie, which is classified in the low R&D quantile but belongs
to the medium foreign investment quantile. The availability of low operating costs
and a competitive labour force could be a significant factor for foreign invest-
ment decisions in the region (G6tz, 2020). Regions with lower R&D but skilled
labour and low cost of living can attract investors, especially in labour-intensive
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industries that do not require high R&D activities. This allows the region to re-
main competitive in attracting foreign investment despite its lack of significant
research and development activity.
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Fig. 3. Scatter plot of the observed variables

Source: own work.

Figure 3 shows a strong positive correlation between the number of employees
(by 97.4%) and R&D expenditure (by 86.7%) and foreign investment in the Polish
regions. The scatter plot on the left shows a statistically strong positive relationship
between total labour and foreign investment in Polish regions. The high level of total
labour in Poland acts as a driver of foreign investment growth in these regions. The
spatial distribution in Fig. 1 and Fig. 2 shows examples of how much labour is closely
related to foreign investment. For example, Mazowieckie, where Poland’s capital is,
has the highest quantile distribution for foreign investment and total labour. This is due
to the fact that a large city like Warsaw provides access to a well-educated and skilled
workforce, thus attracting foreign companies interested in investing or establishing
a presence in cities in this region. Several other regions in the spatial distribution map
also show that high total labour is likely associated with high foreign investment den-
sity. Meanwhile, the scatter plot on the right shows a statistically strong positive re-
lationship between R&D spending and foreign investment. This implies that a larger
budget allocated to R&D activities can potentially increase foreign capital inflows
into the region. Referring to the spatial distribution maps in Fig. 1 and Fig. 2, for
example, the Dolnoslaskie (Wroctaw) and Pomorskie (Gdansk) regions are known to
have vital innovation ecosystems and provide significant support for R&D activities
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and foreign investment (Baumane-Vitolina and Dudek, 2020). In line with this, some
literature also shows that foreign firms often choose locations with high R&D activ-
ities with the potential to increase global competitiveness or access to new technolo-
gies (Belderbos ef al., 2020; Di Minin et al., 2012; Rugman et al., 2012).

In Figure 4, we can see the spatial weight matrix representing the 16 voivodeship
regions in Poland, along with a histogram graph showing their adjacency distribu-
tion. The adjacency approach is based on the Queen’s contiguity method, where re-
gions are considered adjacent if they share a common corner or edge. The histogram
shows that, on average, voivodeship regions in Poland have 3—5 neighbours, which
is particularly noticeable at the edges of the country. Meanwhile, regions in the coun-
try’s middle tend to have more neighbours. For example, E6dzkie, Swigtokrzyskie,
and Mazowieckie have six neighbours, while Wielkopolskie has seven. Next, we
examine whether this neighbourliness indicates a spatial autocorrelation between
the regions. The chart in Fig. 5 displays the global autocorrelation distribution and
Moran’s I values for the three observed variables. Moran’s I statistic is a widely
used global spatial autocorrelation measure describing the correlation between the
original variable (x-axis) and the spatially lagged variable (y-axis). The slope of
the scatterplot corresponds to Moran’s I value (Anselin, 1995, 2005; Anselin and
Florax, 2012). This scatterplot indicates negative slopes for the three observed var-
iables, with Moran’s I values of -0.27 for foreign investment, -0.28 for labour, and
-0.22 for R&D expenditures. Through a randomisation test with 999 permutations,
these three variables were statistically significant with a p-value of less than 0.05. In
this context, the negative and significant spatial autocorrelation suggests that high
foreign investment, labour, and R&D expenditure values in a region are surrounded
by regions with lower values, or vice versa. Szaruga et al. (2022), in their study on
spatial autocorrelation in renewable electricity development in Poland, refer to this
negative autocorrelation as spatial rivalry, indicating the potential for interregional
competition and a tendency for a variable to have spatial distribution characteristics
that spread rather than concentrate.

type | queen
symmetry | symmetric
file | WEIGHT_1.gal
id variable | POLY_ID
order | 1

Frequency

# observations | 16
min neighbors | 3

-~
4

max neighbors
mean neighbors | 4.25

median neighbors | 4.00 =
% non-zero | 26.56%

Fig. 4. Weights tables and neighbour histogram
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Fig. 5. Univariate Moran’s I scatter plot

Source: own work.

Spatial autocorrelation links global autocorrelation, which concerns the broad-
er regional context, with local autocorrelation, which addresses the characteristics
of individual regions. However, it does not indicate the significance of a specific
variable within a region (Anselin, 1995; Getis, 2008; Kurek et al., 2021). LISA
(Local Indicators of Spatial Association) is used in spatial analysis to identify
non-random spatial patterns. The LISA cluster map in Fig. 6 shows groups of
regions based on the three observed variables. The left side of the figure shows
that there is only one region in Poland (Mazowieckie) that has a statistically sig-
nificant level of foreign investment of the high-low type, meaning that this region
has high foreign investment intensity, but its six neighbouring regions have low-
er foreign investment intensity. This condition is similar to the labour variable
(middle figure), where Mazowieckie also has a significantly high level of labour
density, while its six neighbouring regions have a lower level of labour density.
This tendency can also be clearly observed in the LISA significance maps shown
in Fig. 7 (left and middle), where the distribution of foreign investment and labour
in the Mazowieckie region appears to be dispersed rather than spatially clustered.

The significance and cluster map in terms of R&D expenditure in Polish re-
gions is somewhat different. There is a significant difference in the level of R&D
expenditure in the Swigtokrzyskie region (Fig. 6, right), where this region has
a low level of R&D expenditure, while its six neighbouring regions have medium
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and high levels of R&D expenditure, which is also reflected in Fig. 2. The same
pattern can also be seen in the LISA significance map in Fig. 7 (right), where R&D
expenditure around the Swictokrzyskie region shows distinct characteristics.
Capello and Lenzi (2018) and Crescenzi and Gagliardi (2018) have mentioned
that less-developed regions can improve their competitiveness through industrial
cluster policies or new technologies. Meanwhile, G6tz and Jankowska (2017) have
stated that forming industrial clusters in less-developed regions urgently requires
adequate R&D policies. Swictokrzyskie is characterised as an underdeveloped
region where the economic and industrial base is limited to traditional sectors
with low R&D intensity. This impacts its economic diversification, which tends
to be weak compared to neighbouring regions. The significant difference in R&D
expenditure and labour supply in Swietokrzyskie seems closely related to the fact
that foreign capital investment in the region is relatively low.
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Fig. 6. LISA Cluster map of the observed variables
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After analysing the spatial characteristics of the three observed variables, the
next step is to estimate the impact of labour and R&D expenditures on foreign in-
vestment in Polish regions using a spatial regression approach. As described in the
methodology section, the first step is to perform an OLS regression of the inde-
pendent variables on the dependent variable, incorporating the weights obtained
from the spatial distribution analysis. Based on the regression results present-
ed in Table 2, the OLS regression results show that labour (TOT_EMPLY) and
R&D expenditures (R&D_EXP) have a significant impact on foreign investment
(FORG_EQTY), both individually and jointly. The adjusted R-squared value of
0.978 indicates that the two independent variables in the model explain 97.8%
of the dependent variable, while other variables outside the model explain the
remaining 2.2%. The probability values of the Breusch-Pagan and Jarque-Bera
tests that exceed 0.05 indicate the robustness of the model to classical assumption
problems such as heteroscedasticity and normality. The next step is to continue
the estimation process using spatial regression. To estimate or run a spatial re-
gression, we must first identify the presence of spatial dependence by performing
a Lagrange Multiplier (LM) significance test based on the previous OLS model.
As shown in Table 3, the OLS model shows insignificant LM values, as all spatial
dependence test results yield probability values greater than 0.1. Therefore, the
OLS model is the most appropriate model for this estimation process. The mathe-
matical representation of this regression model is expressed in equation 4.

Table 2. Summary of OLS estimation results

Ordinary Least Squares Estimation
Dependent Variable: FORG_EQTY
Variables Coefficient Std-error Probability

CONSTANT -1982.83 744.859 0.01956
TOT _EMPL 0.0764292 0.00847613 0.00000
R&D_EXP 0.00115951 0.000499834 0.03726
Adjusted R-squared 0.978923
F-statistic 349.332
Prob(F-statistic) 5.02162e-12
Regression Diagnostics
Multicollinearity 6.438583
Test On Normality of DF Value Probability
Errors: Jarque-Bera 2 0.8388 0.6574
Diagnostics for DF Value Probability
Heteroskedasticity: 2 2.6690 0.25936
Breusch-Pagan Test

Source: own work.
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Table 3. Diagnostics test results for spatial dependence

Test MI/DF Value Probability
Moran’s I (error) -0.1244 -0.4583 0.64671
LM (lag) 1 0.0775 0.78066
Robust LM (lag) 1 0.2835 0.59442
Robust LM (error) 1 0.7090 0.39976
LM (SARMA) 2 0.7866 0.67483

Source: own work.

FORG_EQTYi=-1982.83 + 0.0764 TOT _EMPLi+0.0011 RD EXPi+¢  (4)

The results of this regression analysis show that the labour variable significant-
ly affects foreign investment in the Polish voivodeship. This result is consistent
with our previous observations during the descriptive analysis and the assessment
of the spatial distribution. It is also consistent with the previous studies which
show that regions with sufficient labour or relatively low labour costs tend to at-
tract foreign investment (Gotz, 2020; Siddiqui, 2018; Su ef al., 2018). The spatial
concentration of labour in some regions of Poland is very similar to the distribu-
tion of foreign investment, as shown in Fig. 1 and Fig. 2 (left). This supports the
conclusion of Janton-Drozdowska and Majewska (2016) that the availability of
labour strongly influences the location of foreign investment in transition eco-
nomies in Europe and that this factor often attracts foreign investment to regions,
especially when supported by relatively low labour costs. However, it is important
to consider the long-term implications, as regions with high labour availability
may become overly dependent on foreign investment, which may hinder innova-
tion and economic diversification. According to Bermejo Carbonell and Werner
(2018), a high labour supply may attract foreign investment in the short term but
may lead to long-term dependency. Balancing labour-intensive foreign investment
with investments in R&D capacity building and innovation is essential to promote
sustainable economic growth and regional competitiveness (Cieslik et al., 2021;
Paliokaite, 2019; Yaghi and Tomaszewski, 2024).

The regression analysis results also show that investment in R&D significantly
impacts foreign investment in Poland. Similarly, Roszko-Wéjtowicz and Grzelak
(2021) have found that R&D support for projects in special economic zones and
smart specialisation strategies are essential for attracting foreign capital to differ-
ent regions in Poland. The results also revealed a significant correlation between
R&D expenditures and increased foreign investment in regions with high R&D
intensity, such as Mazowieckie and Pomorskie. Ge and Liu (2022) have also con-
firmed that countries with solid R&D support or focusing on knowledge-based
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industries are more likely to attract foreign investment. Guimon et al. (2018) has
argued that substantial R&D funding creates an attractive environment for inno-
vation in developing countries that rely on advanced technologies. Carboni and
Medda (2021) have also indicated that innovations resulting from R&D efforts
can increase productivity and efficiency, making investments more profitable.
Crescenzi and Gagliardi (2018) have argued that strong R&D policies and a sup-
portive institutional environment are crucial for attracting foreign investment by
reducing production costs through innovation and creating a more stable ecosys-
tem. These concurrent findings may indicate that Polish regions with strong R&D
support tend to have better access to innovation and the latest technologies, so
similar support could be extended to weaker Polish regions if they want their
regions to be more attractive to multinational companies, especially those that
prioritise innovation.

5. CONCLUSIONS

This study aimed to analyse the spatial distribution and influence of labour and
R&D expenditures on foreign investment in Polish domestic firms linked to for-
eign firms through capital investment. The literature has extensively studied the
factors influencing foreign investment in Poland, especially in the context of for-
eign direct investment. However, there is limited literature that examines the im-
pact of R&D expenditures, in addition to labour factors, on foreign investment in
a more specific context. This study aimed to fill one of the gaps in the research
on foreign investment and, in particular, to show how this R&D expenditure and
the labour factor can influence foreign investment in Polish firms in the context of
spatial regions. This study used a spatial analysis approach to further investigate
the spatial characteristics and distribution and impact of labour factors and R&D
expenditures on foreign investment. The results of this study have shown how the
three variables are spatially distributed and how their spatial characteristics indi-
cate strong spatial relationships between regions. Although preliminary analysis
revealed the presence of significant spatial autocorrelation, this has not led to the
identification of spatial dependence in the factors affecting foreign investment in
Poland. However, the estimation results indicate that regional R&D support has
a significant impact on foreign investment, in addition to labour supply support,
which has a much more substantial impact.

The results of this analysis have several implications. First, the spatial distri-
bution analysis shows that sixteen regions in Poland and three observed variables
can be simultaneously classified into three parts: five regions with high intensity,
six with medium intensity, and five with low intensity. Regions with high foreign
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investment intensity are supported by preliminary evidence from the spatial distri-
bution analysis that labour supply in the same region tends to have similar foreign
investment densities. However, there is little difference in the contribution of R&D
to foreign investment, suggesting that the nature of R&D support in specific con-
texts and interests may be less necessary in some regions (such as regions with
high investment due to trade and maritime transport services) but highly essential
in others (such as the capital region or regions with specialised industrial clus-
ters). However, lower R&D support does not necessarily lead to a weak effect
on foreign investment flows. Second, the interaction between the two factors on
foreign investment is further explored through regression analysis. These estimates
show that R&D expenditure has a positive and significant effect on foreign capital
investment in Polish regions. Looking closely at the mathematical model of the
regression estimation results, the strength of the R&D expenditure parameter is not
as strong as the labour factor, which in much of the literature has been shown to
have a strong influence on the attractiveness of foreign investment. Nevertheless,
this condition indicates that R&D support in Polish regions needs serious attention
in order to have a greater impact on increasing foreign investment. Third, there are
strong indications that foreign investment in Poland tends to be concentrated in
labour-intensive industries, which may be profitable in the short term, but may cre-
ate dependency and potentially reduce economic diversification or technological
improvement in the long term. Economists generally argue that economic diversi-
fication or technological improvement has a more sustainable long-term impact on
the economy. The literature on innovation also shows how a region can increase
its productivity in the long run through innovation, which is strongly driven by
support for R&D. Therefore, practitioners and policymakers in Poland need to con-
sider that R&D support is essential not only for increasing technological capacity
and promoting innovation, but also for making the region an attractive investment
destination for foreign investors, especially those concerned with knowledge-in-
tensive industries or those that require continuous innovation. The existence of
research and innovation policies can effectively promote this objective.

Finally, the author acknowledges the significant limitations of this study.
First, concerning the number of data observations and, in particular, the selec-
tion of voivodeship regions. The spatial analysis approach, which started with the
analysis of the spatial distribution and its specific characteristics, did not lead to
a spatial regression estimation as intended in the analysis or modelling strategy.
Although there was some indication of spatial dependence, it did not drive the
results of further analysis to find spatial dependence or spatial regression models.
The author argues that one of the reasons for this is the insufficient size of the
data observations. Therefore, future studies are strongly recommended to further
analyse the impact of the variables observed in this study by using more extensive
data, such as data at a lower regional level (NUTS-3) or microdata at the firm
level. The data observations can also be extended by extending the coverage area
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to three other regions, such as Hungary, the Czech Republic, and Slovakia, which
together with Poland are part of the Visegrad group. Second, in the results and dis-
cussion section, the author briefly touches on the unique characteristics of R&D in
two adjacent regions directly on the Baltic Sea, namely Zachodniopomorskie and
Pomorskie. It is strongly suspected that these two regions have strong maritime
characteristics, so that they have the same levels of foreign investment intensity,
although these two regions provide different R&D support. It will be interesting
for future studies to explore this issue further.
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