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Abstract

Culture, as a key driver of innovative activity, has been largely analysed at the national
and organisational levels by interdisciplinary studies. This article investigates the
relationship between Schwartz’s cultural dimensions and innovation, proxied by the
number of patent applications to the European Patent Office, at the regional level.
Using European Social Survey questionnaire, Eurostat and European Patent Office data
and employing factor analysis and multilevel models, the link between culture and
innovation is examined for regions of 26 European countries. The results of the analysis
show that cultural differences are significantly related to differences in patenting even
between regions of the same country. In particular, a higher autonomy-embedded-
ness score is significantly positively linked to patent applications at the regional level.
The study highlights the usefulness of region-level cultural dimensions, providing
evidence of more precise results obtained when these dimensions are used in the
analysis.

Keywords: Regional culture, Patents, European Social Survey, Value orientations

Introduction

Variance in the innovative activities of different countries cannot be fully explained by
economic factors, as variation in innovation exists even between countries with simi-
lar levels of economic development and entrepreneurial activity. One means of solving
this puzzle involves combining economic data with cultural indicators to account for dif-
ferences in the behavioural patterns of different groups of people in different countries
and regions. Numerous studies confirm the link between culture and innovation (Kirk-
man et al,, 2006, 2017). Such studies, however, mostly measure culture at the country
level, which does not always reflect differences in the norms and beliefs of people living
in different regions of a given country.

Several papers outline both the possibility and importance of using regional-level
cultural indicators (Hofstede et al., 2010a; Kaasa et al.,, 2013, 2014). Such papers gen-
erally focus on Hofstede’s theory, the first large-scale quantitative study that produced
cultural data for future empirical studies. These data come in form of cultural dimen-
sions, which are factors that represent distinct groups of cultural norms and patterns of
behaviour. However, there has been severe criticism of Hofstede’s cultural theory based
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on the limited dataset employed (Fellows & Liu, 2013), the obsoleteness of some of the
resulting dimensions (Minkov & Kaasa, 2020) and failures to replicate them (Minkov,
2018; Minkov & Kaasa, 2020). This has prompted questions surrounding the suitability
of using alternative cultural theories in the multidisciplinary analysis.

In this paper, I posit that cultural dimensions at a regional level can be quantified using
cultural dimensions obtained following Schwartz’s cultural theory, and that these, while
retaining their country-level meaning, enhance the precision of empirical analysis. I
create corresponding region-level cultural variables using the methodology previously
applied to create country-level cultural scores (Schwartz, 2003) and cultural data col-
lected over the past twenty years by the European Social Survey (ESS). The results of the
empirical analysis that follows establish a significant positive relationship between the
autonomy—embeddedness cultural dimension and patent applications at a regional level.
This enhances the precision of analysis when using regional scores of value orientations
and goes beyond the more commonly analysed cultural theory developed by Hofstede.
The results also provide additional evidence of the usefulness of the ESS as a compre-
hensive source of cultural data.

This paper is divided into several sections. First, I discuss the main relevant cultural
theories. Next, I provide a short overview of studies on culture and innovation and out-
line the research gap of studies on culture and innovation that this paper aims to bridge.
This is followed by a description of the methodology and data used in the paper. Finally, I
provide an overview of the results and possible applications of the obtained conclusions.

Societal culture at the national and regional levels

Numerous definitions of culture exist, which reflects the multifaceted nature of the term.
To resolve such problem, many empirical studies employ a practical approach, striving
to outline the group nature of culture and list its manifestations. Such definitions, there-
fore, correspond to different cultural theories used in these studies. For instance, Hof-
stede defined culture as a collective programming of the mind that separates one social
group from another (Hofstede, 1980, 2001). Schwartz’s definition, which is adopted by
this paper, is that the culture is “a rich complex of meanings, beliefs, practices, symbols,
norms, and values prevalent among people in a society” (Schwartz, 2006, p. 138). Cul-
ture incorporates aspects of group identity including attitudes, beliefs, norms, roles,
values, and intentions. These aspects represent the average preferences of a group, its
beliefs and views on acceptable behaviour, identity and life goals (Triandis, 1989).

When analysing a country’s institutional framework, culture is often labelled an infor-
mal institution, as there is a reasonable overlap between their definitions. Informal
institutions are commonly known unwritten rules of socially accepted and desirable
behaviour that are similarly informally enforced. This contrasts with formal institutions,
such as country’s constitution, laws, economic policies and political power. As an infor-
mal institution, culture is interrelated with country’s legal and economic systems, but
cannot be treated as their substitute when performing an empirical analysis (Alesina &
Giuliano, 2015).

Culture has existed for as long as humanity has, but a lack of large-scale quantita-
tive research hindered empirical analysis in this area until 1980, with Hofstede being

the first to uncover and quantify several common cultural features, or ‘dimensions; at
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the national level (Hofstede, 1980). Hofstede initially defined four cultural dimensions:
individualism, power distance, masculinity and uncertainty avoidance. Hofstede’s theory
has since been expanded to include two additional dimensions (Hofstede & Bond, 1988;
Hofstede et al., 2010a). Hofstede’s general framework has served as a reference point
for most other cultural theories that have followed (Inglehart & Baker, 2005; Schwartz,
1994).

Cultural differences can be hypothesised to be different in various regions of the same
country for historical reasons. Indeed, culture is a group-centred concept, but groups
do not have to be delimited by national borders. Hofstede et al. (Hofstede, Garibaldi
de Hilal, et al., 2010), for example, hypothesised that within-country cultural variation
exists between regions based on the differences between ethnic and religious groups.
As Heine (2020) noted, norms and values established in different regions can remain
entrenched for centuries due to cultural persistence, despite a country’s, or even the
world’s, cultural shifts. The persistence of cultural norms in a given region can be
explained by the fact that it is sufficient for a norm or value to be “weak” at an individual
level, i.e. superficially recognised, rather than actively acted upon for collective values to
be strongly observed and easily mimicked by immigrants through a phenomenon known
as a memory of places (Todd, 2019). In particular, Hofstede et al. (Hofstede, Garibaldi de
Hilal, et al., 2010) noted that for highly individualistic countries, rural regions sometimes
retain strong collectivist elements.

Europe has a long-standing history of migrations, of military conflicts shifting national
borders, and of a number of countries exhibiting a strong internal Catholic—Protestant
divide. It is, therefore, plausible to assume the existence of separate regional culture
dimensions for regions of European countries. Such regions, of course, must sufficiently
differ in terms of the national averages of ethnic, religious and social distribution. Even
though no region can have perfectly uniform cultural manifestations, cultural measure-
ments at the regional level can offer a more reasonable representation of the more prom-
inent differences within a country.

Some researchers (Kirkman et al., 2017) argue for an increased use of cultural indi-
cators based on existing cultural theories but created for a particular study. Combined
with the already discussed within-country cultural differences, it is reasonable to try uti-
lising more precise measurements of culture by constructing them at the regional level.
To do so, I utilise Schwartz’s value orientation theory in this paper.

Schwartz’s value orientation theory (Schwartz, 1994, 2006) is one of the prominent
cultural theories distinct from Hofstede’s. Schwartz proposed seven cultural indica-
tors, or value orientations, that can be separated into three dimensions such that in each
dimension, one orientation is the polar opposite to the other(s). These value orientations
and their respective dimensions include mastery versus harmony, egalitarianism versus
hierarchy, and embeddedness versus intellectual and affective autonomy. Because of the
conflicting nature of the indicators of each dimension, a group that places higher value
on one of the orientations automatically values the opposite orientation less.

The definition of value orientations is as follows. Autonomy scores reflect the impor-
tance of pursuing individual desires, with intellectual autonomy reflecting self-direction
and affective autonomy being closely tied to hedonism. Embeddedness (originally con-
servatism) represents the importance of upholding group values over individual values.
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Mastery represents values tied to behaviour that actively changes or alters the environ-
ment, self-assertiveness and competitiveness. In contrast, harmony represents values
of peace, justice and opposing active changes in the environment. Finally, the hierarchy
score represents values that promote hierarchical roles in society and unequal resource
distribution, while egalitarianism values viewing other members of a society as equals
and opposes inequalities in social, legal, and work environments (Schwartz, 1994).

This study measures Schwartz’s value orientations at a regional level based on the
ESS via confirmatory factor analysis and following Schwartz’s (2003) methodological
guidelines. At the same time, this work utilises new rounds of surveys to enhance the
precision of the resulting dimensions and obtain cultural dimension scores for more
European countries than are included in Schwartz’s original dataset.

Linking culture and innovation

Culture was highly relevant in the economic field long before its empirical formalisation,
with some notable theories dating to the early twentieth century (Weber, 1905/1958).
Such studies set out to explain how differences in culture had led to significant variance
in the economic development of different European countries. Decades later, Hofstede’s
breakthrough led to a rapid increase in the number of studies published in the follow-
ing years, through which culture has been linked to a number of economic concepts on
a national, organisational and individual level, including human resource and conflict
management, group process behaviour, foreign direct investments, entrepreneurship,
and innovation (Kirkman et al., 2006). Among these, culture has been established among
the factors linked to innovation, innovative activity and the capacity to innovate.

For a significant period, societal culture was analysed almost exclusively at a national
level. This trend could be explained by data availability, an easier subdivision of cultural
groups based on state borders, and the fact that many classic cultural theories con-
structed their dimensions at the national level. A common trend of such papers is a ten-
dency to take the concept of national culture as given, largely without considering the
possible limitations of such an approach. However, if culture is to be understood as a
complex system of path-dependent beliefs, norms and values, it predates both the con-
cepts of the nation-state and its modern borders, which are used to produce measure-
ments for most cultural theories. Moreover, modern nations are political entities that
are not always created based on a unified language, ethnicity or religion and that never
perfectly match the former. This raises the question of whether a single set of cultural
dimensions’ scores for a whole country has any meaning if such a country is not fairly
homogeneous in its cultural manifestations (Myers & Tan, 2002).

Several papers provide a possible solution to this problem by separately analysing the
cultures of different regions within a country. Beugelsdijk et al. (2006) find significant
evidence of within-country variance using NUTSI regional subdivision. The authors
also link such variance to differences in economic development, employment and reli-
gion. Some single-country studies (see Didero et al., 2008) show significant variance
in regional culture and its relation to innovation for, among others, the United States
(James, 2005), Germany (Proff, 2007) and Italy (Stemmermann, 1996). A common fea-
ture of these studies is the identification of one or more distinct features between these
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regions: different coexisting religious beliefs or ethnic groups, historic ties to neighbour-
ing regions of other countries, local institutions, degree of urbanisation, etc.

At the same time, as single-country studies are not able to fully utilise cultural dimen-
sions to compare within- and between-group variance, it is necessary to turn to studies
that utilise cultural data for groups of countries. For Europe specifically, several of such
papers exist (Kaasa et al.,, 2013, 2014). According to the results of these papers, some
European countries (e.g., Finland and Sweden) are fairly homogeneous, while for others,
significant within-country cultural variance can be found at the NUTS1 (e.g., Germany
and Spain) or NUTS2 (e.g., Portugal and Slovenia) levels. It is, therefore, reasonable to
assume that regional subdivision when examining culture allows for a higher degree of
precision at least partially corresponding to the religious and ethnic heterogeneity of the
population.

The hypotheses listed in this section are treated as alternative hypotheses where the
null hypothesis is the absence of the stated link. This is done strictly to reflect the exist-
ing consensus on the hypothesised sign of the link between the cultural variable and
innovative activity and has no effect on the empirical analysis itself where a null hypoth-
esis is rejected if p-value is below a threshold of 0.05.

To hypothesise a link between regional culture and innovation, it is reasonable to con-
sider existing results at the national level first and the described mechanisms that relate
culture to innovation while noting the similarities and challenging the assumptions that
do not transfer to the regional level. It is not possible to conduct such a review with-
out mentioning Shane’s (Shane, 1992, 1993; Shane et al., 1995) contribution to this field.
Shane’s early studies provide evidence that cultural conditions and circumstances, more
so than simply economic conditions and infrastructure, play a significant role in encour-
aging innovation in a country. In particular, Shane specifies that three of Hofstede’s
dimensions are significantly correlated with national rates of innovation: high levels
of individualism are a prerequisite to the desire to innovate, low power distance limits
barriers to innovative activity, and low uncertainty avoidance enables an acceptance of
ambiguity and risk linked to innovative activity.

Shane and many following researchers (Bukowski & Rudnicki, 2019; Efrat, 2014; Kaasa
& Vadi, 2010; Van Everdingen, Waarts, 2003) have analysed cultural links to innovation
using Hofstede’s dimensions, and the results of their work provide a reasonable start-
ing point from which to describe broad cultural traits that facilitate innovative activity.
Such general conclusions should, in theory, be applicable regardless of the cultural the-
ory utilised, even more so given that a significant correlation exists between Schwartz’s
and Hofstede’s cultural indicators of interest (Schwartz, 1994). In general, societies that
attach less importance to hierarchical structures tend to innovate more effectively and
more often (Kaasa & Vadi, 2010; Van Everdingen, Waarts, 2003). In addition, societies
that either promote individual performance or create a permissive environment allowing
for flexibility in completing professional tasks, on average, have higher rates of innova-
tion (Bukowski & Rudnicki, 2019).

These results can be linked to Schwartz’s theory of values. Schwartz’s egalitarianism—
hierarchy value orientation can be hypothesised to be significantly positively linked to
innovation, as egalitarian values prevent the creation of strong hierarchies. It should be
noted here, however, that this link might not be as pronounced for European countries,
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which exhibit a relatively low degree of variance in egalitarianism—hierarchy value orien-
tation. Additionally, echoing Hofstede’s power distance dimension, some degree of hier-
archical structure can be beneficial for innovative activity by formulating clear rules and
allocating resources to prospective projects. This might result in an inverted U-shaped
relationship between egalitarianism—hierarchy and innovative activity. Additionally, as
suggested by Dickson et al. (2003), it is argued that a direct and participatory style of
leadership is employed in countries on the egalitarian pole of the dimension. This con-
trasts with the directive leadership of hierarchical countries, where direct participation
is rare. As both styles of leadership can result in more innovative activity for the reasons
noted above, I make the following hypothesis:

H1 Egalitarianism—hierarchy is significantly non-linearly linked to patent applications
at the regional level with an inverted U-shaped relationship where average values of the
orientation correspond to the largest number of patent applications.

Of further interest are Schwartz’s autonomy dimensions opposing conservatism or
embeddedness. It can be assumed that a significant positive link exists between the
autonomy dimensions and innovation. The argument, in this case, is that a greater per-
sonal focus on freedom and less focus on preserving the status quo and societal order
lead to a desire to voice and implement new ideas and, as a result, a greater propensity
to innovate in such societies. Evidence of this link for national cultures can be found in
Taylor and Wilson (2012).

H2 Autonomy—embeddedness is significantly positively linked to patent applications
at the regional level.

For the final value orientation, mastery—harmony presents a challenge in formulat-
ing a hypothesis. On the one hand, societies with high mastery scores encourage per-
sonal achievements, which partially falls in line with the second part of the description
of highly innovative societies. On the other hand, societies that score highly on a har-
mony scale create a culture of acceptance with a similar effect on innovation. As there
is no way to a priori assess which effect is more beneficial for innovative activity or
whether a moderate value of these value orientations creates the best or worst of both,
no significant link will be hypothesised. In reflecting on the link between Hofstede’s and
Schwartz’s cultural dimensions, it follows that the mastery—harmony value orientation
resembles the masculinity—femininity dimension, for which results vary with no con-
clusive argument for either of the effects (compare Bukowski & Rudnicki, 2019; Kaasa &
Vadi, 2010; Shane, 1992, 1993).

Data

This paper uses the European Union (EU) geocode standard nomenclature for territorial
units known as NUTS. The highest-order level of this standard, known as NUTSI, cor-
responds to major socioeconomic regions, with each European country containing from
one (the whole country) to sixteen NUTS1 regions.

Data for the empirical analysis are obtained for 26 European countries based on the
availability of cultural and economic data. Cultural data are obtained from the biennial
dataset from the ESS for the years 2002-2018. The survey monitors changes in atti-
tudes and values across Europe and incorporates a core set of socio-structural questions
as well as several rotating supplementary modules. The main focus of this empirical
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research is the list of 21 questions that measure human values according to Schwartz’s
theory (see Appendix A for descriptive statistics for the cultural data).

The aggregation of approximately 336 thousand observations using the ESS post-strat-
ification weights results in a dataset covering 81 regions at the NUTSI level. The fol-
lowing countries are analysed: Austria, Belgium, Bulgaria, Croatia, Cyprus, the Czech
Republic, Denmark, Estonia, Finland, Germany, Greece, Hungary, Italy, Ireland, Latvia,
Lithuania, Luxembourg, the Netherlands, Norway, Poland, Portugal, Slovenia, Slovakia,
Spain, Sweden and the United Kingdom (UK). The regional level includes all NUTS1
regions for the abovementioned countries except for Aland, Azores and Madeira, as no
sufficient cultural data could be collected for the analysis of these regions.

For the dependent variable of the regression, a logarithmic value of the number of pat-
ent applications of applicants registered in a given region is used. Patenting, as one of the
indicators for national innovation capacity (Furman et al., 2002), has been used in inno-
vation studies, including interdisciplinary studies (Kaasa & Vadi, 2010). As an alterna-
tive to this indicator, granted patents by the region of applicant’s origin were considered.
However, as patent application review time is considerably long, this would introduce an
increased time lag of indeterminate length between the dependent variable and socio-
economic control variables. In addition, the relative differences between countries when
compared by either patents applied for or patents granted are relatively constant. Finally,
these data were not available at the regional level in sufficient quantity. Data availability
also prevented from conducting comparative analysis by industry.

Of course, not all potentially patentable innovations are ultimately patented. However,
even the earliest papers on patents provide evidence that many commercial inventions
would not have been possible if it were not for the protection patents provided (Mans-
field, 1986). Additionally, as it is difficult to properly approximate a country’s innovative
activity, patents have become one of the acceptable estimates of its innovative processes
(Crosby, 2000). A shortcoming of this approach is that patents and patent applications
represent an industry-based approach to innovative activity, which can, in some cases,
underrepresent the public sector contribution to the level of innovative activity within a
given country or region.

Several other options were considered as a proxy for innovation, including the region-
alised European Innovation Scoreboard values and Community Innovation Survey.
Unfortunately, data for the former are mostly available at the NUTS 2 level, for which
there is a lack of a sufficient number of responses from the ESS. The latter sample was
rejected because of the smaller pool of countries it provided, thus lacking variety for a
cross-cultural study.

Country- and regional-level socioeconomic data for the regression analysis are
obtained from the Eurostat dataset for 2002—-2018. These data represent factors related
to different sources of impact on national innovation capacity: the state, academia and
industry. At the country level, research and development (R&D) expenditures per capita
are included. At the regional level, lagged log GDP per capita and the share of the popu-
lation with tertiary education are used (see Appendix B for the descriptive statistics of
the socioeconomic data).

A higher share of the population with tertiary education and a higher GDP per cap-
ita can be viewed as prerequisites to more innovative activity by virtue of representing
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access to qualified labour and a higher level of economic activity. Country-level predic-
tors generally represent common innovation inputs, such as those that drive innovation
directly or are involved in knowledge creation (Halkos & Tzeremes, 2013).

Confirmatory factor analysis at the regional level is used based on Schwartz’s question-
naire to quantify value orientations describing culture for each region. This approach
allows for the construction of accurate cultural indicators for several reasons. As noted
by Schwartz (2003), items of the questionnaire reflect society’s beliefs, goals and stand-
ards, which serve as cultural manifestations. This is true for other cultural question-
naires as well; however, Schwartz’s questions also reflect the relative importance of one
value orientation compared to the others, allowing for the clearer separation of cultural
regions.

To apply a factor analysis, I first select Schwartz’s list of 21 questions that allows for
quantifying the value orientations of respondents. All questions follow a six-point scale,
with 1 representing “not like me at all” and 6 representing “very much like me” It is
important to note that such data are valuable not as absolute measures but only relative
to other responses given by the same individual. Therefore, to analyse relative differences
and reduce response style bias, the ipsatised scores of all questions were calculated by
deducting a mean of all 21 questions from each question’s score (Schwartz, 2003, 2004).

The data were then aggregated by region with the use of post-stratification weights
provided in the ESS dataset to control for sampling error, non-response bias and dif-
ferent selection probabilities. This approach provides the appropriate age, gender, edu-
cation and region representation, the last of which allows for meaningful results when
comparing regions with a varying number of respondents. To contrast the findings with
the country-level cultural indicators, I also performed a separate country-level aggrega-
tion using the same methods. Finally, the questions were separated into three cultural
dimensions, each representing two or three value orientations that are strongly nega-
tively correlated. This separation was performed based on Schwartz’s (1994) analysis. A
confirmatory factor analysis was then separately performed on all three dimensions. The
first dimension includes questions related to mastery and harmony value orientations
(Table 1), the second includes questions regarding embeddedness and intellectual and
affective autonomy (Table 2), and the third consists of questions related to egalitarian-
ism and hierarchy (Table 3). All three tables report both country- and region-level factor
loadings.

Table 1 Factor analysis for the mastery—harmony dimension

Item Regional level Country level
[tis important to show one’s abilities and be admired 0.79 0.8

[tis important to be successful and have people recognise one's 0.76 0.77
achievements

Itis important to get respect from others 0.85 0.8

[t is important to care for nature and the environment —0.64 —0.72
Cronbach's alpha 0.725 0.748
Explained variance, % 57.8% 59.8%

KMO 0.701 0.681

Source: calculated from European Social Survey data
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Table 2 Factor analysis for the autonomy-embeddedness dimension

Item Regional level Country level
[tis important to think of new ideas and be creative 0.85 0.77
[tis important to live in secure and safe surroundings —-08 —-08
[tis important to try new and different things in life 0.53 053
It is important to do what one is told and follow rules —0.65 —-03
Itis important to understand different people 0.7 067
Itis important to seek adventures and have an exciting life 0.18 037
[tis important to have a good time 0.75 0.7

It is important to make one’s own decisions and be free 0.6 0.74
[tis important for the government to be strong and ensure safety - 074 — 085
[tis important to behave properly —0.54 — 057
[t is important to follow traditions and customs —0.88 — 088
[tis important to seek fun and things that give one pleasure 0.72 0.68
Cronbach'’s alpha 0.868 0.864
Explained variance, % 47.2% 45.9%
KMO 0.707 0.699

Source: calculated from European Social Survey data

Table 3 Factor analysis for the egalitarianism-hierarchy dimension

Item Regional level  Country level
[tis important to be rich and have money and expensive things —0.95 —093

Itis important that people are treated equally and have equal opportunities 0.73 0.8

[tis important to help people and care for others' well-being 0.83 0.93

Itis important to be humble and modest and not draw attention to oneself 0.63 037

Itis important to be loyal to friends and devoted to people close 0.81 0.8
Cronbach's alpha 0.874 805

Explained variance, % 69.7% 62.6%

KMO 0.781 0.741

Source: calculated from European Social Survey data

The signs of the factor loadings for all of the questions for factor 1 align with mastery
for the positive values of the factor and harmony for the negative ones. Additionally, the
signs of the factor loadings are consistent with Schwartz’s (2006) country-level research.
For this value orientation, a slightly higher degree of variance is explained by country
scores.

Similarly, the signs of the factor loadings for factor 2 align with autonomy for the posi-
tive values and embeddedness for the negative ones. The signs are consistent with those
predicted by Schwartz (2006) except for the question on the importance of having an
exciting life, which has a factor loading close to zero. Here, regional scores of a value ori-
entation account for a higher portion of the underlying variance.

Finally, the signs of the loadings for factor 3 align with egalitarianism—hierarchy for
the positive values and hierarchy for the negative ones, and all of the signs are consistent
with prior research. Here, a larger part of the variance is explained by the regional value
orientation scores.

The post-estimation tests show greater suitability for data aggregated at the regional
level for the factor analysis of all variables. The scatterplots of the obtained cultural
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variables at the regional level (blue) and country level (red) with mastery—harmony
and autonomy-embeddedness axes (Fig. 1) and mastery—harmony egalitarianism—
hierarchy axes (Fig. 2) are shown below.

Because of the different sample sizes used, the absolute values for the cultural
dimensions obtained from the factor analysis are not directly comparable to those
obtained by Schwartz (2006). However, the relative positions of the country clusters
remain largely similar. For instance, the significant difference in the mastery—harmony
value orientation scores of West and East Germany, initially observed by Schwartz

(2006), is reflected in the regional variation of this value orientation, with Berlin

Page 10 of 19
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represented by the mean value of Germany’s regional scores. The country scores are
also reasonably close to the respective regional scores with no distinct outliers.

The resulting cultural factors at the regional level are sufficiently different for differ-
ent regions of one country, yet the regional variance is usually smaller than the country
variance for the whole sample, with each region presenting a score closer to its country
average than to the other countries’ scores. The within-country variance of the cultural
dimensions for most countries is aligned such that each region has at least one dimen-
sion that exhibits variance across the regions. For instance, regions of Greece have a
rather similar egalitarianism—hierarchy score but differ significantly in autonomy-—
embeddedness and mastery—harmony, while Bulgaria’s regions differ in their mastery—
harmony scores.

All cultural variables are normalised, as they were obtained by the means of factor
analysis. As the normalisation of the data does not change correlations between the
variables, and the exact coefficients of the non-cultural covariates are outside of the
scope of the analysis, no additional data transformation has been performed. In addi-
tion, the interpretation of the analysis of the non-normalised data remains relatively

straightforward.

Methodology
To investigate a link between culture and innovation, measured as the logarithm of pat-
ent applications, correlation and regression analysis is used. Spearman correlation is
utilised for correlation analysis, as it is invariant to the logarithmic transformation of
the patent applications variable and less sensitive to outliers across all variables. Pearson
correlation was also employed with no significant changes in the strength or significance
of the correlations, suggesting a significant monotonic and likely linear bivariate rela-
tionship between the cultural variables and dependent variable. For regression analy-
sis, multilevel mixed-effects models with random intercepts were run using variables of
culture at the regional level obtained from the factor analysis combined with the coun-
try- and region-level predictors. Multilevel modelling has been used to better explain
the influence of different micro- and macro-level factors on innovation (Srholec, 2011).
It allows to obtain better coefficient estimates despite high within-group correlation,
which is reasonable to assume between cultures of different regions within a country. In
addition, it allows to compare country- and region-level variation that is captured by the
independent variables used in the regression. Finally, since culture is treated as a fixed in
time for the purpose of the empirical analysis, a fixed-effects model cannot be employed.
For each multilevel model, regions are nested within countries with multiple obser-
vations used for each region. The observed innovation in different regions stems both
from various framework conditions at the national level, such as economic, political and
social conditions, and regional infrastructure and institutions, including culture. Hence,
the independent variables with available data at the regional level are included at both
the national and regional levels, providing an opportunity to better evaluate the link
between culture at the regional level and patenting. There is also a need to separate the
possible innovation link between the change in socioeconomic variables and the differ-
ent static levels of such indicators. To do so, country means are created for such vari-
ables as a mean value for a variable over the years for each country. Variables with data
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available only at the country level are included as is. In the model below, years are rep-
resented by subscript i, regions are represented by subscript j, and countries are repre-
sented by subscript k. The regression model with country means is as follows:

Patjx =fo + BiMHy + B2AEj + BsEHj + BaGDPCy + BsTertj
+ BeRDEj + B7GDPc; + BsTerty + ur + vir + &ijx,

where MH denotes mastery—harmony, AE denotes autonomy—embeddedness, EH
denotes egalitarianism—hierarchy, GDP. denotes lagged GDP per capita, Tert denotes
the share of the population with tertiary education, and RDE denotes R&D expenditures
per capita.

In the regression above, Pat;j represents the number of patent applications submit-
ted in the applicant’s region of origin, {MH;j, AE;x, EH;jx, GDPCyy, Tert;x} denote
region-level socioeconomic and cultural effects, {RDE;;} represents country-level effects
and {GDPcy, Tert;} denote the country means. The regression was first run without the
country means. The country means were then added but did not improve the regression
fit. The third regression was employed to check for the inverted U-shaped relationship
between egalitarianism—hierarchy and patenting with no country means added. Fourth
and fifth regressions utilised country-level cultural variables {MH, AEj, EHj} instead
of regional variables. These were run, respectively, without and with the addition of
country means. Year effects were utilised in all models.

Results
A correlation table of cultural factors and the number of patent applications is presented
below (Table 4).

Patent applications are significantly positively related to the autonomy—embedded-
ness and egalitarianism—hierarchy dimensions and significantly negatively related
to mastery—harmony. The correlations between value orientations and innovative
activity are consistent with prior research for the latter two variables (Moonen, 2017;
Taylor & Wilson, 2012), with egalitarianism—hierarchy suggested to have a nonlinear

relationship with innovative activity (Dickson et al., 2003). For the mastery—harmony

Table 4 Spearman correlation between cultural variables and patent applications

Patent MH AE EH MH (country)  AE (country)  EH (country)
applications

Patent applications 1

Mastery—harmony —0.36% 1

Autonomy-embed- 0.63* —063* 1

dedness

Egalitarianism-hierarchy ~ 0.34* —086*  065* 1

Mastery—harmony —037* 0.96* —065% —086* 1

(country)

Autonomy-embedded-  0.58* —066%  094% 0.67* — 067 1

ness (country)

Egalitarianism-hierarchy ~ 0.43* —088*  0.69* 0.96* —09* 0.68* 1

(country)

Significant at *p=0.001
Source: author’s calculations
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dimension, the strength of the correlation is not as strong, which can be explained by
the generally negative mastery—harmony scores found throughout Europe. The coun-
try-level cultural variables are more strongly correlated with each other and exhibit a
similar correlation with patenting as the regional scores.

The results of the regression analysis are presented below (Table 5). The initial
model is reported in regression (1), and a model with all country means is reported
as a robustness check in regression (2). Both the LR test and Wald test show that
the fit of the model does not improve after the addition of country means. Finally,
to address the possibility of a nonlinear relationship between innovative activity and
egalitarianism—hierarchy, a separate regression is run in (3) that includes an egalitari-
anism-hierarchy squared variable and otherwise follows the specification from (1).
For regressions (4) and (5), specifications (1) and (3) are used, respectively, with cul-
tural factors at the national level included instead of regional factors.

Table 5 Multilevel regressions on the regional-level patenting applications

Factor (m (2) (3) (4) (5)

Cultural factors at the regional level
Mastery-harmony  — 0.373(0.252) —0.448(0.264) — 0.475(0.299)

Autonomy- 0.881***(0.209) 0.639**(0.257)  0.874***(0.182)
embeddedness

Egalitarianism— —0.237(0.24) — 047 (0354) —0.62(0.383)
hierarchy

(Egalitarianism— —0.31*(0.158)
hierarchy)?

Cultural factors at the country level
Mastery—harmony —0.023(0.277) —0.078(0.301)

Autonomy— 0.769%** (0.242) 0.776*** (0.223)
embeddedness

Egalitarianism-— 0.283 (0.237) 0.209 (0.268)
hierarchy

(Egalitarianism— —0.119(0.111)
hierarchy)?

Country-level predictors

R&D spending <0.001 (<0.001) <0.001 (<0.007) <0.001(<0.001) <0.001(<0.001) <0.001 (<0.001)
Country means

Log GDP per capita 0.677 (0.549)

Tertiary education —0.106 (0.254)
Region-level predictors

Log GDP per capita 0.492**(0.166) ~ 0476** (0.165)  0.489** (0.166) ~ 0.5** (0.164) 0.499** (0.164)
=1
Tertiary education  —0.018(0.041) —0.016(0.042) —0.018(0.041) —0.015(0.041) —0.015(0.041)

Intercept 1477 (1.477) —4.822(5.127)  1.653(1.713) 1.139(1.591) 1.241 (1.625)
Observations 1071 1071 1071 1071 1071

o’ 0418 (0.328) 0.35(0.294) 044 (0.321) 0.299 (0.265) 0.28 (0.264)
o’ 0.967 (0.305) 0.964 (0.293) 0.916 (0.287) 1.11(0.273) 1.113(0.274)
O s 0.069 (0.016) 0.069 (0.016) 0.069 (0.016) 0.069 (0.016) 0.069 (0.016)
AIC 669.456 670.843 668.266 675509 677.079

Standard errors are shown in parentheses. Significance is measured at *p=0.05, **p =0.01, and ***p =0.001
Random slope variance: 6. —country-level variance, 6>, —region-level variance, 02 .—residual variance

Source: author’s calculations



Soloviov Journal of Innovation and Entrepreneurship (2022) 11:18 Page 14 of 19

For all of the regressions listed above, the VIF score is less than 3, showing that the
degree of multicollinearity in the models is reasonably low. All regressions were per-
formed on a dataset of 26 countries and 81 regions with an average of 41.2 observations
per country and 13.2 observations per region. Clustered standard errors at the country
level and year effects were used for each regression.

Several additional robustness checks were performed on these results. First, the speci-
fications above were rerun using only a single cultural variable at a time with no changes
to the significance of the relationships. Next, to more directly represent the link between
market competitiveness and innovation, an economic activity rate variable was added
to the regression both as a region-level predictor and as a country mean. This did not
improve the fit of the model however, and the variable itself was not significantly related
to patent applications in any of the regressions. Finally, to check for an additional effect
of high GDP per capita positively correlated with culture, an interaction variable of GDP
per capita and autonomy was included in the analysis. This was also not found to be sig-
nificant at p =0.05.

Discussion

Consistent with the earlier findings of Taylor and Wilson (2012), a significant positive
relationship between autonomy—embeddedness and patenting was found at the regional
level. Because regions with a higher score for affective autonomy represent social groups
with more freedom to pursue personal goals and positive experiences, it is reasonable
to assume that such groups will be more interested in new methods and activities and
less punishing of failures, creating a greater demand for innovators. Cultures with a
high score for intellectual autonomy, on the other hand, value creativity and curiosity,
increasing the willingness of individuals to innovate. As it is unclear whether the supply
or demand mechanism creates a stronger effect that results in higher innovative activ-
ity (Taylor & Wilson, 2012), it is reasonable to assume that both components positively
influence innovative activity to some degree. Autonomy is also closely related to Hof-
stede’s individualism dimension, which has been proven to be significantly positively
related to innovative activity (Bukovski & Rudnicki, 2019; Shane, 1993). Egalitarianism—
hierarchy is significantly non-linearly linked to innovation at p=0.05 as hypothesised
above. The fact that this link is not significant at p=0.01 can be attributed to the overall
lesser regional variance in the scores of these variables, as within-country egalitarian-
ism—hierarchy variance only accounts for 3% of the total variance. It could, however, also
be caused by the correlation between cultural variables. Mastery—harmony is not signifi-
cantly linked with innovation at p=0.05. This is consistent with the stated hypothesis;
however, this result might also be caused by a significant positive correlation between
mastery—harmony and autonomy—egalitarianism.

Cultural dimensions at the country level are similarly linked to innovation with the
autonomy coefficient found to be statistically significant in all regressions. However, the
regressions with cultural indicators at a regional level allow for a better fit of the model
and reveal an additional nonlinear relation between egalitarianism and innovation. This
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result provides further evidence of a better prediction that cultural scores at a regional
level offer accuracy compared to the country scores.

Lagged log GDP per capita is significantly positively related to patent applications at
p=0.001. This is reasonable, as a higher GDP per capita might be associated with better
conditions for innovative activity with higher levels of GDP growth being impacted by
innovation in the long term. Neither R&D spending nor share of population with tertiary
education can be significantly linked with innovation at p=0.05. This could be inter-
preted as an absence of a link between such variables, however, as higher GDP per capita
is significantly linked with an increase in both of these factors, it is possible to assume
that GDP per capita is influencing innovation both directly and indirectly through the
other two factors, which could be further explored in future empirical studies.

The above analysis shows the statistically significant link between autonomy—embed-
dedness and patent applications. It is worth noting that such measurements also have
a sufficiently large regression coefficient for a link to be sufficiently impactful. For
autonomy—embeddedness in particular, following from the results of the regressions, a
one-point increase in the autonomy—embeddedness score is associated on average with
an 87% increase in the patenting applications. Of course, such differences cannot be
explained by cultural differences alone; however, as the prior analysis shows, they also
cannot be explained solely by differences in economic development.

Conclusions
A summary of the hypothesised and discovered relations between cultural variables and
innovative activity is presented in Table 6.

The obtained results confirm a strong link between autonomy—embeddedness and
patent applications at a regional level, providing evidence that the difference in cultural
manifestations cannot be reduced to those defined by national borders. While some
countries, such as Bulgaria and the Netherlands, exhibit little variance between regions,
for some other countries, such as Austria, Germany, Spain and the UK, this difference
can be significant. These indicators also offer an improved fit of the models relative to
the country-level indicators and hint at the nonlinear relationship between egalitarian-
ism—hierarchy and innovation. All of these results motivate the use of European regional
cultural data, as they have better explanatory power than country-level cultural data.

When analysing culture using dimensions created at a regional level, it is important
to remember that such measurements uncover previously ignored within-country

Table 6 Hypothesised and empirical link between culture and innovation

Variable Hypothesised link Empirical link (region) Empirical link (country)
Mastery—harmony Not significant Not significant Not significant
Autonomy-embeddedness Positive Positive Positive
Egalitarianism-hierarchy Negative quadratic Negative quadratic Not significant

Source: based on the previous analysis
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variance. A significant portion of such variance stems from regional cultural manifes-
tations: persistent and weakly dominating values and norms create environments with
different attitudes towards personal encouragement and group conformity. Individuals
from different cultures further blend the societal cultures of different regions and coun-
tries while quickly adapting to the manifestations of the host’s culture (Todd, 2019). It
is, therefore, not surprising that autonomy—embeddedness remains significantly linked
to patent applications at the regional level, as this indicator exhibits the more within-
country variance in the analysed dataset.

More important than this is the fact that cultural indicators at the regional level by
themselves have meaning—they represent small but robust differences between cultural
manifestations within national borders. The regional cultural variance is small enough
that no region is an outlier with regard to national averages, yet the differences are sig-
nificant enough to warrant their use in empirical studies for a higher level of precision in
results.

The results of this study have several practical implications. First, policymakers should
be aware of how cultural changes enable or hinder innovation when establishing or
changing existing policies. European countries might tailor their expectations of policies
stimulating innovative activity and adjust their expectations accordingly. Secondly, busi-
nesses should be aware of differences in culture at the regional level, which might affect
the speed and efficiency of creating or adopting innovations. The results of this paper
can also be used as a background for case studies to investigate differences between
regions of European countries and can be further explored by utilising aggregated firm-
level data on innovation and economic performance.

There are several limitations of the current empirical approach discussed in the paper.
First, cultural values at the regional level were obtained using regional borders, yet it is
possible that heterogeneity of culture within a country is based on another aspect, such
as a common language or religion. In this regard, these measurements retain the short-
coming of the country-level cultural dimensions by also being border-bound. Secondly,
the cultural dimension at the regional level are obtained by pooling data from different
years. It is possible that culture of these regions might have changed over the observed
period, though unlikely in a major way. This is largely a limitation of the initial survey
data, as each region included in the analysis requires a sufficient number of observations
to produce a robust measurement. Finally, it is possible that using another cultural the-
ory as a starting point for creating cultural dimensions at a regional level would produce
more internally consistent measurements.

The broader implication of this study is the significance of metrics of culture at the
regional level for interdisciplinary empirical research. As the results of this study show,
differences in culture at the regional level are significantly linked to the differences in
innovative activity as represented by patent applications in the current paper. In addi-
tion, in line with Kaasa et al. (2014), regions of some of the analysed countries are cul-
turally closer to the neighbouring regions of different countries than to other regions
of their own country. This makes cultural differences between these regions less
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pronounced than those between the respective countries, leading to more accurate pre-
dictions when regional dimensions of culture are used. This also suggests that regional
cultural indicators can be used in future papers analysing economic links by utilising
spatial econometrics. As the results of this paper show, it is also possible to obtain such
regional measurements using social surveys. The resulting measurements, of course,
must conform to existing cultural theories for the empirical results to be meaningful.

In future research, it will be reasonable to test subdivisions other than the one used in
this paper. Culture may also be differently related to innovation at the regional and coun-
try levels, which warrants separate research. A replication of the results of this study to a
broader range of countries could provide stronger evidence for the use cultural variables
at the regional level.

Appendix A
Descriptive statistics for the cultural data
See Table 7.

Table 7 Descriptive statistics of the ipsatised values of Schwartz's questionnaire

Question Answer ranges Mean*  Std. dev.*
It is important to show one’s abilities and be admired 1=not like me at all, 0.176 0.035
It is important to be successful and have people recognise one’s ~ 0=Vvery muchlikeme 4595 (059
achievements

Itis important to seek adventures and have an exciting life 0.665 0.031
[t is important to care for nature and the environment —0.388 0.053
Itis important to be rich and have money and expensive things 0407 0.046
Itis important that people are treated equally and have equal —0.195 0.023
opportunities

[tis important to help people and care for others'well-being — 0403 0.063
Itis important to get respect from others 0.344 0.043
Itis important to be loyal to friends and devoted to people close —0.008 0.054
[tis important to think of new ideas and be creative —0.171 0078
[tis important to live in secure and safe surroundings 0.554 0.032
[tis important to try new and different things in life 0.528 0.037
It is important to do what one is told and follow the rules —0.370 0.52
Itis important to understand different people 0397 0.043
Itis important to be humble and modest and not draw attention —1.099 0.044
to oneself

[tis important to have a good time 0.091 0.035
It is important to make one’s own decisions and be free — 0412 0.049
[t is important that government is strong and ensures safety 0.805 0.043
[tis important to behave properly 0.594 0.024
It is important to follow traditions and customs 0.021 0.038
Itis important to seek fun and things that give one pleasure —0.242 0.064

*Post-stratification weights are used. Population size N=308 799

Source: calculated from European Social Survey data
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Appendix B
Descriptive statistics for the socioeconomic data

Variable Mean Std. dev Min Max
Lagged logarithm of GDP per capita, € 10.1052 0.5486 84392 11.2587
Gross domestic R&D expenditure per capita, € 555.15 381.6021 10.3 1615
Population with tertiary education, % 3.8636 1.2497 0 9.9374

Source: calculated from Eurostat data
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