Is culture a contributing factor of strong science?
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Abstract

Many factors such as economy size, capital resources, and size of national publication market seem
to be related to the scientific performance of nations. In this paper we link the national culture
values with scientific performance of 53 nations. We focus on the year 2010. Our study uses three
datasets: 1) Hofstede’s data on national culture, 2) data on migration share of societies, and 3)
citation impact data. We found that four dimensions of culture (i.e. individualism, power distance,
uncertainty avoidance, and indulgence) correlate practically and statistically significantly with

scientific impact of nations. The findings are discussed in mirror of cultural theories.
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Introduction
Many factors such as economy size (Gantman 2012; Baker et al. 2015; Ertekin 2014; Monge-
Najera and Nielsen 2005; Mueller 2016; Shukla and Bauer 2012), population size (Monge-
Ndjera and Nielsen 2005), share of investments in research and development (Baker et al.
2015; Erfanian and Ferreira Neto 2017; Mueller 2016; Shukla and Bauer 2012), applied
technologies (Shukla and Bauer 2012), number of university graduates or researchers
(Erfanian and Ferreira Neto 2017; Shukla and Bauer 2012), governmental policies and
regulations and natural, human, and capital resources (Harzing and Giroud 2014), size of
national publication market (Mueller 2016) and the perceptions toward academic research
(science culture) (Ertekin 2014; Inoni 2003; Shukla and Bauer 2012) seem to be related to the
scientific performance of nations. However, the findings on the effect of population size on
scientific performance is not conclusive. For example, research (Baker et al. 2015) shows that
smaller European countries are more prolific than other larger ones. Furthermore, the
(English) language proficiency has been reported® as a positive predictor of scientific
performance of countries in some disciplines such as social sciences, medicine, and

agricultural sciences.

Furthermore, free mobility of scholars seems to contribute to a better scientific system
(Sugimoto et al. 2017). A recent research (Wagner and Jonkers 2017) illustrates the
importance of openness of nations for their scientific performance. The research shows that
countries’ investments in research and development (R&D) correlate with the number of
published articles, but investment does not have a significant relationship with scientific

impact (measured by citations).

However, previous science communication studies were mostly focused on “objective”
metrics, and cultural values “were never a formal part of these efforts towards science
indicators”(Shukla and Bauer 2007). While existing literature has revealed important findings
on scientific performance of nations, more in-depth investigations are still in demand to
reveal the possible connections of cultural values and the scientific performance of nations.
Thus, the current study positions the following research question: how are cultural values
related to the scientific performance of nations? To answer this question, Hofstede’s

national culture dimensions (Hofstede et al. 2010) are used as theoretical framework.



Theoretical framework

Two theoretical approaches of national culture are frequently used in cross-cultural studies.
The first (Hofstede et al. 2010) perceives national culture as a stable construct which does not
change in short term (or it changes in very long time period), and the second (Inglehart 1997)
assumes the dynamics of national culture during time. Recent research (Beugelsdijk and
Welzel 2018) shows that both approaches are complementary, and although young
generations seem to become more individualist (which supports the dynamic approach), one
can assume that nearly half of national culture values are stable. In other words, the core
national culture dimensions should be durable over time. Therefore, because of several
evidences (Beugelsdijk et al. 2015; Beugelsdijk and Welzel 2018) on the stability of Hofstede’s
national culture dimensions over time, the theoretical framework of national culture values
applied in this study assumes relatively stable constructs. Hofstede et al. (2010) propose to
categorize the world countries into six bi-polar dimensions of national culture: individualism
versus collectivism, small versus large power distance, low versus high uncertainty avoidance,
indulgence versus restraint, low versus high uncertainty avoidance, masculinity versus
femininity, and short- versus long-term orientations.

As Hofstede (2011) explains, the individualism-collectivism dimension is the extent of group
orientations among people in a country. In individualist nations, the people are supposed to
take care of themselves and their close family members, while in collectivist nations, the
people are bounded by in-group loyalties. The power distance shows the degree of acceptance
of power inequality among the individuals in lower classes and it is manifested in interactions
of people in family (parent-children), schools (teacher-students), working places (manager-
employee) and country (authorities-citizens). The uncertainty avoidance refers to the capacity
of individuals in a country to recover quickly from vague or ambiguous situations. The
masculinity-femininity shows the degree in which nations have overlapped or separated
gender roles and values. The perceptions of people towards the time and their following
behaviors shape the time orientation dimension. Finally, the indulgence versus restraint

dimension refers to the degree of freeness or regulation of gratification in a country.



Methods

Datasets

This research used three datasets to investigate the relationships of national culture and

performance (citation impact) of nations. In order to align the three national-level datasets,

the year 2010 was selected as reference point. This was done because the last update of

Hofstede’s cultural data was available for the year 2010.

1)

2)

3)

Hofstede’s data on national culture: Hofstede’s data on national culture (Hofstede 2010)
is available for about 100 world nations. This dataset shows the nations’ scores (on a scale
of 0-100) in six bi-polar dimensions of culture, that is individualism versus collectivism,
small versus large power distance, low versus high uncertainty avoidance, indulgence
versus restraint, low versus high uncertainty avoidance, masculinity versus femininity, and
short- versus long-term orientations. The data is freely available for academic use.
Citation impact data: The national performance data were exported from the Max Planck
Society’s in-house database which is based on the Web of Science (Clarivate Analytics).
They included the national proportions of papers (articles and reviews published in 2010)
belonging to the 1% (PPiop 1%) and 10% (PPtop 10%). PPiop 10% is the proportion of papers
(published by a country) which belongs to the 10% most frequently cited papers within
their subject categories and publication years (correspondingly, PPy 1% refers to the top
1%) (Hicks et al. 2015). The national numbers of (highly cited) papers were weighted by
the number of countries on a paper. Thus, we used fractional instead of full counting of
papers. For example, if there were three countries mentioned on a paper, each country
received 1/3 of the paper.

The migration shares of nations: The migration share data were extracted from the United
Nations, Department of Economic and Social Affairs (referring to the year 2010)(United
Nations (Department of Economic and Social Affairs - Population Division) 2017). The
migration share of nations is defined as the share of migrants of the total population of a

country. This data was available for 233 world nations (for the years 1990-2017).

Statistics

Because of non-normal distributions of the used data and relatively low sample sizes (Bishara

& Hittner, 2012), Spearman correlation coefficients were computed and reported for the



datasets besides Pearson correlation coefficients (see Appendix 1). The results reveal similar

correlation coefficients of national culture dimensions and citation impact metrics.

Results
We found that four dimensions of culture (i.e. individualism, power distance, uncertainty
avoidance, and indulgence) correlate practically and statistically significantly with scientific
impact of nations (see Table 1). Although correlation does not mean causality, the investigated
variables of culture and citation impact seem to be related. Our findings are stable at different
thresholds (included countries with minimum 500, 750, and 1000 published papers) and
different citation metrics (measured by nations’ PPiop 10% and PPiop 1%). In addition, since
national dimensions of cultures might be obliterated by migrant influences (Wagner and
Jonkers 2017), we controlled for the possible effect of nations’ openness (assessed by migrant

shares) (see Table 1).

Table 1. Pearson correlation coefficients of national culture dimensions and scientific impact of
nations — after controlling for migrant shares of nations”

Indicator: PPtop 10% PPiop 1%
Paper threshold for including countries: 2500 2750 21000 2500 2750 21000
Power distance -0,67 -0,71 -0,74 -0,63 -0,68 -0,70
Individualism 0,58 0,64 0,64 0,65 0,71 0,71
Uncertainty avoidance -0,40 -0,45 -0,46 -0,44 -0,46 -0,48
Indulgence 0,39 0,44 0,45 0,37 0,45 0,45

* Notes:

2500: nations, which had minimum 500 publications, were included in the analysis (N = 53)

>750: nations, which had minimum 750 publications, were included in the analysis (N = 48)

>1000: nations, which had minimum 1000 publications, were included in the analysis (N = 47)

All correlations are statistically significant at the 0.01 level (2-tailed).

The correlations of the citation impact metrics with the additional dimensions of culture such as masculinity [-0.04, 0.12] and
long-term orientation [0.03, 0.14] were not statistically significant, and they were not included in the table.

Generally, citation impact has a statistically significantly positive correlation with individualism
and indulgence and a statistically significantly negative correlation with power distance and
uncertainty avoidance. In other words, individualist nations (e.g., USA and UK) and those
nations with flat cultures (such as Scandinavian countries) are more likely to produce papers
with high citation impact. Another interesting finding is the low (and not statistically
significant) correlations of long-term orientation and citation impact (see the notes of Table

1). Modern science is often criticized for its short-term orientation (Azoulay et al. 2011; Groen-



Xu et al. 2017). It is assumed that short-term orientation in research is the result of new public
management regimes at universities including evaluations focusing on research performance
in the last few years. Previous research (Groen-Xu et al. 2017) confirms that time pressures of
researchers such as short-term deadlines result in higher number of publications, but in
journals with lower impact factors.

To have a better understanding of the characteristics of correlations of cultural dimensions
and citation impacts, we drew the scatterplots of statistically significant and strong
correlations from Table 1. We exemplarily focus on the dimension with the highest correlation
with citation impact in figure 1. The scatterplots for all significant correlations are in the
Appendix 1. Figure 1 shows the correlation of power distance and the citation impact of
nations (measured by PP:op 10%). The size of bubbles shows the national number of publications
in year 2010 (divided by 1000). The world nations are colored according to their continents.
As the results show, the countries of Asia (yellow-colored) (except Singapore and Israel), Africa
(orange-colored) and South America (purple-colored) all are scattered in downright corner of
figure 1. Those countries have large power distance and are collectivist nations but have low
citation impact.

Although Singapore is a large power distant nation, it has a high citation impact. We used the
Academic Connectedness (Nature Index 2019), the Openness Index (Wagner and Jonkers
2017), and the Global Creativity Index (Florida et al. 2011) of Singapore to interpret this result.
According to the Openness Index (measured by sending and receiving immigrants and
international co-authorships), Singapore is the second most open nation in the world. In
addition, Singapore is among the best academically connected nations of the world (measured
by co-authorships) (Nature Index 2019). The Global Creativity Index (Florida et al. 2011)
(measured by three drivers of national technology, talent, and tolerance) ranks Singapore as
the most creative nation in Asia. Of the investigated Asian countries in this study, just Israel
has low power distance, and accordingly has high citation impact, and is placed at the top-left
guadrant of figure 1.

The citation impact patterns of European countries (blue-colored) are relatively direct (except
France, Belgium, and Portugal), that is, the countries with small power distance have high
citation impact and are scattered in the top-left quadrant of the graphic, and those with large
power distance have low citation impact and are appeared in the down-right quadrant of the

graphic. This pattern is similar for countries of North America (green-colored) and Oceania



(red-colored). Of investigated countries of North America in this study, just Mexico is regarded
as a large power distant nation, and accordingly has low citation impact.

Generally, the individualist nations have small power distance. However, France and Belgium
are exceptions. They are both individualist nations and have large power distance. This
combination seems to lead to efficient interactions in society (Hofstede n.d.). In other words,
in Belgium and France, individuals have voice in the societal systems (e.g., education, health,
public institutions), and simultaneously, the power inequality might be an accepted norm. In
addition, both countries have very high uncertainty avoidance scores, and this makes
academic works as foundation for detailed and contextual information (Hofstede n.d.) in those
nations. The focus on academic work is noticeable in the high academically connectedness of
those countries in the Nature Index (Nature Index 2019) and the relatively high citation impact
of Belgium and France in this study.

The size of academic productions (visualized by the size of bubbles in Figure 1) does not seem
to be a contributing factor to the national citation impact. As it is seen those countries with
relatively high number of publications (such as Russia, China, Japan, and India) are placed in
the down-right corner of figure 1. This is also shown in the higher impact of smaller nations
such as Netherlands, Switzerland, and Scandinavian countries which cluster in the top-left
guadrant of the graphic. The productive nations are regarded as large power distant and
collectivist nations. In such nations, the education system is hierarchical and injective. That

means the educators are regarded as unquestioned authorities (Hofstede 2011).
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Figure 1. Power distance and scientific impact of nations (measured by PP, 1%). The size of bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,
North America green, South America purple, Europe blue, and Australia in red color).




On the opposite side, there are flat Scandinavian cultures which (1) benefit the interactive education
process and participatory design (Gregory 2003) in society systems and (2) respect the learners’ efforts
in solving the problems with creative methods. Thus, it is reasonable that those nations which have small
power distances in societal systems (e.g., education) act more creative and produce more quality work

and get higher citation impact.

Discussion

Our findings may show the embeddedness of scientific performance (measured in terms of citation
impact) in national cultures. It adds the often-neglected cultural insight to the science communication
system. The findings reveal that not only openness of nations, but also migrant shares of nations and
cultural planning might lead to strong science. Our data highlights the importance of European
approaches and initiatives to science communication such as the European Research Area (ERA, aimed
at free interactions of research, researchers and technology). However, our results and the possible
conclusions should be interpreted against the following limitations:

1) The findings of this study are based on aggregate data and analysis. Inferences from aggregate data
to the individual level (i.e. ecological fallacy)(Piantadosi et al. 1988) should be avoided. For instance,
a correlation between individualism and citation impact at the national level does not necessarily
mean that this relationship is valid at the individual level.

2) In this study, Hofstede’s quantitative dimensions of culture is used, because of its wide disciplinary
applicability. However, quantitative models of culture (Taras et al. 2009) and the separation of
dynamic and stable approaches of culture (Beugelsdijk and Welzel 2018) have been criticized.
Furthermore, the role of globalization in reshaping the world cultures have been emphasized
questioning stable approaches (Castells 1997).

3) The statistically significant correlations of cultural dimensions with citation impact of nations in this
research does not point to causation. The difference between correlation and causation is described
thoroughly in the literature (Altman and Krzywinski 2015). While the correlation coefficients show a
clear link between national culture dimensions and citation impact in this study, it does not
necessarily reveal that a specific national culture causes a certain level of citation impact.

4) While our findings show a substantial correlation of cultural dimensions and citation impact, they can

be scarcely used to manage science in a certain way.
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Appendix. Supplementary tables and figures

Table 1. Pearson correlation coefficients of national culture dimensions and citation impact of

nations*

Indicator: PP:op 10% PPiop 1%
Paper threshold for including countries: =500 2750 21000 2500 2750 21000
Power distance -0,70 -0,72 -0,75 -0,67 -0,70 -0,73
Individualism 0,64 0,66 0,67 0,70 0,73 0,73
Uncertainty avoidance -050  -055  -0,56 -052  -055 -0,57
Indulgence 0,44 0,53 0,53 0,42 0,52 0,53
Migrant share 0,52 0,51 0,51 0,46 0,45 0,45

* Notes:

2500: nations, which had minimum 500 publications, were included in the analysis (N = 53).
>750: nations, which had minimum 750 publications, were included in the analysis (N = 48).

>1000: nations, which had minimum 1000 publications, were included in the analysis (N = 47).

All correlations are statistically significant at the 0.01 level (2-tailed).
The correlations of the citation impact metrics with the additional dimensions of culture such as masculinity [-0.05, -0.14] and
long-term orientation [0.06, 0.12] were not statistically significant, and they were not included in the table.

Table 2. Pearson correlation coefficients of national culture dimensions and citation impact of nations

— after controlling for migrant share of nations*

Indicator:

PPtop 10% PPtop 1%
Paper threshold for including countries: 2500 2750 21000 >500 2750 21000
Power distance -0,67 -0,71 -0,74 -0,63 -0,68 -0,70
Individualism 0,58 0,64 0,64 0,65 0,71 0,71
Uncertainty avoidance -0,40 -0,45 -0,46 -0,44 -0,46 -0,48
Indulgence 0,39 0,44 0,45 0,37 0,45 0,45

* Notes:

2500: nations, which had minimum 500 publications, were included in the analysis (N = 53).
>750: nations, which had minimum 750 publications, were included in the analysis (N = 48).
>1000: nations, which had minimum 1000 publications, were included in the analysis (N = 47).
All correlations are statistically significant at the 0.01 level (2-tailed).
The correlations of the citation impact metrics with the additional dimensions of culture such as masculinity [-0.04, 0.12] and long-
term orientation [0.03, 0.14] were not statistically significant, and they were not included in the table.

Table 3. Spearman correlation coefficients of national culture dimensions and citation impact of

nations*

Indicator: PPtop 10% PPtop 1%
Paper threshold for including countries: 2500 2750 21000 | 2500 2750 21000
Power distance -0,72 -0,73 -0,76 -0,71 -0,75 -0,77
Individualism 0,56 0,59 0,60 0,65 0,69 0,70
Uncertainty avoidance -048  -052 -052| -049  -0,52 -0,53
|ndu|gence 0,48 0,59 0,59 0,45 0,59 0,59
Migrant share 0,55 0,57 0,55 0,53 0,55 0,54

* Notes:

2500: nations, which had minimum 500 publications, were included in the analysis (N = 53).
>750: nations, which had minimum 750 publications, were included in the analysis (N = 48).
>1000: nations, which had minimum 1000 publications, were included in the analysis (N = 47).
All correlations are statistically significant at the 0.01 level (2-tailed).
The correlations of the citation impact metrics with the additional dimensions of culture such as masculinity [-0.04, 0.08] and long-
term orientation [0.06, 0.18] were not statistically significant, and they were not included in the table.
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Table 4. Spearman correlation coefficients of national culture dimensions and citation impact of

nations - after controlling for migrant share of nations*

Indicator: PPtop 10% PPtop 1%
Paper threshold for including countries: 2500 2750 21000 | 2500 =750 21000
Power distance -0,63 -0,66 -0,69 -0,62 -0,68 -0,71
Individualism 0,40 0,48 0,49 0,54 0,61 0,62
Uncertainty avoidance -045 -047 -0,47 | -0,46  -0,46 -0,47
Indulgence 0,40 0,44 0,44 0,36 0,44 0,44
* Notes:

2500: nations, which had minimum 500 publications, were included in the analysis (N = 53).
>750: nations, which had minimum 750 publications, were included in the analysis (N = 48).
>1000: nations, which had minimum 1000 publications, were included in the analysis (N = 47).
All correlations are statistically significant at the 0.01 level (2-tailed).

The correlations of the citation impact metrics with the additional dimensions of culture such as masculinity [-0.04, 0.12] and long-

term orientation [0.03, 0.14] were not statistically significant, and they were not included in the table.
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Figure 1. Power distance and citation impact of nations (measured by PP, 1%). The size of the bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,
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North America green, South America purple, Europe blue and Australia in red color)
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Figure 3. Individualism and scientific impact of nations (measured by PP:op 10%). The size of the bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,

North America green, South America purple, Europe blue and Australia in red color).

18



2.00

1.80
1.60 Denmark
Switzerland b
. 9
20140
< Netherlands
Sweden
1.20
Germany
N
-
§ 1.00 Singapore Norway
g'. . Canada
Malaysia . .
0.80 | ) Austria tin1and Belgium Australia
. ndonesia
\ South Korea Greece
Y]
2
o

Portugal Turke
0.60 Chile Y Japan Ireland Hungary
) 9 Estonia —@ Q\
Iran
)hi New Zealand
L Bvenia . d" SIovaklb\South Africa
Bulgaria
Colombla ¢ 8 Brazil 0/ Czech Republic
/ Nigeria Mexico . N . .
0.20 Thailand Argentina Lithuania
th

. Poland
Saudi Arabla Romania 0\
; Russia
Ukrame ° 'Y Croatia

0.40 Venezuela

Morocco
0.00

0 20 40 60 80 100

low high
Individualism

Figure 4. Individualism and scientific impact of nations (measured by PP:op 1%). The size of the bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,
North America green, South America purple, Europe blue and Australia in red color).
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Figure 5. Indulgence and scientific impact of nations (measured by PP:op 10%). The size of the bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,

North America green, South America purple, Europe blue and Australia in red color).
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Figure 6. Indulgence and scientific impact of nations (measured by PP:op 1%). The size of the bubbles shows the number of publications of
countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow, Africa orange,
North America green, South America purple, Europe blue and Australia in red color).
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Figure 7. Uncertainty avoidance and scientific impact of nations (measured by PP:op 1%). The size of the bubbles shows the number of
publications of countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow,

Africa orange, North America green, South America purple, Europe blue and Australia in red color).
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Figure 8. Uncertainty avoidance and scientific impact of nations (measured by PP 10%). The size of the bubbles shows the number of
publications of countries in year 2010 (divided by 1000). The world nations (N = 53) are colored according to their continents (Asia yellow,

Africa orange, North America green, South America purple, Europe blue and Australia in red color).
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