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Abstract

Objectives: The four main objectives of the study are: 1- Identifying the countries’ position in
the world’s scientific system; 2- Identifying the necessary conditions for the peripheral
position; 3- Identifying the causal paths leading to the peripheral position; 4- Description of
ways to improve the peripheral position. Methods: The research was based on network analysis
and fuzzy-sets qualitative comparative analysis. The data were secondary and were collected
based on the theoretical model of research from international databases and different data sets
for the period 2002-2017. The number of country-year observations was 2644. Results: The
countries’ position analysis in the world’s scientific system indicated that in 2002, nearly 82%
of countries were in the peripheral position, of which only 7% were promoted to the semi-
peripheral position during the studied period. The analysis of the necessary conditions showed
that low exported value and weak exchange of international students are necessary to be
placed in a peripheral position, but none of them alone lead to a peripheral position. Other
conditions were liberal democracy, government effectiveness, human development, social
similarity, English language, and dependence on colonial relations. The sufficient analysis
indicated that the combination of low exported value and weak exchange of international
students leads to a peripheral position in the world’s scientific system. Drawing the phase space
of the upgraded countries showed that Singapore's position improved through increasing
exported value. However, countries such as Iran, South Africa, Turkey, Saudi Arabia, and
Colombia have achieved the same outcome through increasing international student exchange.
Romania is the only country whose position improvement was due to an increase in both
conditions. Conclusion: The change of peripheral position to semi-peripheral often coincides
with a qualitative change in the social system, which is the product of changing elements of
the economic or social subsystems or both.
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1. Introduction

The world’s scientific system consists of
three main positions: central, semi-
peripheral, and peripheral. The
problematic aspect of the peripheral
position is more than the other two
positions because scientific excellence is
not conceivable despite scientific
isolation. It is necessary to pay attention to
the peripheral position for two reasons;
first, the significant number of these
countries over time; second, the presence
of countries in the world’s scientific
system that have improved their position
from peripheral to semi-peripheral over
time. The evidence related to the later
countries indicates that although the
world’s scientific system has an unequal
structure, this inequality is not a
permanent situation and there is a
possibility of movement in the hierarchy.
According to the abovementioned facts,
this study has four main objectives. First,
identifying the countries’ position in the
world’s scientific system and identifying
the  countries upgraded. Second,
identifying the necessary conditions to be
in the peripheral position. Third,
identifying the causal paths leading to the
peripheral position. Fourth, describing
ways to improve the peripheral position.
Using macro theories of development,
theories of international relations, and
network theory, eight factors that
overshadow the countries’ position in the
world’s scientific system were extracted.
Finally, according to Parsons' social
system theory, each factor was assigned to
a subsystem. The study hypothesizes that
the peripheral position in the world’s
scientific system is the product of the
simultaneous intervention of all eight
conditions. Adopting Parsons' systemic

approach helps to wunderstand which
subsystems are more involved in the
countries’ peripheral position.

2. Methods

This study is based on network analysis
and fuzzy-set Qualitative Comparative
Analysis (fsQCA). Due to the macroscopic
and longitudinal nature of this studyj, it is
necessary to use secondary data.
According to the theoretical model, the
study consists of eight causal conditions
(i.e., the degree of liberal democracy,
government efficiency, human
development, exported value, social
similarity, international student exchange,
the percentage of the English-speaking
population, and scientific dependence on
former colonialists) and one outcome (i.e.,
the weighted degree centrality in the
international  scientific ~ collaboration
network). Data were collected from
international databases and different
datasets. Given the availability of data,
2644 country-year observations for the
period of 2002-2017 were obtained. Data
analysis was done in four steps. First, to
determine the countries’ position, the
clustering approach of weighted degree
centrality scores using the K-means
method was used. Second, a necessary
analysis was performed to identify the
necessary conditions for the peripheral
position. Third, the strategy of multiple
time periods, single fsQCA was used to
identify the causal paths leading to the
peripheral position. Fourth, the strategy of
fuzzy-set ideal type analysis was used to
describe the ways of improving the
peripheral position.
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3. Results

Four findings were yielded. First, the
position analysis indicated that nearly 82%
of the countries were in the peripheral
position in 2002, and 75% of them had
never been able to change their position.
In other words, only 7% of former
peripheral countries have been upgraded
to the semi-peripheral position. Second,
the necessary analysis showed that low
exported value and weak exchange of
international students are necessary
conditions for a country to be placed in the
peripheral position, but none of these
conditions alone leads to the outcome.
Third, sufficient analysis indicated that the
combination of low exported value and
weak exchange of international students is
the causal path that alone explains 95% of
the changes in the outcome. Fourth,
drawing the phase space of the upgraded
countries showed that countries such as
Colombia, Iran, Saudi Arabia, South Africa,
and Turkey have improved their peripheral
position by strengthening the
international student mobility network,
and Singapore by strengthening the
export network. Meanwhile, Romania has
achieved a similar outcome by
strengthening both networks.

4. Conclusion

The results confirmed that the
development of the network of economic
relations, in addition to economic benefits,
can also bring benefits to the countries’
scientific subsystem. Also, the results
confirmed that improving the position in
the international student mobility network
is necessary to improve the position in the
international  scientific  collaboration
network. The new insight that this study
adds to the existing literature is that in
most countries, the change from a

peripheral to a semi-peripheral position
coincides with a qualitative change (phase
change) in the social system, which is a
product of changing elements of the
economic or social subsystems or both. In
other words, the economic and social
subsystems are involved in the countries’
peripheral position. Although the results
of this study did not indicate the necessity
of alow degree of liberal democracy or the
necessity of low government efficiency in
peripheral countries, it seems that the
type and efficiency of governments
indirectly affect the performance of
economic and social subsystems. In
contrast, elements of the cultural
subsystem need more time to be effective.
The results showed that being English-
speaking  or  reducing  scientific
dependence on former colonial powers is
not necessary to improve the peripheral
position. That is, non-English-speaking
countries and countries that still have a
high dependence on scientific
collaboration with former colonialists
(such as South Africa and Singapore) have
improved their peripheral position.
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2. Average Path Length
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4. Clustering Coefficient
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