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Abstract
The relationship between international collaboration and scientific impact is studied in the 
context of South American universities. This study aims to comprehensively analyze the 
strength of this relationship using nonparametric statistical methods. The records are the 
244,300 papers published in journals indexed in Scopus (2011–2020) by researchers affili-
ated to 10 South American public universities and extracted with Scival support. There is a 
marked trend of collaborative work, since 93% of publications were collaborative at insti-
tutional, national or international level, with a higher percentage of international collabo-
ration. A refined analysis of the geographic collaboration of publications in Q1 journals 
further evidences the frequency of international collaboration. In the top 4 collaborating 
partner institutions for each university, the presence of the Centre National de la Recherche 
Scientifique of France (CNRS) is observed, followed by the National Council for Scientific 
and Technical Research of Argentina (Conicet). It is proven that there is a statistically sig-
nificant relationship (p < .01) in each of the 10 universities between collaboration (number 
of countries) and normalized impact (FWCI). The results confirmed the hypothesis of this 
study and the authors provide practical recommendations for science policy makers and 
researchers, including the promotion of strategic collaboration between different institu-
tional sectors of society to increase the impact of publications.

Keywords  Scientific collaboration · Universities · South America · FWCI · Normalized 
impact · Scientometrics

Introduction

Scientific policies in South America and the context in universities

The exchange of knowledge, lifelong learning and the possibility of access to resources 
or equipment not available in one or another institution, in addition to the possibil-
ity of obtaining greater funding, favor the improvement of research results and the 
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promotion of interdisciplinary and institutional growth. Under this context, universi-
ties play a fundamental role in the social, economic and technological development 
of a country through the production of scientific knowledge (Fernández et al., 2021), 
which implies generating and sharing knowledge; thus, giving way to scientific col-
laboration (González & Gómez, 2014). Science, technology and innovation (STI) poli-
cies are transcendental, since they allow the development of guidelines that orient the 
most appropriate objectives, fields and strategies for the development of research at the 
university level. In South America, these policies have materialized in various coun-
tries such as Peru, through the enactment of Law No. 30220 in 2014, which involved 
the creation of entities such as the National Superintendence of University Higher 
Education (Sunedu); or in the case of Ecuador through the Organic Law of Higher 
Education (LOES) in 2010 and the creation of the Prometeo "Viejos Sabios" program 
(Limaymanta et  al., 2020). Likewise, in 2012 in Argentina, the Ministry of Science, 
Technology and Productive Innovation (MINCyT) launched the National Plan for Sci-
ence, Technology and Innovation: Argentina Innovadora 2020, which is composed of 
six strategic areas (agribusiness; energy; environment and sustainable development; 
health; industry and social development) and three general purpose technologies 
(GPT): biotechnologies, information and communication technology (ICT) and nano-
technologies (UNESCO, 2018).

Similarly, Moreno-López et  al. (2022) note that in Colombia between 2010 and 
2014, the Administrative Department of Science, Technology and Innovation (cur-
rently Minciencias), established various strategies for STI policies. These were mate-
rialized, for example, through Vision 2025, which aims to position Colombia as one of 
the three most innovative countries in Latin America by 2025. In this work developed 
by the Colombian government, it is necessary to mention Decree 1279 of 2002, respon-
sible for the regulation of the incentive policy derived from scientific production in 
public universities, related to the creation of the journal evaluation model (Publindex), 
which, despite limitations and criticisms, has brought order to the national research 
system. In addition, the individual efforts of universities in strengthening the processes 
of scientific production and generation of new knowledge are important (Uribe-Tirado, 
2017). For Bolivia, the design of STI policies was in charge of the Ministry of Educa-
tion since 2010 (UNESCO, 2018). In them, a set of programs were proposed under the 
Institutional Strategic Plan 2010–2014, including the Bolivian Scientific and Techno-
logical Information System (Sibicyt) and the Bolivian Innovation System. In addition, 
UNESCO (2018) noted that, for the Chilean case, a Presidential Commission com-
posed of 35 experts called "Science for the development of Chile" was created in Janu-
ary 2015 that prepared a proposal on the promotion of STI as a scientific practice and 
culture.

The above policies and regulations have improved the scientific activity of South 
American countries and institutions. For example, the set of countries whose universi-
ties are selected in the present research went from publishing 79,334 documents in 
2010 to 146,293 in 2020 with a growth of 184% documents in the last 10  years in 
Scopus (Turpo-Gebera et al., 2021). However, many aspects of this research ecosystem 
need to be strengthened, given the existence of asymmetries in regional production, the 
unequal allocation of resources and other problems. Indeed, they should be analyzed 
in the light of a variety of indicators that help to understand the influence of different 
variables and have more precise descriptions of this South American context.
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Collaboration and scientific impact

Scientific production is considered as the materialization of the resulting knowledge, in 
which several agents may participate through scientific collaboration (Lancho-Barrantes & 
Cantú-Ortiz, 2019). However, the production of scientific knowledge alone does not repre-
sent an indicator of the quality of research results; rather, several variables of the activities 
carried out by institutions must be taken into account, in order to have a broad view that 
leads to better decision making. In recent decades, knowledge production has undergone 
radical changes. Research collaboration has become a necessity due to the enormous pres-
sure researchers and institutions face in meeting publication requirements. As a result, the 
number of internationally co-authored articles is increasing considerably. An intensifica-
tion of scientific collaboration is observed at all levels of aggregation (Glänzel et al., 1999; 
Katz & Martin, 1997) and even at the level of emerging disciplines (Heinze & Kuhlmann, 
2008), where knowledge sharing should be more efficient. However, differences remain 
between research fields in terms of the volume and impact of collaboration (Glänzel & 
Schubert, 2001).

Scientometrics, as an instrumental metric discipline of scientific activity (Nalimov & 
Mulchenko, 1969), is a fundamental tool for the study of the evaluation of research activity 
in institutions (Moed et al., 2005; Turpo-Gebera et al., 2021). Among the main scientomet-
ric indicators used for evaluation purposes are investment in R&D&I, human resources, 
productivity, impact, collaboration and structural analysis at the multivariate level (social, 
thematic and intellectual).

As a standard practice, the concept of scientific collaboration is translated as joint work 
between two or more authors that is consolidated in a scientific publication (Larivière 
et al., 2015; Olivera-Batista et al., 2018). Co-authorship serves as a vehicle for the inte-
gration of knowledge, efforts and capabilities, whose levels in the frequency of collabora-
tion have increased since the 1980s in all areas of research (Bermeo-Andrade et al., 2009; 
Glänzel, 2002). For example, technological development, the interdisciplinarity existing in 
current science for the solution of a problem, the saving of resources and even the possibil-
ity of publishing in better positioned journals are some of the reasons why collaborative 
practices have increased. As a common activity in the process of scientific communication, 
its potential will depend on the type of collaboration, the discipline and the geographi-
cal area involved (Leimu & Koricheva, 2005). For example, several studies consider that 
international collaboration increases citation rates more than institutional or national col-
laboration (Asubiaro, 2019; Katz & Hicks, 1997). Additionally, Adams (2013) argues that 
international collaboration is the fourth era of research and that institutions that do not fos-
ter it run the risk of falling progressively behind in their performance in terms of visibility 
and scientific impact.

For their part, impact indicators make it possible to measure the scope of published 
documents in terms of citations and their derivatives (Peralta-González et  al., 2015). 
This typology of indicators, despite their limitations and criticisms (Haustein & Lariv-
ière, 2015), play a prominent role in the evaluation of scientific research. Their use has 
increased during the last decades, a behavior that is reflected in the corpus of scientific 
literature (Bornmann & Daniel, 2008; Persson et  al., 2004; Waltman, 2016). More than 
90 years ago, Gross and Gross (1927) were the first to use citation counting to evaluate 
the importance of scientific papers. From there, several citation-based impact indicators 
have been proposed, such as the impact factor, average number of citations per publication, 
number and proportion of highly cited publications, the H-index, among others (Waltman, 



6394	 Scientometrics (2022) 127:6391–6411

1 3

2016) and normalized impact indicators that are born from the ratio between the observed 
impact and the expected impact, according to the proposals of CWTS (Centre for Science 
and Technology Studies, Leiden University) and the Karolinska Institute (Lundberg, 2007; 
Moed et al., 1995; Torres-Salinas et al., 2018); useful indicators in the science planning 
and evaluation process.

Literature review

Many studies have shown that scientific collaboration provides visibility and increases 
impact, measured by the number of citations that published papers receive. They demon-
strate the correlation between collaboration in papers and scientific impact (Abramo et al., 
2009; Benavent-Pérez et  al., 2012; Glänzel, 2002). That is, the more contributors to a 
publication, the greater the scientific impact and vice versa. However, unlike production, 
the progression of the increase in impact is not linear and has a fluctuating behavior. The 
authors pointed out that the impact of citations varies among different fields with specific 
characteristics. In addition, they emphasize the need to support policies in favor of creating 
networks and collaborations since they help to disseminate knowledge and research results 
in a rapid and generalized manner. The influence and contribution of scientific collabora-
tion on the impact of published papers has also been demonstrated (Bermeo-Andrade et al., 
2009; Larivière et al., 2015; Leydesdorff et al., 2019). In their conclusions, they emphasize 
that one of the many reasons for collaborative scientific work is that the most important sci-
entific problems are complex and can only be solved by a team of researchers with comple-
mentary expertise. In addition, several studies have also pointed out that multiple author-
ship leads to an increase in citations as a positive effect of scientific collaboration (Hsu & 
Huang, 2011; Abramo & D’Angelo, 2015; Liao 2011). Even, effect was demonstrated at 
the level of subject areas such as Medicine (Cañedo-Andalia et al., 2016), ecology (Leimu 
& Koricheva, 2005) and in specific topics such as difficult airway (García-Aroca et  al., 
2017). Similarly, collaboration between institutions has been documented; either from an 
institutional management approach in order to improve relationships between research-
ers from the same institution (Huang & Brown, 2019), or from a bibliometric approach 
between institutions from different countries (Liu et al., 2021) examining patterns of co-
authorship in cross-border research collaboration. In addition, the progressive generation 
of collaborative networks between accredited institutions considered of high quality (Per-
tuz et al., 2020) is a phenomenon that has been energized, despite being an incipient aspect 
in the Latin American context, and collaboration between universities and companies is 
developing (González-Suarez et al., 2017; Orduña-Malea, 2020).

It should also be noted that the influence on research impact depends largely on the type 
of collaboration, since not all of them have the same effect on research impact in terms 
of citations (Gorraiz et  al., 2012; Persson et  al., 2004). For example, it has been shown 
that authors from the same institution produce lower impact research compared to smaller 
teams, but from different institutions that produce higher impact research (Jones, 2008).

In this context, measuring the relationship between collaboration and the impact of sci-
entific results is necessary for better research planning and science policy management. 
This study is oriented to the South American context given the lack of studies on the 
behavior of collaboration and impact in South American universities, which allows a clear 
understanding of the behavior and joint trends of the results derived from these indicators. 
For example, how the normalized impact varies according to the type of collaboration or 
how the types of geographical collaboration are distributed according to publications in 
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Q1 journals, among other relevant aspects for evaluation and management. This behavior 
at the univariate and bivariate level, based on the analysis of 10 universities in each South 
American country, provides relevant information to understand the collaboration-impact 
relationship and propose inputs for planning and improving research in similar contexts. 
The research hypothesis of this study is that there is a relationship between collaboration 
and normalized impact in publications of South American universities (2011–2020). The 
specific objectives are: (1) To identify the behavior of collaboration and scientific impact 
present in the publications of South American universities, (2) To show the characteris-
tics of collaboration-impact according to research areas and main collaborating partners of 
South American universities and, (3) To determine the correlation between collaboration 
and normalized scientific impact in the publications of South American universities. The 
achievement of these objectives can be a referential framework for the work of both the 
universities under study and others for the planning of research in their institutional poli-
cies. These aspects would allow an increase in prestige, visibility or recognition, in addi-
tion to improving collective research capabilities.

Methodology

This research with a quantitative approach and scientometric methodology was carried out 
using data from Scival, Elsevier’s analytical solution that provides complete access to the 
research performance of authors, journals, institutions, countries and regions from Scopus 
data (Elsevier, 2022). It comprises the 244,300 papers published in the period 2011–2020 
by researchers affiliated to South American public universities. A group of 10 South 
American universities were selected that were different from each other with respect to 
their normalized impact and number of publications, as well as belonging to 10 different 
South American countries (Table  1). This makes it possible to have an integrative view 

Table 1   Public universities in each selected South American country

No Country University Abbreviations Normal-
ized impact 
(2011–2020)

Output (2011–2020)

1 Argentina Universidad de Buenos Aires UBA 1.04 34,079
2 Brazil Universidad de São Paulo USP 1.11 143,170
3 Chile Universidad de Chile UCh 1.15 28,032
4 Colombia Universidad Nacional de 

Colombia
UNAL 0.97 20,443

5 Bolivia Universidad Mayor de San 
Andres

UMSA 1.24 939

6 Ecuador Universidad Central del Ecuador UCE 0.82 1001
7 Paraguay Universidad Nacional de 

Asunción
UNA 1.55 1188

8 Perú Universidad Nacional Agraria 
La Molina

UNALM 0.87 913

9 Uruguay Universidad de la República Udelar 1.31 10,962
10 Venezuela Universidad Central de Ven-

ezuela
UCV 1.05 4234
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of the scientometric profile of South American universities that allows us to describe the 
different contexts of the results of research activities. This selection also helped to have 
a representation of the most visible public universities in their countries according to the 
Scimago Institutions Ranking 2021 (https://​www.​scima​goir.​com). Scientometric indicators 
independent of the size of the universities were systematized (Waltman, 2016; Abramo & 
D’Angelo, 2016). That is, the indicators analyzed are not conditioned by population size or 
by the number of publications of the universities (Table 2). The results serve as inputs for 
decision making and research planning for universities with different research behaviors 
and outcomes.

Metadata collection was performed in January 2022. Data was obtained on the types of 
geographical collaboration (without collaboration, institutional, national and international 
collaboration), the normalized impact (Field Weighted Citation Impact-FWCI), the number 
of countries that make up a document, the journal quartile of a publication according to 
SJR, the main subject areas and the main collaborative partners of each university. The 
units of analysis taken into account were documents published in journals indexed in Sco-
pus where at least one author is affiliated with a university that is part of the sample. There 
was no restriction on the language of publication or the type of document. The dimensions 
and indicators used are shown in Table 2. Excel 2019, R Studio Package Manager 1.2.0 
and SPSS v22 were used for data analysis. The graphical representation of the correlation 
between collaboration and impact was given through the scatter diagram (point cloud), and 
the Pearson or Spearman coefficient was used to determine the correlation according to the 
behavior of the statistical distribution of the variables.

Table 2   Description of dimensions and size-independent scientometric indicators

Analyzed dimensions Indicators/variables: description

Scientific collaboration Proportion of institutional collaboration: When authors from the same institu-
tion collaborate

Proportion of national collaboration: This is when authors from different insti-
tutions belonging to the same country collaborate

Proportion of international collaboration: Here, authors from institutions 
belonging to different countries collaborate

Proportion of collaboration in Q1: Type of geographical collaboration of publi-
cations in Q1 journals

International collaboration by number of countries: This is the count of the 
number of countries that appear in a publication based on an author’s affilia-
tion information

Scientific impact Normalized impact (Field Weighted Citation Impact -FWCI). It compares the 
number of citations received by publications with the average number of cita-
tions received by all other similar publications

Proportion of publications according to SJR quartile of journals: It is the 
position of the journal where the researchers publish according to the SJR 
indicator

Bivariate analysis Statistical technique
Scatterplot and correlation Scatterplot: A point cloud that identifies the relationship between two quantita-

tive variables
Correlation coefficient: Value ranging from -1 to 1, whose magnitude indicates 

the strength and direction of the relationship between two quantitative vari-
ables

https://www.scimagoir.com
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Results

Distribution of publications by type of geographical collaboration

Figure 1 shows the percentage distribution of publications by each university according to 
the four types of geographical collaboration. There is a clear predominance of publications 
with international collaboration (IC onwards) in all the universities, with the exception of 
USP of Brazil whose national collaboration (NC onwards) is more frequent in its publica-
tions with 38.8%. Among the three universities with the highest IC are UMSA (88.2%), 
UCE (66.3%) and UNA (65.4%), while single publications are the ones with the lowest 
percentages in most universities. These dynamics of geographic collaboration show the 
trends of its growth in the last decades, specifically impacted by the NC or IC.

A comparative analysis between the dispersion of international and national collabora-
tion is shown in Fig. 2 by means of the box plot. UBA, Udelar, UNAL and UCh are the 
universities that present the greatest homogeneity in the dispersion of the values of interna-
tional and national collaboration, i.e., the behavior of the dynamics of their collaborations 
remains stable during the study period. While UCE, UCV and UNALM have heterogene-
ous behaviors in both types of collaboration in comparison with other universities. This 
could be a product of changes in their national scientific policies that influence the uni-
versities. UCE, UMSA, Udelar, UNA and UNALM present a greater difference between 
international and national collaboration.

International collaboration trend (2011–2020)

It can be seen that UMSA, with stable behavior throughout the study period, is the insti-
tution with the highest percentage of publications in IC, with values ranging from 84% 
t– 95% of IC (Fig. 3). At the other extreme is USP, whose values range from 27% – 42% of 
its publications in IC. UCE, in 2012 had a higher percentage of IC compared to the other 
universities in the region, as it registered 90.9% of its publications in IC, in the following 

Fig. 1   Distribution of publications according to type of collaboration by university
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Fig. 2   Distribution of publications by percentage and type of collaboration by university

Fig. 3   Behavior of international collaboration in the universities. (2011–2020)
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years it had a decreasing trend to 60.7% of publications in IC. For their part, UCV and USP 
had a growth trend from 41.2% in 2012 to 64.4% in 2020 and from 27% in 2012 to 41.7% 
in 2020, respectively. Udelar and UBA had a constant trend during the study period in the 
percentage of publications in IC.

Publications according to SJR quartile (2011–2020) and collaboration in Q1 journal 
papers

An analysis of the impact according to the quartile of the journals where university 
researchers publish is presented in Fig. 4a by means of the comparative bars. Indeed, all 
the universities in the study have a higher percentage of publications in journals indexed 
in Scopus that are classified in quartile 1 (Q1) according to the SJR indicator. The univer-
sities that exceed one third of their publications in Q1 journals are UBA, UMSA, UCh, 
Udelar and USP, despite the latter despite the lowest percentage of IC throughout the study 
period compared to the other universities that do register a higher percentage of publica-
tions in IC (Figs. 2 and 3). UNAL (32.7%) and UCV (31.5%) are the universities with the 

Fig. 4   a Impact of scientific production according to SJR journal quartiles, b Geographical collaboration of 
publications in Q1
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lowest percentage of documents in Q1 journals. Regarding the behavior of publications 
in Q4 journals, with the exception of UCV, all the universities have a lower percentage of 
publications in Q4 journals compared to the other quartiles (Q1, Q2 and Q3).

Figure 4b was constructed to identify the behavior of geographic collaboration of pub-
lications in Q1 journals according to SJR. It can be seen that in all universities the IC 
increased compared to Fig. 1. The universities with the highest percentage of publications 
in IC are UMSA (94.8%) and UNALM (92.6%). These results show that publications in 
Q1 journals have a higher IC component compared to the total number of publications 
(Fig.  1). As for single publications, their percentage is reduced, the maximum value of 
which is found at UBA with 4.1%. Consequently, from Fig. 4b it can be deduced that very 
few papers published in Q1 journals were written alone.

Collaboration and scientific impact according to main subject areas

An analysis of the behavior of the thematic areas with the highest percentage of IC, NC 
and normalized impact (FWCI) is shown in Table 3. The top 3 for each indicator by univer-
sity is shown, which for each institution identifies a specific behavior of its thematic areas. 
Thus, for UBA, USP and UCh the thematic area that is in the top 3 of both the IC and 
the FWCI is Physics and Astronomy. Meanwhile, UCE, UNA, Udelar and UCV have the 
Multidisciplinary area with the highest IC values. The other areas that stand out within the 
top 3 for both the IC and the FWCI are Decision Sciences at UBA, Dentistry and Health 
Professions at UMSA, Earth and Planetary Sciences at UCh, Psychology at UNALM and 
Nursing at Udelar. It should be noted that the thematic area that represents a university is 
not necessarily related to the existence of a professional career, since the results are some-
times the product of collaborations with other universities in a multidisciplinary manner. 
Proof of this, the areas of Psychology Arts and Humanities that appear in the UNALM are 
products of research in IC Another aspect to highlight is that, with the exception of Arts 
and Humanities at UNALM, no other university has within the top 3 the same thematic 
area in both the NC and the FWCI. That is to say, no area that is in the top 3 of the NC, 
appears at the same time in the top 3 of the highest value of the normalized impact FWCI, 
which allows us to conclude that the areas that have the highest IC also present the highest 
normalized impact (FWCI). The particular reason for the Arts and Humanities is that it has 
a component of interest that is mostly national rather than international and that its produc-
tion is not always published in journals indexed in citation databases, since its means of 
dissemination is not always the scientific article.

Top 4 collaborative partners of each South American University

Within the behavior of the top 4 institutions with which each university collaborates, the 
French Centre National de la Recherche Scientifique (CNRS) plays a leading role. It is the 
institution from the old continent that appears most frequently in the analysis, since it is 
a collaborating partner of seven South American universities within the top 4 (Table 4). 
This shows the important role of the French institution in joint scientific production with 
South American universities, which is a consequence of its multidisciplinary character and 
leadership in research at the French and global level. Another aspect to highlight is the 
participation of the National Council for Scientific and Technical Research of Argentina 
(Conicet) and its collaboration with several universities such as UBA, UMSA, UNA and 
Udelar. On the other hand, an analysis for each university shows that the four institutions 



6401Scientometrics (2022) 127:6391–6411	

1 3

Table 3   Publications according to thematic areas with the highest IC, FWCI and NC by university
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with which UMSA and UNA collaborate most are foreign, while for UCE, the four institu-
tions with which it collaborates most are universities in the same country (Ecuador).

Relationship of collaboration and scientific impact

To show the results of the relationship between collaboration (number of countries involved 
in a publication) and normalized scientific impact (FWCI), the publication records of each 
South American university were structured. Previously, the publications of each univer-
sity were organized according to the number of countries. Thus, the groups of publications 
with the highest number of countries that constituted approximately 1% of all publications 
were placed in a single group (Excel “summary” sheet available at Zenodo https://​doi.​org/​
10.​5281/​zenodo.​71090​33 showing the distribution of publications of each South American 
university according to number of countries, number and percentage of publications and 
FWCI). From this, the 10 scatter diagrams were obtained showing that the publications of 
the universities have a linear relationship between the indicators analyzed (Fig. 5). That is, 
as the number of countries participating in a registry (publication) increase, the FWCI val-
ues increase. For example, Udelar and USP publications show that the greater the number 
of countries, the greater their FWCI normalized impact, with values around 60.0 (Fig. 5). 
In this context, to show whether the relationship observed in the scatter diagrams is statisti-
cally significant, the research hypothesis H1 was tested using statistical correlation.

H0 Hypothesis 0  ρs(i) = 0 (there is no statistically significant relationship between collabo-
ration and the normalized impact of the publications of each of the 10 South American 
universities).

Table 3   (continued)

https://doi.org/10.5281/zenodo.7109033
https://doi.org/10.5281/zenodo.7109033
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H1 Hypothesis 1  ρs(i) ≠ 0 (there is statistically significant relationship between collabo-
ration and the normalized impact of the publications of each of the 10 South American 
universities).

Table 4   Top 4 of the institutions with which each South American university collaborates the most
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Table 5 shows the inferential analysis of the correlation coefficients between collabora-
tion (number of countries) and normalized impact (FWCI). Prior to this, the variable data 
were subjected to Shapiro–Wilk normality tests in order to decide which correlation coef-
ficient to use, either Pearson’s or Spearman’s correlation. The p-values of the FWCI nor-
mality test are significant, which confirm that the FWCI data do not approximate a normal 

Fig. 5   Scatterplot between collaboration (number of countries) and normalized impact (FWCI)
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distribution. Therefore, the nonparametric Spearman’s Rho coefficient was used because it 
is less sensitive than Pearson to extreme values of the FWCI.

The results of the analysis of the correlation between collaboration and the FWCI nor-
malized impact show that all the universities present a direct and significant linear relation-
ship (p < 0.01). Of these, the five universities with the highest correlation coefficient val-
ues are UCh (rho = 0.944), Udelar (rho = 0.939), UNAL (rho = 0.856), USP (rho = 0.849) 
and UNALM (rho = 0.776). This means that, as the number of countries participating in 
a publication increases, the normalized FWCI impact also increases and vice versa. These 
results indicate that there is a uniform behavior in the dynamics of the relationship between 
collaboration and normalized impact in the publications of South American public univer-
sities, period 2011–2020.

Discussion and conclusions

The relationship between international collaboration and scientific impact from vari-
ous perspectives has been addressed in different studies (Abramo et al., 2009; Guerrero-
Bote et al., 2013; Leimu & Koricheva, 2005). However, the present research analyzed the 
relationship of collaboration and scientific impact from the context of a group of South 
American universities. From there, the results and the following conclusions serve as 
input for decision makers in institutional and national science policies to improve research 
management.

There is a marked trend of collaborative work, since collaborations at the institutional, 
national or international level accumulate 93% of publications, with a higher percentage of 
international collaboration, whose behavior coincides with the results of Gazni and Dide-
gah (2011) when they studied the publications of Harvard University. The universities that 
show the highest IC are UMSA of Bolivia, UCE of Ecuador and UNA of Paraguay, which 
reflect the behavior of IC at the level of publications of the whole country according to 
Turpo-Gebera et al. (2021), where Bolivia, Paraguay and Ecuador occupy the top 3 coun-
tries with the highest IC. The IC percentages increase when analyzing only publications 
in Q1 journals in each university studied. However, as a line of research for future studies, 

Table 5   Normality and 
correlation tests between 
collaboration (number of 
countries) and normalized impact 
(FWCI)

**p < .01, the correlation is significant at the 0.01 level

University Normality test Shapiro–Wilk 
(p value)

Correlation coef-
ficient Spearman’s 
Rho
(A) ↔ (B)Number of 

countries (A)
FWCI (B)

UBA .133 .000 .615**
UCE .639 .001 .767**
UCh .876 .000 .944**
UCV .590 .000 .677**
Udelar .755 .000 .939**
UMSA .716 .011 .743**
UNA .086 .000 .558**
UNAL .590 .000 .856**
UNALM .849 .001 .776**
USP .310 .000 .849**
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this general predominance should be analyzed in the light of the contribution represented 
by scientific leadership. The existence of a greater number of contributions in indexed jour-
nals, mainly in higher quartiles (Q1 and Q2), is a significant result related to the high inter-
national collaboration of the universities evaluated, results already found in other studies 
(Chinchilla-Rodríguez et al., 2015), which evidences that publications in Q1 journals have 
a greater IC component compared to the total number of publications, sometimes moti-
vated by the relevance of the research and its international nature.

The analysis of the top 3 subject areas according to IC, NC and FWCI values showed 
heterogeneous behavior in each university. It shows that in some universities, such as UBA, 
UMSA, UCh and Udelar, the subject areas with the highest IC also have the highest nor-
malized FWCI impact. These areas are Physics and Astronomy, Decision Sciences, Den-
tistry, Health Professions, Earth and Planetary Sciences, Multidisciplinary, Psychology 
and Nursing. The most frequent subject areas with the highest IC in several universities 
are Physics and Astronomy and Multidisciplinary. The most frequent areas with the high-
est FWCI normalized impact are Multidisciplinary and Medicine. The latter is noteworthy 
since it is not among those with the highest IC, but it stands out in the FWCI. Finally, 
the most frequent areas found in the top 3 of the NC are Veterinary and Immunology and 
Microbiology, which suggests that publications in these areas are of an interinstitutional 
or national nature. These patterns of behavior reveal different asymmetries within them, 
where areas of knowledge and disciplines tend to approach collaboration differently. It is 
evident on the one hand for universities with greater scientific size such as UBA in Argen-
tina, USP in Brazil and UCh in Chile, which have Physics and Astronomy in the top 3 of 
their thematic areas with the highest percentage of international collaboration and normal-
ized impact. On the other hand, the Udelar of Uruguay, the UCV of Venezuela, the UNA 
of Paraguay, the UCE of Ecuador and the UMSA of Bolivia have the Multidisciplinary 
category within the top 3 thematic areas which achieve the highest normalized impact. The 
latter shows that, in these universities, publishing multidisciplinary topics has a greater 
impact, which exceeds the world average of citations in their respective category. The poli-
cies of support and promotion of research by universities should strengthen scientific col-
laboration in specific topics and also in multidisciplinary topics that allow solving local or 
national problems. Larivière et al. (2015) supported this idea since the complex problems 
of a society can only be solved by a team of researchers in collaboration with complemen-
tary knowledge.

In relation to the top 4 institutions collaborating with South American universities, the 
Centre national de la recherche scientifique (CNRS) of France has a significant presence in 
the institutions analyzed, since it collaborates with seven of the 10 universities, followed by 
the Conicet of Argentina, which collaborates with four universities. The CNRS is the main 
research institution in France in all areas of knowledge and this study shows its high level 
of collaboration with South American universities. For its part, the Conicet is the main 
organization for the promotion of science and technology in Argentina, which also shows 
its capacity to develop collaborative work with South American universities. These institu-
tions are models for South American universities and institutions to take and promote inter-
national collaboration practices for the benefit of society. Another result shows that UCE is 
the only university whose top 4 institutions that maintain scientific collaboration are uni-
versities of the same country. At the other extreme is the UNA, whose top 4 collaborating 
institutions include organizations from other countries. All of the above demonstrates the 
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diversity of the flow of collaborative behavior, since some universities have already devel-
oped the dynamics of international collaborations, while others are still in the process. This 
can serve to rethink the lines of research according to the local or national problems identi-
fied and that the universities have the function of investigating them and proposing alterna-
tive solutions.

Regarding the research hypothesis of this study, there is a statistically significant posi-
tive relationship (p < 0.01) between collaboration (number of countries) and normalized 
impact (FWCI) in the 10 universities. That is, the greater the number of countries par-
ticipating in a publication, the greater the normalized impact (FWCI). These results are 
not in agreement with those of Gazni and Didegah (2011), who showed that there is no 
linear relationship between the number of countries and the mean normalized number of 
citations in Harvard University publications. However, other studies did show a relation-
ship between the degree of co-authorship and citation impact (Glänzel, 2002), between 
the degree of collaboration and normalized impact (Benavent-Pérez et al., 2012). In this 
dynamic of results, it can be concluded that there is a different behavior of collaboration 
indicators in each geographical context analyzed. The message for science policy mak-
ers in the different South American countries and institutions is that they should promote 
international collaboration through interdisciplinary and interinstitutional projects with or 
without funding. In addition, they should train their professors and students to participate 
in research projects at different levels, all with a previously planned and executed budget, 
whose research results serve to improve society and institutions.

Since collaboration usually has positive effects on research productivity (Lee & Boze-
man, 2005), the results of the present research are useful for science policy managers who 
plan research at different levels of aggregation at both meso (research groups) and macro 
(universities) levels, as well as being an incentive for collaborative research. However, 
there are still stereotypes in the institutional organization of modern science, especially 
within universities (Kronegger et al., 2015), as budget flows are organized by disciplines 
and this reduces the possibilities for researchers to collaborate across disciplinary bound-
aries. This should be taken into account by science policy makers so that collaboration 
is shaped from different research contexts and sectors. In fact, not only should collabora-
tion between universities with their national or international peers be encouraged, but also 
between universities and research institutes, public and private companies, scientific socie-
ties and even basic education institutions. All this will make it possible to propose better 
research problems, both basic and applied, which will have a greater scientific impact.

Among the limitations of this study are the fact that the relationship between interna-
tional collaboration and standardized impact according to the different areas has not been 
tested. Also, only one source of information was taken into account for data collection. 
Finally, the analysis of other variables that could be related to normalized scientific impact 
was omitted, for example, funding, scientific disciplines, type of university, scientific and 
population size of the university, among others. Therefore, it is recommended that future 
lines of research by institutions and universities cover these topics in order to consoli-
date scientometric inputs that contribute to better decision making. It is also suggested to 
analyze the behavior of the scientific leadership of the total number of publications with 
international collaboration to identify the level of scientific dependence of each univer-
sity. Likewise, the joint behavior of collaboration and funding and its association with the 
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impact of South American research should also be analyzed. Indeed, any of these initia-
tives would complement the results obtained in this work.
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