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Innovation Research in Management and stem
for Sustainability in Developing Countries
Insights from Bibliometrics in the Global South

Julian David Cortés-Sanchez”
Katerina Bohle Carbonell™
Mireia Guix™

Abstract

Research on innovation for sustainability in developing countries (i. e., the
Global South: Gs) is crucial for the global development agenda. Previous
research has contributed to establishing the relationship between sus-
tainability and management and outlining fragmented insights on several
research topics and industries. However, little is known on the integrative
role of innovation in management and sTem (Science, Technology, Engi-
neering and Mathematics) for sustainability in the Gs. Here, we present an
exploratory bibliometric outlook on the output, impact, and structure of
the research innovation in management and sTem for sustainability in the
Gs based on a sample of 14,000+ documents indexed in Scopus. China is
leading the overall output and impact and is setting the research agenda
by its priorities. Research topics in the Gs are rather peripherical to the
Sustainable Development Goals and South-North collaboration is more
frequent than South-South.
Keywords
Innovation, sustainability, management, STEM, global South, developing
countries, bibliometrics.
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Resumen

La investigacion en innovacion para la sostenibilidad en paises en vias de
desarrollo (i. e., el Sur global: sG) es crucial para la agenda de desarrollo
global. Investigaciones previas han contribuido en establecer la relacion
entre sostenibilidad y administracion senalando la desfragmentacion entre
areas de investigacion e industrias. No obstante, poco se sabe sobre el rol
integrativo de la innovacion en administracion y STEM (science, technology,
engineering and mathematics) para la sostenibilidad en el sG. Este estudio
presenta un estudio bibliométrico exploratorio sobre la produccion, impacto
y estructura de la investigacion en innovacion y administracion y STEM para
la sostenibilidad en el sG con base en una muestra de mas de 14,000 docu-
mentos indexados en Scopus. China es el lider en produccion e impacto,
ademas de establecer la agenda de investigacion segln sus prioridades. Las
areas de investigacion en el sG son periféricas a los Objetivos de Desarrollo
del Milenio y la colaboracion Sur-Norte es mas frecuente que la Sur-Sur.

Palabras clave
Innovacidn, sostenibilidad, administracion, sTeM, Sur global, paises en
vias de desarrollo, bibliometria.



Introduction and research background

Commercial and knowledge exchange within the Global South (Gs) (i. e.,
countries mostly located in Asia, Africa, Latin America and the Caribbean
[Latam]) is becoming increasingly important (Ortiz-Ospina et al., 2018).
Countries of the Gs have contributed to more than half of the world’s growth,
and intra-trade accounts for more than 25 % of worldwide trade (United Na-
tions, 2019b). A sustainable commercial and knowledge exchange agenda
in the Gs must consider a sustainability perspective and the transversal role
of innovation in its achievement (unpp, 2019; United Nations, 2018). For
instance, there is a mention of innovation or technology in ten out of the 17
Sustainable Development Goals (spGs) (United Nations, 2017).

(Management) Innovation is understood as the invention, improvement,
and implementation of specific management practices, processes, structures,
or techniques that are new and are intended to further organizational goals
(Birkinshaw et al., 2008). Sustainability, on the other hand, depends on the
context in which it is applied (Brown et al., 1987). Here, sustainability in
the context of sustainable development is ““[the development that] meets the
needs of the present generation without compromising the ability of future
generations to meet their own needs” (World Commission on Environment
and Development, 1987, p. 41).

The Gs, remarkably Asia, has been consistently increasing its participa-
tion in the global generation of knowledge inventions despite structural
setbacks. Countries from the Gs are falling short of the 1.68 % Gross Domestic
Product (6pr) world average in R&D (Research and Development) invest-
ment (United Nations, 2019a). Despite that, China is the world’s largest
producer of stem (Science, Technology, Engineering and Mathematics)
research articles and ranked second in R&D investment after the United
States (Tollefson, 2018). China might be a particular case as innovation-
related research performance in East Asia, Latam, and Africa leaves them
at a disadvantage compared to developed countries (Merig6 et al., 2016).
Nevertheless, their research capabilities and economic growth are expected
to increase in the upcoming years (Finardi, 2015).

The Gs shows increasing participation in patent applications over the last
40 years. Asia has filled 1.2+ million patent applications, Latam 21,000+,
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and Africa 9,500+ (World Intellectual Property Organization, 2019). In
terms of global and regional participation, 32 % of applications were filed
by countries from Asia, 0.6 % from Latam, and 0.3 % from Africa (World
Intellectual Property Organization, 2019). Hence, while, on average, the Gs
is experiencing structural challenges concerning producing scientific and
technological knowledge, trend data indicates that the Gs is increasing its
knowledge-output.

Several concerns may arise by counting for the thousands the number
of research related to sustainability, innovation, or STEM in the Gs. Methods
from bibliometrics enable to producing analyses over those inquiries (Zupic
& Cater, 2015). Bibliometrics could be defined as the quantitative under-
standing of scholarly communication (e. g., articles, books) and the behavior
appertaining to it (Fairthorne, 2005; Pritchard, 1969).

Bibliometric studies on sustainability-related topics and innovation in
business and management from/on the Gs are increasingly relevant for
allocating scarce resources and advising national/local governments, firms,
and the non-profit sector on the available knowledge that might contribute
to their development. Since the late 1980s, sustainability science showed a
productivity explosion; a marked emphasis on the management of human,
social, and ecological systems; and a geographic diversity of authors (Bet-
tencourt & Kaur, 2011). Studies also have identified 15 sustainability science
related-research clusters (e. g., agriculture, fisheries, ecological economics)
and a framework that includes indicator setting, indicators measurement,
causal chain analysis, among others (Kajikawa, 2008; Kajikawa et al., 2007).

On the broader scope of the spas, Nakamura et al. (2019) argued that there
are two major domains: Aealth and healthcare, and environment, agriculture
and sustainability science. Both domains were connected by water supply
and sanitation. A recent study aimed at interlinking the spGs with business
and management field in the last 30 years, identified a sifting from a nearly
exclusive focus on economic growth and consumption to a more integrated
framework including economic growth, social development, and environmen-
tal protection (Jia et al., 2019).

Further research has focused on outlining guidelines for st1 (Science,
Technology and Innovation) policy in knowledge-intensive sectors (e. g.,
bio/nano-technologies, pharmaceutics or removable energy) (Guan & He,

8 2007; Huang et al., 2014; Li et al., 2017; Li et al., 2015), Schumpeterian
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innovation and cooperation (Lazzarotti et al., 2011; Lopes & De Carvalho,
2012), innovativeness measures (De Carvalho et al., 2017), industry relations
(Manjarrez et al., 2016), business models (Ceretta et al., 2016), financing
on innovation (Padilla-Ospina et al., 2018), social innovation (Silveira &
Zilber, 2017), regional outlooks (i. e., Latam) (Cortés-Sanchez, 2019), and
supply chain management (Tanco et al., 2018).

The focuses of the literature reviewed are twofold: (i) understanding the
research on SDGs and sustainability science and its relation with management;
and (ii) a motley of fractionated topics, from industrial relations to supply
chain management. Nevertheless, little is known on the integrative role of
research on innovation in management and STEM for sustainability in the Gs
(henceforth: is-Gs). Three research questions guide this study: (i) what is the
production dynamic is on is-Gs?; (ii) what is the impact of is-Gs?; (iii) what
are the research structure on is-Gs and the South-South collaboration, if any?

Therefore, we aim to conduct an exploratory bibliometric outlook on the
output, impact, and structure on is-Gs. The methodology section follows this
introduction. Results and discussion sections present the overall output by
region and countries; the (citations) impact by type of publication; and the
structural analysis applying a co-word and co-authorship network analyses.
Finally, concluding remarks and limitations are presented.
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Methodology

Data

We used the bibliographic database Scopus for conducting the literature
search. This source enables to enrich the strata of studies since most of the
studies reviewed used the Web of Science (WoS) (Kajikawa et al., 2007;
Nakamura et al., 2019). Scopus contains more than 75 million items (i. e.,
articles, proceedings, and books) published by more than 5,000 publishers
and authored by 16 million authors affiliated with more than 70,000 insti-
tutions (Scopus, 2019). Compared to Clarivate Analytics’ Web of Science,
Scopus has broader journal coverage and higher social sciences coverage
(Gavel & Iselid, 2008; Mongeon & Paul-Hus, 2016).

We searched for keywords related to innovation and sustainability among
document titles to ensure both topics are central in the documents (Naka-
mura et al., 2019). For the keywords selection, we consulted two reviews
on innovation (Baregheh et al., 2009) and sustainability (Glavi¢ & Lukman,
2007). For combining the subject areas/fields/disciplines of management and
STEM, we, first, selected the complete subject areas related to management
(i. e., business, management and accounting; and decision sciences), and
then, cross-checked each Scopus’ journal subject (SCImago, 2018) with the
sTEM approved fields by the National Science Foundation (2014). Biblio-
metric studies generally use citation-based indicators extracted from journals,
articles, and conference paper(s) (cp) (Durieux & Gevenois, 2010). Book
chapters were not selected as added less than 5 % to our query. We limited our
query to articles and cp since the latter are of significant importance in STEM
(i. e., computer science, engineering, and mathematics) (Lisée et al., 2008).

Articles and cp output, impact and structure analyses were conducted
separately since (i) cp coverage is being less in recent years; (ii) the sig-
nificant citation divergence between both (cp are cited less); and (iii) the
coverage and availability are more volatile for cp (Michels & Fu, 2014).
We limited the author(s) affiliation(s) to the list of Global South countries,
including Latam, Africa, and Asia (except for Hong Kong, Japan, South
Korea, Macau, Singapore, and Taiwan) (International Telecommunications
Union, 11U, 2018; Wikipedia, 2015).
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We framed the search between 1996-2018 since Scopus has been
adding literature pre-1996 just recently (Scopus, 2015). After removing
80 duplicates, Scopus found 14,900+ documents: 9,600+ articles and

5,300+ cp (Scopus, 2018). Table 1 summarizes the query’s search terms
and overall results.

Table 1. Query’s search terms and overall results

Keyword(s) Subject area/Field Source type /a\:fitlri]a(JtT(()Sr? Year Results
Innovation-related: Business, Articles; Global 1996- Total
innovat*; new; management and Conference South’’s 2018 documents:
creation; invention; accounting; Decision papers countries 14,979
improv*; research sciences Articles: 9,657
and development; sTem (Engineering; Conference
commercialization Environmental

Papers: 5,322
science; Energy;

Biochemistry;
Genetics and
molecular biology;
Agricultural and
biological sciences;
Computer science;
Mathematics; Earth
and planetary
sciences; Chemical
engineering; Physics
and Astronomy;
Materials science;
Multidisciplinary)

Sustainability-related:
sustainable development;
cleaner production;
environmental accounting;
eco*design; shared
value; environmental
engineering; ethical
investment; environmental
legal™; environmental
management-strategy;
environmental technology;
eco*efficiency; green
chemistry; health and
safety; industrial ecology;
integrated pollution
prevention and control;
life cycle assessment;
mutualism; minimization
of resource usage;
purification; pollution
control; pollution
prevention; responsible;
reporting to the
stakeholders; recycling;
remanufacturing;
regeneration; reuse;
renewable resources;
sustainable consumption;
supply chain
management; sustainable
production; source
reduction; corporate social
responsibility; voluntary
environmental agreement;
waste minimization; zero
waste

Source: The authors’ based on Baregheh et al. (2009); Glavi¢ & Lukman (2007); SCImago (2018); National Science
Foundation (2014); iru (2018); Wikipedia (2015); and Scopus (2018). 1 1
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Methods

We first explored the dataset through bibliometric analysis describing
(i) the output by year, type of document, continent, and country (normal-
ized by the average researchers in R&D per million people); and (ii) the
impact by countries’ citations and average citations by type of document,
and cumulative growth of relevant outlets. Subsequently, (iii) the structure
analyses consisted of two sections: co-word and co-authorship networks at
the country level. The network structure between publications provides in-
sights into how different articles are related to each other in terms of shared
words and authors. The goal of such an analysis is to determine similarities
between publications (Ni et al. 2017). When conducting co-authorship
network analysis, it is possible to visualize ‘invisible colleges’: groups
of similar scholarship in terms of authors and knowledge (Small, 1973).

We aim to identify the intellectual structure of the field by highlighting
the research clusters, potential knowledge transferring between them, and
possible fragmentation of the field (Ni et al., 2017; Raghuram et al., 2019).
Therefore, we conducted a co-occurrence analysis of words that appeared in
the abstract. A co-appearance analysis assumes that if two articles use simi-
lar words in their abstract, they form a knowledge cluster (Qiu et al., 2014;
Sedighi, 2016). That is useful to identify the similarity between abstracts
and dominant research areas. The data contains 233,606 unique terms. Terms
were included if they appeared at least ten times. We further narrowed it
down by calculating a relevance score for each term and selected the 60 %
most relevant terms (2,945 terms). We removed noisy terms (e. g., world
scientific publishing co, elsevier, figure, spss, among others).

Afterward, to identify strategic countries in the social-capital network, we
conducted a co-authorship network. The co-authorship network is considered
as one of the most tangible and reliable methods to study scientific collaboration
and the creation of social networks of researchers by linking co-authors in a
given document (Glanzel & Schubert, 2005). The scientific collaboration
reflects individual mobility/research interest, economic/political dependence
at the institutional or national level, degree of integration, or a simple re-
sult of research activities between institutions (Glénzel & Schubert, 2001).
Co-authorship network analysis at the individual level did not produce
fruitful insights due to the overrepresentation of researchers from China.
Therefore, we conducted it at the country level.



Result analysis

Figure 1 presents the output by year and type of document for 1996-2018.
The average annual growth rate was 18 % (articles: 17%; cp 31 %). There
was a noticeable output declining between 2014 and 2015, followed by an
increase after 2015, which coincided with the spGs agenda announcement.
According to the articles’ subject-best quartile, most of the articles were
related to electrical and electronic engineering (6 %); agronomy and crop
science (5 %); engineering (miscellaneous) (5 %); business and international
management (5 %); and chemical engineering (miscellaneous) (4 %). On the
other hand, cp were related to engineering (miscellaneous) (12 %); electrical
and electronic engineering (9 %); computer science (miscellaneous) (8 %);
computer networks and communications (8 %); and energy engineering and
power technology (4 %). The exploration of cp enables us to recognize the
relevance of research subjects otherwise obscure in the articles’ sample
(e. g., computer science/networks and communications).

Figure 1. Output by year and type of document for 1996-2018
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Figure 2 presents the top-five productive countries by continent normal-
ized by the average researchers in R&D per million people 1996-2015. The
indisputable leader in total output was China (50 %), followed by India
(10%), Brazil (7 %), Iran (5 %), and Malaysia (3 %). The top-five countries of
each continent account for more than 90 % of the documents of the sample.

13
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India surpassed China in terms of documents/researcher ratio (China: 9.4;
India: 10.5). The leading countries in Africa and Latam for documents/
researcher ratio were Nigeria (2.6) and Brazil (2.1), respectively.

Figure 2. Top-five productive countries by continent normalized by the average
researchers in R&D per million people 1996-2015
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South Africa

Documents 1996-2018 (left axis)
B Average researchers in R&D (per million people) 1996-2015 (left axis)

Number of documents & Average researchers in R&D
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Source: The authors’ based on Scopus (2018) and The World Bank (2018).

For whole countries’ citations, we analyzed the 2,000 most cited articles
and cp. Figs. 3 and 4 present the top-five countries by continent for the num-
ber of citations and average articles’ and cp citations per document. China,
by far, amassed the higher number of citations (30,000+). However, four
countries from Latam and Africa, namely Mexico (53.1), Chile (52.7),
Nigeria (63.9), and Algeria (53.5), surpassed China’s average article cita-
tions (46.8). A similar scenario was observed for cp. China concentrated the
most significant amount of citations (3,700+), yet it was surpassed by other
countries such as Mexico (11.2), South Africa (8.1), or Argentina (7.1) on its
average cp citation (4.9). Besides, figures 5 and 6 present examples of the
cumulative growth of highly reputable outlets.
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Figure 3. Top-five countries by continent for total articles’ citations and average article
citations. Based on the most cited 2,000 articles
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Figure 4. Top-five countries by continent for total cp citations and average ce citations.
Based on the most cited 2,000 cp
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Figure 5. Cumulative growth of the top-ten journals
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Figure 6. Cumulative growth of the top-ten cp

Source:
LECTURE NOTES IN COMPUTER SCIENCE (INCLUDING SUBSERIES LECTURE NOTES IN ARTIFICIAL . )
INTELLIGENCE AND LECTURE NOTES IN BIOINFORMATICS) 1 Lecture Notes in Computer Science
APPLIED MECHANICS AND MATERIALS (Including Subseries Lecture Notes in

Y
3

ADVANCED MATERIALS RESEARCH e L .
i " Artificial Intelligence and Lecture Notes

PROCEDIA ENGINEERNIG
LECTURE NOTES IN ELECTRICAL ENGINEERING in Bioinformatics)

I
(=)

COMMUNICATIONS IN COMPUTER AND INFORMATION SCIENCE Acta Horticulturae

SAE TECHNICAL PAPERS i
PRI - SAE Technical Papers

AADVANCES IN INTELLINGENT SYSTEMS AND COMPUTING \ /

L

Energy Procedia

n
15

Cumulate occurences (loess smoothing)

o s W N

JOURNAL OF CHROMATOGRAPHY A Conference Proceedings - IEEE Applied

Power Electronics Conference and
ORGANIC LETTERS

| ! | | | | ) ) ) ) ! Exposition, APEC
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Source: The authors’ based on Scopus (2018) and processed with bibliometrix (Aria & Cuccurullo, 2017).

The co-word network has 2,944 terms and 347,726 links between them.
The network density measures the proportion of ties among the actors (nodes)
of a network that are actually linked. The co-word density is 0,08, meaning
that among 2,944 terms, 0.8 % are actually connected. The three top terms
were: algorithm (1,417), innovation (1,279), new strategy (1,266), control
strategy (991), and company (931) (Fig. 7). It is composed of four clusters
(from top left going clockwise): innovation (blue, 788), soil composition
and treatment (yellow, 466), chemistry and biochemistry (red, 884 terms),
and algorithms and electric power grids (green, 816).
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The innovation cluster focuses on innovation in companies, specifically:
knowledge management and management practices. The second cluster, soil
composition and treatment, deals with the yields of plants and their treat-
ment. To a smaller extent, it directly addresses farming research. That cluster
is strongly linked with the following cluster on chemistry and biochemistry
thanks to the terms treatment, concentration, property, and new management.
Examples on the latter topic are: New management structure of active and
reactive power of a large wind farm based on multilevel converter; or New
management operations on classifiers pool to track recurring concepts. This
cluster contains terms such as new strategy, concentration, purification, for-
mation, regeneration, and synthesis. The term stability provides a link to the
next cluster on algorithms. That cluster seems to contain several subfields, all
relying on simulations and algorithms. One example is power grids, thus the
allocation of electricity through a power grid. Topics related to information
science, such as cloud computing, does not have a dominant position.

The co-word network indicates that the innovation cluster is linked to
the soil research cluster through management practices, a term that
describes the management of resources, human resources and factory, or
farm resources. There is no link between the innovation and the algorithm
cluster. Instead, the algorithm cluster is linked to chemistry and bio-
chemistry cluster through new strategy. At this point, we found that is-Gs
focuses on innovation in management practices within companies, plant
and farming, and algorithms for specific computing requirements.

Figure 7. Co-word network
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Collaboration differed substantially for articles and cp in terms of single
authorship and national/international collaboration. Single authored docu-
ments are the exception, a higher percentage of articles were developed
with international collaborations compared to cp, and a higher percentage
of articles were also developed with only national collaboration. Scopus’
SciVal reported 6.7 % single-authored articles, 31.7 % only national collabora-
tion, and 27.1 % with international collaboration. For cp, 12.3 % were single-
authored, 22.8 % only national collaboration, and 14.3 % with international
collaboration.

Figure 8 presents countries with at least five documents co-authored
based on the 2,000 most cited documents for both articles and cp. The fre-
quency of co-authored documents is higher for North-South collaboration.
There is Gs intra-collaboration, but its frequency is not as significant as the
North-South. Latam is the Gs region with the highest collaboration within
its countries and between other Gs regions. China has the highest number
of documents co-authored with developed countries (articles with the us:
114; and the uk: 33; cp with the us: 44 and the uk: 14) followed by Brazil
(articles with the us: 20; cp with the us: 11 and Germany: 9) and South Africa
(articles with the us: 13).

The barely noticeable Gs intra-collaboration was spotted within Latam
(articles: Brazil-Argentina [3]; cp: Brazil-Chile [2]) and Africa (articles:
South Africa-Malawi [2]), and between Latam-Asia (articles: Brazil-India
[2]; cp: Brazil-India [2]; China-Argentina [2]; Brazil-China [1]), Africa-Asia
(articles: South Africa-Japan [1]; cp: South Africa-China [1]), and Latam-
Africa (articles: Brazil-Kenia [1]).

Figure 8. International collaboration (left: articles; right: cp).

Source: The authors’ based on Scopus (2018) and processed with bibliometrix (Aria & Cuccurullo, 2017).



Discussion

The research output growth on is-Gs is going hand in hand with global growth
in scientific output. The average total growth of research documents indexed
in Scopus by China (15 %), Brazil (11 %), and South Africa (8 %) between
1996-2018 was closer to the average calculated here (18 %) (SCImago,
2018). The noticeable growth of research related to sustainability in a broad
sense after the announcement of the spas in 2015 was also traceable to other
bibliographic databases such as WoS. For example, global research re-
lated to the spGs counted fewer than 100 papers published annually before
2010 to over 500 after 2016 (Nakamura et al., 2019).

Despite the overall growth, significant inter-regional gaps remain a
challenge, even within the top-five countries of each continent. In Asia,
China published 25 times more documents than Indonesia; in Latam, Brazil
published eight times more than Chile; in Africa, South Africa published
three times more than Nigeria. Differences in scientific productivity between
authors, institutions, and nations have been explained by gender differences
(Van Arensbergen et al., 2012); incentives and collaboration dynamics
(Defazio et al., 2009); grant funding (Jacob & Lefgren, 2011); cultural
factors (Indnii, 2003); and population and national public/private investment
in research and development (R&D) as the percentage of Gpp (King, 2004),
among others. Regarding the latter, this study concurs with the findings of
Prathap (2017) on the relationship between R&D and scientific wealth
(i. e., production and impact).

Even though China amassed most of the aggregated citations for both
articles and cp, several countries (e. g., Mexico, Nigeria, Argentina, or
Algeria) surpassed its citation/per article-cp. This geographical diver-
sification fingerprint of sustainability-related research with noticeable
participation of several Gs countries in terms of both citations and output
was previously noticed by Bettencourt and Kaur (2011). Regarding
China, Huang (2018) claimed that the average number of citations per
article was 9.4, below the world average of 11.8, yet substantially higher
than the Latam average of 5.2 on innovation-related research (Cortés-
Sanchez, 2019).
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The publishing pressure and financial incentives’ side effects may partly
explain the inferior citation performance of China. Chinese researchers do
not secure national-level research funding as principal investigators if they
do not publish at least half a dozen articles indexed in the Science Citation
Index within a lustrum. Regarding incentives, a researcher could receive
between US$900 and US$10,000 for each article published, regardless of
journals’ reputation (Huang, 2018).

Countries with a higher citation per paper such as Mexico and Nigeria
are strengthening their scientific wealth despite setbacks, particularly in
sTEM. Research on Computer Science, led by the largest university in Latam
(Universidad Nacional Autonoma de México) and their National Council of
Science and Technology (Conacyt), is generating a higher citation per paper
average than the world’s 100 most productive institutions (Uddin et al., 2015).
In Africa, the research output still is concentrated in two countries: South
Africa and Egypt, as it was in 2004 (Pouris & Pouris, 2009). In Nigeria, the
country with the highest average article citation of the sample, the research
production in stEm-related topics (i. e., applied information science and
technology) is flourishing but with little international presence (Usman &
Ewulum, 2019). On the other hand, the research production in innovation-
related topics such as University-industry linkages on Sub-Saharan Africa
is currently dominated both as producers and consumers by South Africa and
Nigeria (Zavale & Langa, 2018).

Most articles and cp on is-Gs published in highly reputable outlets were
more inclined towards sTEM than management (e. g., electrical and electronic
engineering; agronomy and crop science; chemical engineering; computer
science). Zhu and Hua (2017) and Merigo6 et al. (2016) looked at the most
reputable outlets on sustainable development and innovation, respectively.
Journals such as Science, Nature, Ecological Economics, Energy Policy,
and pnas, figured among the top-20 journals in sustainable development. In
contrast, Research Policy, Strategic Management Journal, Journal of Product
Innovation Management, and Technovation figured among the top-tier journals
in innovation.

In this study, only the Journal of Cleaner Production and Energy were the
top-ten journals identified with cumulative growth that also happened to ap-
peared in Zhu and Hua’s (2017) list. The inherent differences between social
(i. e., management) and natural sciences (i. e., STEM) research may cause the
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difference in citation dynamics (i. e., impact) of journals and their reputation.
For instance, social sciences have tended to be locally oriented and linguis-
tically fragmented compared to natural sciences (Dyachenko, 2014). Further-
more, in computer sciences proceedings peer-reviews, the evidence suggests
a bias in favor of authors from English-speaking countries located in the
Global North and affiliated with prestigious institutions (Walker et al., 2015).

Previous co-word mapping analysis on innovation in the Gs coincides in
several findings presented in this study; however, the original contributions
here presented are considerably more substantial after integrating the litera-
ture on innovation in STEM for sustainability. As stated by Cortés-Sanchez
(2019), both innovation and knowledge were closely related to management
(practices in green supply chain or new product development), a relation
also found in the innovation cluster.

The same happened with the term strategy, which also was among the
most mentioned by Cortés-Sanchez (2019). In that study, strategy was referring
to strategic management or corporate strategy. In this study, in contrast, the
term (new)strategy was located in the algorithms and electric power grids
cluster (i.e., Multi-stage genetic programming: A new strategy to nonlinear
system modeling). The term sustainability was not embedded in innovation
for management as it was on innovation for stem. Conversely, the term
development was among the most visible, and it was regularly associated
with de term sustainable or inclusive in Cortés-Sanchez’ (2019) remarks.

The lack of relatedness between the innovation and the algorithm clusters
is a counterintuitive finding, considering the popularity of ‘4.0 Industry’
technologies such as algorithms or cloud computing and their impact on
innovation for businesses (World Economic Forum, 2019) since its closer
relatedness is with the chemistry and biochemistry cluster. Hence, the ‘4.0
Industry’ technologies seem to be more related to stEm-related fields than
business or management.

The low percentage of single-authored documents reaffirms the current
dominance of teams in knowledge production (Wuchty et al., 2007). Regard-
ing the North-South co-authorship, Nakamura et al. (2019) also found
that research on spGs published in Africa, the Arab States, and Latam, was
co-authored more frequently with Europe than North America. The North-
South cooperation overshadowed Co-authorship between the former three
developing regions. 21
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One of the strong reasons of historical nature on the dominance of the
Global North in innovation studies is that the top-twenty most influential
scholars on the topic are (were) affiliated with a reputable institution in the
us or Europe, such as Harvard, Stanford, Columbia, or Sussex (Fagerberg etal.,
2012). Further, North America (44 %) and Europe (42 %) are the locations of
86 % of the knowledge user of innovation studies (Fagerberg et al., 2012).

For South-Africa, Kozma and Calero-Medina (2019) stated that 50%
of the publications of the 500 most cited African researchers were co-
authored with researchers with non-African affiliation. Furthermore, there
has been a growing tension produced by western funding agencies (e. g.,
NasA) that fund research topics of international relevance (e. g., astronomy
or astrophysics) with disputable local importance or priority (Kozma &
Calero-Medina, 2019).

The superior research internationalization of China with developed and
developing countries also has been pointed by Arunachalam and Doss (2000),
who found that developing countries in Asia (e. g., India and China) have
collaborated more in physics. In contrast, the other eight countries analyzed
(e. g, Malaysia or Indonesia) have collaborated more in life sciences. The us
was the preferred collaboration partner for that sample of Asian countries.

Finally, Adams (2012) outlined crucial differences between Latam and
African research networks. Latam is an emerging network orbiting Brazil,
while Africa is developing three different language-similar networks in
southern Africa, West Africa (French-speaking countries), and East Africa
(English-speaking countries). North-South (disadvantage) interactions may
be partly explained by historically rooted and current inequalities (Jentsch
& Pilley, 2003). As for today, the commonly assumed roles of the North
as a provider of ideas and funding and the South as both fund receiver and
data quarry, persist (Jentsch & Pilley, 2003).



Conclusions

is-Gs is crucial for the sustainable development agenda. The output on is-Gs
is increasing consistently, with remarkable peaks after the announcements of
the MpGs and spcs. However, the despair allocation of institutional capacity,
and financial and human resources, inter-regional gaps are becoming more
extensive in both output and impact. Collaboration paths with regional coun-
tries on both consolidated and trending topics are vital components to benefit
from considering the results and capabilities here discussed. Science mapping
(co-word network) results also showed the distances towards topics central to
the spGs research but rather peripherical or still emergent for is-Gs. China is
influencing the Gs dramatically in overall output, and research topics

Further research could compare bibliographic data from other databases
(i. e., WoS; Dimensions; Google Scholar; Microsoft Academic), even in-
cluding another type of literature (i. e., patents). Alternative metrics (e. g.,
altmetrics) light the incidence of is-Gs on a broader audience beyond the
academic niche. In-depth comparative perspectives between Gs and Global
North could outline shared or differentiated research resources, capabilities,
and priorities. A closer look at national or organizational research policies
related to incentives could help explain historical and local particularities,
and corporate-academic collaboration oriented towards increasing research
output and impact. Finally, practitioners could use the results for decision-
making scenarios on defining the next-step research topic to support; to al-
locate resources; to identify vital neighboring institutions, firms, or countries;
or to enrich the organizational incentive policies.
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