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Abstract

The research in sustainable development goals (SDG) increases year by year since its approval in 2015. Typically, after
a phase of exponential growth, the number of publications increases at lower rates, suggesting a consolidation process in
which literature reviews become a relevant and high-evidence type of document. In this context, the aim of this study was
to perform an unprecedented bibliometric analysis of literature reviews on SDG to assess the evolution and consolidation
of the scientific research. Article reviews on SDG from 2015 to 2022 were retrieved from Web of Science core collection
and a descriptive bibliometric analysis was performed by growth rate, research area, source, citation, and region. Mapping
and cluster analysis using keyword co-occurrence, co-authorship, and bibliographic coupling were also applied. The result
revealed that SDG is a fast-growing field, with a trend in the diversification of research areas. Most of the review documents
were categorized in general aspects of sustainability. Technology (SDG 9) and economic growth (SDG 8) were spotted as
hidden key research areas. This result is contrary to previous bibliometric studies on SDG, demonstrating the rapid evolution
and change in the field. In addition, literature reviews on reduced inequalities (SDG 10), gender equality (SDG 5); oceans,
seas, and marine environments (SDG 14); and peace, justice, and strong institutions (SDG 16) were revealed as research
gaps. Thus, the results demonstrated that the research on SDG cannot yet be considered a consolidated area of research, as
it leaves many SDG unexplored. Future research has been proposed accordingly.
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Introduction

The United Nations (UN) sustainable development goals
(SDG) are a universal political agenda that address for a
collective action to achieve a better and more sustainable
future for all, solving the social, economic, and environmen-
tal issues that hinder global progress towards sustainability
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intended to be achieved by the year 2030 (United Nations
2015).

The UN General Assembly approved the Resolution A/
RES/70/1 on “Transforming our world: the 2030 Agenda
for Sustainable Development.” The agenda outlined 17 SDG
and specific targets and indicators for each of the 17 SDG
were defined by UN, totalizing 169 targets and 213 indica-
tors that form a global action plan (United Nations 2017).
Furthermore, the Agenda established five areas of critical
importance known as the five pillars (5Ps): people, planet,
prosperity, peace, and partnership (Tremblay et al. 2020)
(Table 1).

The SDG are a recognized blueprint essential to achieve
shared and sustainable prosperity with global action among
governmental and non-governmental organizations, busi-
nesses, industry, civil society organizations, research, and
technology development (Khaled et al. 2021).

However, there are crucial challenges to overcome,
emphasizing the importance of the interrelationship between
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Table 1 United Nation

. Goal Title # Targets # Indicators 5Ps* classification
sustainable development goals
1 No poverty 7 13 People
2 Zero hunger 8 13 People
3 Good health and well-being 13 28 People
4 Quality education 10 12 People
5 Gender equality 9 14 People
6 Clean water and sanitation 8 11 People, planet
7 Affordable and clean energy 5 6 Prosperity, planet
8 Decent work and economic growth 12 16 Prosperity, people
9 Industry, innovation and infrastructure 8 12 Prosperity
10 Reducing inequalities 10 14 Prosperity, people
11 Sustainable cities and communities 10 15 Prosperity
12 Responsible consumption and production 11 13 Planet
13 Climate action 5 8 Planet
14 Life below water 10 10 Planet
15 Life on land 12 14 Planet
16 Peace, justice, and strong institutions 12 14 Peace
17 Partnerships for the goals 16 24 Partnership

*5Ps, planet, prosperity, people, peace, and partnership

sectors, actors, and countries that have lesser and greater
economic development (Stafford-Smith et al. 2017). Addi-
tionally, it can be pointed out the strong interdependencies
between the failure or delay to implement one goal and how
it will have repercussion in the others goals (Randers et al.
2018; Diaz-Lépez et al. 2021).

Consequently, due to these interrelationships complexity,
it is valuable for researchers to assess the status of the SDG
research, for instance by mapping the existing knowledge or
creating new knowledge to contribute to achieve the goals
defined by the United Nations and also allow the overcoming
of previous partial approaches to sustainable development
(Belmonte-Ureiia et al. 2021; Bordignon 2021).

A simple query performed through Web of Science (WoS)
using the keywords “Sustainable Development Goal*” per-
formed on October 1, 2022 resulted in 37,937 records. This
demonstrates the great interest in the SDG as an object of
research in recent years. Given these numbers, it is relatively
difficult to map and identify the status of SDG research
because of their infinity. Other issues deal with subjectiv-
ity, transparency, and delay in the literature review process.
A broad view of a research area is important for obtaining
valuable and impartial prospects for future research develop-
ments. Thus, a comprehensive review is needed to facilitate
the integration of the contributions to provide a critical per-
spective (Diaz-Lopez et al. 2021).

Bibliometric analysis is a statistical technique applied
to examine the scientific production in a field of research.
It allows to study the evolution of knowledge on a given
topic during a certain period of time based on data publica-
tion (Belmonte-Ureiia et al. 2021; Zupic and Cater 2015). It

combines two main procedures: (i) the performance analysis
and (ii) science mapping. The performance analysis is estab-
lished on indicators that provide data about the amount and
impact of the research through the application of several
techniques, as citation analysis, counting publications, word
frequency analysis by a unit of analysis (Romanelli et al.
2021). Science mapping is a graphic representation of how
different scientific elements (knowledge areas, documents
or authors) are interrelated. It shows the impact, structural,
and dynamic organization of a knowledge topic, a field of
research, a group of researchers, or a document, based on
relation indicators (Marzi et al. 2017; Pizzi et al. 2020).
Science mapping allows finding insights into patterns of
a knowledge area that would be difficult to identify using
traditional research review methods (Hallinger and Chat-
pinyakoop 2019; Prieto-Jiménez et al. 2021). Furthermore,
science mapping analysis can be used to show or uncover
some invisible key elements in a specific interest area (Cobo
etal. 2011).

Although many bibliometric studies have been found in
the field of SDGs research, most of them focus on specific
disciplines, such as SDG and the business sector (Pizzi et al.
2020), education (Prieto-Jiménez et al. 2021), poverty (Yu
and Huang 2021), and few bibliometric studies cover the
SDG general aspects and its evolution. Nevertheless, some
interesting bibliometric studies of SDG trends are worth
mentioning, such as the study of Diaz-Lépez et al. (2021),
Meschede (2020), Yeh et al. (2022), and Sianes et al. (2022).
All of them included a large number of documents (thou-
sands) and do none of them focused on literature review
articles.
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Thus, the aim of this study was to conduct a bibliometric
analysis of literature reviews on SDG from 2015 to 2022
with the following specific objectives:

(1) Get a perspective of the status and evolution on the
scientific research of SDG

(2) Provide a visual representation of interrelations of the
SDG review articles and its scientific elements

(3) Reveal insights from the identified patterns of thematic
currents

(4) Define research gaps and hidden key elements on the
SDG and propose future research

Materials and methods

The analysis of scientific literature was performed using
a bibliometric analysis and was conducted in three phases
(Fig. 1). It is worth mentioning that the present study
restricted the analysis to review articles, that capture a gen-
eral view of SDG research, and allow to understand and
identify the domain of knowledge, the development of theo-
ries and concepts, and the academic debates in SDG research
without carrying out any new studies or exhaustive review of
the literature, as the review articles examine and summarize
the state-of-art on certain topics from the available literature
(Meschede 2020).

Search and data collection

Analyzed metadata used in this investigation were obtained
from the Clarivate Analytics WoS core collection database

Fig. 1 Phases of methodology

of the Institute for Scientific Information (ISI, Philadelphia,
PA). Documents were retrieved by searching (‘‘SUSTAIN-
ABLE DEVELOPMENT GOAL*”’ or “‘SDG*’’) in the
field “TITLE”, on SCI-expanded collection and as filter
“REVIEW ARTICLES.” The search was conducted on
October 1, 2022 and was narrowed to documents with pub-
lications years after 2015, because of the adoption year of
the SDG, resulting in 312 documents.

All available metadata (abstract, keywords, funding,
author, authors’ affiliation information, year of publication,
thematic area, journal) were downloaded as a CSV-file. The
data were checked for debugging using Microsoft Excel soft-
ware, and a thesaurus file was created. In the thesaurus file,
the keywords were normalized, eliminating duplicities, uni-
fying synonyms, and developing acronyms. For this purpose,
the all keywords were included. The VOSviewer 1.6.18
software was selected for this phase, due to its remarkable
visualization feature for bibliometric data and also because
it is a freely available tool (Meschede 2020; Prieto-Jiménez
et al. 2021; van Eck and Waltman 2010).

Performance analysis

In this step, the basic characteristics of retrieved documents
was performed using a descriptive bibliometric analysis
exploring: (1) publication output; (2) research area; (3)
most productive sources; (4) most-cited documents; (5) most
productive countries. For the analysis of the most relevant
sources, the impact factors were obtained from the Jour-
nal Citation Reports (JCR) published in 2021 that assesses
the journals performance via the SCIMago Journal Rank
(SJR) indicator based on an average number of citations.

Selected database: Web of Science
Timespan: 2015-2022

SEARCH AND DATA Tiecene e ho Hicl
iterature type: Review articles
7 COLLECTION Keyword search: TI=((“SUSTAINABLE

DEVELOPMENT GOAL*" or “SDG*"))
Software: Microsoft excel and Vosviewer 1.6.18

/ PERFORMANCE Analysis: Publication output, research areas,

_._Illl ANALYSIS most productive sources and countries, most
cited documents.

S °°oo ! CLUSTER ANALYSIS Software: Microsoft excel and Vosviewer 1.6.18

o Analysis: Co-authorship, bibliographic coupling

[e] AND VISUALIZATION and keyword co-occurrence.
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Furthermore, the total citations (TC), the average number
of citations per paper (AC), the normalized citations (NC),
the average normalized citations (ANC), and Hirsch index
(h-index) were also used to assess the citation impact and
productivity of a document, authors, and/or sources.

Cluster analysis and visualization

The third step included the cluster analysis and visualiza-
tion by mapping technique. The co-authorship, bibliographic
coupling and keyword co-occurrence were selected to be
used as indicators (Ferreira 2018; Santana et al. 2020). The
maps were interpreted according to the generated weights
and score attributes assigned to each cluster (Garrigos-
Simon et al. 2018; Prieto-Jiménez et al. 2021). An interpre-
tive analysis was used to explore the conceptual structure of
the SDG field and identify the thematic currents. Unique and
significant keywords were identified in the co-occurrence
mapping analysis. Thus, transversal terms (e.g., “sustain-
ability”, “sustainable development goals” or “agenda 2030”)
were excluded, as they can be associated with several SDG
or the entire sustainable development agenda. In addition,
keywords relating to specific methodologies (e.g., “review”,
“bibliometric analysis”, “cluster analysis” or “systematic
review”’) were also excluded according to previous reported
methodologies (Yakovleva and Vazquez-Brust 2012; Pizzi

et al. 2020; Belmonte-Urefia et al. 2021).

Fig.2 Cumulative scientific

Results and discussion
Publication output

Figure 2 shows the cumulative distribution of scientific pro-
duction of documents output of SDG reviews from its first
issue in 2015 to 2022, after 7 years of its conception. In gen-
eral, the publication output seems to increase over the years.
In 2015, only one review was published, related to SDG 3,
and the number of published review papers increased to 9
in the year of 2016. From 2017 to 2018, the number of pub-
lished review papers per year increased dramatically from
10 articles to 40. Three years later, the number of published
papers per year doubled and from then onwards, continues to
grow, achieving a total of 312 publications in October 2022.

Research areas

The cumulative publications of the main fields covered by
literature reviews of SDG classified by WoS thematic cat-
egories published over the years are also shown in Fig. 2.
The main fields covered were (i) environmental sciences,
(ii) green sustainable science technology, (iii) environmental
studies, (iv) public environmental occupational health, (v)
water resources, and (vi) energy fuels. The first category
represents 44% of the total documents analyzed and it is of
particular relevance. This result was expected, as environ-
mental sciences is an interdisciplinary academic field that
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integrates physics, biology, and geography that studies the
environment and the solution of environmental issues and
includes a wide range of subjects (Zhu et al. 2021). Also,
the publications could be included in multiple categories.
Most of the documents (56%) were categorized in general
aspects of sustainability, such as environmental sciences,
environmental studies, and green and sustainable science
technology. The others thematic categories that stood out
were attributed to the relevance of SDG 3 and to techno-
logical themes that include SDG 6 and SDG 7, respectively.

In order to assess the distribution of SDG in literature
review publications over the years, the articles were ana-
lyzed individually and classified as shown in Fig. 3. An
initial concern with SDG 3 was observed in relation to the
first few years, since the first single publication in 2015,
was referred to public environmental occupational health,
and consequently with 100% of publications. A decrease
trend in the proportion of SDG 3 publications over years
was observed. It is clear that publications related to SDG
3 increased in number; however, the proportion of articles
concerned to SDG 3 decreased, while the number and pro-
portion of other SDG increased.

In the second year, an interest in relation to SDG 2, 12,
and 17 was observed. Only in 2017 review articles of SDG
related to hunger, energy, and peace were found. From
2018 onwards, more applied and diversified research were
observed. Thus, areas related to nature and technology were
covered, as water and sanitation, industry, innovation and
infrastructure, food and agriculture, business and man-
agement, development studies and urban studies, climate
change, life on land and water, are also slowly growing,
indicating a trend in research in the environmental area. In
addition, the results showed that the social area was the least
studied, since only 2 and 4 review articles were found with
regard to SDG 10 and SDG 5, respectively. The SDG are

integrated, indivisible, and mixed, in a balanced way, in the
three dimensions of sustainable development: economic,
social, and environmental. Therefore, it will not be possible
to achieve the goals if there is no balance between them
(United Nations 2015).

Furthermore, it was observed that even though the year
2022 has not yet ended, this was the only year that presented
review articles that includes all the SDG. This result also
shows the trend of more diversified research on SDG.

Sources

The most relevant journals regarding the largest number
of citations are presented in Table 2. Among the top ten
journals, most of them are related to general aspects of sus-
tainability, such as, the journals: Current Opinion in Envi-
ronmental Sustainability, Science of the Total Environment,
Journal of Cleaner Production, Sustainability and Sustain-
ability Science. Most journals are in regard to the general
aspects of sustainability, according to the previous results.
The journal Lancet and Globalization and Health are related
to SDG 3, whereas Nature energy and Renewable Sustain-
able Energy Reviews are attributed to SDG 7. These results
are in accordance to the results previously discussed.
Regarding the number of documents by journal, Sus-
tainability has the largest number of reviews on SDG,
concentrating 40 (13.8%) of all the articles analyzed
(312), followed by the Journal of Cleaner Production
with 4.2% participation of the review articles (13), and
Current Opinion in Environmental Sustainability jour-
nal with 3.8% of the total dataset, that is also the most-
cited journal with 790 total citations (TC). Concerning
the impact factor, two journals stand out, the 79-point
journal Lancet and the 61-point journal Nature Energy.
In respect to the h-index, the Lancet (807) and Nature

Fig. 3 Sustainable development

goals (SDG) distribution of the 2022
review publications over the
years 2021

2020

2019

2018

Year of publication
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2016

2015
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Table 2 The top 10 most-cited journals

No. Journal D TC AC NC ANC IF h-index Publisher

1 Current Opinion in Environmental Sustainability 12 790 66 12 1.02 6.984 99 Elsevier

2 Lancet 4 441 110 11 2.77 79.321 807 Elsevier

3 Science of the Total Environment 8 479 60 27 3.35 7.963 275 Elsevier

4 Journal of Cleaner Production 13 532 41 21 1.62 9.297 232 Elsevier

5 Sustainability 40 492 12 27 0.67 3.251 109 MDPI

6 Nature Energy 1 372 372 6 6.03 60.85 160 Springer Nature
7 Renewable Sustainable Energy Reviews 6 270 45 5 0.78 14.982 337 Elsevier

8 Nature Communications 2 294 147 11 5.43 14.919 410 Springer Nature
9 Sustainability Science 7 240 34 7 1.01 6.367 65 Springer

10 Globalization and Health 4 193 48 2 0.48 4.185 61 Springer Nature

D, number of documents; 7C, total citations; AC, average number of citations per document; NC, normalized citations; ANC, average normalized

citations; h-index, Hirsch index; /F, impact factor

Communications (410) are the most remarkable. Similar
results were obtained by Sianes et al. (2022) who used
bibliometric methodologies to evaluate the impacts of
SDG on the academic agenda.

The average number of citations per document (AC)
show that Nature Energy, Nature Communications, and
the Lancet stand out with 372, 147, and 110 citations,
respectively. However, when observing the normalized
citation (NC), that is the number of citations of a doc-
ument equals the number of citations of the document
divided by the average number of citations of all docu-
ments published in the same year included in the data
that is provided to VOSviewer (van Eck and Waltman
2010), showed that Science of the Total Environment
(NC =27), Sustainability (NC =27), and the Journal of
cleaner production (NC=21) are the most prominent
sources. This normalization corrects the fact that older
documents have more time to receive citations than recent
documents (van Eck and Waltman 2010). Nonetheless, the
average normalized citation (ANC), which indicates the
NC divided by the number of documents, demonstrated
that Nature Energies (ANC =6.03), Nature Communica-
tions (ANC =5.43), and the Science of total environment
(ANC =3.35) are the most noticeable journals.

Thus, it is noted that even though the total number of
documents, TC, h-index, and IF indicate that SDG 3 is
among the top 3 most relevant sources, the normalized
citation data indicate that journals research on energy,
multidisciplinary and general environmental sciences, and
sustainability are among the most noticeable sources. It
is important to highlight that this result is contrary to
that obtained in bibliometric studies reported previously
(Meschede 2020; Yeh et al. 2022). This indicates that the
number of citations alone is not adequate to assess the
relevance of a document or journal (Simko 2015).

Documents

One can observe in Table 3, which show the most relevant
review documents based on the TC of the documents, that
the majority are focused on SDGs 3 and 7. In this way,
review publications go even further in determining strat-
egies and methodologies that seek to achieve the SDG
through serving the health and energy sectors. However,
when analyzing the NC, the document that really stands
out is related to SDG 9, followed by the SDGs 7 and 3,
which corresponds to innovation, energy and mental
health, respectively.

Furthermore, the density analysis of bibliographic cou-
pling of the most-cited documents is represented in Fig. 4.
For this purpose, a minimum of 148 citations from each
document were used as a limit, in order to obtain the top 10
most-cited documents. Thus, 11 documents met the stipu-
lated threshold, as expected, and 4 clusters were formed with
21 links, and total link strength of 56, where the weights
were the number of citations. In general, the documents did
not present high coupling strengths, as the number of cita-
tions is represented by the intensity of the red color and the
bibliographic coupling by the proximity of the documents.
This behavior was expected, as those papers have distinct
themes and their specific attention contribute to SDG and
novelty on different areas.

Nerini et al. (2018) mapped the synergies and trade-offs
in energy and SDG, and Vinuesa et al. (2020) described
about the importance of artificial intelligence. Both docu-
ments discussed about technology and SDG, and, thus, they
present some coupling strength. However, McCollum et al.
(2018) also discussed about energy (SDG 7) and did not pre-
sent bibliographic coupling with those articles. These results
of bibliographic coupling demonstrated the lack of integra-
tion between the research, even when within the same field.
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Table 3 The top 10 most-cited documents

No.

Title

Source title

Related SDG TC NC

Ref

1

10

10

Mapping synergies and trade-offs between
energy and the Sustainable Development
Goals

The role of artificial intelligence in achieving
the Sustainable Development Goals

Global governance by goal-setting: the novel
approach of the UN Sustainable Development
Goals

Social determinants of mental disorders and the
Sustainable Development Goals: a systematic
review of reviews

Health in the sustainable development goals:
ready for a paradigm shift?

A literature-based review on potentials and
constraints in the implementation of the
sustainable development goals

Investing in non-communicable disease preven-
tion and management to advance the Sustain-
able Development Goals

Connecting the sustainable development goals
by their energy inter-linkages

Advancing global health and strengthening the
HIV response in the era of the Sustainable
Development Goals: the International AIDS
Society-Lancet Commission

Initial progress in implementing the Sustain-
able Development Goals (SDGs): a review of
evidence from countries

Physical water scarcity metrics for monitoring
progress towards SDG target 6.4: An evalua-
tion of indicator 6.4.2 “Level of water stress”

Nature Energy

Nature Communications

Current Opinion in Environmental

Sustainability

Lancet Psychiatry

Globalization and Health

Journal of Cleaner Production

Lancet

Environmental Research Letters

Lancet

Sustainability Science

7

17

17

Science of The Total Environment 6

372

286

283

259

181

166

153

152

149

148

148

6.03

10.01

3.17

4.20

1.00

2.69

2.48

2.46

2.41

2.40

2.40

Nerini et al. (2018)

Vinuesa et al. (2020)

Biermann et al. (2017)

Lund et al. (2018)

Buse and Hawkes (2015)

Caiado et al. (2018)

Nugent et al. (2018)

McCollum et al. (2018)

Bekker et al. (2018)

(Allen et al. 2018)

(Vanham et al. 2018)

SDG, sustainable development goals; TC, total citations; NC, normalized citations

vinuesa (2020)

‘vanham (2018)

lund (2018)

Fig.4 Density diagram of bibliographic coupling of documents (minimum number of citations of a document of the 312 documents: 148, meet

the threshold: 11, clusters: 4, links: 21, total link strength: 56, weights: citations, VosViewer 1.6.18)
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Caiado et al. (2018) and Biermann et al. (2017) discuss
similar themes of constraints and governance. Therefore, it
was expected them to have high coupling strengths. Vanham
et al. (2018) was the only article about the SDG 6 included
in the most-cited reviews, which contains water scarcity
metrics for monitoring progress, and thus, it was not found
bibliographic coupling with others top-cited documents.

Buse and Hawkes (2015), Bekker et al. (2018), and
Nugent et al. (2018) focused their articles on SDG 3 and
reviewed studies about heath, HIV, and disease prevention,
respectively. It is worth mentioning that the article of Lund
et al. (2018), which brings a review study on social determi-
nants of mental disorders, did not presented bibliographic
coupling with the other documents of SDG 3. This is an
indicative that the psychiatry field is traditionally separated
from other medicine branches of medicine and health fields
(Fiorillo and Maj, 2018), even though mental health should
be considered as good health and well-being (SDG 3). These
results demonstrate that the areas are not very interconnected
even when dealing with the same subject.

Countries

In order to represent the importance of SDG review produc-
tion by the most productive countries based on correspond-
ing authors affiliations country, a total of 88 countries, from
all continents, of the place of the scientific production ana-
lyzed by country or region were represented (Fig. 5). The
United Kingdom was the most prolific region, accounting
for 21.7% of the review articles (68), followed by the USA
and Australia, which represented 19.6% (61) and 16.0% (50),
respectively. Finally, India accounted for 10.9% (34) of the
scientific production, followed by Germany and China, both
accounting with 8% (25) each.

To better understand international collaborations, the
mapping of co-authorship of countries according to the

Fig.5 The geographical distri-
bution of documents

-

authors’ affiliations was presented in Fig. 6. In addition,
the citation characteristics of the clusters were provided in
Table 4. All countries that presented at least 5 publications
were included. This condition was true for 34 countries,
and 5 clusters were obtained with 310 links, and total link
strength of 758. The size of the circle reflected the number
of publications (weights) in the dataset that were associated
to the country.

The first cluster was composed practically exclusively
of European countries that included Italy, Austria, Ireland,
Sweden, Spain, Germany, Belgium, the Netherlands, France,
and Singapore. This cluster obtained the higher TC, AC,
and ANC, despite it not presented the largest number of
documents. An interesting result was that the highest value
of ANC was for the only non-European country, Singapore
(ANC=2.48), even with only 5 documents published.

The second cluster consisted of multicontinental coop-
eration, Oceania, Africa, America, and Asia, composed of
the countries, New Zealand, Kenya, Brazil, Pakistan, China,
Canada, Malaysia, Bangladesh, and Thailand. The European
continent was the only excluded in this cluster. The cluster
2 presented higher ANC when compared to cluster 3, which
presented the same number of countries, a greater number of
documents and citations, but a smaller percentage of devel-
oping countries. This is a strong indicative that developing
countries are relevant when it comes to SDG, since there
is an exclusive SDG that seeks equality (SDG 10) and this
topic remains at the center of global debates (Diaz-Loépez
et al. 2021; Bose and Khan 2022).

The third red central cluster involves England and the
USA, the most occurring countries. They are linked to
almost all countries. However, they have stronger collabo-
ration with United Arab Emirates, Denmark, Japan, India,
Scotland, Norway, and Nepal. Despite the USA and England
being among the countries with the highest number of docu-
ments, this cluster has the AC and ANC among the least

P

@ Springer



5510

Environmental Science and Pollution Research (2023) 30:5502-5515

" southukorea
now\/ay
scotland
) Jjapan
AN
denmark
ireland e
u arab’@mirates i
: Aidtes australia
austria indi
St /ifdia
/ singapore south africa)
italy
sweden ;}ethql_;lands
rance
nigeria
caada
* 97 mexico
brazil
geriny pakistan
belgium eoples r.china
spain W k
enya
malaysia
bangladesh
new zealand
thailand

Fig.6 Clusters based on co-authorship of countries according to

the authors affiliations (minimum number of documents of a coun-
try: 5; items that meet the threshold from a total of 88 countries: 34;

clusters: 5; links: 310; total link strength: 758; weights: documents;
VOSviewer 1.6.18.) https://tinyurl.com/2m5sdem6

Table 4 Citation characteristics of clusters based on co-authorship of countries according to the authors’ affiliations

Cluster # Items Countries D TC AC ANC

1 (blue) 10 Singapore, Italy, Austria, Ireland, Sweden, Spain, Germany, Belgium, Nether- 147 8183 54.20+17.42 1.79+0.43
lands and France

2 (green) 9 New Zealand, Kenya, Brazil, Pakistan, China, Canada, Malaysia, Bangladesh, 117 4251 38.12+30.00 1.25+0.63
and Thailand

3 (red) 9 United Arab Emirates, Denmark, USA, Japan, India, England, Scotland, Norway, 191 6979 26.06+16.17 1.14+0.48
and Nepal

4 (yellow) 4 South Africa, Mexico, Switzerland, and Nigeria 58 2922 48.17+10.17 1.22+0.25

5 (pink) 2 Australia and South Korea 55 2024 26.45+17.89 0.88+0.55

D, number of documents; 7C, total citations; AC, average number of citations per year; ANC, average normalized citations

cited, indicating that the large number of documents do not
reflect the real impact of the review publications related to
the SDGs (Bennich et al. 2020).

The fourth cluster comprises South Africa, Mexico, Swit-
zerland, and Nigeria. And again, it shows that documents
become more impactful and relevant when there is intercon-
tinental cooperation, as this cluster comprises few countries

@ Springer

and documents, but have high AC and ANC. In low- and
middle-income countries, limited or non-existent resources
are the great challenge for the development of research in all
areas of knowledge. On the other hand, the reverse innova-
tion approach (Harris et al. 2020) has increasingly encour-
aged rich countries to research in poor countries. In this
context, low-resource environments become an opportunity
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for study and learning to share with rich countries, generat-
ing promising options for new products, processes, or poli-
cies, which, by different contexts, can provide solutions to
gaps or unresolved challenges (Bhattacharyya et al. 2017).

Australia was the third most productive country (Fig. 5)
and thus, was also linked to almost all analyzed countries.
Whereas, Australia is linked especially to South Korea, the
fifth cluster entails only two countries with cooperation of
5 documents. Furthermore, South Korea, due to having only
link to Australia, presented among the lower ANC. This
result is a strong indication that articles produced without
internationalization are less relevant (Vrontis and Christofi
2021).

Fig.7 Clusters based on co-

Keywords

The analysis of keywords are essential in reflecting and
defining the research contents and can be used to identify
the framework of a main research in many areas (Wuni
et al. 2019). The most relevant keywords co-occurrence
were used to investigate the conceptual structure of the
SDG literature reviews to identify the prevailing thematic
(Pizzi et al. 2020). Figure 7 and Table 5 present the results
of the co-occurrence analysis of the diversity of 1933 of
all keywords from 312 documents analyzed with 6 as a
minimum number of occurrences of a keyword, and no
minimum number of citations and documents. The map

consepyation

il
occurrence of all keywords @ adaptation ulaability
(minimum number of occur-
rences of a keyword: 6; items . i®
that meet the threshold: 93; P - q ! restienceurban
clusters: 6; links: 1250; total e Wi foo security
link strength: 203§; weights: Py agriculture gender
occurrences; maximum lines: j )
600, VosViewer 1.6.18) https:// bioenergy cIimaWange
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Table 5 General characteristics of clusters based on co-occurrence of all keywords
Cluster Most influential keywords” #Items ANC Occurrences  Assigned SDG
1 (blue) Middle-income countries, access, social determinants, community, ser- 23 0.84+043 10.04+6.44 1,3,4,5,10
vices, health policy, diseases
2 (green) Industry 4.0, big data, supply chain, nexus, strategy, circular economy, 21 1.67+0.84 12.48+8.66 7,8,9,12,13
technology, corporate social-reasonability, future, challenges, innova-
tion, energy, impacts, management, business, climate
3 (red) Life-cycle assessment, waste management, tourism, industry, water, 17 1.03+0.49 1024+820 3,6,8,9,11,12,13
environmental impacts, health, nutrition
4 (yellow) Zero hunger, trade-offs, stakeholders, food, land, waste-water, synergy, 14 1.25+£0.54 1043+5.83 2,6,7,17
consumption
5 (pink)  Resources, climate change, land-use, resilience 12 0.80+0.34 12.25+13.40 13,15

6 (purple) Electricity, greenhouse-gas emissions

6 1.13+£0.73 11.00+£6.24 7,10, 13

ANC, average normalized citation; SDG, sustainable development goals; 5Ps, Planet, prosperity, people, peace and partnership

“Included keywords with ANC > 1.00
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resulted in 93 keywords that met the threshold with 6 clus-
ters, 1250 links, and total link strength of 2036. The size
of the circle reflected the number of occurrences (weights)
of each keyword in the dataset.

Analyzing the corresponding keywords of the review
articles in the co-occurrence map a big cluster was
obtained, which, despite being divided into six main clus-
ters, they are very interconnected, indicating that all the
keywords are related.

The first cluster is mainly associated with the thematic
core of social issues, such as poverty, public health, edu-
cation, gender equality, and reduced inequalities which
reflects to the SDG 1, 3, 4, 5, and 10, respectively. The
most frequent keywords in this cluster were policy, Africa,
education, poverty, diseases and covid-19 with 28, 28,
16, 15, 12, and 12 occurrences, respectively. However,
regarding their ANC, the most influential keywords was
middle-income countries. Furthermore, despite this cluster
having the largest number of keywords, its ANC is among
the smallest. Thus, this is a strong indicative that social
issues are not taken as seriously as those dealt with in
other clusters.

The second cluster is divided in two main hubs, one for
economic growth (SDG 8), production (SDG 12) and inno-
vation (SDG 9) with the keywords Industry 4.0, big data,
supply chain, technology, corporate social-reasonability,
innovation, management, business, governance, circular
economy; and one for climate action (SDG 13) and energy
(SDG 7), with the keywords energy, impacts, climate. It
is clear that energy and climate are well connected, as the
growth of some industrial sectors directly affects the con-
sumption and production of energy and consequently the
impacts on the climate. Investigating the normalized words,
a hidden key element was observed, the keyword industry
4.0 presented the highest ANC (3.99), which is 3.5 times
higher than the average ANC of the analyzed keywords, fol-
lowed by the keywords big data, supply chain, nexus, strat-
egy, circular economy and technology.

Previous bibliometric studies have reported that research
related to the SDGs is focused mainly on health (SDG 3),
climate change (SDG 13), food (SDG 2), energy (SDG7),
and sanitation (SDG 6) (Meschede 2020; Belmonte-Ureila
etal. 2021; Yeh et al. 2022; Londoiio-Pineda and Cano 2022;
Sianes et al. 2022). Controversially, the present research
found that academic research on SDGs 8, 9, 11, which was
considered poorly researched and lacking in consolidated lit-
erature (Pizzi et al. 2020), obtained greater evidence, despite
the number of occurrences and citations that can lead to an
erroneous conclusion. This result is very important, as it is
possible to observe the rapid growth and the importance
of technology to achieve the goals, aiming at profitability
and economic growth, in addition to pursuing environmental
benefits (Walsh et al. 2020).
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The third cluster is composed of a miscellaneous of SDG.
However, regarding the occurrences of keywords, the key-
word health (SDG 3) is central and is the most used keyword
in this cluster with 37 occurrences, followed by water (SDG
6), cities (SDG 11), indicators, and sanitation (SDG 6). Fur-
thermore, in regard to the ANC of the keywords, life-cycle
assessment (SDG 12), waste management (SDG 11), tourism
(SDG 8), industry (SDG 9) presented the higher scores. This
result indicates that the most influential keywords in this
cluster are related to economic growth, industry, innovation,
and production, which are also linked to health conditions
and the reduction of impacts on the planet, explaining the
occurrence of the keywords, such as emission (SDG 13) and
environmental impacts that are also part of this cluster (Rosa
and Hassmiller 2020).

The keywords food security, agriculture, and food are the
most used keywords in the fourth cluster and are associated
with SDG 2. Bioenergy (SDG 7) and waste-water (SDG 6)
are also present in the fourth cluster and can be also linked
to the agricultural and/or food production. Some keywords
could be attributed to SDG 15, such as land and soil. How-
ever, they possibly refer to land cultivation and therefore,
are aiming at higher agricultural productivity, and thus,
they were also classified as SDG 2. Furthermore, trade-off's
and stakeholders were among the most evident keywords
according to the ANC, and are related to the difficulties of
implementing the SDG, being the only cluster where the
5Ps category partnership was found (SDG 17). This result
indicate that applied research aiming at the implementation
of the SDG is being developed.

The most prominent keyword in the fifth cluster is cli-
mate-change, with 53 occurrences, followed by ecosystem,
adaptation, biodiversity, and gender. This cluster is well-
defined and its issues can be assigned mainly to SDGs 13
and 15, and consequently to the 5Ps category, planet. Fur-
thermore, regarding the ANC, it was noted that this cluster
presented the lowest ANC, indicating the inferior relevance
of the topic among the review articles studied.

No reviews articles related to marine water (SDG 14)
were found (with a minimum number of 6 occurrences).
Some authors (Bordignon 2021) also include freshwater in
SDG 14, as being “life below water.” However, in the official
document, the 2030 agenda only includes marine life (United
Nations 2015). Many authors disagree with this distribution,
which also causes some disagreements in the classification
of SDG 6 on 5Ps, as people or planet. Tremblay et al. (2020)
addressed this issue in his paper and proposed a relative
distribution of the 5 Ps among the 17 SDGs according to
the targets, whereas for SDG 6, about 40% corresponded
to planet and 31% to people. Therefore, the lack of review
articles on SDG 14 indicates a research gap in this field.

The sixth and last cluster includes the keywords, Elec-
tricity, greenhouse-gas, emissions, renewable energy,
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barriers, developing-countries that can be attributed to
the SDGs 7, 10, and 13. International collaborative studies
between developing countries and high-income countries
were reported previously (Fig. 6). These collaborations are
important for understanding the dynamics that affect devel-
oping countries due to the mixed and complicated impacts
on achievement of SDG (Sianes et al. 2022). In this cluster,
the most frequent keyword was developing-countries; how-
ever, the ones with the highest ANC were electricity and
greenhouse-gas emission, while developing-countries was
the one with the lowest ANC, indicating assuredly that the
number of citations is not an adequate method for measuring
subject relevance (Simko 2015).

In addition, the SDG 16, peace, justice, and strong insti-
tutions, showed to be a major gap in the research on SDG lit-
erature reviews. This topic is directly related to society, poli-
cies and governments, and plea for global peace. The targets
also aim to reduce violence, corruption, bribe, exploitation,
trafficking, torture, abuse, illicit arms, organized crime, and
also develop international cooperation, participatory, and
inclusive decision-making, inclusive (United Nations 2015).

Armed conflicts pose serious threats within the reach of
the SDGs. As an example, the Russian-Ukrainian armed
conflict is a dramatic world event that, in addition to the loss
of life, impacts the environment, economy, and society. Both
in countries directly involved, as well as in other countries,
especially in developing countries, which are more vulner-
able to the economic crisis. The negative regional and global
impact could weaken the ability of many nations to achieve
the SDGs by 2030, and could even make them unattainable
(Pereira et al. 2022).

Conclusions

This bibliometric analysis provided the perspective of the
status and evolution of research trend in the domain of SDG,
with special emphasis on literature reviews regarding the ful-
fillment and consolidation of the agenda 2030. The revealed
conclusions were:

e An increasing trend in publications of SDG literature
reviews was observed with a growing diversification in
research areas.

e Most of the review documents were categorized in gen-
eral aspects of sustainability. In addition, most of relevant
sources were associated with energy, multidisciplinary,
and also general aspects of sustainability.

e The most-cited documents and the most relevant sources
indicated that the SDG with the greatest relevance was
related to artificial intelligence (SDG 9) according to nor-
malized citation analysis.

e The results of bibliographic coupling demonstrated the
lack of integration between the research, even when
within the same research area.

¢ England, the USA, and Australia were the most produc-
tive countries in SDG review articles. However, countries
with intercontinental collaboration and with collabora-
tion with developing countries showed greater relevance.

e The terms with the highest values of keywords occur-
rences were health (SDG 3), climate change (SDG 13),
food (SDG 2), energy (SDG 7), and water (SDG 6).

e The keywords co-occurrence analysis spotted technol-
ogy (SDG 9) and economic growth (SDG 8) as hidden
key elements and with the greatest relevance among the
analyzed keywords.

e An imbalance between the different SDG was observed
among academic research, and the main gaps found were
for literature reviews on reduced inequalities (SDG 10),
gender equality (SDG 5); oceans, seas, and marine envi-
ronments (SDG 14); and related to peace, justice, and
strong institutions (SDG 16).

Finally, the analysis revealed that the proposed method-
ology using bibliometric analysis of literature reviews pre-
sented different results when compared to previous reports in
which a large number of documents was analyzed. The SDG
is highly complex due to the many targets involved, trade-
offs, and its multidisciplinary aspects. Therefore, future
research should be directed to fulfill this gap through the
development of more effective and reliable methods to verify
the evolution of SDG in each area of research. Furthermore,
the conceptualization and implementation of a theoretical
framework that can be used in a generic way and also that
describe standalone research areas to analyze the SDG con-
sidering their complexity will be also needed. In addition,
it was observed that much research is still very disciplinary.
Therefore, another future opportunity observed was the
inclusion of more direct inter-linkages between certain SDG
and practical applications. Thus, all research should be asso-
ciated with the SDG, so that the efforts would be focused on
achieving the agenda 2030, and a paradigm shift, practical,
interdisciplinary actions with a system thinking perspective
are necessary.
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