& l.
suum
Ty

e CONCILIUM

DOI: 10.53660/CLM-2872-24C47

Artificial intelligence and sustainability in higher education: A
bibliometric analysis and its relations with the UN SDGs

Inteligéncia artificial e sustentabilidade no ensino superior: Uma anélise
bibliométrica e suas relagdes com os ODS da ONU

Received: 15-01-2024 | Accepted: 18-02-2024 | Published: 22-02-2024

Reimison Moreira Fernandes
ORCID: https://orcid.org/0000-0001-7526-0438
Universidade do Estado do Para, Belém, Brasil

E-mail: reimison.fernandes@aluno.uepa.br
Vero6nica de Menezes Nascimento Nagata
ORCID: https://orcid.org/0000-0002-9380-2314
Universidade do Estado do Par4, Belém, Brasil
E-mail: vemenas@uepa.br
André Cristiano Silva Melo
ORCID: https://orcid.org/0000-0002-9041-659X
Universidade do Estado do Par4, Belém, Brasil
E-mail: acsmelo@uepa.br

Vitor William Batista Martins
ORCID: https://orcid.org/0000-0003-4891-8630
Universidade do Estado do Par4, Belém, Brasil

E-mail: vitor.martins@uepa.br

ABSTRACT

This research aimed to analyze the importance of artificial intelligence and sustainability in higher
education according to the literature in the field and to present the relationships of this context with the
United Nations Sustainable Development Goals (SDGs). The adopted research strategies included
bibliometric analysis using VOSviewer software and literature review, considering the Web of Science
scientific database. The bibliometric analysis resulted in the clustering of four groups. The blue cluster
highlighted the emergence of interest in studies on Al and sustainability in higher education following the
Covid-19 pandemic. The green cluster emphasized the importance of more efficient teaching methods
adapted to the demands of higher education, as well as the need to empower teachers to use artificial
intelligence in developing students' skills and competencies, emphasizing sustainability. The yellow cluster
indicated the presence of artificial intelligence in higher education based on the triad of sustainable
education and innovation, aiming to prepare students for future challenges. The red cluster emphasized the
impact of artificial intelligence in higher education, focusing on student learning, efficiency, and sustainable
performance. Finally, the literature analysis identified the main Al technologies in higher education and
their relationship with the United Nations SDGs. The reflections presented here can contribute to expanding
discussions on the relationship between artificial intelligence and sustainability in higher education. From
a practical standpoint, it can serve as a foundation for university managers aiming to promote the integration
of Al into their teaching processes, considering the context of sustainability.

Keywords: Artificial Intelligence; Sustainability; Higher Education; Sustainable Development;
VOSviewer.
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RESUMO

O objetivo desta pesquisa foi analisar a importancia da inteligéncia artificial e sustentabilidade no ensino
superior de acordo com a literatura da area e apresentar as relagdes deste contexto com os ODS da ONU.
As estratégias de pesquisa adotada foram analise bibliométrica via software VOSviewer e revisdo da
literatura, ambas considerando a base cientifica Web of Science. A anélise bibliométrica resultou no
agrupamento de quatro clusters. O cluster em azul evidenciou o surgimento de interesse em estudos sobre
IA e sustentabilidade no ensino superior a partir da pandemia da Covid-19. O cluster em verde ressalta a
importancia de métodos de ensino mais eficientes e adaptados as demandas do ensino superior, assim como
a necessidade de capacitar os professores para utilizar a inteligéncia artificial no desenvolvimento de
habilidades e competéncias dos alunos, com énfase na sustentabilidade. O cluster em amarelo indicou a
presenca da inteligéncia artificial no ensino superior fundamentado na triade da educacéo sustentavel e
inovagdo, visando preparar os alunos para desafios futuros. O cluster em vermelho destacou o impacto da
inteligéncia artificial no ensino superior, focando na aprendizagem dos alunos, eficiéncia e desempenho
sustentavel. Por fim, a anélise da literatura identificou as principais tecnologias de |A no ensino superior e
sua relacdo com os Objetivos de Desenvolvimento Sustentavel (ODS). As reflexdes aqui apresentadas
podem contribuir com a ampliagdo dos debates sobre a relacdo da inteligéncia artificial e sustentabilidade
no ensino superior. Do ponto de vista pratico, pode servir de base para gestores universitarios que objetivam
promover a insercdo da I A em seus processos de ensino considerando o contexto da sustentabilidade.

Palavras-chave: Inteligéncia Artificial; Sustentabilidade; Ensino Superior; Desenvolvimento Sustentavel;
VOSviewer.



CLIUM.ORG | 231

INTRODUCTION

Considering the new demands related to environmental issues, the United Nations
(UN) developed, in 2015, 17 Sustainable Development Goals (SDGs) through an agenda
called Agenda 2030. The SDGs advocate, in general, for the sustainable development of
current and future generations. In an environment that increasingly requires sustainable
practices, it is important to understand how technology can be a strong ally in overcoming
present and future challenges (SALVIA et al., 2019). The current scenario imposes
challenges that humanity needs to address, reinforcing the need for agile actions and
technological solutions focused on sustainability (LEAL FILHO et al., 2018).

Within this context, it is worth highlighting the increasingly widespread presence
of Artificial Intelligence (Al) in human activities and how it can meet such demands
quickly (LEE, 2020). The rapid transformations driven by technology in the
contemporary world generate interest in understanding these changes, analyzing their
impacts, and evaluating their effects on social, economic, and environmental spheres.

Artificial Intelligence (Al) can be understood as a technology capable of dealing
with emerging situations, solving problems, answering questions, planning devices, and
performing various other functions that require some level of intelligence, typically
evident in humans (CHEN; CHEN; LIN, 2020). According to Dwivedi et al. (2023), Al
has significantly impacted organizations, societies, and individuals. Due to its
technological potential, Al has garnered attention from researchers worldwide, with its
concepts applied in various areas of knowledge, such as culture, politics, business,
finance, agriculture, and (ARA SHAIKH et al., 2022). This is because it is a technology
that aims to solve complex situations (LEE, 2020; SAHEB; DEHGHANI; SAHEB,
2022). Supporting this understanding, Takala and Korhonen-Yrjanheikki (2019),
Goralski and Tan (2022), and Ayanwale et al. (2022) demonstrate the potential
relationship between Al and sustainability in higher education and raise questions about
the extent to which Al can contribute to achieving sustainable development.

As an example of this technology, many current studies highlight the importance
of Al as a technological tool with the potential to help overcome challenges and efforts,
such as in health (AHMAD; ECKERT, 2023), workplace safety (JAROTA, 2023), the
economy (WANG et al., 2023a), the environment (NTI et al., 2022), and especially in
education (HADERER; CIOLACU, 2022). In the context of education, one of the main
benefits of using Al is the ability to personalize students' learning (OUYANG; JIAO,
2021). Goralski and Tan (2022) emphasize that artificial intelligence, by analyzing large
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sets of data on skills, learning styles, and student preferences, can adapt content and
activities to meet their individual needs (OUYANG; JIAO, 2021) enhancing the
integration of sustainability. In this sense, Nordgren (2023) argues that by prioritizing the
use of Al to educate students about sustainability, it is possible to train professionals
committed and prepared to face future challenges.

In this regard, it is possible to perceive the importance of analyzing the context of
Al and sustainability in higher education. Therefore, this study aimed to analyze the
importance of artificial intelligence and sustainability in higher education according to
the literature in the field and to present the relationships of this context with the UN SDGs.

THEORETICAL BACKGROUND

The relationship between Avrtificial Intelligence (Al) and sustainability in higher
education presents significant opportunities. Recent literature highlights various benefits
of employing Al in sustainability education, including its ability to analyze large sets of
complex data (GORALSKI; TAN, 2022). This enables educators to identify patterns and
trends related to sustainability, such as climate change (NORDGREN, 2023), resource
depletion, and environmental degradation (QIAN et al., 2023), and to offer teaching
strategies tailored to the specific needs of student (CHEN; CHEN; LIN, 2020; TELL;
HOVESKOG, 2022).

Al can facilitate personalized learning by analyzing student data and providing
specific feedback and guidance. According to Goralski and Tan (2022), these tools can
identify areas of student difficulty and provide targeted interventions, thereby improving
student engagement and outcomes. However, according to Adams et al. (2023), it is
crucial to address concerns and challenges that arise with the use of Al in sustainability
education.

One concern is the risk of bias and discrimination resulting from reliance on
algorithms based on historical data (CHIU et al., 2023). As stated by Zawacki-Richter et
al. (2019), if this data is biased, Al systems will also be biased, perpetuating existing
inequalities and discrimination in society.

Additionally, there is a fear that Al could replace human knowledge and critical
thinking, compromising the ability to make decisions (BURGER et al., 2023). According
to Dwivedi et al. (2023). while Al can provide valuable information and support for

sustainability education in higher education, it cannot replace the value of human
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experience and knowledge in the field. It is important to ensure that Al is used as a tool
to support and enhance human decision-making, not as a substitute for it (BURGER et
al., 2023).

Another concern raised by Lee (2020) relates to the security and privacy of data.
According to this author, Al systems rely on large volumes of data that can become
vulnerable to cyberattacks or misuse. Lee (2020) emphasizes the need for robust data
protection measures to ensure the privacy and security of student and institutional data.

In the context of higher education, the rapid technological evolution poses the
challenge of ensuring that education professionals and institutions are adequately
equipped to incorporate and adapt to the latest trends in Al. According to Khosravi et al.
(2022), the integration of Al in higher education requires a continuous commitment to the
professional development of educators to ensure they are equipped with the skills and
knowledge necessary to effectively integrate these tools into their teaching methods,
especially for teaching sustainability through Al.

Despite the concerns about the use of Al technology, especially in teaching
sustainability in higher education, Leal Filho (2023a) suggests that one strategy to
enhance sustainable development is through the adoption of technology. Despite the
challenges emphasized by Rampasso et al. (2018), such as the lack of teacher training,
the scarcity of appropriate and up-to-date teaching materials, and the inadequacy of
infrastructure and available resources.

While facing challenges, Leal Filho et al. (2023b) comment that higher education
institutions (HEIs) have made considerable efforts to incorporate technological
approaches in the context of higher education, emphasizing the positive impact these
initiatives can have. Among other advantages, they highlight the potential contribution to
the development of a more sustainable society. In this sense, the improvement of
university education in terms of sustainability could be leveraged in the future through
greater adoption of modern information technologies (SANER; YIU; NGUYEN, 2020),
such as artificial intelligence in education (KEIPER et al., 2023)

Thus, it is understood that Al represents a promising opportunity for integrating
sustainability principles into the context of higher education, and despite inherent
challenges, it is crucial to keep in mind ethical, security, and ongoing updating
considerations to ensure that this technology is used responsibly and contributes to the

promotion of sustainable development.
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METHODOLOGICAL PROCEDURES

The purpose of this research was to analyze the context of artificial intelligence
and sustainability in higher education, and additionally, their relationships with the
United Nations Sustainable Development Goals (SDGs). To achieve this, a research
strategy was adopted, consisting of bibliometric analysis and literature review conducted

in four main stages (Figure 1).

Figure 1 - Stages conducted in the development of the research
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Source: Created by authors.

In the first stage, articles were searched using the strings "(artificial intelligence
in higher education for sustainability™) OR (“artificial Intelligence for higher education
for sustainability™) OR ("artificial-intelligence™ AND (“higher education for
sustainability™) OR ("sustainability in higher education™) as topics, in the Web of Science
scientific database. The result of this search yielded 315 documents. The search was
conducted in October 2023, with no restrictions on publication dates. Within the database
itself, a filter was applied only for research articles, resulting in the exclusion of 82 and a
total of 233 documents selected for analysis.

In the second stage, the documents were analyzed using the VOSviewer software.
VOSviewer, according to Anholon et al. (2022), is widely used in bibliometric studies.
Its functionality lies in conducting analyses by generating network maps, which assist in
identifying patterns, clusters, and trends present in a given set of (VAN ECK;
WALTMAN, 2010). Contributions can be made from data in scientific databases;
alternatively, data can be imported from RIS, RefWorks, EndNote, CSV files, and via
APIs (VAN ECK; WALTMAN, 2020). In this study, data were imported into VOSviewer
from the Web of Science database.

Following the data selection process, a "Thesaurus" file was generated in
VOSviewer to cluster similar terms, as outlined by Van and Waltman (2020). This file

encompassed synonyms, plural and singular variations, and spelling variations. An
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illustrative instance involves the consolidation of terms such as "higher-education™ into
"higher education” and "artificial-intelligence™ into "artificial intelligence.” Employing
this "Thesaurus” file with the "full count” method, a series of analyses were executed
utilizing the software's analysis options. These included: a) Co-occurrence network of
publications; b) Co-occurrence network considering the average of publication data; c)
Co-occurrence network considering density analysis; and d) Country network. It is
essential to underscore that terms for co-occurrence analyses were considered valid only
if they occurred at least five times.

In addition to the bibliometric analysis of the data, the review of selected
documents was conducted, marking the third stage of this study. In this phase, the
documents (articles) were downloaded, and their contents were qualitatively analyzed.
The outcome of the review led to the identification of artificial intelligence technologies
in higher education and their connection to sustainable development, as discussed and
presented in the literature. This stage involved content analysis of the articles following
the guidelines proposed by Elo and Kyngéas (2008).

Elo and Kyngas (2008) emphasize that during the phase of data organization, a
study may manifest either deductive or inductive characteristics. Deductive analysis
entails the utilization of models and theories to assess data, whereas inductive analysis is
advised in situations where there is a lack of prior research on the phenomenon or
knowledge is fragmented. Consequently, the current study aligns with inductive analysis,
as its objective was to identify the relationship between Al and sustainability with the UN
SDGs based on existing literature. This choice is rooted in the understanding that, as
suggested by Elo and Kyngés (2008), inductive analysis is more suitable for the present
study.

It is important to highlight that content analysis presents a significant challenge
and should be flexible, as there is no correct way to perform it. Therefore, it is important
to describe all the steps taken, highlighting its limitations (ELO; KYNGAS, 2008).

Finally, in the fourth stage, the analysis and discussion of results were established,

followed by the development of considerations and final conclusions of the study.

RESULTS AND ASSOCIATED DISCUSSIONS

This section consists of three subsections. The first one addresses bibliometric

analysis, followed by analyses and discussions. The second one presents the result of the
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literature review with the connections to the United Nations Sustainable Development

Goals (SDGs). Finally, the third one provides implications for theory and practice.

Bibliometric analysis

As mentioned in the previous stage, bibliometric analysis was conducted for the
233 selected documents, using a minimum occurrence of 5 for terms. In the initial phase,
the co-occurrence network of words in the sample was examined. Figure 2 presents the
results of this analysis conducted using the VOSviewer software. Notably, the terms
"artificial intelligence™ and "higher education™ stood out as central, establishing
connections with all other words in the figure. Additionally, it is possible to identify the
presence of four distinct word groups organized into clusters. The understanding of this
grouping is facilitated by the visualization of the heatmap presented in Figure 3.

Figure 2 - Co-occurrence Network
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As previously mentioned, the heatmap generated in VOSviewer resulted in the
clustering of four groups of words organized in clusters of blue, green, and yellow colors.
The blue cluster "artificial intelligence™ is related to the words "digital transformation,"
"SDGs," "covid-19," "quality," "artificial neural network," and "prediction.” While there
are some connections between these words, the most relevant relationships are those
established with "artificial intelligence™ and "higher education,” highlighting a strong

connection between these themes. The clustering confirms the observations of various
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authors, such as Ara Shaikh et al. (2022), Aleem et al. (2023), and Ratten (2023), who
emphasize that the topic of artificial intelligence in higher education gained relevance
with the advent of the Covid-19 pandemic. During this period, there was a significant
change in the educational landscape, driving the adoption of innovative technologies to
meet the demands of higher education (ALEEM et al., 2023; ARA SHAIKH et al., 2022;
RATTEN, 2023). In this context, artificial intelligence emerged as a tool not only to
enhance teaching methods but also to integrate sustainability concepts. This emphasis
highlights the fundamental role of this technology and its impact on promoting quality
education, contributing to the achievement of the Sustainable Development Goals (SDGSs)
(BELINKY; SARAIVA; MIYAKE, 2022; BERMEJO; JUIZ, 2023; GORALSKI; TAN,
2020).

Figure 3 - Co-occurrence Network Considering Density Analysis
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Leal Filho et al. (2023a) also support this by stating that technology can provide
a significant contribution to achieving the United Nations' 17 Sustainable Development
Goals (SDGs) through more comprehensive monitoring of data on actions toward the
SDGs and sharing information among stakeholders. Tell and Hoveskog (2022) reinforce
that, in the sustainability scenario, the adoption of artificial intelligence in higher
education can help countries achieve the SDGs, such as poverty reduction, combating

hunger, climate management, and specifically promoting quality education.
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The green cluster highlights the words "higher education,” "e-learning,"
"challenges,” "implementation,” "strategy," "educational sustainability,” "deep learning,"
"design,” and "blockchain." The current context, marked by the increasing use of
technology, has reflected on higher education institutions directing actions with a focus
on sustainability, requiring the adaptation of their teaching methodologies to align with
artificial intelligence (LIBERTSON, 2023). Although the literature emphasizes the
benefits of artificial intelligence in education, in the context of higher education, there are
many challenges regarding the use of this technology. Liao et al. (2022) state that one of
the challenges is the lack of knowledge and skills of teachers to use Al in teaching. This
issue reinforces the statements of Leal Filho et al. (2023c) that the educational community
needs to develop new skills to diversify and expand teaching methods aiming to develop
skills and competencies in students and teachers through the use of this technology. In
this perspective, Nordgren (2023) argues that by focusing efforts on using Al to teach
students about sustainability, it is possible to train committed professionals prepared to
face the consequent challenges of the future.

Next, the yellow cluster is composed of the words "system,” "education

sustainability,” “innovation,” "big data,” "internet of things,” and "industry 4.0."
According to Al Darayseh (2023), the presence of Al in the higher education system
promotes a comprehensive educational revolution, anchored in the triad of sustainable
education, innovation, and technological advances of Industry 4.0. According to Okagbue
et al. (2023), Al not only personalizes learning to meet individual student needs but also
brings a shift in how information is conveyed and absorbed. The connection of Al with
Industry 4.0, big data, and the Internet of Things amplifies this transformation, enhancing
the adoption of more agile and predictive approaches in higher education (WANG et al.,
2023b). This scenario, driven by the relationship of these technologies, not only optimizes
operational efficiency but also prepares students for a future filled with challenges and
opportunities, thus contributing to the formation of innovative professionals aware of the
importance of sustainability in the global context (SOLLOSY; MCINERNEY, 2022).

Finally, the last analyzed grouping is highlighted by the red cluster composed of

the words "sustainability,” "performance,” "student,” "efficiency," "impact," "machine
learning,” and "energy." Regarding the context of Al in higher education, much research
has emphasized the impact of this technology on students' teaching and learning,
assessing its efficiency with the integration of sustainability performance concepts (AL

DARAYSEH, 2023; CHEN; XIE; HWANG, 2020; MARQUEZ et al., 2023). Similarly,
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the incorporation of Al technologies like machine learning can be used as an instrument
for sustainable data management, addressing environmental and energy-related issues
(ANDEOBU; WIBOWO; GRANDHI, 2022; CHIU; CHAI, 2020). This relationship
highlights the importance of Al in building a more efficient, student-centered academic
environment aligned with emerging sustainability demands.

Following that, Figure 4 illustrates the average publication date of the documents
that include the highlighted terms in Figure 3. As mentioned earlier, there was no time
restriction on publication. The mapping generated in the software reflects the unfolding
of the themes addressed in this study. Therefore, it is possible to observe that various Al-
related themes began to be investigated, initially related to Covid-19, e-learning,
efficiency, and educational sustainability. Next, there is a highlight for themes involving
Al and higher education relating to challenges, performance, systems, big data,
innovation, industry 4.0, students, digital transformation, deep learning, design,
Sustainable Development Goals (SDGs), artificial neural network, machine learning, and
sustainability. Lastly, in the final analysis, a strong connection is observed for themes of
education sustainability, implementation, strategy, energy, and the Internet of Things

linked with Al and Higher Education becoming the object of study.

Figure 4 - Average date of terms present in the analyzed documents with a co-occurrence
frequency greater than 5
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In the final analysis, Figure 5 presents the co-authorship network concerning the
countries of the analyzed documents. China stands out as the central country in this
network.

Figure 5 - Co-occurrence of countries
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Al in HE and its relation to SD

Considering the presented context, analyzing the literature and the Sustainable
Development Goals (SDGs) proposed by the United Nations, it was possible to create
Table 1, which presents the main artificial intelligence technologies used in higher
education and how they relate to sustainable development issues, an important topic
within the context of teaching and research in sustainability. Additionally, Table 1 also

highlights the advantages of this relationship.

Table 1. Al Technologies Used in Higher Education and Their Relationship with Sustainable
Development.

Al technologies Relationship with Sustainable Advantages
Development
o Recommender and They enable personalized learning based . -
personalization on individual student needs, optimizing Lm?rr]g\r/::;iiacgﬂgeiftﬂC'ency
systems the use of educational resources and y g

engagement and enhancing
academic outcomes (AL
KA’BI, 2023; HALAGATTI
etal., 2023g;
NAVEENKUMAR et al.,
2023; SANTOS et al., 2023).

reducing waste. This Al technology, as a
result, can ensure that all students
acquire the knowledge and skills
necessary through education to ideate
sustainable solutions and enhance the
achievement of SDG 4.7, which aims to
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ensure that all learners acquire the
knowledge and skills needed to promote
sustainable development.

Chatbots and virtual
assistants

They can provide support and guidance
to students by answering frequently
asked questions and delivering relevant
information quickly and efficiently.
Chatbots and virtual assistants are
technologies with potential that can be
used to address students' difficulties,
enhancing their teaching and learning
process and increasing their interest in
studies. As a result, they strengthen
students' access to information and
contribute to the development of
scientific research through universal
access to information and
communication technologies. Therefore,
these technologies are related to SDG9
9.C, which aims to significantly increase
access to information and
communication technologies.

Improves the student
experience by reducing
waiting time and providing
learning support. It promotes
discussions by generating new
insights into a specific context
(EBADI; AMINI, 2022;
JEON, 2021, 2022; LIN; YU,
2023; PALLATHADKA et
al., 2022).

Automated assessment
systems

Enables quick and accurate grading of
assignments and exams, freeing up time
for teachers to focus on more interactive
and formative activities. The use of this
technology can promote quality
education by providing personalized
learning experiences tailored to
individual student needs, improving
learning outcomes, and fostering a
deeper understanding of the subject
matter. This stimulates the achievement
of SDG 4.4, which corresponds to the
development of relevant skills, including
technical and vocational skills, for
employment and decent work.

Increases the efficiency of the
assessment process by
providing immediate feedback
to students and streamlining
teachers' workflow. This
ensures more time for the
development of students'
competencies aligned with the
new demands of the job
market (AL KA’BI, 2023;
HALAGATTI et al., 2023a;
MCGRATH et al., 2023).

Adaptive learning
platforms

They use Al algorithms to personalize
teaching content based on each student's
performance and learning needs.
Adaptive learning platforms can help
reduce educational inequalities in higher
education, through personalized support
and resources, seeking to address
learning gaps, offering additional
assistance to students, as well as enabling
the integration of sustainability-related
content in their courses, seeking to raise
awareness about the principles of
sustainable development and awaken
interest in technological solutions
considering their realities, thus
enhancing the achievement of the goals
that make up SDG4, which corresponds
to the promotion of quality education for
all.

Promotes more effective and
engaging learning by meeting
individual students' needs and
facilitating the acquisition and
consolidation of knowledge
(MCGRATH etal., 2023;
RAZAK et al., 2023;
SANTOS et al., 2023).
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e Educational data Enables the collection and analysis of Facilitates evidence-based
analysis data on students' performance and the decision-making, enhancing
functioning of educational institutions, the quality of teaching and the
assisting in the identification of areas for | management of educational
improvement and the development of institutions (AL KA’BI, 2023)
more effective educational strategies. (HALAGATTI et al., 2023a).

This technology can therefore support
teachers or educational institutions in
data-driven decision-making and
promote collaboration, educational
performance analysis, and a more
inclusive, equitable, and sustainable
educational system, contributing not only
to SDG 4 but also to the achievement of
SDG 10.2, which aims to promote social,
economic, and political inclusion for all.

Source: Created by authors based on the analysis of the SDGs proposed by the UN and on the references
presented in the table.

In general, these Al technologies applied to the demands of higher education can
bring significant benefits to the quality of education, enhancing the student experience
and academic performance. Additionally, the use of these technologies can contribute to
the sustainability of the educational system, enabling more efficient allocation of
educational resources and reducing waste of time, effort, and materials.

Thus, it is observed that in the context of higher education, Al technologies can
enhance the learning experience by providing personalized, adaptable, and data-driven
solutions that help students learn more efficiently and effectively (AL KA’BI, 2023;
HALAGATTI et al., 2023b; NAVEENKUMAR et al., 2023; SANTOS et al., 2023). Al-
based educational tools such as chatbots, virtual assistants, and automated assessment
systems can save time and improve the quality of education by providing immediate
feedback to students (ASLAM et al., 2022; EBADI; AMINI, 2022; JEON, 2021, 2022;
LIN; YU, 2023; PALLATHADKA et al., 2022).

To achieve the Sustainable Development Goals (SDGs) of the UN (United
Nations) proposed in Agenda 30, Al can help achieve these goals, such as ensuring quality
education and access to information (GUPTA et al., 2023; NASIR et al., 2023).

Therefore, Al technologies have a significant role to play in both higher education
and sustainable development. By providing personalized and data-driven educational
tools, Al can enhance the quality and efficiency of education, as well as contribute to the
achievement of the SDGs through its ability to provide data-driven solutions to complex

economic, social, and environmental challenges. Educators and policymakers need to
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embrace the potential of Al to fully harness its benefits and contribute to a more

sustainable future.

Implications for theory and practice

This study carries implications for both theory and practice. On a theoretical level,
the combination of bibliometric and literature analysis contributes to a more
comprehensive understanding of the relationship between artificial intelligence and
sustainability in higher education. Moreover, the study offers valuable insights to fellow
researchers, aiding them in future investigations, given the acknowledged relevance of
the topic and the recognition that there is still much to be explored.

From a practical perspective, the study furnishes information that can assist
managers of higher education institutions in the effective implementation of Al tools,
emphasizing sustainability. This, in turn, facilitates student learning and fosters a more
thorough grasp of sustainability concepts. Additionally, it contributes to the pursuit of the
United Nations Sustainable Development Goals (SDGS).

CONCLUSIONS AND FINAL CONSIDERATIONS

This study aimed to analyze the relationship between artificial intelligence and
sustainability in higher education based on the literature in the field. Based on the
presented results, it can be stated that this objective was achieved. The analysis conducted
using the VOSviewer software resulted in the formation of four thematic clusters
regarding the relationship between these themes. Furthermore, the literature review
highlighted the strong integration of Al technologies in higher education and their
connection to sustainable development. From these results, the following conclusions can
be drawn.

The blue cluster revealed the emergence of artificial intelligence during the
pandemic, emphasizing its importance in enhancing teaching methods in higher education
and integrating sustainability concepts, positively impacting educational quality and
contributing to the achievement of the Sustainable Development Goals (SDGs). The
green cluster addressed the adaptation of higher education institutions to emerging
technologies, including artificial intelligence, emphasizing the need to develop new skills
in the educational community to diversify and enhance teaching methods. The yellow
cluster indicated the presence of artificial intelligence in higher education based on the

triad of sustainable education and innovation, aiming to prepare students for future
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challenges. The red cluster highlighted the impact of artificial intelligence on higher
education, focusing on student learning, efficiency, and sustainable performance.
Furthermore, the literature analysis delineated the primary Al technologies and
their connection to the SDGs. The current landscape underscores the significance of
research, empirical evidence, and technology-oriented educational initiatives to
contribute to the realization of the United Nations' Sustainable Development Goals. In
this context, the escalating importance of artificial intelligence in higher education is
conspicuous, alongside the challenges associated with implementation, underscoring the
persistent necessity for investments in training and innovative educational strategies to
seamlessly integrate Al into higher education, with a particular focus on sustainability.
Lastly, it is crucial to underscore the limitations of this study. Despite utilizing the
Web of Science database, deemed one of the most significant globally, other pertinent
scientific databases exist. Additionally, it is relevant to acknowledge that variations in
search terms may yield different article selections during the evaluation phase. For future
studies, it is recommended to conduct research in diverse countries to comprehend how
artificial intelligence in higher education is perceived and adopted within the context of

sustainability.

ACKNOWLEDGMENT

We would like to thank all those involved who contributed to the development of
this research, especially the Universidade do Estado do Pard (UEPA), and funding
provided by Fundacdo Amazdnia de Amparo a Estudos e Pesquisas (FAPESPA) and
Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES).

REFERENCES

ADAMS, C. et al. Ethical principles for artificial intelligence in K-12 education. Computers and
Education: Artificial Intelligence, v. 4, p. 100131, 2023.

AHMAD, M. A.; ECKERT, C. M. Show Your Work: Responsible Model Reporting in Health
Care Atrtificial Intelligence. Surgical Clinics of North America, maio 2023.

AL DARAYSEH, A. Acceptance of artificial intelligence in teaching science: Science teachers’
perspective. Computers and Education: Artificial Intelligence, v. 4, p. 100132, 2023.

AL KA’BI, A. Proposed artificial intelligence algorithm and deep learning techniques for
development of higher education. International Journal of Intelligent Networks, v. 4, p. 68—
73, 2023.

ALEEM, M. et al. Remote work and the COVID-19 pandemic: An artificial intelligence-based



CLIUM.ORG | 245

topic modeling and a future agenda. Journal of Business Research, v. 154, p. 113303, jan. 2023.

ANDEOBU, L.; WIBOWO, S.; GRANDHI, S. Artificial intelligence applications for sustainable
solid waste management practices in Australia: A systematic review. Science of The Total
Environment, v. 834, p. 155389, ago. 2022.

ANHOLON, R. et al. COVID-19 and decent work: A bibliometric analysis. Work, v. 71, n. 4, p.
833-841, 2022.

ARA SHAIKH, A. et al. The Role of Machine Learning and Artificial Intelligence for making a
Digital Classroom and its sustainable Impact on Education during Covid-19. Materials Today:
Proceedings, v. 56, p. 3211-3215, 2022.

ASLAM, W. et al. Chatbots in the frontline: drivers of acceptance. Kybernetes, 2022.

AYANWALE, M. A. et al. Teachers’ readiness and intention to teach artificial intelligence in
schools. Computers and Education: Artificial Intelligence, v. 3, p. 100099, 2022.

BELINKY, A.; SARAIVA, M. H.; MIYAKE, A. Challenges to Current Sustainability
Assessment Frameworks: The Era of Big Data and SDGs Has Arrived. International Journal of
Social Ecology and Sustainable Development, v. 13, n. 6, 2022.

BERMEJO, B.; JUIZ, C. Improving cloud/edge sustainability through artificial intelligence: A
systematic review. Journal of Parallel and Distributed Computing, v. 176, p. 41-54, 2023.

BURGER, B. et al. On the use of Al-based tools like ChatGPT to support management research.
European Journal of Innovation Management, v. 26, n. 7, p. 233-241, 3 abr. 2023.

CHEN, L.; CHEN, P.; LIN, Z. Artificial Intelligence in Education: A Review. IEEE Access, V.
8, p. 7526475278, 2020.

CHEN, X.; XIE, H.; HWANG, G.-J. A multi-perspective study on Artificial Intelligence in
Education: grants, conferences, journals, software tools, institutions, and researchers. Computers
and Education: Artificial Intelligence, v. 1, p. 100005, 2020.

CHIU, T. K. F. et al. Systematic literature review on opportunities, challenges, and future research
recommendations of artificial intelligence in education. Computers and Education: Artificial
Intelligence, v. 4, p. 100118, 2023.

CHIU, T. K. F.; CHAI, C. Sustainable Curriculum Planning for Artificial Intelligence Education:
A Self-Determination Theory Perspective. Sustainability, v. 12, n. 14, p. 5568, 10 jul. 2020.

DWIVEDI Y. K. et al. “So what if ChatGPT wrote it?” Multidisciplinary perspectives on
opportunities, challenges and implications of generative conversational Al for research, practice
and policy. International Journal of Information Management, v. 71, n. March, 2023.

EBADI, S.; AMINI, A. Examining the roles of social presence and human-likeness on Iranian
EFL learners’ motivation using artificial intelligence technology: a case of CSIEC chatbot.
Interactive Learning Environments, p. 1-19, 25 jul. 2022.

ELO, S.; KYNGAS, H. The qualitative content analysis process. Journal of Advanced Nursing,
v. 62, n. 1, p. 107-115, abr. 2008.

GORALSKI, M. A.; TAN, T. K. Artificial intelligence and sustainable development. The
International Journal of Management Education, v. 18, n. 1, p. 100330, 2020.



CLIUM.ORG | 246

GORALSKI, M. A.; TAN, T. K. Atrtificial intelligence and poverty alleviation: Emerging
innovations and their implications for management education and sustainable development. The
International Journal of Management Education, v. 20, n. 3, p. 100662, 2022.

GUPTA, B. B. et al. Analysis of artificial intelligence-based technologies and approaches on
sustainable entrepreneurship. Technological Forecasting and Social Change, v. 186, p. 122152,
jan. 2023.

HADERER, B.; CIOLACU, M. Education 4.0: Artificial Intelligence Assisted Task- and Time
Planning System. Procedia Computer Science, v. 200, p. 1328-1337, 2022.

HALAGATTI, M. et al. Artificial Intelligence: The New Tool of Disruption in Educational
Performance Assessment. In: Smart Analytics, Artificial Intelligence and Sustainable
Performance Management in a Global Digitalised Economy. [s.I: s.n.]. p. 261-287.

HALAGATTI, M. et al. Artificial Intelligence: The New Tool of Disruption in Educational
Performance Assessment. In: Contemporary Studies in Economic and Financial Analysis. [s.I:
s.n.]. p. 261-287.

JAROTA, M. Artificial intelligence in the work process. A reflection on the proposed European
Union regulations on artificial intelligence from an occupational health and safety perspective.
Computer Law & Security Review, v. 49, p. 105825, jul. 2023.

JEON, J. Chatbot-assisted dynamic assessment (CA-DA) for L2 vocabulary learning and
diagnosis. Computer Assisted Language Learning, p. 1-27, 15 out. 2021.

JEON, J. Exploring Al chatbot affordances in the EFL classroom: young learners’ experiences
and perspectives. Computer Assisted Language Learning, p. 1-26, 10 jan. 2022.

KEIPER, M. C. et al. Artificial intelligence in sport management education: Playing the Al game
with ChatGPT. Journal of Hospitality, Leisure, Sport & Tourism Education, v. 33, p. 100456,
2023.

KHOSRAVI, H. et al. Explainable Artificial Intelligence in education. Computers and
Education: Artificial Intelligence, v. 3, p. 100074, 2022.

LEAL FILHO, W. et al. The role of transformation in learning and education for sustainability.
Journal of Cleaner Production, v. 199, p. 286-295, out. 2018.

LEAL FILHO, W. et al. When the alarm bells ring: Why the UN sustainable development goals
may not be achieved by 2030. Journal of Cleaner Production, v. 407, p. 137108, jun. 2023a.

LEAL FILHO, W. et al. Digital transformation and sustainable development in higher education
in a post-pandemic world. International Journal of Sustainable Development & World
Ecology, p. 1-16, 21 jul. 2023b.

LEAL FILHO, W. et al. Digital transformation and sustainable development in higher education
in a post-pandemic world. International Journal of Sustainable Development & World
Ecology, p. 1-16, 21 jul. 2023c.

LEE, M. An analysis of the effects of artificial intelligence on electric vehicle technology
innovation using patent data. World Patent Information, v. 63, n. October, p. 102002, 2020.

LIAO, W. et al. Effects of equity-oriented teacher education on preservice teachers: A systematic
review. Teaching and Teacher Education, v. 119, p. 103844, nov. 2022.



CLIUM.ORG | 247

LIBERTSON, F. Inner transitions in higher education in Sweden: incorporating intra-personal
skills in education for sustainable development. International Journal of Sustainability in
Higher Education, v. 24, n. 9, p. 213-230, 18 maio 2023.

LIN, Y.; YU, Z. A bibliometric analysis of artificial intelligence chatbots in educational contexts.
Interactive Technology and Smart Education, 28 mar. 2023.

MARQUEZ, R. et al. A Perspective on The Synergistic Potential of Artificial Intelligence and
Product-Based Learning Strategies in Biobased Materials Education. Education for Chemical
Engineers, maio 2023.

MCGRATH, C. et al. University teachers’ perceptions of responsibility and artificial intelligence
in higher education - An experimental philosophical study. Computers and Education:
Artificial Intelligence, v. 4, p. 100139, 2023.

NASIR, O. et al. Artificial intelligence and sustainable development goals nexus via four vantage
points. Technology in Society, v. 72, p. 102171, fev. 2023.

NAVEENKUMAR, R. et al. A strategic review on sustainable approaches in municipal solid
waste management and energy recovery: Role of artificial intelligence, economic stability and
life cycle assessment. Bioresource Technology, v. 379, p. 129044, jul. 2023.

NORDGREN, A. Atrtificial intelligence and climate change: ethical issues. Journal of
Information, Communication and Ethics in Society, v. 21, n. 1, p. 1-15, 31 jan. 2023.

NTI, E. K. et al. Environmental sustainability technologies in biodiversity, energy, transportation
and water management using artificial intelligence: A systematic review. Sustainable Futures,
v. 4, p. 100068, 2022.

OKAGBUE, E. F. et al. A comprehensive overview of artificial intelligence and machine learning
in education pedagogy: 21 Years (2000-2021) of research indexed in the scopus database. Social
Sciences & Humanities Open, v. 8, n. 1, p. 100655, 2023.

OUYANG, F.; JIAO, P. Artificial intelligence in education: The three paradigms. Computers
and Education: Artificial Intelligence, v. 2, p. 100020, 2021.

PALLATHADKA, H. et al. Investigating the impact of artificial intelligence in education sector
by predicting student performance. Materials Today: Proceedings, v. 51, p. 2264-2267, 2022.

QIAN, Y. etal. Can artificial intelligence improve green economic growth? Evidence from China.
Environmental Science and Pollution Research, v. 30, n. 6, p. 16418-16437, 2023.

RAMPASSO, I. S. et al. An analysis of the difficulties associated to sustainability insertion in
engineering education: Examples from HEIs in Brazil. Journal of Cleaner Production, v. 193,
p. 363-371, ago. 2018.

RATTEN, V. The post COVID-19 pandemic era: Changes in teaching and learning methods for
management educators. The International Journal of Management Education, v. 21, n. 2, p.
100777, jul. 2023.

RAZAK, A. et al. Reigniting the power of artificial intelligence in education sector for the
educators and students competence. In: Artificial Intelligence and Machine Learning in Smart
City Planning. [s.l.] Elsevier, 2023. p. 103-116.

SAHEB, T.; DEHGHANI, M.; SAHEB, T. Artificial intelligence for sustainable energy: A
contextual topic modeling and content analysis. Sustainable Computing: Informatics and



CLIUM.ORG | 248

Systems, v. 35, p. 100699, 2022.

SALVIA, A. L. et al. Assessing research trends related to Sustainable Development Goals: local
and global issues. Journal of Cleaner Production, v. 208, p. 841-849, jan. 2019.

SANER, R.; YIU, L.; NGUYEN, M. Monitoring the SDGs: Digital and social technologies to
ensure citizen participation, inclusiveness and transparency. Development Policy Review, v. 38,
n. 4, p. 483-500, 14 jul. 2020.

SANTOQOS, V. et al. A Reference Model for Artificial Intelligence Techniques in Stimulating
Reasoning, and Cognitive and Motor Development. Procedia Computer Science, v. 219, p.
1057-1066, 2023.

SOLLOSY, M.; MCINERNEY, M. Artificial intelligence and business education: What should
be taught. The International Journal of Management Education, v. 20, n. 3, p. 100720, nov.
2022.

TAKALA, A.; KORHONEN-YRJANHEIKKI, K. A decade of Finnish engineering education for
sustainable development. International Journal of Sustainability in Higher Education, v. 20,
n. 1, p. 170-186, 7 jan. 2019.

TELL, J.; HOVESKOG, M. Applied engineering education for soft skills in the context of
sustainability and mobility. International Journal of Sustainability in Higher Education, v.
23, n. 8, p. 324-336, 1 jan. 2022.

VAN ECK, N. J.; WALTMAN, L. Software survey: VOSviewer, a computer program for
bibliometric mapping. Scientometrics, v. 84, n. 2, p. 523-538, 2010.

VAN ECK, N. J.; WALTMAN, L. VOSviewer Manual —Manual for VOSviewer version
1.6.16. Leiden: Leiden University, 2020.

WANG, F. et al. Economic analysis of sustainable exports value addition through natural resource
management and artificial intelligence. Resources Policy, v. 82, p. 103541, maio 2023a.

WANG, X. Q. et al. Artificial-intelligence-led revolution of construction materials: From
molecules to Industry 4.0. Matter, v. 6, n. 6, p. 1831-1859, 2023b.

ZAWACKI-RICHTER, O. et al. Systematic review of research on artificial intelligence
applications in higher education — where are the educators? International Journal of
Educational Technology in Higher Education, v. 16, n. 1, 2019.



