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ABSTRACT

This article investigates the transformative potential of Smart and Immersive Education in promoting Education for
Sustainable Development (ESD), connecting technological innovations to global sustainability demands. Through a
conceptual model, it explores the contributions of emerging Technologies — such as Virtual Reality (VR), Augmented
Reality (AR), and Artificial Intelligence (Al) — for the transformation of education, making it adaptive, engaging, and
aligned with the Sustainable Development Goals (SDGs). The argument is made that these technologies enhance
learning and empower both managers and students to take on leading roles in addressing socio-environmental
challenges. The study provides a basis for new empirical research and educational practices, suggesting pathways to
turn environmental and social challenges into opportunities for innovation and positive impact.

KEYWORDS: Smart and Immersive Education. Education for Sustainability. Sustainable Development Goals

GRAPHIC SUMMARY

CONCEPTUAL MODEL FOR EDUCATION FOR SUSTAINABLE DEVELOPMENT
A conceptual model is proposed to structure the use of intelligent and immersive technologies in
Education for Sustainable D pment. This model izes learning objectives into three
dimensions

COGNITIVE: Development of knowledge about sustainable practices and the resolution of
socio-environmental problems.

[ SOCIO-EMOTIONAL: Promotion of empathy, collaboration, and social responsibility. ]

[ BEHAVIORAL: Practical  of top actions. ]

4r
M

EXPECTED IMPACTS:

* Increasein environmental
and social awareness;
Formation of citizens
prepared to face global
challenges, equipped with
practical and socio-
emotional skills to

contribute to sustainable CONTRIBUTIONS TO THE SUSTAINABLE DEVELOPMENT GOALS
development. (SDGs):

N

INTEGRATION OF SMART AND IMMERSIVETECHNOLOGIES IN
EDUCATION:

. ive Artificial i (GenAl), Big Data, and the
Internet of Things (loT) enable the customization and
adaptation of educational resources to students' profiles and
needs;

*+ The use of intelligent and immersive technologies has the
potential to promote Education for Sustainable Development
through topics relevant to the 17 SDGs, such as Health (SDG
3), Quality Education (SDG 4), Gender Equality (SDG 5), Clean
Water and Sanitation (SDG 6), among others.

Virtual Reality, Augmented Reality, and Mixed Reality
provide practical and immersive simulations, creating learning
environments that facilitate the understanding of complex
topics and enhance engagement.

Each applied technology enables a targeted approach to each
SDG, linking learning needs with global sustainability goals.
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1. INTRODUCTION

In recent decades, challenges such as climate change, environmental degradation, and
the growing demand for natural resources have become central concerns due to the critical
interdependence between climate, ecosystems, and human societies. Impacts on ecosystem
health directly affect quality of life, exacerbating social and economic vulnerabilities and
intensifying natural disasters, food insecurity, and water scarcity (ESCAP; ADB; UNDP, 2024;
WMO, 2024).

The complexity of this scenario calls for a multidimensional approach that integrates
environmental, social, and economic aspects. Addressing these challenges is intrinsically linked
to the integration of public policies, investments in technological innovation, and the
strengthening of educational structures that prepare future generations to act sustainably and
resiliently (RECKIEN et al., 2017; UNESCO; MECCE, 2024).

Emerging technologies, such as generative artificial intelligence (GenAl), big data, and
the Internet of Things (loT), enable real-time data collection and processing of large datasets,
improving monitoring, forecasting, and decision-making for mitigating climate change effects
(HO et al., 2024; NAMMOUCHI; KASSLER; THEOCHARIS, 2024). These innovations are essential
for enhancing the resilience of sectors impacted by climate challenges (ABBASS et al., 2022).

Education for Sustainable Development (ESD) is a fundamental pillar in addressing these
global challenges, as it promotes awareness of environmental conservation and the reduction of
social inequalities (UNESCO; MECCE, 2024). Information and communication technologies (ICTs)
broaden access to and awareness of socio-environmental challenges, especially among
Generation Z, who are often considered digital natives (PIKHART; KLIMOVA, 2020). Additionally,
these technologies help train professionals with new skills to develop innovative solutions
focused on sustainable development (UNESCO; MECCE, 2024).

The use of technology in Education dates back to the early 20th century (MOORE, 2022),
and recent advancements have transformed how teaching and learning are conceived and
delivered (PREGOWSKA et al., 2021). In this context, Distance Education (DE) has played a crucial
role in democratizing access to knowledge, overcoming physical and temporal barriers through
the use of ICTs in the educational process (MOORE, 2022). Currently, DE is transitioning to a new
technological generation, Smart and Immersive Education, characterized by the use of
technologies such as Generative Artificial Intelligence (GenAl), Machine Learning, Big Data, Cloud
Computing, loT, Virtual Reality (VR), Augmented Reality (AR), and Mixed Reality (MR) (FOGUEL,
2024).

Although the literature addresses the use of smart and immersive technologies in
Education (ALARIO-HOYOS; KLOQS, 2019; POUPARD et al., 2024) and there exists a theoretical
body on Education for Sustainability (LIM et al., 2022; VEIGA AVILA et al., 2018), the direct
relationship between these two areas remains underexplored and underdeveloped in the
literature. This article investigates the possibilities of using Smart and Immersive Education to
promote Education for Sustainable Development. The central contribution of this article lies in
advancing the integration between Smart and Immersive Education and Education for
Sustainability, through a conceptual analysis model that structures usage possibilities based on
the Sustainable Development Goals (SDGs).
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This article presents a theoretical framework on Smart and Immersive Education and
Education for Sustainable Development. It describes the methodology adopted to investigate
this relationship and discusses the practical implications, suggesting directions for future
research and technological applications in educational contexts, aiming at sustainable
development and the mitigation of climate and social impacts.

2. THEORETICAL FRAMEWORK

This section presents the theoretical concepts that guided the study.

2.1 Smart and Immersive Education

Distance Education (DE) has significantly evolved over the years, driven by Information
and Communication Technologies (ICT). From correspondence-based education to online
education, each new technology has transformed how teachers and students interact and learn
(BETTS et al., 2021). The internet and personal computers were the technologies that enabled
Online Education, fostering a significant expansion in access to professional and higher education
by reducing geographical and temporal barriers. The emergence of Virtual Learning
Environments (VLEs) brought dynamism and flexibility to interactions among educational actors.
However, technology was still limited in terms of personalization, merely responding to user
demands (AVIDOV-UNGAR; ZAMIR, 2024).

While the most intense development of smart and immersive technologies began in the
2010s, research on these topics dates back to the latter half of the 20th century. The term
"Artificial Intelligence" was coined in 1956 during the Dartmouth Conference (MCCARTHY et al.,
2006), and the first virtual reality devices emerged in the 1980s through Jaron Lanier's studies at
VPL Research (LANIER, 2017). However, the most significant transformations have occurred
recently, driven by advances in neural networks, increased computational power, advanced
sensors, and graphical interfaces (PARTARAKIS, 2024). Improvements in chip capacity and
connectivity enabled real-time processing of large volumes of data, essential for developing
artificial intelligence and immersive technologies (GARISTO, 2024). Additionally, cloud
computing and the decentralization of processing through edge computing further expanded
access to these technologies (HOU; LU; DEY, 2017; SHI et al.,, 2016). Advances in artificial
intelligence, especially generative adversarial networks (GOODFELLOW et al., 2014) and the
transformer model (VASWANI et al., 2017), enabled the emergence of generative Al systems
such as ChatGPT, Gemini, and others.

Smart technologies refer to systems that integrate generative artificial intelligence
(GenAl), machine learning, big data, cloud computing, and the Internet of Things (loT), creating
autonomous and adaptive solutions that analyze and respond to data in real-time. These systems
are designed to continuously learn, optimizing processes and enabling personalized decisions
across a wide range of applications (AKHILESH, 2020; TOTLANI, 2023). In Education, these
technologies create adaptive and personalized learning environments, adjusting to student
behavior. Smart Education leverages cloud computing and machine learning to monitor and
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analyze student performance, adapting content to their needs, thereby creating more effective
and engaging learning experiences (ALARIO-HOYOS; KLOOS, 2019; PALANIVEL, 2020).

Smart Education is characterized by high levels of personalization, adjusting the pace and
content to each student's profile, promoting continuity in learning across various environments
and times, a phenomenon known as ubiquity (DEMIR, 2021; PALANIVEL, 2020). Learning is
contextualized, applying content practically within the student’s context, enriched by the
integration of digital technologies that amplify the educational experience (GULNORA; FARIDA;
SAYIDOLIM, 2022). Adaptive environments promote flexibility, while self-directed learning
encourages students to take initiative in controlling their learning process (DEMIR, 2021).

Immersive technologies complement Smart Education by integrating the virtual and
physical, fostering highly interactive and sensory learning experiences. With the use of virtual
reality (VR), augmented reality (AR), and mixed reality (MR), these technologies transform the
teaching process by creating interactive 3D environments that simulate both real and imaginary
scenarios, offering deeper engagement and visually dynamic experiences (MOHSEN; ALANGARI,
2024). VR completely replaces the physical environment with a virtual one, allowing students
immersive exploration, while AR overlays digital elements onto the real world, facilitating the
visualization of complex concepts (HALABI, 2020; TORI, 2022). MR combines both worlds,
enabling real-time interactions between physical and virtual objects (CHANG et al., 2022).

These technologies redefine the concept of distance, removing geographical and
temporal barriers, and create more inclusive and collaborative learning environments,
comparable to face-to-face experiences (TORI, 2022). In addition to facilitating the
understanding of abstract concepts and practical learning through simulations of complex skill
(ELDOKHNY, 2021), they offer personalization and inclusion by adapting content to individual
learning styles. This enriches the educational process and allows access to scenarios that are
physically inaccessible, such as historical or scientific locations (WU et al., 2021).

The integration of smart and immersive technologies significantly elevates the quality of
the educational experience, providing unprecedented flexibility and personalization (DEMIR,
2021; SINGH; MIAH, 2020). This new technological paradigm establishes a dominant set of
concepts, practices, and tools that guide the development and application of educational
technologies. When emerging innovations reveal the limitations of the current paradigm, a shift
occurs that requires a fundamental restructuring of dominant practices and concepts (CIMOLI;
DOSI, 1995; DOSI, 1982). This new technological paradigm is redefining the interaction between
technology and user, especially in education, replacing passive systems with interactive and
adaptive ones that evolve in real-time (OUYANG; ZHENG; JIAO, 2022), positioning Smart and
Immersive Education as the sixth generation of Distance Education (FOGUEL, 2024).

In addition to transforming learning by making it more dynamic and inclusive, the
integration of these technologies plays a crucial role in raising awareness about global
challenges. By increasing engagement and understanding, these tools prepare students to
address complex issues in a constantly changing world. In this context, Smart and Immersive
Education has the potential to drive Education for Sustainability, fostering citizens committed to
solutions for a more sustainable and equitable future.
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Complementarily to technological innovations in education, Education for Sustainable
Development plays a vital role in preparing individuals and institutions to face contemporary
global challenges.

2.2 Education for Sustainable Development

Discussions on sustainable development began in the 1970s with the Limits to Growth
report, which warned of the risks of unlimited economic growth in a context of finite natural
resources (MEADOWS et al., 1972). In 1987, the Brundtland Report consolidated the concept,
defining sustainable development as the one that balances the fulfillment of present needs with
the preservation of resources for future generations (BRUNDTLAND, 1987). At the United
Nations Conference on Environment and Development (RI092), Agenda 21 was created as a
guideline for sustainable policies, reinforcing global commitment (UNITED NATIONS, 1992).

In the 2000s, the Millennium Summit led to the development of the eight Millennium
Development Goals (MDGs), aimed at eradicating extreme poverty by 2015. In January 2015, the
2030 Agenda was established, bringing forth 17 Sustainable Development Goals (SDGs), which
encompass the economic, social, and environmental dimensions of sustainable development
(UNITED NATIONS, 2015). Figure 1 presents the 17 SDGs organized according to the dimensions
of sustainable development.

Figure 1 — SDGs organized by the dimensions of Sustainable Development

ECONOMIC ENVIRONMENTAL

SOCIAL

Source: Prepared by the author, based on United Nations (2015)
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In this context, Education for Sustainable Development (ESD) emerges as a key element
in promoting the knowledge and skills necessary to achieve the SDGs, especially SDG 4 — Quality
Education (UNESCO, 2020). ESD is a holistic approach aimed at empowering students to make
informed and responsible decisions, promoting environmental integrity, economic viability, and
social justice for present and future generations (VEIDEMANE, 2022).

Education for Sustainable Development is grounded in principles that guide the building
of a more just and sustainable society. The first of these is the Holistic Approach, which
recognizes the interconnectedness of environmental, social, and economic aspects, promoting
an integrated view of global challenges. Additionally, Equity and Diversity ensure social and
economic justice by respecting the cultural and contextual differences of each community. ESD
also prioritizes Action and Empowerment, enabling students to become agents of
transformation, fostering individual and collective actions in favor of sustainability. The Long-
Term Vision guides decisions by considering the impacts of present actions on future
generations. Finally, Stakeholder Engagement reinforces active collaboration among
governments, companies, NGOs, and communities in a joint effort toward sustainable
development (IVASCU et al., 2017; O’FLAHERTY; LIDDY, 2018).

These principles create a solid foundation for ESD to develop citizens capable of
addressing global challenges, equipped with technical knowledge, critical capacity, and
engagement to drive meaningful change. Thus, ESD is not merely a form of education but a
catalyst for a more aware, inclusive society committed to building a sustainable future
(GROSSECK; TIRU; BRAN, 2019).

Based on the concepts presented, this research adopts an exploratory-propositional
approach to investigate how the integration between technology and sustainability can be
structured into models applicable to the educational context.

3. METHODOLOGY

The methodology of this study adopts an exploratory-propositional approach, aiming to
investigate the possibilities of using smart and immersive technologies in Education for
Sustainable Development (ESD). Exploratory research is suitable for emerging and under-
investigated topics (CRESWELL, 2014), going beyond merely describing existing practices and
instead proposing their adoption within the teaching and learning process.

In this context, the study proposes a conceptual model to structure and analyze the
applications of Smart and Immersive Education for the benefit of ESD, using the Sustainable
Development Goals (SDGs) as a starting point (UNITED NATIONS, 2015). The model examines
Smart Education through three technologies: Artificial Intelligence, Big Data, and the Internet of
Things (AKHILESH, 2020). Simultaneously, it addresses Immersive Education by considering the
technologies of virtual reality, augmented reality, and mixed reality (AL-ANSI et al., 2023;
ALARIO-HOYOS; KLOOS, 2019).

Educational actions are organized based on the SDGs, and learning objectives are
categorized into cognitive, socio-emotional, and behavioral dimensions, as suggested by
UNESCO (2017). Additionally, the research discusses the expected impacts of these initiatives,
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suggesting new pathways for practical application and highlighting opportunities for future
empirical investigations. Figure 2 presents the conceptual model developed for the research.

Figure 2 - Conceptual Model for Analyzing the Integration Possibilities between Smart and Immersive Education and
Education for Sustainable Development.
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Source: Prepared by the author (2024).

4. RESULTS

Based on the proposed conceptual model, actions for Education for Sustainable
Development were investigated and proposed, oriented toward each of the SDGs. These
proposals are presented below, considering the sustainable development dimensions to which
the SDGs relate, as shown in Figure.

4.1 SDGs Impacting the Social Dimension of Sustainable Development (SDG 2, SDG 3, and SDG
16)

The integration of technologies such as GenAl, Big Data, and the Internet of Things (loT) in the
context of SDG 2 (Zero Hunger and Sustainable Agriculture) enables the optimization of
agricultural practices, adapting education to local climatic and environmental conditions.
Vocational training projects can be personalized according to students’ profiles and regional
characteristics. Technical skills in sustainable agricultural Local Clusters can be disseminated to
other clusters through Distance Education (FOGUEL; NORMANHA FILHO, 2007). Smart learning
analytics tools allow for systematic monitoring of projects involving multiple clusters,
personalizing the teaching and learning process for each one. Additionally, virtual reality (VR)
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will enable students from different regions to follow the cultivation cycle of more distant and
developed clusters, providing them the opportunity to experiment with different agricultural
techniques in a safe environment, promoting both resource-use efficiency and environmental
preservation.

In the context of SDG 3 (Good Health and Well-being), smart technologies play a crucial
role in monitoring public health indicators and providing Health Education programs. Through
courses with preventive content for the public, teleconsultation with specialists via Digital
Health, and training for healthcare professionals, smart technologies promote an integrated
approach to improving the health and well-being of the population. Immersive technologies
simulate health scenarios, including medical procedures and prevention campaigns, allowing
students and professionals to practice in simulated environments without the risks associated
with real-life situations. This facilitates practical learning in healthcare, enhancing the
understanding and execution of procedures.

For SDG 16 (Peace, Justice, and Strong Institutions), smart education enables the
provision of personalized courses on human rights and social justice, adapting content according
to the student’s profile and the specific challenges of each locality. Virtual reality allows for the
simulation of conflict scenarios to provide practice in mediation and conflict resolution. Students
can be placed in extreme simulation scenarios to become aware of the long-term consequences
caused by the weakening of human rights and social justice, making them conscious of the
importance of a well-functioning, inclusive, and just democratic state.

Educational objectives involve, in the cognitive aspect, understanding sustainable
practices, disease prevention, public health, and the fundamentals of social justice and
democratic governance. In the socio-emotional aspect, the focus is on developing empathy,
collective responsibility, and respect for human rights and the environment. In the behavioral
aspect, the aim is to apply this knowledge in real contexts, promoting healthy habits, sustainable
agricultural practices, and social justice within communities.

The expected impacts include the adoption of innovative and sustainable practices,
increased awareness and adherence to preventive health practices, empowerment of farmers in
the conscious use of natural resources, and greater civic engagement in promoting social justice
and effective institutions.

4.2 SDGs Impacting the Social and Economic Dimensions of Sustainable Development (SDG 1,
SDG 4, SDG 5, SDG 8, and SDG 10).

SDG 1 (No Poverty) establishes a set of targets for poverty eradication, with two
approaches highlighted in the educational context: Entrepreneurship Education and Financial
Education (UNESCO, 2017). Entrepreneurship Education fosters business creation, generating
income and employment opportunities, especially when aligned with sustainable development,
by incorporating SDGs into the educational process and encouraging socially and
environmentally sustainable enterprises (REPAR; BOGUE, 2024). On the other hand, Financial
Education enables individuals to make informed and responsible decisions about their resources,
promoting conscious use, economic stability, and a more sustainable future (NAZ; FAROOQUI;
BHATTI, 2023).
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Smart technologies, such as Generative Artificial Intelligence and Big Data, enable the
personalization of financial education projects by tailoring content to the socioeconomic profile
of students, using predictive analytics to support the creation of specific educational content and
actions. In Entrepreneurship Education, adaptive learning platforms can adjust educational
content and practices, developing entrepreneurial skills according to students’ profiles and
regional vocations. Immersive technologies, such as virtual reality, allow simulations of financial
management in students’ daily life situations, enabling them to experience real economic
scenarios and face challenges similar to those they will encounter in real life.

Smart and immersive technologies are transforming Education. Within the scope of SDG
4 (Quality Education), smart technologies personalize the educational process, adapting content
to each student's profile. Moreover, they monitor students’ progress in real time, identify
learning difficulties, and provide individualized feedback in real time, promoting inclusive and
personalized education. In Immersive Education, the use of virtual, augmented, or mixed reality
allows students to explore interactive environments, such as laboratory simulations, historical
contexts, or even virtual explorations of geographical locations. These immersive experiences
increase student engagement and facilitate the understanding of complex content.

For SDG 5 (Gender Equality), smart technologies enable the customization of
educational content to encourage female participation in underrepresented areas, such as
science and technology. In the field of Immersive Education, virtual reality (VR) can simulate
scenarios addressing gender discrimination and violence, offering an immersive experience that
deepens understanding of the importance of equality. VR can also help women develop
leadership skills by simulating challenging situations in traditionally male-dominated
environments.

Regarding SDG 8 (Decent Work and Economic Growth), the integration of smart and
immersive technologies into educational projects offers significant potential for impact. Smart
technologies enable the creation of personalized learning pathways for skill development, career
training, and financial literacy. These virtual platforms can adapt content based on each student's
individual profile and the characteristics of each locality, providing access to specialized training
that meets local needs and vocations. Immersive technologies allow simulations of real work
environments, enabling students to develop practical skills in a controlled and safe setting. These
simulations are especially useful for vocational training, allowing learners to develop
competencies in fields such as healthcare, construction, and technology, which are essential for
economic growth.

In SDG 10 (Reduced Inequalities), smart education allows the customization of teaching
to meet students' different socioeconomic and cultural needs, promoting inclusion and
accessibility. Smart technologies adapt content to facilitate learning for vulnerable groups,
adjusting pedagogical approaches to their specific barriers. Virtual reality can be used to simulate
scenarios that demonstrate the impacts of social inequalities, fostering a practical understanding
of social and economic barriers.

The synthesized educational objectives encompass, in the cognitive aspect, the
development of competencies in responsible resource management, sustainable
entrepreneurship, digital technology, vocational skills, gender equality, and an understanding of
the causes of social inequalities. In the socio-emotional aspect, they aim to promote empathy,
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social responsibility, collaboration, and respect for diversity. In the behavioral aspect, they
encourage the application of skills in income generation, responsible technology use, inclusive
and equitable practices, as well as entrepreneurial and collaborative attitudes in work
environments and communities.

The expected impacts include greater awareness of sustainable practices, reduced
financial vulnerability, strengthened entrepreneurial skills, increased inclusion and educational
equity, promotion of gender equality, increased employability and reduced unemployment, as
well as strengthened community capacity to address social and economic inequalities,
promoting sustainable and inclusive economic development.

4.3 SDGs Impacting the Social and Environmental Dimensions of Sustainable Development
(SDG 6 and SDG 11).

For SDG 6 (Clean Water and Sanitation), smart and immersive technologies can be used
to promote education and awareness about water sustainability and the importance of
sanitation. Projects involving the use of big data and the Internet of Things (loT) can monitor
water usage and quality in real time, providing customized data for scientific research and
educational materials, tailored to the characteristics of different communities. GenAl can be
used to predict demand and recommend more efficient water usage practices. In Immersive
Education, virtual reality (VR) can simulate water crisis scenarios, such as scarcity and pollution,
deepening understanding of the impact of irresponsible consumption and conservation
techniques.

Regarding SDG 11 (Sustainable Cities and Communities), smart and immersive
technologies can facilitate learning about urban sustainability for both the general population
and city managers. The combination of GenAl and VR allows students to explore city data and
experience urban realities immersively, proposing solutions whose impacts can be analyzed and
presented in simulated scenarios. Immersive scenarios can also be used to enable public
managers to learn from the experiences of more advanced sustainable cities, which they would
not traditionally have access to, enhancing skills related to ecological urban planning, sustainable
transportation, and green spaces.

The synthesized educational objectives include, in the cognitive aspect, the development
of knowledge about sustainable water management and sustainable urban planning; in the
socio-emotional aspect, fostering empathy for vulnerable communities and raising awareness
about the importance of sustainable actions; and in the behavioral aspect, promoting
responsible water use, sanitation practices, and the implementation of sustainability and
urbanization projects.

The expected impacts include increased public awareness, adoption of conservation
practices, improvements in sanitation education, and greater engagement in sustainable
urbanization projects and actions aimed at developing more resilient and inclusive cities.

4.4 SDGs Impacting the Environmental Dimension of Sustainable Development (SDG 13, SDG
14, and SDG 15)
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In SDG 13 (Climate Action), smart technologies can be used in educational platforms
that personalize learning about climate change mitigation and adaptation, tailoring content to
students’ knowledge levels. Virtual reality (VR) can complement this process by simulating the
impacts of climate change and possible solutions, such as reforestation and the use of renewable
energy, providing a deeper understanding of environmental challenges.

For SDG 14 (Life Below Water), smart technologies can customize teaching on topics
such as sustainable fishing, pollution, and marine species preservation. VR allows students to
explore underwater ecosystems and experience the impacts of pollution, offering a hands-on
experience that highlights the importance of marine conservation and plastic waste reduction.

Similarly, SDG 15 (Life on Land) can have educational content tailored by smart
technologies, covering topics such as deforestation, forest preservation, and endangered
species, contextualized to the characteristics of each region. Virtual reality (VR) and augmented
reality (AR) enable the creation of immersive experiences, allowing students to explore virtual
forests and understand the effects of deforestation and soil degradation, facilitating learning
about the importance of terrestrial ecosystem preservation.

The learning objectives for these SDGs aim, in the cognitive aspect, to foster
understanding of the impacts of human activities and the threats to climate, marine, and
terrestrial ecosystems, as well as to analyze solutions for mitigation and environmental
preservation. In the socio-emotional aspect, the focus is on developing empathy and awareness
of the urgency of sustainable actions for both vulnerable communities and biodiversity.
Behavioral objectives emphasize the adoption of sustainable practices and the regular practice
of environmental conservation actions.

The expected impacts include increased environmental awareness, with students
attentive to the effects of human activities on ecosystems and equipped to adopt sustainable
practices in their daily lives. It is anticipated that empathy and commitment to preservation will
be developed, along with skills to analyze and implement mitigation solutions. In this way, the
goal is to train professionals capable of making informed decisions about sustainability,
promoting the conscious use of resources, waste reduction, and environmental conservation.

4.5 SDG Impacting the Economic Dimension of Sustainable Development (SDG 9)

For SDG 9 (Industry, Innovation, and Infrastructure), smart and immersive technologies
can customize training and educational programs focused on innovation and sustainable
infrastructure, tailoring content to local needs. Additionally, they can identify efficiency patterns
and promote better industrial practices. Immersive technologies provide simulations that allow
students to interact with virtual infrastructures, understanding sustainable construction and
innovation practices without physical risks, while visualizing environmental and economic
impacts.

The learning objectives include, in the cognitive aspect, the development of knowledge
about sustainable innovation; in the socio-emotional aspect, the promotion of social and
environmental responsibility; and in the behavioral aspect, the application of sustainable
practices in real contexts. The expected impacts are professional qualification in sustainable
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innovation, greater adoption of green industrial practices, and increased awareness of
responsible innovation.

4.6 SDGs Impacting the Economic and Environmental Dimensions of Sustainable Development
(SDG 7 and SDG 12).

For SDG 7 (Affordable and Clean Energy), teaching about energy efficiency and
renewable energies can be personalized by monitoring real-time energy consumption and using
this information to create sustainable content and recommendations tailored to each profile.
Additionally, immersive technologies can simulate the development and operation of solar and
wind power plants, providing students with practical experience without risks or costs.

For SDG 12 (Responsible Consumption and Production), content on sustainable
consumption can be adapted based on students' profiles and daily choices, raising awareness
about areas such as food and energy. Immersive technologies can create simulations of
production chains, allowing students to explore the life cycle of products, from extraction to
disposal.

The learning objectives include, in the cognitive aspect, understanding the
environmental impact of energy and consumption practices; in the socio-emotional aspect,
developing empathy and responsibility for resource use; and in the behavioral aspect,
encouraging the adoption of sustainable practices. The expected impacts are greater awareness
of sustainable consumption and clean energy use, as well as behavioral changes leading to waste
reduction and the adoption of sustainable solutions.

4.7 SDG 17 - Partnerships for the Goals

For SDG 17 (Partnerships for the Goals), smart technologies can personalize education
on international cooperation and partnership building, covering topics such as sustainable
development and public-private partnerships, while immersive technologies can simulate global
negotiations and conferences, allowing students to experience international partnerships.

The learning objectives include, in the cognitive aspect, understanding global
collaboration; in the socio-emotional aspect, developing cooperation skills and cultural empathy;
and in the behavioral aspect, encouraging the promotion of local and global partnerships. The
expected impacts are students equipped to lead collaborative initiatives and facilitate effective
partnerships in their projects.

5. FINAL CONSIDERATIONS

This study explored the possibilities of integrating Smart and Immersive Education with
Education for Sustainability, using the Sustainable Development Goals (SDGs) as a foundation.
The main contribution was the proposal of a conceptual model that structures these
technologies as effective tools for promoting sustainability learning, providing an adaptive and
engaging educational approach. Smart and immersive technologies have shown promise in
personalizing educational content, monitoring real-time data, and simulating practical scenarios,
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enabling greater immersion and understanding of global challenges related to sustainable
development.

However, the lack of adequate technological infrastructure in some regions and the still
high cost of these technologies may limit their large-scale implementation. Additionally, it is
necessary to assess the empirical impact of these tools on the development of socio-emotional
and behavioral skills, as well as in different educational contexts.

It is suggested that future studies empirically investigate the effects of applying these
technologies in various scenarios and regions, in addition to exploring ways to make these
solutions more accessible. Another promising area for future research involves using these
technologies to train managers and public agents, enabling them to adopt sustainable practices
more effectively in local policies and actions.

6. REFERENCES

ABBASS, Kashif; QASIM, Muhammad Zeeshan; SONG, Huaming; MURSHED, Muntasir; MAHMOOD, Haider; YOUNIS,
ljaz. A review of the global climate change impacts, adaptation, and sustainable mitigation measures.
Environmental Science and Pollution Research, v. 29, n. 28, p. 42539-42559, 2022. DOI: 10.1007/s11356-022-
19718-6.

AKHILESH, K. B. Smart Technologies Scope and Applications. In: AKHILESH, K. B.; MOLLER, D. P. F. (org.). Smart
TechnologiesScope and Applications. Singapore: Springer Nature Singapore, 2020. p. 1-16.

AL-ANSI, Abdullah M.; JABOOB, Mohammed; GARAD, Askar; AL-ANSI, Ahmed. Analyzing augmented reality (AR) and
virtual reality (VR) recent development in education. Social Sciences and Humanities Open,. 8, n. 1, 2023. DOI:
10.1016/j.ssah0.2023.100532.

ALARIO-HOYOS, Carlos; KLOOS, Carlos Delgado. Smart Education : A Review and Future Research. In: 13TH
INTERNATIONAL CONFERENCE ON UBIQUITOUS COMPUTING AND AMBIENT INTELLIGENCE UCAMI 2019, Toledo -
Spain. Anais [...]. Toledo - Spain p. 1-10. DOI: 10.3390/proceedings2019031057.

AVIDOV-UNGAR, Orit; ZAMIR, Sara. Personalization in Education. /n: TEZER, M. (org.). Metacognition in Learning —
New Perspectives offering. London: Intechopen, 2024. p. 13. DOI: 10.5772/intechopen.113380 intelligent.

BETTS, Kristen; DELANEY, Brian; GALOYAN, Tamara; LYNCH, William. Historical Review of Distance and Online
Education from 1700s to 2021 in the United States: Instructional Design and Pivotal Pedagogy in Higher Education.
Journal of Online Learning Research and Practice, v. 8, n. 1, 2021. DOI: 10.18278/jolrap.8.1.2.

BRUNDTLAND, G. Our Common Future. New York - NY: United Nations, 1987.

CHANG, Hsin-yi; BINALI, Theerapong; LIANG, Jyh-chong; CHIOU, Guo-li; CHENG, Kun-hung; LEE, Silvia Wen-yu; TSAI,
Chin-chung. Ten years of augmented reality in education : A meta-analysis of (quasi-) experimental studies to
investigate the impact. Computers & Education, v. 191, n. May, p. 104641, 2022. DOI:
10.1016/j.compedu.2022.104641.

CIMOLI, Mario; DOSI, Giovanni. Technological paradigms, patterns of learning and development: An introductory
roadmap. Journal of Evolutionary Economics, v. 5, n. 3, p. 243-268, 1995.

CRESWELL, J. W. Investigacao Qualitativa e projeto de pesquisa — escolhendo entre cinco abordagens. 22 ed. Porto
Alegre - RS: Penso, 2014.

DEMIR, Kadir Alpaslan. Smart education framework. Smart Learning Environments, [S. I.], v. 9, n. 29, p. 1-36, 2021.
DOI: 10.1186/s40561-021-00170-x.

DOSI, Giovanni. Technological paradigms and technological trajectories. A suggested interpretation of the
determinants and directions of technical change. Research Policy, v. 11, n. 3, p. 147-162, 1982. DOI: 10.1016/0048-
7333(82)90016-6.

ELDOKHNY, Amany Ahmed. Effectiveness of Augmented Reality in Online Distance Learning at the Time of the

124



’F A \ Perlodlco Eletrénico Forum Amblental da Alta Paulista

’1” ctronic Juf’

- . EA » = |
=1 'l’ulu_r,ﬂu ! orum \/“ s »é‘”“’ a

/ ISSN 2966-2931 SuporteOnline/OnlineSupport - ISSN 1980-0827 Suporte CD-ROM/CD-ROM Support

Edicdo em Portugués e Inglés / Edition in Portuguese and English - v. 20, n. 4, 2024

COVID-19 Pandemic. International Journal of Emerging Technologies in Learning (iJET), v. 16, n. 9, 2021. DOI:
10.3991/ijet.v16i09.17895.

ESCAP; ADB; UNDP. People and Planet: Challenges of Climate Change. Bangkok, Thailand.

FOGUEL, Flavio H. S. EFEITOS DAS MODALIDADES EDUCACIONAIS NAS VARIAVEIS DE RESULTADO DE ESTUDANTES
UNIVERSITARIOS : UM ESTUDO QUASE-EXPERIMENTAL. PhD Dissertation (PhD in Administration) ESCOLA
SUPERIOR DE PROPAGANDA E MARKETING, 2024.

FOGUEL, Flavio H. S; NORMANHA FILHO, Miguel A. Um fator de desenvolvimento de clusters no Brasil: a educagdo
profissional. Cadernos EBAPE.BR, v. 5, p. 1-16, 2007.

GARISTO, Dan. How cutting-edge computer chips are speeding up the Al revolution. Nature, v. 630, n. 8017, p. 544—
546, 2024.

GOODFELLOW, lan; POUGET-ABADIE, Jean; MIRZA, Mehdi; XU, Bing; WARDE-FARLEY, David; OZAIR, Sherjil;
COURVILLE, Aaron; BENGIO, Yoshua. Generative Adversarial Nets. In: (Z. Ghahramani, M. Welling, C. Cortes, N.
Lawrence, K. Q. Weinberger, Org.)ADVANCES IN NEURAL INFORMATION PROCESSING SYSTEMS 2014, Anais [...]. :
Curran Associates, Inc., 2014.

GROSSECK, Gabriela; TIRU, Laurentiu Gabriel; BRAN, Ramona Alice. Education for sustainable development:
Evolution and perspectives: A bibliometric review of research, 1992-2018. Sustainability, v. 11, n. 21, p. 1992-2018,
2019. DOI: 10.3390/5u11216136.

GULNORA, Jamalova; FARIDA, Aymatova; SAYIDOLIM, lkromov. The state-of-the-art applications of artificial
intelligence in distance education: a systematic mapping study. /n: THE 6TH INTERNATIONAL CONFERENCE ON
FUTURE NETWORKS & DISTRIBUTED SYSTEMS 2022, Tashkent, Uzbekistan. Anais [...]. Tashkent, Uzbekistan p. 600—
606. DOI: 10.1145/3584202.3584292.

HALABI, Osama. Immersive virtual reality to enforce teaching in engineering education. Multimedia Tools and
Applications (2020), v. 79, p. 2987-3004, 2020.

HO, Kin Tung Michael; CHEN, Kuan-Cheng; LEE, Lily; BURT, Felix; YU, Shang; PO-HENG; LEE. Quantum Computing for
Climate Resilience and Sustainability Challenges. Arxiv, 2024.

HOU, Xueshi; LU, Yao; DEY, Sujit. Wireless VR/AR with edge/cloud computing. 2017 26th International Conference
on Computer Communications and Networks, ICCCN 2017, 2017. DOI: 10.1109/ICCCN.2017.8038375.

IVASCU, Larisa; TAMASILA, Matei; TAUCEAN, llie; CIOCA, Lucian-lonel; IZVERCIAN, Monica. EDUCATION FOR
SUSTAINABILITY: CURRENT STATUS, PROSPECTS, AND DIRECTIONS. /n: 5TH ICCSBS 2017 THE ANNUAL
INTERNATIONAL CONFERENCE ON COGNITIVE-SOCIAL, AND BEHAVIOURAL SCIENCES 2017, Anais [...]. : Future
Academy, 2017.

LANIER, J. Dawn of the New Everything: Encounters with Reality and Virtual Reality. New York - NY: Henry Holt &
Company, 2017.

LIM, Chen Kim; HAUFIKU, Martin Shafiihuna; TAN, Kian Lam; FARID AHMED, Minhaz; NG, Theam Foo. Systematic
Review of Education Sustainable Development in Higher Education Institutions. Sustainability (Switzerland), v. 14,
n. 20, p. 1-22, 2022. DOI: 10.3390/su142013241.

MCCARTHY, John; MINSKY, Marvin L.; ROCHESTER, Nathaniel; SHANNON, Claude E. A proposal for the Dartmouth
summer research project on artificial intelligence. Al Magazine,. 27, n. 4, p. 12-14, 2006.

MEADOWS, Donella H.; MEADOWS, Dennis L.; RANDERS, Jorgen; BEHRENS IlI, Willian W. The limits to growth. New
York - NY: Universe Books, 1972.

MOHSEN, Mohammed Ali; ALANGARI, Tahani Salman. Analyzing two decades of immersive technology research in
education: Trends, clusters, and future directions. Education and Information Technologies, v. 29, n. 3, p. 3571-
3587, 2024. DOI: 10.1007/s10639-023-11968-2.

MOORE, Michael Grahame. From Correspondence Education to Online Distance Education. /n: ZAWACKI-RITCHER,
0.; JUNG, I. (org.). Handbook of Open, Distance and Digital Education. Singapore: Springer Nature Singapore, 2022.
p. 27-42. DOI: 10.1007/978-981-19-0351-9_2-1.

NAMMOUCHI, Amal; KASSLER, Andreas; THEOCHARIS, Andreas. Quantum Machine Learning in Climate Change and
Sustainability: A Short Review. In: PROCEEDINGS OF THE AAAI SYMPQOSIUM SERIES 2024, Anais [...]. [s.l: s.n.] p. 107—

125



’F A \ Perlodlco Eletrénico Forum Amblental da Alta Paulista

’1” ctronic Juf’

r—/". T

ronmental Forum of £ Paulista

L/

Y
' / ISSN 2966-2931 SuporteOnline/OnlineSupport - ISSN 1980-0827 Suporte CD-ROM/CD-ROM Support

Edicdo em Portugués e Inglés / Edition in Portuguese and English - v. 20, n. 4, 2024

114. DOI: 10.1609/aaaiss.v2i1.27657.

NAZ, Farah; FAROOQUI, Muhamad Ahmed; BHATTI, Ishaq. Sustainable Solution to Finance Education in Developing
World : Education Development Bank. JISR management and social sciences & economics, [S. I.], v. 21, n. 2, p. 22—
40, 2023.

O’FLAHERTY, J.; LIDDY, M. The impact of development education and education for sustainable development
interventions: a synthesis of the research. Environmental Education Research, v. 24, n. 7, p. 1031-1049, 2018. DOI:
10.1080/13504622.2017.1392484.

OUYANG, Fan; ZHENG, Luyi; JIAO, Pengcheng. Artificial intelligence in online higher education: A systematic review
of empirical research from 2011 to 2020. Springer US, 2022. v. 27 DOI: 10.1007/s10639-022-10925-9.

PALANIVEL, K. Emerging Technologies to Smart Education. International Journal of Computer Trends and
Technology (JCTT),, v. 68, n. 2, p. 5-16, 2020.

PARTARAKIS, Nikolaos. A Review of Immersive Technologies , Knowledge Representation , and Al for Human-
Centered Digital Experiences. Eletronics, v. 13, n. 269, 2024.

PIKHART, Marcel; KLIMOVA, Blanka. Elearning 4.0 as a sustainability strategy for generation z language learners:
Applied linguistics of second language acquisition in younger adults. Societies, v. 10, n. 2, 2020. DOI:
10.3390/50c10020038.

POUPARD, Matisse; LARRUE, Florian; SAUZEON, Héléne; TRICOT, André. A systematic review of immersive
technologies for education: Learning performance, cognitive load and intrinsic motivation. British Journal of
Educational Technology, 2024. DOI: 10.1111/bjet.13503.

PREGOWSKA, Agnieszka; MASZTALERZ, Karol; GARLINSKA, Magdalena; OSIAL, Magdalena. A worldwide journey
through distance education—from the post office to virtual, augmented and mixed realities, and education during
the covid-19 pandemic. Education Sciences, v. 11, n. 3, 2021. DOI: 10.3390/educsci11030118.

RECKIEN, Diana; CREUTZIG, Felix; FERNANDEZ, Blanca; LWASA, Shuaib; TOVAR-RESTREPO, Marcela; MCEVOY,
Darryn; SATTERTHWAITE, David. Climate change, equity and the Sustainable Development Goals: an urban
perspective. Environment and Urbanization, v. 29, n. 1, p. 159-182, 2017. DOI: 10.1177/0956247816677778.

REPAR, Lana; BOGUE, Joe. A New Stage for Entrepreneurship Education. In: CRAMMOND, Robert James; ICON,
Denis Hyams-Ssekasi (org.). Entrepreneurship Education and Internationalisation. 1. ed. New York - NY: Routdlege,
2024. p. 30.

SHI, Weisong; CAO, Jie; ZHANG, Quan; LI, Youhuizi; XU, Lanyu. Edge Computing: Vision and Challenges. IEEE Internet
of Things Journal, v. 3, n. 5, p. 637-646, 2016. DOI: 10.1109/JI0T.2016.2579198.

SINGH, Harpreet; MIAH, Shah J. Smart education literature : A theoretical analysis. Education and Information
Technologies, v. 25, n. December 2019, p. 3299-3328, 2020.

TORI, Romero. Educa¢do sem Distancia. Midias e Tecnologias na EaD, no Ensino Hibrido e na sala de aula. 3. ed.
S3o Paulo SP: Artesanato Educacional, 2022.

TOTLANI, Ketan. The Evolution of Generative Al : Implications for the Media and Film Industry. URASET, v. 11, p.
973-980, 2023.

UNESCO. Education for Sustainable Development Goals: learning objectives. Paris.

UNESCO. Education for Sustainable Development—A Roadmap. ESD for 2030. Paris. DOI: 10.1111/j.2048-
416x.2009.tb00140.x.

UNESCO; MECCE. Education and climate change: learning to act for people and planet. Paris. DOI:
10.54676/gvxa4765.

UNITED NATIONS. Agenda 21 - Conferéncia das NagGes Unidas sobre Meio Ambiente e Desenvolvimento. Rio de
Janeiro - RJ: United Nations, 1992.

UNITED NATIONS. Transforming Our World: The 2030 Agenda for Sustainable Development para o
Desenvolvimento Sustentavel. New York - NY.

VASWANI, Ashish; SHAZEER, Noam; PARMAR, Niki; USZKOREIT, Jakob; JONES, Llion; GOMEZ, Aidan N.; KAISER,

126



\
/'FA "\ Periodico Eletronico Forum Ambiental da Alta Paulista
(\ @@»P Electronic Journal Environmental Forum of Alta Paulista

(/ ISSN 2966-2931 SuporteOnline/OnlineSupport - ISSN 1980-0827 Suporte CD-ROM/ CD-ROM Support

e

Edlgao em Portugués e Inglés / Edition in Portuguese and English - v. 20, n. 4, 2024

tukasz; POLOSUKHIN, lllia. Attention is all you need. Advances in Neural Information Processing Systems, [S. I.], v
2017-December, n. Nips, p. 5999-6009, 2017.

VEIDEMANE, Anete. Education for Sustainable Development in Higher Education Rankings: Challenges and
Opportunities for Developing Internationally Comparable Indicators. Sustainability, v. 14, n. 9, 2022. DOI:
10.3390/su14095102.

VEIGA AVILA, Lucas; ROSSATO FACCO, Ana Luiza; BENTO, Marcia Helena dos Santos; ARIGONY, Marcelo Mendes;
OBREGON, Sandra Leonara; TREVISAN, Marcelo. Sustainability and education for sustainability: An analysis of
publications from the last decade. Environmental Quality Management, v. 27, n. 3, p. 107-118, 2018. DOI:
10.1002/tqem.21537.

WMO. State of the Global Climate 2023State of the Global Climate 2023. Geneva - SWI. DOI:
10.18356/9789263113474.

WU, C. H.; TANG, Y. M.; TSANG, Y. P.; CHAU, K. Y. Immersive Learning Design for Technology Education : A Soft
Systems Methodology. Frontiers in Psychology, v. 12, p. 1-15, 2021. DOI: 10.3389/fpsyg.2021.745295.

127



