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1.Introduction

Museums play a pivotal role as educational and cultural institutions in advancing
the Sustainable Development Goals (SDGs), which envision inclusive progress toward
human and planetary well-being by addressing poverty, improving food and nutrition
security, and protecting natural resources, biodiversity, and ecosystems (United
Nations, 2015). Beyond serving as mere repositories of cultural artifacts, museums
actively promote sustainability by fostering sustainable practices and encouraging
community engagement. By preserving and interpreting cultural heritage, museums
support cultural sustainability, which is increasingly recognized as essential to the
broader sustainability discourse. For instance, museums can achieve cultural
sustainability through dynamic exhibitions and educational initiatives that engage
diverse audiences, fostering a deeper understanding of cultural heritage and its

relevance to contemporary societal issues (Pop, Borza, Buiga, Ighian, & Toader, 2019).

Museums also have the potential to serve as sustainable tourism destinations.
Choi, Berridge, & Kim (2020) illustrated how urban museums attract visitors with
innovative programming that combines learning and entertainment. This dual approach
not only enhances visitor engagement but also stimulates local economies, aligning
with SDG 8, which advocates for sustained and inclusive economic growth. Supporting
museums' capacity to engage diverse audiences, Cappa, Rosso, & Capaldo (2020)
argued that participatory experiences can enhance cultural literacy while also

promoting economic sustainability for museums.

Moreover, museums are crucial in promoting social inclusion and advancing
cultural democratization. Previous studies, such as those by Toé & Emond (2019),
highlighted how museum education programs that prioritize cultural democracy
empower communities and strengthen social cohesion, aligning with SDG 10's goal of
reducing inequalities. The International Council of Museums (ICOM) emphasizes that
museums should operate with ethical integrity and work closely with communities to
provide diverse educational experiences, thereby promoting inclusivity and
accessibility (Bai & Kim, 2024). This approach not only amplifies museums'
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educational value but also ensures that cultural narratives accurately reflect the

communities they represent.

As such, integrating sustainability into museum practices is more than a
contemporary trend; it is essential for their relevance and survival in the 21st century.
Carvalho & Camacho (2023) noted that museums are increasingly expected to
contribute to the SDGs by incorporating sustainable practices across their operations
and programs, addressing environmental issues, preserving cultural heritage, and
participating in community development—critical elements in achieving a sustainable

future.

In the era of digital transformation, museums are increasingly utilizing technology
to expand their educational reach and engage broader audiences. Digital initiatives, as
highlighted by Grenier (2010), not only support professional development for educators
but also extend museums' educational influence beyond their physical boundaries. The
digitization of collections enhances accessibility and fosters public engagement,
promoting lifelong learning and supporting SDG 4's focus on quality education
(Palumbo, 2022). Among various digital transformation trends, artificial intelligence
(AI) has emerged as a pivotal tool in reshaping museum operations, particularly in

enhancing educational practices and visitor interactions.

The adoption of Al technologies in museums is revolutionizing both educational
practices and visitor interactions. As museums increasingly implement Al they are
achieving greater operational efficiency while enriching the educational experiences
they offer. Al technologies such as machine learning, natural language processing, and
Al-powered chatbots enable personalized and interactive experiences tailored to
diverse visitor preferences. Rani, Jining, Shah,Xaba, & Singh (2023) argued that Al and
computational technologies enhance the interpretation of artworks, providing
immersive experiences that boost educational outcomes in art museums. Additionally,
Al applications enable the analysis of visitor behaviors, which can inform decisions
related to exhibit layouts and educational programming. For instance, Fan & Chu
(2021) discussed how Al can optimize exhibition designs based on visitor traffic
patterns, thereby improving both visitor satisfaction and the educational impact of
exhibits. This data-driven approach allows museums to tailor their exhibitions and
educational activities better to align with the interests and learning styles of their

audiences, fostering a more engaging learning environment.

Al's potential in museum education extends beyond operational enhancements to
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the creation of innovative tools and resources. Al-driven recommendation systems, for
example, can guide visitors to content aligned with their specific interests, thereby
deepening their engagement with the material (Trichopoulos, Konstantakis,
Alexandridis, & Caridakis, 2023). Moreover, integrating Al with virtual and augmented
reality technologies allows museums to develop immersive educational environments
that replicate historical events or artistic techniques, providing visitors with a more
profound understanding of the subject matter (Miinster et al., 2024). These advanced
technologies offer new ways to engage audiences and enhance the educational value of

museum visits, aligning with the goals of lifelong learning and cultural enrichment.

Despite these advancements, the growing reliance on Al raises ethical concerns
and questions about its impact on traditional museum practices. Murphy (2023)
emphasized that museums must ensure the use of Al aligns with ethical and social
responsibilities, safeguarding the integrity of cultural narratives and the visitor
experience. Moreover, there is a need for ongoing research to assess the effectiveness
of Al in educational contexts and to explore how these technologies can enhance
learning outcomes without diminishing the human element of museum education.
Balancing the benefits of technological innovation with ethical considerations is
essential for museums to maintain their role as trusted educational and cultural

institutions.

Therefore, this study aims to explore how Al technologies can be strategically
leveraged in museum education to enhance visitor engagement and contribute to
achieving the SDGs, balancing technological innovation with ethical considerations.
By examining the applications and implications of Al in museums, this research
contributes to the broader discourse on how digital transformation can support

sustainable development while preserving the core values of education and inclusivity.

2.Role of Al in Museum Education to Achieve SDGs

The integration of Al in museum education holds significant potential to advance
the SDGs by enhancing learning experiences, promoting inclusivity, and fostering
cultural awareness. Our findings indicate that incorporating Al in museum education
primarily facilitates the achievement of SDG 4 (Quality Education) while also
contributing to SDG 10 (Reduced Inequalities), SDG 11 (Sustainable Cities and
Communities), SDG 13 (Climate Action), and SDG 16 (Peace, Justice, and Strong
Institutions). Below, we elaborate on the specific applications of Al in museum
education that align with these SDGs.
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(1) Personalized Learning Experiences

Al technologies can significantly enhance personalized learning experiences for
museum visitors by analyzing their data and preferences. Through such analysis, Al
can customize educational content to align with individual needs, thereby boosting
engagement and comprehension. This application aligns with SDG 4 by promoting
inclusive and equitable quality education and facilitating lifelong learning opportunities
for all (Ke, 2023).

(2) Interactive Learning Tools

The deployment of Al-driven chatbots and virtual assistants in museums enables
the creation of highly interactive learning environments. These tools respond to visitor
inquiries, provide detailed information about exhibits, and guide users through
educational content, enhancing the overall visitor experience. This application also
supports SDG 4 by fostering dynamic and engaging learning experiences (Chang, Lin,
Hajian, & Wang, 2023).

(3) Gamification of Learning

Al is also being utilized to develop gamified learning experiences that encourage
exploration and interaction within museum environments. By integrating game-like
elements into educational content, museums can increase visitor motivation and
improve learning outcomes, supporting SDG 4 by promoting lifelong learning
opportunities (Babazadeh, 2023).

(4) Accessibility Enhancements

Al can greatly improve accessibility for individuals with disabilities by providing
adaptive learning tools and resources. For example, Al-based applications can offer
audio descriptions, sign language interpretations, and other assistive technologies that
make museum content more accessible. This aligns with SDGs by ensuring equal access
to cultural experiences for all individuals (Al-Belushi & Al-Hooti, 2023).

(5) Data-Driven Insights for Curatorial Practices

Museums can leverage Al to analyze visitor behavior and feedback, providing
valuable insights that inform curatorial decisions and educational programming. By
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understanding which exhibits engage audiences the most, museums can adapt their
offerings to reflect community interests better. This approach supports SDG 11 by
promoting cultural heritage and sustainable tourism (Orea-Giner, Mufioz-Mazon,
Villacé-Molinero, & Moraleda, 2022).

(6) Cultural Heritage Preservation and Environmental Education

Al technologies play a crucial role in the preservation and restoration of cultural
artifacts by analyzing and reconstructing damaged items, thereby enhancing
educational narratives and supporting SDG 11 by safeguarding cultural heritage
(Echarri, 2020). Additionally, museums can utilize Al to promote environmental
education through interactive exhibits focused on sustainability issues. Al-driven
simulations and virtual experiences engage visitors in meaningful dialogues about
climate change and conservation, aligning with SDG 13.

(7) Community Engagement and Collaboration

Al can enhance community engagement by enabling museums to co-create
educational programs with local communities. This participatory approach fosters a
sense of ownership and relevance, supporting SDG 16 by encouraging inclusive and
participatory decision-making processes (Torruella, Fernandez-Santin, & Atenas,
2021).

3.Challenges and Considerations in Integrating Al in Museum
Education

While AT has the potential to significantly contribute to museum education and the
achievement of the SDGs, several issues and challenges need to be carefully considered
by museum educators. These include ethical and practical challenges, the impact on
museum staff and educators, and concerns related to visitor experience and digital
equity. Below, we elucidate on the potential challenges and considerations in integrating

Al into museum education.
(1) Ethical Challenges
The integration of Al in museum education presents several ethical challenges that

must be carefully managed to ensure its responsible and effective use. A primary
concern is data privacy. Museums often collect personal data from visitors to tailor
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educational content and enhance user experiences. However, improper management of
this data can lead to significant privacy breaches. Regulations such as the General Data
Protection Regulation (GDPR) in Europe enforce stringent guidelines on data collection
and use, emphasizing the need for transparency and obtaining informed consent (AlAli
& Wardat, 2024). Failure to safeguard visitor data can undermine public trust and
potentially deter people from engaging in museum activities.

Another critical ethical issue is algorithmic bias. Al systems, depending on the
data they are trained on, can inadvertently perpetuate existing biases, leading to skewed
representations of cultural narratives or the marginalization of certain groups in
educational content. As George & Wooden (2023) highlighted, Al technologies could
exacerbate educational inequalities by replicating and reinforcing biases inherent in
their training data. This concern is particularly pressing in museums, where accurately
representing diverse cultures and histories is essential. To avoid reinforcing these
biases, museums must rigorously scrutinize the datasets used in Al applications and
ensure that Al systems are designed to be inclusive and equitable.

Transparency and accountability are also crucial ethical considerations in the
deployment of Al. The often opaque nature of Al algorithms poses challenges in
determining responsibility when an Al system makes a decision that negatively impacts
a visitor's experience or provides misleading information. To maintain public trust, it is
vital to establish clear guidelines for accountability in Al decision-making processes.
Moreover, ethical considerations surrounding Al extend beyond data privacy and bias
to encompass broader concerns related to fairness, transparency, and the potential
misuse of technology (Alrayes, Henari, & Ahmed, 2024).

Addressing these ethical challenges requires ongoing discussion about the
implications of Al technologies in museums. As Al continues to evolve, museums must
remain vigilant in tackling these ethical concerns to foster an inclusive environment
that respects all visitors. This approach necessitates not only technical solutions but also
a steadfast commitment to ethical principles that prioritize privacy, fairness, and
accountability in the implementation of Al technologies within educational contexts.

(2) Practical Challenges
Implementing Al in museum education comes with several practical challenges

that can impede its effective adoption. One of the primary obstacles is the high cost
associated with Al technologies. The financial investment required acquiring Al tools,
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maintaining the necessary infrastructure, and train staff can be considerable,
particularly for smaller museums with limited budgets. While certain research has
discussed the implementation of Al in educational settings, highlighting challenges
such as substantial upfront costs (Mahligawati, Allanas, Butarbutar, & Nordin, 2023),
the specific application of Al to museum education has yet to be thoroughly explored.

Beyond cost, a shortage of technical expertise poses another significant challenge.
Effectively deploying Al applications requires specialized knowledge in data science,
machine learning, and Al development. However, many museum staff may lack the
necessary technical skills to implement and manage Al systems effectively. Bobitan,
Dumitrescu, Popa, Sahlian, & Turlea (2024) emphasized the importance of equipping
employees with the appropriate skills to work alongside Al technologies, highlighting
the need for continuous training and professional development.

Integrating Al into existing museum systems also presents complexities. Many
museums rely on legacy systems that may not be compatible with new Al technologies,
leading to challenges related to data interoperability and system functionality. Nguyen,
Nguyen, & Giang (2022) discussed the difficulties of integrating Al-based instructional
technologies; however, their analysis did not specifically address the museum context.
This gap suggests the need for further exploration into how these challenges affect
museum educators.

Moreover, user acceptance and trust are critical factors in the successful
implementation of Al in museum education. For Al technologies to be effective, both
museum staff and visitors must have confidence in these systems. Building this trust
requires demonstrating the reliability and value of Al applications, which can be
challenging if there are concerns about data privacy or algorithmic bias.

(3) Impact on Museum Staff and Educators

The integration of Al in museum education has profound implications for museum
educators, curators, and staff, requiring a reassessment of their roles and the
professional development needed to adapt to these emerging technologies. As museums
increasingly utilize Al to enrich visitor experiences and educational programs, staff
must navigate the complexities these technologies bring while still fulfilling their core
educational objectives.

One significant impact of Al integration is the evolving roles of museum educators
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and curators. Al tools capable of personalizing learning experiences and providing data-
driven insights can transform educators from traditional content providers into
facilitators of technology-enhanced learning. This shift requires educators to acquire
new skills and competencies related to Al technologies, such as interpreting data
generated by Al systems and integrating these insights into their educational approaches
(Aghaziarati, Nejatifar, & Abedi, 2023). As Aghaziarati et al. (2023) highlighted,
educators' attitudes toward Al can heavily influence its successful implementation in
educational settings, emphasizing the need for professional development that
encompasses both technical skills and pedagogical strategies.

Moreover, the use of Al in museums can streamline administrative tasks, allowing
educators and curators to focus more on content development and visitor engagement.
However, this transition presents challenges, as staff must learn to work effectively
alongside Al systems and understand their limitations. Kim (2023) discussed the
complexities associated with the "black-box™ nature of Al, where users may struggle to
understand how Al systems reach their conclusions. This challenge underscores the
importance of training programs that demystify these technologies; ensuring museum
staff can use Al tools effectively while maintaining the accuracy and relevance of
educational content.

The integration of Al also brings ethical considerations to the forefront,
particularly regarding the use of technology in educational environments. Museum staff
must be prepared to address concerns about data privacy and algorithmic bias, which
can impact the integrity of the educational experience. Kémleksiz (2023) noted that
while Al can enhance the usability of museum objects for educational purposes, it also
requires educators to assess the technologies they use critically. Therefore, professional
development programs should include training on ethical issues and best practices for
employing Al in museum education.

The rapid pace of technological change further underscores the need for ongoing
professional development. As Al technologies continue to evolve, museum staff must
engage in continuous learning to keep up with new tools and methodologies. This
includes participating in workshops, conferences, and collaborative initiatives that
foster a culture of innovation and adaptability within museum education (Arvin,
Hoseinabady, Bayat, & Zahmatkesh, 2023). By investing in professional development,
museums can empower their educators and curators to embrace Al as a transformative
tool for enhancing educational experiences.
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(4) Visitor Experience and Digital Equity

The integration of Al in museums offers substantial opportunities to enhance
visitor experiences, but it also raises significant concerns related to digital equity,
accessibility, and the potential to exacerbate the digital divide among different visitor
groups. As museums increasingly adopt Al technologies, addressing these issues is
crucial to ensure that advancements in digital engagement benefit all visitors.

A key concern surrounding digital equity is the accessibility of Al-powered tools
and resources. While Al can enrich visitor experiences through personalized content
and interactive exhibits, not all visitors may have the same access to the required
technology or possess the digital literacy skills needed to engage with these tools
effectively. Pisoni, Diaz-Rodriguez, Gijlers, & Tonolli (2021) emphasized the
importance of designing human-centered Al systems that prioritize accessibility within
cultural heritage contexts, ensuring that a wide range of visitor demographics can fully
participate in museum offerings. If museums primarily focus on serving tech-savvy
audiences, they risk excluding those without the same level of access or familiarity with
digital technologies, potentially deepening the existing digital divide.

Additionally, the dependence on Al technologies can unintentionally reinforce
existing inequalities. For instance, visitors from lower socioeconomic backgrounds
may lack access to smartphones or high-speed internet, which are often necessary for
engaging with Al-enhanced museum experiences. Butcher et al. (2021) emphasized the
need for museums to address educational inequities by rethinking traditional outreach
methods and creating learning experiences that offer new opportunities for all visitors.
Without proactive measures to ensure equitable access to Al technologies, museums
risk perpetuating disparities in educational and cultural engagement.

The potential of Al to improve visitor experiences also raises questions about the
quality of those experiences. Although Al can offer personalized recommendations and
streamline navigation, it is crucial to ensure that these technologies do not replace the
human aspects of museum education. Bell & Smith (2020) discussed how digitally
enhanced display devices can support independent learning but caution against over-
reliance on technology, which could undermine meaningful human interactions.
Museums need to find a balance between using Al to enhance visitor experiences and
preserving the personal connections that are fundamental to cultural engagement.
Furthermore, as museums increasingly adopt Al technologies, they must consider the
ethical issues associated with data collection and usage. While data generated by Al
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systems can provide valuable insights into visitor preferences and behaviors, it also
raises concerns about privacy and informed consent. Museums should establish
transparent policies regarding data usage and ensure that visitors are fully informed
about how their data will be used. Such transparency is essential for building trust and
ensuring that all visitors feel comfortable engaging with Al-driven experiences.

4 Implications for Museum Practice and Future Directions

The integration of Al into museum education and management holds significant
potential to enhance educational practices, improve operational efficiencies, and
support policy-making that aligns with the SDGs. As cultural and educational
institutions, museums can leverage Al to provide more personalized and interactive
experiences, thereby increasing public engagement and educational impact. However,
realizing this potential requires careful consideration of ethical implications,

inclusivity, and alignment with the museum's core mission and values.

To achieve effective Al integration, museums should implement strategies that
emphasize ethical use, inclusivity, and sustainability. Key recommendations include
establishing clear guidelines for Al deployment that prioritize visitor privacy, ensure
data transparency, and mitigate biases in Al algorithms. Additionally, museums should
invest in staff training and capacity-building initiatives to facilitate the smooth adoption
of Al tools and foster a culture of digital literacy and innovation among museum
professionals. Involving diverse communities during the design and implementation
phases of Al projects can help ensure these technologies serve the broader public and

align with the museum's mission of promoting education and engagement.

Future research and development should focus on exploring Al's impact across
different types of museums—such as art, science, and history museums—and
examining how Al influences visitor learning outcomes and long-term sustainability.
Research in these areas could provide valuable insights into how Al can be adapted to
meet the specific needs of various museum types and their audiences. Additionally,
conducting longitudinal studies on the effects of AI on museum operations, visitor
experiences, and educational outcomes would help better understand Al's
transformative potential in museum contexts. By addressing these opportunities,
museums can more effectively navigate the evolving landscape of digital innovation,
ensuring that Al serves as a tool to enhance their educational missions and contribute

to sustainable development.
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