(‘\ Journal of v1m1f5112391328§$
> Structural Engineering and D01 o g oSin
STM JOURNALS

Management

https://journals.stmjournals.com/josem

Human-Centered Al in Museums: Enhancing
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Abstract

Artificial intelligence (Al) is being used extensively in museums, which are cultural and learning spaces,
to improve accessibility, optimize environmental conditions, and improve visitor experiences.
Traditional museum designs are evolving to accommodate the demands of contemporary visitors, as
they frequently fall short in properly engaging various audiences. Al-powered tools like augmented
reality, machine learning, and smart sensors allow museums to design customized, adaptable spaces.
Based on real-time visitor data, these systems intelligently alter elements such as exhibit layouts,
lighting, and temperature to enhance comfort and engagement. Al technologies also improve
accessibility by providing customized experiences for guests with impairments, like real-time
translation and voice-activated navigation. By lowering energy use, Al's ability to improve
environmental conditions also promotes sustainability. But the incorporation of Al presents privacy
and ethical issues, especially with regard to data security and visitor consent. The Van Gogh Museum
and the Cooper Hewitt Smithsonian Design Museum provide case studies that highlight the
revolutionary effects of Al and show how this technology can enhance inclusivity, operational
effectiveness, and visitor engagement. Al is expected to transform museum design as it develops further,
guaranteeing that these establishments will continue to be accessible, relevant, and sustainable in the
long run. This study investigates the revolutionary effects of artificial intelligence (Al) on museum
interiors, looking at how Al technologies improve accessibility, visitor experiences, and environmental
efficiency.

Keywords: Artificial intelligence (Al), museum design, environmental optimization, augmented reality
(AR), machine learning

INTRODUCTION

Museums, traditionally seen as cultural and educational hubs, face challenges in meeting the diverse
needs of contemporary audiences. While these institutions have long provided valuable insights into
history, art, architecture, and science, traditional museum designs often lack the flexibility required to
engage modern visitors effectively. As digital and
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technological advancements increasingly shape
everyday experiences, the integration of artificial
intelligence (Al) in museum interiors offers a
transformative solution. Al technologies enable the
creation of more inclusive, adaptive, and engaging
spaces by addressing visitor preferences, behaviors,
and specific needs.

Research indicates that Al can provide dynamic
adaptability in museum environments, tailoring
conditions based on real-time visitor data. Machine
learning algorithms allow systems to adjust
environmental factors such as lighting, temperature,
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and acoustics to enhance visitor comfort, while simultaneously curating content based on individual
interests [1]. This capability not only improves the visitor experience but also contributes to inclusivity
by catering to diverse audiences, including those with disabilities or special needs [2]. Moreover, Al-
driven optimization can help reduce energy consumption, creating more sustainable museum
environments. Studies have demonstrated that Al technologies can significantly reduce operational
costs by predicting and adjusting environmental conditions to minimize energy waste [3]. However, the
integration of Al in public spaces also raises ethical and privacy concerns, particularly in terms of data
security and surveillance [4]. Addressing these concerns is critical to ensuring that Al is implemented
responsibly and aligns with ethical design practices in public spaces.

Evolution of Museum Design with Technology

The integration of technology has significantly transformed museum design, evolving from
traditional static displays to dynamic, interactive environments that enhance visitor engagement and
accessibility. Early technological incorporations, such as audio guides and multimedia displays,
provided supplementary information to visitors. The advent of digital interactivity introduced
touchscreens and computer-based simulations, offering more engaging ways to explore exhibits. In
recent years, Al and smart technologies have enabled personalized tours and immersive experiences
through augmented reality (AR) and virtual reality (VR), further enhancing visitor interaction.
Additionally, technology has improved accessibility in museums, ensuring inclusivity for all visitors.
However, challenges such as high implementation costs and ethical considerations regarding data usage
remain. Despite these challenges, the ongoing evolution of technology continues to shape museums into
more engaging and accessible spaces.

LITERATURE REVIEW
Human-Centered Al in Public Spaces

The application of human-centered Al in public spaces, including museums, has gained considerable
attention due to its potential to enhance user experiences while addressing operational challenges.
Research has demonstrated that Al technologies such as computer vision, natural language processing,
and machine learning can significantly improve interaction by enabling museums to tailor exhibits to
individual visitor preferences. For instance, studies show that Al-driven systems can analyze real-time
data, including visitor movement patterns, interaction frequency, and feedback, to dynamically adjust
the presentation of exhibits [5]. This not only helps in creating a more engaging and personalized
museum experience but also supports operational efficiency by optimizing exhibit layout and resource
allocation, ensuring that high-traffic areas are adequately staffed and that popular exhibits are
highlighted. Furthermore, Al's ability to predict visitor behavior allows museums to provide real-time
information and recommendations, enhancing the overall visitor experience [6]. By prioritizing user
needs and behaviors, human-centered Al offers a promising framework for enhancing museum
experiences and improving the management of public spaces.

Accessibility and Inclusive Design Principles

Al technologies hold significant potential in advancing accessibility and inclusive design within public
spaces, particularly museums. Research emphasizes the importance of designing spaces that
accommodate diverse audiences, including those with physical, sensory, and cognitive disabilities [7].
Al-driven tools such as voice-controlled systems, augmented reality (AR) overlays, and automated
translation services can bridge accessibility gaps, making museum experiences more inclusive. For
example, Al-powered navigation aids have been developed to assist visually impaired visitors by
providing real-time audio descriptions of the museum environment [8].

Additionally, Al-driven sign language recognition systems have been introduced to offer real-time
translation for visitors with hearing impairments, creating more equitable access to museum content [9].
The integration of universal design principles, alongside Al technologies, ensures that these spaces are
accessible to all, regardless of ability. Case studies have shown that museums that adopt Al for
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accessibility features not only improve the overall visitor experience but also foster a more inclusive
environment by addressing the specific needs of diverse audiences [10]. In sum, Al's application in
enhancing accessibility through inclusive design principles is pivotal for creating equitable, engaging,
and barrier-free museum experiences.

Environmental Optimization in Adaptive Spaces

Al has the potential to significantly enhance environmental optimization in adaptive spaces, such as
museums, by effectively managing energy consumption, climate control, and spatial configurations.
Smart sensors, integrated with predictive algorithms, enable museums to monitor and adjust
environmental conditions, including temperature, humidity, and lighting, based on real-time factors
such as visitor density and the specific requirements of exhibits. Research indicates that Al-driven
systems can optimize energy usage, leading to reduced operational costs while maintaining optimal
conditions for both visitors and artifacts [11].

Additionally, Al can enable adaptive layouts, optimizing space utilization by dynamically adjusting
exhibit arrangements and visitor flow based on data inputs. These systems not only improve
accessibility and visitor engagement but also contribute to sustainability efforts by reducing energy
waste and supporting eco-friendly design principles. Studies have highlighted how Al can help
museums align with sustainability goals while improving the functionality and adaptability of public
spaces [12]. As such, Al's role in environmental optimization extends beyond operational benefits to
support broader sustainability initiatives within the museum sector.

RESEARCH METHODOLOGY

This research adopts a case-study-based methodology, focusing exclusively on secondary data
sources to analyze the integration of Al technologies in museum interiors. Data is collected through an
extensive review of academic papers, industry reports, and documented case studies of museums that
have implemented Al systems. Key case studies, such as the Cooper Hewitt Smithsonian Design
Museum, and The Van Gogh Museum provide insights into the application of Al for enhancing visitor
experiences, accessibility, and environmental optimization.

Case Studies of Al-Integrated Museums
Cooper Hewitt Smithsonian Design Museum (New York City)

The Cooper Hewitt Smithsonian Design Museum is a leading example of how Al can transform
visitor experiences. Located in New York City, this museum utilizes Al-driven technologies to
personalize and enhance interactions with its exhibits.

One of its hallmark innovations is the "Pen", a digital device that allows visitors to collect and save
information about exhibits they find interesting (Figure 1). The "Pen" enables users to interact with
exhibits by tapping on designated collection points, storing digital information about the objects they
find interesting. Visitors can later explore these saved items through an online portal, creating a
seamless transition from their physical visit to a digital exploration of the museum's collection.
Additionally, the data collected through the "Pen™ allows the museum's Al systems to analyze visitor
preferences and behaviors, tailoring recommendations and exhibit arrangements to enhance
engagement. This integration of technology fosters a more immersive and interactive museum
experience while promoting learning and discovery.

This data is later analyzed by Al systems to provide tailored recommendations, enabling visitors to
explore content aligned with their preferences. Additionally, the museum leverages Al to create
interactive displays that respond to user behavior, fostering deeper engagement and learning. The
integration of these technologies has significantly improved visitor satisfaction, making it a model for
future Al applications in museums (Figures 1 and 2).
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Figure 2. Van Gogh Museum.

Van Gogh Museum (Amsterdam)

The Van Gogh Museum in Amsterdam demonstrates the potential of Al in enhancing visitor
engagement and optimizing museum operations (Figure 2). The museum utilizes machine learning
algorithms to analyze visitor behavior, such as movement patterns, time spent at exhibits, and areas
of interest.

One notable initiative is the REVIGO project, which utilizes advanced machine learning techniques
to digitally reconstruct the original colors of Van Gogh’s paintings by analyzing color degradation over
time. In a similar vein, researchers have employed Al in automated canvas analysis, using image
recognition and machine learning to study the weave patterns of Van Gogh’s canvases, aiding in the
dating and sequencing of his works. Another innovative approach involves the use of deep learning for
art reconstruction, where Al models are trained to restore faded details and colors, offering insights into
the original appearance of the artworks. Additionally, Al plays a role in art authentication, with
algorithms analyzing brushstrokes and other signature characteristics to help differentiate authentic Van
Gogh paintings from forgeries. Through these research endeavors, the Van Gogh Museum leverages Al
to enhance the understanding, conservation, and authentication of the artist's legacy.

This data enables the museum to make evidence-based decisions about exhibit placement and
narrative flow, ensuring that high-interest items are easily accessible. Al also powers interactive digital
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guides and augmented reality (AR) applications, providing visitors with personalized insights and
contextual information about Van Gogh's works. For instance, AR overlays can show the evolution of
specific paintings or highlight details invisible to the naked eye, deepening the visitor's connection to
the art.

FINDINGS AND DISCUSSION

The integration of Al technologies in museum interiors plays a transformative role in optimizing
space layout and enhancing the overall visitor experience. Based on the case studies analyzed, several
key trends and innovations emerge that demonstrate how adaptive Al systems influence the
functionality of museum spaces.

Al in Optimizing Exhibit Layout

One of the most significant advantages of Al-driven design in museum interiors is its ability to
dynamically adapt exhibit layouts to meet visitor preferences and behavior. The ability to analyze real-
time data, such as visitor movement patterns, allows Al systems to recommend changes to exhibit
configurations based on crowd density and interests, ensuring that the most popular items are easily
accessible while maintaining smooth traffic flow. For instance, in the Cooper Hewitt Smithsonian
Design Museum, Al collects data from the "Pen" devices to understand which exhibits captivate visitors
the most. The Al system uses this data to optimize the arrangement of exhibits, highlighting popular
areas and offering recommendations for future displays (Figure 3).

Moreover, Al enables the flexible and responsive arrangement of exhibits, ensuring that spaces can
be adapted to different types of exhibitions, whether temporary or permanent. This adaptive layout
capability reduces wasted space and increases the efficiency of resource allocation, helping museums
optimize their physical footprint (Figures 3 and 4).
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Figure 3. Layouts of temporary exhibit spaces.
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Figure 4. Real-time adjustments to environment.

Real-Time Adjustments to Environmental Conditions

The integration of Al-driven environmental optimization systems in museum interiors also
significantly contributes to the visitor experience. Al algorithms can adjust temperature, lighting,
humidity, and acoustics in real time, taking into account both the number of visitors present and the
specific needs of the exhibits. For example, museums like the Van Gogh Museum use Al to monitor
visitor density and adjust lighting conditions, ensuring that art pieces are illuminated correctly while
minimizing energy consumption (Figure 4). Additionally, Al can optimize climate control, which is
especially important for the preservation of delicate artifacts. By using smart sensors to track
environmental factors, Al systems can ensure that the museum’s climate is consistently suitable for
both the comfort of visitors and the preservation of collections, mitigating risks of deterioration caused
by fluctuating temperatures or humidity levels. This technological capability makes museums not only
more sustainable but also more comfortable and accessible for visitors.

Accessibility and Universal Design in Museum Interiors

AT’s role in enhancing accessibility within museum spaces is another critical aspect of interior layout
optimization. Al technologies, such as voice-controlled systems, real-time translation services, and AR-
powered navigation tools, have made it possible for museums to become more inclusive by providing
tailored experiences for individuals with disabilities. For instance, Al-driven navigation aids in museums
like the Cooper Hewitt Smithsonian Design Museum offer real-time auditory descriptions to visually
impaired visitors, helping them navigate the space independently. In addition to providing assistive
technology, Al can support museums in implementing universal design principles. This involves creating
spaces that are inherently accessible to people with various needs, without requiring specialized
adaptations. Al helps assess how museum spaces are used and identifies areas where accessibility
features can be enhanced, such as providing ramps, wider doorways, or sensory-friendly spaces.

Ethical and Privacy Considerations in Al-Driven Museum Design

While the integration of Al offers numerous benefits, it also raises important ethical and privacy
concerns, particularly related to the collection and use of visitor data. Museums that utilize Al-driven
technologies must ensure that they are transparent about the data they collect and how it is used. For
example, visitor data collected through devices like the Cooper Hewitt “Pen” or Al-powered sensors
must be anonymized and protected to prevent misuse. Furthermore, consent should be obtained from
visitors before their data is collected, ensuring compliance with privacy regulations such as GDPR. As
Al becomes more embedded in museum design, it is crucial that institutions balance the benefits of
personalized experiences with the responsibility of safeguarding visitors' privacy. Clear ethical
guidelines and transparency in data usage can help mitigate concerns and ensure that Al is applied in a
way that benefits both the institution and its visitors.

Implications for Future Museum Design
The integration of Al in museum interiors opens up numerous possibilities for future innovations in
museum design. As Al technologies evolve, we can expect even more sophisticated systems capable of
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predicting and responding to visitors' needs, creating highly personalized experiences. Al could also
play a central role in creating hybrid spaces that blend physical and virtual environments, enabling
visitors to explore exhibits in ways that transcend traditional spatial constraints. Moreover, as
sustainability becomes an increasing priority for cultural institutions, Al-driven environmental
optimization will be key in reducing energy consumption and minimizing the carbon footprint of
museum operations. Museums that adopt Al technologies will not only enhance visitor experiences but
also demonstrate leadership in sustainability, inclusivity, and accessibility.

The integration of human-centered Al systems in museum interiors offers an exciting frontier for
enhancing accessibility, engagement, and environmental optimization. As these technologies continue
to evolve, they have the potential to redefine how museums interact with visitors, ensuring that they
remain relevant, inclusive, and sustainable spaces in the future.

CONCLUSION

The integration of artificial intelligence (Al) in museum interiors has shown immense potential to
transform visitor experiences, enhance accessibility, and promote sustainability. Case studies, such as
the Cooper Hewitt Smithsonian Design Museum and the Van Gogh Museum, illustrate how Al can
offer personalized interactions, improve operational efficiency, and facilitate inclusivity. Al
technologies such as machine learning, augmented reality (AR), and real-time accessibility tools
exemplify innovative strategies for creating adaptive, engaging, and equitable spaces. However, these
advancements also come with challenges, particularly ethical and practical concerns surrounding
privacy, data security, and the financial feasibility of implementing Al-driven solutions. Smaller
museums, in particular, may face barriers to adopting these technologies, potentially widening the gap
between large and small institutions.
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