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ABSTRACT

Augmented reality (AR) technology, leveraging the proliferation of smartphones and tablets, offers
dynamic and interactive augmentations that can create more engaging environments in museum
exhibitions. This paper explores the potential benefits and limitations of AR in enhancing visitor
engagement and learning within museums. By examining historical evolutions in museum exhibitions and
the current state of AR technology, we highlight how AR can personalize exhibit experiences and cater to
diverse visitor needs. Additionally, case studies from prominent museums illustrate the successful
integration of AR, demonstrating its capacity to foster educational and social interactions among visitors.
The paper concludes with a discussion on the challenges and future directions for AR applications in
museum settings.
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INTRODUCTION

Augmented reality (AR) technology, which allows dynamic interactive augmentations and thus creates a
more engaging environment, has gained momentum with the rise of smartphones and tablets and has
attracted increasing attention over the past few years. Its application in museum exhibitions is still an
emerging field. Given the success of AR applications in enhancing visitor engagement, interactivity and
access to information, and its successful use in museum tours, we aim to provide insights into the
potential benefits and limitations of using AR in the broader scope of museum exhibitions [1, 27. In this
paper, we argue that AR can have a role beyond its limited use as a guide or educational tool. We adopt a
broader perspective and examine the potential of AR to enable personalization of the exhibit experience,
and enhance visitor engagement and learning. Since AR technology is not yet fully mature and exhibits a
number of issues and problems, AR applications in exhibitions could benefit from the adoption of other
types of mobile-based applications. However, given the exhibition focal conditions, those applications
would need to exhibit capabilities which would enhance the available exhibit information unobtrusively
without interfering with the overall quality and atmosphere [3, 47.

HISTORICAL EVOLUTION OF MUSEUM EXHIBITIONS AND VISITOR ENGAGEMENT
For hundreds of years, museums have been institutions that foster cultural heritage by collecting,
preserving, studying, and exhibiting artifacts that have significant cultural value. Over time, museums
have started to play a prominent role in the development of the collective and individual identities of the
community and its members. Their educational and recreational activities and experiences have become
increasingly diversified and interactive to satisty the changing needs and socio-cultural structures of their
visitors. When considering the historical evolution of museum exhibitions, the most explicit approach is
to examine the visual and textual communication media that museums have used. Therefore, it's
important to research how the current state of digital and interactive technology is being used in today's
museum exhibitions, and how it affects visitor engagement and learning. This discussion paper introduces
the role of augmented reality (AR) technology in enhancing visitor engagement and learning [5,
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67].According to the historical evidence, the exhibition concept of the museum was first established in
1758 in the British Museum. The earliest museum exhibitions, as successful hands-on science activities
and interactive learning environments for an increasingly diverse and more participatory public, were the
[talian Renaissance art collections created for the public to be inspired or informed. The goal with
museum collections or artifacts was no longer to demonstrate the power or wealth of the collector but to
communicate the story, meaning, or significance of the objects. This important development in the use of
visual or textual communication media in museum exhibitions also allowed for a better understanding of
more general concepts related to visitor engagement and learning. Starting in the 19th century, the
impact of the printed word on artifacts extended to a variety of descriptive or visual forms. The idea of a
harmonious unity in the design of exhibitions reflects the influence of principles that combine the
principles of perception with the principles of artistic design. The intentionally invisible techniques of
communicating visual messages, such as the lighting, color, dimension, and sequence of museum exhibits,
have dominated the structure of the modern museum exhibition ever since. The growth of digital,
interactive, and informational technology has expressed the communication message that the negative
dimension and the passive character of the traditional museum exhibition or traditional forms of
communication in general. Today, with the convergence of technological innovation, the possibilities of
conceptual and practical approaches are continuously changing. In this discussion paper, we stress the
importance of using AR technology in modern museum exhibitions to encourage visitor engagement and
learning [7, 87.
UNDERSTANDING AUGMENTED REALITY TECHNOLOGY
Exhibition visitors, such as students, the education group, or the family group, are usually "multiple
visitors" and consequently require various exhibition content and strategies. Moreover, the engagement,
interaction, and experience of these special visitor groups cannot be satisfied only by the current museum.
However, augmented reality provides a better way to immerse multiple visitors and satisfy their needs
and expectations in museum exhibitions. This paper aims to review the multi-visitor option for museum
exhibitions and to discuss the role of augmented reality, especially in handheld augmented reality (HAR)
applications that function as a positive mediator of visitor engagement in museum exhibitions [9, 107]. A
primary goal of museum development and education is to stimulate and satisfy the diverse and multi-
layered needs and expectations of their visitors. Achieving this demands that museums provide visitor-
centric, activity-based learning experiences that encourage the cognitive, social, emotional, and physical
learning of visitors. It is important to address the special status of visitors when museum educators
provide exhibitions or interactive learning environments. In particular, "multiple visitors" are often
involved, meaning a variety of audiences including families with small children, school groups, or special
needs groups, and adults. However, the engagement, interaction, and experience of these special visitor
groups cannot be satisfied only by the current museum [11, 127].
BENEFITS AND CHALLENGES OF IMPLEMENTING AUGMENTED REALITY IN
MUSEUMS
While the varied benefits of AR for educational contexts are attracting increasing attention from scholars,
there is less detailed research directly addressing AR technologies within museum education. Origgi has
synthesized some potential learning benefits derived from AR in museum contexts. Bekele et al. found
that AR-enhanced virtual museum field trips captured the interest of students and improved their
understanding of exhibits. Baogang et al. found that hands-on experiences improve students' motivation
to learn and their understanding of exhibition content. Other authors noted that AR provided a more
engaging and exploratory way to engage with objects, fostering interaction with exhibit content at the
collective level, rather than passively learning knowledge at the individual level [13, 147]. At the
collective-enhancing level, AR may contribute to visitor social interactions and shared experiences with
others, strengthening family communication about artifacts, or enhancing teamwork among students. For
instance, some studies reported that parents and children could avoid isolation in an exhibit space with
the help of AR. By contrast, Occelli, Sacco, and Lombardini found that AR's ability to make visitors feel
socially integrated differed by AR tool, proposing that further investigations of the specific AR tools that
generate social relationships would be interesting to carry out. The success of such technologies opens
the door to its use in other museum contexts, such as 'bring your own device' BYOD tours. It is also
worth noting that AR technology is a popular medium among audiences, especially in the era of the
smartphone. Many people regularly carry AR tools with them, which can be easily sourced or used with
minimal effort, and it can be combined with other resources. Acceding to AR technology without having
to borrow any electronic equipment can facilitate a learner-friendly environment [15, 167].
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CASE STUDIES OF SUCCESSFUL AUGMENTED REALITY INTEGRATION IN MUSEUM
EXHIBITIONS
Boston's Museum of Science The Bostonian Museum is curating an exhibit about colonial animation.
They have developed an AR application as an alternative to traditional paper labels and placards. The AR
app focuses on giving visual insight into the historical story by using unique objects in the exhibit, by
teaching new concepts through short, educational experiences that users can activate directly from these
objects [17, 187]. Getty Museum Art has often been isolated within the walls of museums and the
observations of critical, trained spectators. The Getty Museum found a way to overcome these historic
barriers by developing a participatory congregation. Specifically, with their project "Scavenger Hunt,"
they developed an AR tour of the museum exhibits with digital instructions and challenges, which the
visitors would have to beat while exploring, contemplating the showcased art pieces. Japanese Macaque
playing with a snowball. By Ancient Art Museum, The Research Collaboratory for Structural
Bioinformatics Protein Data Bank / Wikimedia Commons / Public domain [19, 207. Routed Reveal
Besides being an indoor location tool, GPS has limited foot precision in places such as a courtyard.
Augmented Reality application deployed on phones or tablets can guide a visitor who is close to a
century-old piece of history. If the visitor moves in a different direction, the AR experience automatically
recalibrates to the closest historic location. This VisitBritain application shows how buildings and places
used to look in the olden days and chimney sweeps who refused to clean away unwanted artifacts.
Buildings and landmarks can show glimpses of history by displaying related content at specific locations
21, 227.
CONCLUSION
Augmented reality represents a promising tool for enhancing visitor engagement and learning in museum
exhibitions. By offering personalized, interactive experiences, AR can cater to diverse visitor needs and
preferences, facilitating deeper connections with exhibits. Successful case studies demonstrate the
potential of AR to transform traditional museum visits into dynamic educational experiences. However,
challenges such as technological limitations and the need for unobtrusive integration must be addressed
to fully realize AR's potential in museum contexts. Future research and development should focus on
overcoming these challenges, ensuring that AR applications enhance the quality and atmosphere of
museum exhibitions without detracting from the visitor experience.
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