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Abstract — Mixed reality technology is employed to
develop immersive experiences, enhancing visitor
engagement within museum environments. There are
challenges in interface design and sensory accuracy for
such mixed-reality applications. This study explored
integration of mixed reality technology in museums,
emphasizing the enhancement of -cross-cultural
understanding and visitor engagement. Using
advanced three-dimensional printing, significant
artifacts from various cultures, including a notable
Korean artifact from the Goryeo period, were
replicated and digitized. These artifacts were the core
of a mixed reality environment that was created using
Unity and the MR Software Development Kit and
experienced through a HoloLens 2 Head-Mounted
Display. This immersive mixed reality experience,
comprising three interactive segments, incorporated
eye- and hand-tracking technologies to enable deeper
engagement with cultural artifacts. The impact of
mixed reality on visitor engagement and cross-cultural
comprehension was evaluated, revealing a significant
increase in visitor involvement and appreciation of
cultural diversity.
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Notably, this study contributes to the evolving
narrative of digital cultural heritage by highlighting
the role of mixed reality in fostering a cross-cultural

understanding and shaping future museum
experiences.
Keywords — Cross-culture, eye-tracking, hand-

tracing, immersive system, mixed reality.
1. Introduction

In the digital era, there is an increasingly evident
transformation of museums from traditional artifact
repositories to dynamic spaces of engagement. Once
primarily seen as the custodians of tangible cultural
and historical treasures, museums are now embracing
digital innovations to meet the changing expectations
of globally connected audiences. This transition is
marked by a shift toward interactive and immersive
experiences that enrich the wunderstanding and
appreciation of cultural heritage.

Museums increasingly adopt MR technology to
create immersive environments where physical
artifacts and digital augmentations coexist, offering
visitors a more engaging and interactive way of
learning about cultural narratives [1], [2]. Examples
of MR applications in museums include the virtual
restoration of ancient artifacts, reconstruction of
historical sites, and interactive holograms of
historical figures, which provide a more dynamic and
engaging experience than that offered by traditional
exhibits [3],[4],[12],[13].

Despite the potential of MR, its integration into
museums poses several challenges. Technical issues
such as interface design, sensory accuracy, and user
accessibility can significantly affect the effectiveness
and reach of the MR experience [5]. Furthermore,
there is a crucial need to balance technological
innovation with culturally and educationally
meaningful content to ensure that MR experiences in
museums are not only visually immersive but also
enriching and informative [6], [7].
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This study examines the role of MR technology in
enhancing visitor interactions and fostering a cross-
cultural understanding of museums. By exploring the
current applications of MR in museum environments,
assessing its impact on visitor engagement, and
identifying the challenges and opportunities for its
broader implementation, it seeks to offer insights into
its effectiveness as a tool for cultural education and
heritage preservation. Through an analysis of visitor
feedback from MR-enhanced museum experiences,
this study evaluates the potential of MR to
revolutionize museum experiences and contribute to
the evolving landscape of digital cultural heritage [8].
The rest of the manuscript is organized as follows.
Section 2 reviews existing literature related to the
proposed study, and Section 3 describes the MR
experiment conducted to assess the experience of
people interacting with MR. Then, Section 4 presents
the results of the experiment and discusses them
concerning the aim of the study. Finally, Section 5
provides the concluding remarks and provides the
scope for future research.

2. Literature Review

The transition of museums into digitally enhanced
cultural spaces is marked by the adoption of MR
technology, which reshapes interactions between
visitors and cultural heritage. Existing literature
indicates a trend toward immersive technologies,
such as MR and virtual reality (VR) in museums.
Studies by Kiourt ef al. [9] and Kersten et al. [10]
demonstrated how 3D reconstruction and VR could
contribute to facilitating interactions between people
and virtual archaeological exhibitions, aligning with
the goal of our study to enhance visitor engagement
through immersive experiences.

Central to the transformative impact of MR in
museums is its ability to blend the real and digital
realms [3], [4]. This aspect is vital to our hypothesis
that  eye-tracking interactions  within MR
environments can significantly enhance cross-
cultural understanding. The potential of MR to
support immersive and interactive experiences aligns
with our objective of exploring how these
technologies impact visitor perceptions and cultural
appreciation.

Existing research underscores the importance of
tailoring the MR experience to accommodate diverse
cultural narratives. Zhao et al. [6] and Wang and
Kim [7] emphasized the necessity of inclusivity in
MR applications, resonating with our focus on how
personalized interactions, such as eye tracking, can
deepen the cultural appreciation of visitors.

Furthermore, the incorporation of advanced
features such as eye and hand tracking in MR, as
displayed in systems such as MuseumEye and
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Microsoft HoloLens [11], [10], showcases the
potential of MR to enrich visitor engagement. The
work of Plecher et al. [11] on creating an MR-based
museum further exemplifies how MR can offer
authentic  historical contexts informing our
methodology and supporting our objective of
investigating the influence of interactive MR on
cultural understanding.

There are research gaps in applying MR
technology within museum settings, particularly in
adapting to varied cultural perspectives and
integrating sophisticated interaction technologies.
Bridging these gaps is essential to realize the full
potential of MR in enhancing museum experiences
and facilitating cross-cultural understanding, which
aligns with our research objectives. Overall, our
study addresses these issues and explores the role of
MR in digital cultural heritage and cross-cultural
education within the museum context.

3. Interactive Exhibit Design and User
Engagement in the MR Experience

In this study, an MR experiment in the context of
a museum was conducted. Both eye- and hand-
tracking technologies were employed to create an
interactive and intuitive visitor experience.

Details of
Artifacts
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Figure 1. a. Eye gaze triggers the “Details of Artifacts”
button.
b. Interaction of a pair of hands with a hologram
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Regarding eye-tracking technology, it plays a
critical role in navigating an MR environment [14].
A system can detect the focus and intent of a user by
tracking where they are looking. For instance, when a
visitor spends a specific amount of time looking at a
specific area or button, like the "Artifact Details"
button, the system interprets this sustained gaze as an
engagement signal. This triggers a transition to a new
scene or interaction without requiring physical
inputs, simplifying and enhancing the user interface,
as shown in Figure 1(a).

Regarding hand-tracking technology, it is
employed to enable natural and intuitive interactions
with digital content [15]. It captures and interprets
hand and finger movements, allowing visitors to
manipulate the holographic representations of
cultural artifacts. Users can move, rotate, and interact
with virtual objects using simple hand gestures to
create a tactile and immersive experience, as shown
in Figure 1(b). This combination of eye- and hand-
tracking technologies ensures a seamless and
engaging exploration of holographic artifacts,
making this experience more widely accessible and
appealing to a broad audience, including those
unfamiliar with conventional digital interfaces.

In this study, the development process began with
selecting culturally significant Korean artifacts from
the Goryeo period, which were chosen for their
historical and cultural value, as shown in Figure 2(a).
Utilizing advanced 3D printing technology, a precise
physical replica was created and meticulously
colored to accurately mirror the appearance of the
original artifact, ensuring authenticity and historical
accuracy, as shown in Figure 2(b).

()
Figure 2. a. 2D image and b. 3D print of a Korean artifact

In addition to Korean artifacts, high-resolution 2D
images of culturally significant artifacts from five
countries were obtained. These images, selected for
their cultural and historical importance as shown in
Figure 3(a), were converted into 3D models using
advanced software such as Monster Mash [16].
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Further refinements in terms of visual accuracy
and detail were carried out in Blender, ensuring that
these models would closely resemble the original
artifacts shown in Figure 3(b).

The MR experience was developed using Unity
3D and an MR Software Development Kit (SDK).
This powerful combination facilitated immersive
content creation, integrating eye- and hand-tracking
functionalities to enable natural interactions with
holographic artifacts.
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Figure 3. a. 2D and b. 3D images of various artifacts from
various countries

Five participants in their 20s participated in our
study. There was a balanced gender representation,
and no participant had been previously exposed to
MR and consent was obtained from all the
participants before their involvement in the
experiment. The interaction duration for each
participant ranged from 9 to 10 min, allowing
comprehensive engagement with the MR exhibit.

The experiment was structured into three distinct
scenes, each designed to gradually introduce users to
various facets of cultural artifacts and their historical
contexts. This layered approach was facilitated using
a HoloLens 2 head-mounted display (HMD).
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In the introduction and orientation scenes, each
user wore a HoloLens 2 HMD. They were presented
with an instructional board and holographic button
next to a physical Korean artifact. Interaction with

Welcome to the Mixed Reality
Museu
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aze atthe Similar Artfacts”butto fo the board was enabled by hand tracking, which
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desired. Transitioning to the next scene was achieved
by focusing on the "Artifact Details" button using
eye-tracking for a set duration, as shown in Figure
4(b).

The informational and dynamic interaction scene
was an interactive panel that users could manipulate
using hand tracking. The text on the panel scrolled in

‘ response to the gaze direction of a user, and it was
Korure e : tracked using eye-tracking technology, as shown in

- : Figure 4(c). The experience would conclude and
return to the initial scene when the user focused on
the "Close" button for 3 s via eye-tracking.
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Through this experiment, users engaged with the
MR environment in a novel manner by manipulating
holographic representations of cultural artifacts
around the world. Together, eye and hand-tracking
technologies created a unique, interactive, and
educational experience, bridging traditional cultural
appreciation with cutting-edge technology. This
approach not only enhanced the museum experience
but also provided insights into user interaction and
SN lcarning behaviors within an MR context.

Visss s In this study, participant feedback was crucial for

@ assessing the impact of the MR experience. Open-

ended feedback was solicited from participants to

capture their subjective experiences and perceptions.

e T The collected qualitative data were methodically

: analyzed using the QDA Miner Lite software; a

thematic analysis approach was employed. This

involved an iterative process of coding the data to

identify patterns and themes that emerged
consistently across the participant responses.

The thematic analysis results revealed significant
enthusiasm among visitors toward the MR exhibit,
Figure 4. a. Introduction and orientation scene, b. artifact particularly concerning the eye-tracking feature.

exploration scene, and c. informational and dynamic
interaction scene
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Approximately 35.7% of the comments expressed
excitement regarding this feature, suggesting that
integrating eye tracking in MR exhibitions could
significantly enhance visitor engagement.

More importantly, 60% of participants
demonstrated direct engagement with the cultural
content presented in the MR experience. This theme,
which accounted for 21.4% of the overall feedback,
indicated an enhanced cross-cultural understanding
among visitors. This result substantiated the
hypothesis of our study and met the second objective,
which focused on investigating how eye tracking
within an MR environment could influence cultural
appreciation.

Despite the overall positive reception, the analysis
also highlighted technical challenges, such as hand
recognition accuracy and screen brightness, which
had been mentioned in 21.4% of the feedback.
Additionally, 14.3% of the respondents provided
suggestions for more user-friendly interfaces.
Addressing these technical aspects is crucial for
optimizing the MR experience and aligns with our
third research objective: exploring the full potential
of MR and eye-tracking technology in global cultural
education.

Our exploration of MR technology in museum
settings, particularly with advanced features such as
eye and hand tracking, highlighted the potential of
MR to significantly enhance visitor engagement and
cross-cultural understanding. These findings aligned
with advancements in MR technology that merge the
real and virtual worlds for innovative interactions
[17]. We also identified crucial technological and
ergonomic challenges that aligned with the concerns
noted in recent literature [18], emphasizing the need
for continuous improvements in MR technology.

5. Conclusion and Future Work

Our study demonstrated that incorporating MR
technology in museums would signify a pivotal shift
in the realm of cultural heritage and education [8].
Our findings, which highlighted the positive
reception and enhanced engagement achieved
through MR, resonate with the current trajectory of
leveraging digital technologies for preserving
cultural heritage. Adopting advanced features, such
as eye-tracking and hand-tracking, has not only
enriched visitor experience but also highlighted MR
as a key tool in redefining museum interactions. Our
research also sheds light on the challenges,
particularly the technical and ergonomic aspects, that
are critical for addressing the seamless adoption of
MR technology in museum environments [5].
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Addressing these issues will not only enhance
visitor experiences but also pave the way for more
intuitive and accessible MR applications in cultural

settings.
The implications of this study extend beyond
visitor  engagement. = They  underscore the

transformative potential of MR in cultural education
and global heritage preservation; MR is at the
forefront of a new wave of technological integration
in museums, offering unique opportunities for
immersive storytelling and educational experiences.
Its ability to make cultural heritage more accessible
and engaging, particularly for diverse and digitally
native audiences, is invaluable.

As we move further into the digital age, MR
technology has emerged as more than a tool,
becoming a medium for cultural connection and
learning. Therefore, the ongoing development and
optimization of MR technology in museum settings
are not only imperative for enhancing visitor
experiences but also crucial for the broader
objectives of cultural preservation and education in
our interconnected world.

Overall, our findings confirmed the effectiveness
of MR in museum contexts and highlighted areas for
future research and development. Optimizing MR
technology and broadening its scope of application
can further solidify its role as a transformative tool
for cultural education and visitor engagement. This
study extends the current literature by pinpointing
specific areas of MR technology requiring
enhancement, such as hand recognition and screen
brightness. These insights offer directions for future
technological developments in MR systems,
intending to make these applications more intuitive
and accessible.

Moreover, the focus on specific demographics
underlines the importance of diversity in future MR
research and echoes the call for inclusivity in cultural
heritage technology. Future studies should delve
deeper into how MR can foster nuanced cultural
understanding, potentially integrating advanced
technologies such as artificial intelligence for
enhanced personalization.
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