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Highlights

« This study explores the use of gamified augmented reality to enhance museum interaction.

« Exhibition objects were digitized and integrated into AR-based gamification scenarios.

* A case study was conducted at the Istanbul Toy Museum focusing on cultural heritage transmission.

* Visitor testing revealed increased engagement and active participation with gamified AR experiences.

Article Info Abstract

This study examines the combined use of augmented reality (AR) and gamification technologies
Received: 27 Aug 2025 to enhance museum visitors' experiences and enhance the transfer of knowledge they acquire from
Accepted: 24 Nov 2025 museums. In a field study conducted at the Istanbul Toy Museum, a comparative study was

executed between the museum experience obtained through traditional museum methods and that
achieved through a gamified AR application. Selected exhibition objects were digitized using

Keywords photogrammetry and LiDAR, and these digital models were used to develop a gamified AR-based
Museum experience application that aims to provide visitors with a more interactive, fun, and memorable experience
Augmented reality by digitizing the historical narratives of the selected toys.

Gamification

Visitor interaction This research introduces an innovative approach by combining AR, gamification, and digital
Digitalization reconstruction methods within a real museum context, offering an empirical framework that

bridges technological engagement and cultural learning. To evaluate the effectiveness of this
framework, user experience data were collected through surveys examining the development of
visitor engagement, learning processes, emotional connection, and post-visit retention.

The study shows that the gamified AR experience was superior to traditional methods in terms of
knowledge retention, visitor satisfaction, and engagement levels. These findings highlight the
potential of gamified AR as an innovative tool for museums to create immersive fun, and
educational environments. The research also provides valuable insights into how cultural heritage
institutions can integrate new technologies to strengthen visitor engagement and ensure long-term
cultural transmission.

1. INTRODUCTION

Museums are of great importance for preserving, exhibiting, and transmitting cultural and historical
heritage to future generations [1]. Cultural heritage encompasses the values inherited from a society's past,
shaping its identity and striving to pass these on to future generations [2]. This heritage includes
architectural designs, handicrafts, folklore, traditions, dialects, and more [3]. In preserving and transmitting
this heritage, museums are essential institutions that serve as a link between the past and the future [4].

However, due to changing social norms and technological advancements, museums undergo a digital
transformation in the 21st century [5]. Museum visitors expect not only information but also participation,
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interaction, and entertainment from their museum experiences [6,7]. To address these evolving
expectations, museums are exploring innovative exhibition and narrative strategies that leverage
digitization and interactive technologies. Accordingly, these strategies focus on creating immersive and
participatory experiences rather than on using static spaces to display collections.

In this context, integrating augmented reality (AR) and gamification elements offers significant potential
to enhance engagement, facilitate learning, and enrich the overall visitor experience. In response to these
changing expectations, museums rethink their exhibition and narrative methods and are embracing
approaches that incorporate digitization and interaction technologies [8]. Museums are beginning to reshape
the concept of museums, defined as static spaces where collections are displayed. In this context, the
combined use of AR technologies and gamification elements holds great potential to transform the museum
experience.

While AR in museum environments is not a new concept, it is not frequently encountered. However, recent
research highlights its potential and applications. Studies show that AR can increase visitor interaction [9],
enhance learning processes [10], and effectively replace missing artifact pieces [11]. They also indicate that
AR-supported exhibits make museum experiences more immersive, interactive, and can be tailored to
visitors' tastes and expectations [12, 13]. Consequently, literature research suggests that museums using
AR will better meet the demands and desires of 21st-century visitors.

Augmented reality, a technology that integrates digital content into the physical environment, allows
visitors to connect with physical objects and enriches their experiences with additional information,
animations, and audio narration [14]. By adding digital layers to the physical world, augmented reality
offers visitors a more immersive experience [15]. In addition to looking, the visitor can move, listen, and
sometimes perform actions to interact with the displayed object. Through this interaction, information is
transformed from passive consumption into an active learning process [16].

Gamification, on the other hand, is the application of game design elements to non-game contexts to make
experiences more engaging and interactive. Gamification makes many subjects more enjoyable through
mechanics, aesthetics, and stories [17]. It is a method that increases user motivation and supports learning
processes via the elements derived from games such as reward systems, task completion, and point
collection [18]. When presented with a narrative, gamification helps visualize the material being discussed
[19].

To concretely evaluate this potential, the Istanbul Toy Museum (IOM) was selected as the study site. It has
been observed that traditional display methods in the IOM limit visitor interaction and leave information
transfer superficial; this was one of the main motivations for conducting this study. The objects displayed
behind glass cases in the museum are elements that visitors can only observe, without physical contact.
This creates a situation that hinders learning for visitors. In this context, the primary objective of the study
is to evaluate the effects of gamified augmented reality applications on museum experience. Combining the
possibilities offered by AR technology and gamification helps focus visitors' attention, enhances the
retention of learned information, and strengthens overall interaction with the museum [20].

2. MATERIALS AND METHODS

This study employs a mixed-method research model with a multi-layered approach to investigate how AR
technology and gamification concepts impact the museum experience. The main goal is to holistically
evaluate how digital technologies and gamification applications can enhance visitors’ interaction, learning
process, and post-visit memorability. To achieve this, the study employs a combination of qualitative and
quantitative data collection methods for a comprehensive analysis. As part of the field research conducted
at the IOM, the developed gamified AR application was comparatively examined alongside the traditional
printed brochure prepared for the museum. The data obtained were analyzed to evaluate how digital
experiences contribute to the overall museum experience.
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The research model was structured around AR-supported gamification applications developed for the
original exhibits at the IOM. During the process, we measured visitor interaction, learning outcomes,
memorability, and overall experience quality from multiple perspectives. To assess the effectiveness of
different information delivery methods in museums, we conducted an experiment involving a total of 60
participants, divided equally into two groups (30 participants per group). One group received information
through a specially designed printed brochure, while the other group used a gamified AR-supported digital
application. We utilized statistical methods to analyze the results and compare the outcomes between the
two groups. This setup allowed us to analyze and compare how both approaches influenced learning,
interaction, and memorability.

2.1. Digitization Process

While digital 3D scanning technologies can more accurately convey geometric information and textures,
traditional documentation methods (written records, photographs, and 2D drawings) only provide a limited
representation of the three-dimensional (3D) structure and visual integrity of objects [21]. For this reason,
3D digital scanning methods were preferred to provide visitors with a more realistic experience by
preserving the spatial integrity and details of the objects. In this study, five selected toys (Masuyama, Felix
the Cat, Spirit of St. Louis, the Doll House (Watch Shop), and Steiff Bear) were digitalized and integrated
into the AR experience, as shown in Figure 1.

Figure 1. Photographs of the selected toys included in the study, from left to right: Masuyama, Felix the
Cat, Spirit of St. Louis, Doll House (Watch Shop), and Steiff Bear

This process utilized a combination of photogrammetry and LiDAR (Light Detection and Ranging)
technologies to capture the objects' physical details and surface textures with the highest possible accuracy.
As shown in Figure 2, photogrammetry enabled high-resolution photographs of each toy from multiple
angles, and 3D models were reconstructed from these images using Polycam (version 3.3.20) and
Scaniverse (project version 2.1.9) on a Samsung Tab S8 and an Apple iPad Pro (5th generation). LIDAR
scanning was performed on the Apple iPad Pro (5th generation) using Luma Al (version 1.3.4), providing
detailed surface scans and precise spatial measurements. These methods together ensured that the digital
replicas faithfully preserved the spatial integrity and surface detail of the original toys.

During the scanning process, each toy was rotated 360 degrees and viewed from different angles; controlled
lighting conditions were provided to minimize data losses that may arise from light reflections, shadows,
and reflective surfaces. The obtained data sets were processed and modeled using Blender 4.0, an open-
source 3D modeling software.
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Figure 2. 3D scanning process diagram (left), on-site 3D scannig (right)
2.2. Software Development and Interface Design

The AR application developed within the scope of this study is designed as a mobile-based platform that
aims to enrich the physical museum experience with digital interaction. The application was developed
using the Unity 2021.3.31f1 version and tested on the Samsung Tab S8 tablet with the Android operating
system.

Unity's AR Foundation package was preferred for the augmented reality infrastructure; the ARCore XR
Plugin was integrated into the project in line with the Android platform. This choice made it possible to
provide a physical, space-sensitive, and seamless interaction area for the user without the need for any
visual markers in the study. For the application to be functional, the minimum API level was determined
as level 24; the Vulkan graphical interface was disabled to prevent graphical incompatibilities, and
OpenGLES3 infrastructure is used.

In the AR scenes, the device captures the real-world view through its camera, displays it as the background,
and places the digital content on top of this view. Thus, the visitor is able to interact with the digital content
in a directed manner in the real space. The 3D models for each toy were optimized by the author and
integrated into the Unity environment to achieve high performance on mobile devices.

As seen in Figure 3, the home screen of the application presents a 3D schematic of the IOM as a 3D map
and shows the locations of the experiential toys via icons represented by letters (e.g., “M” = Masuyama,
“F” = Felix the Cat and The Spirit of St. Louis). This map is designed to make it easier for the user to follow
the digital route within the physical museum. User progress can be visually tracked through color coding;
icons of completed tasks turn from gray to yellow. The vertical timeline on the left side guides the user
through icons positioned between the words “Start” and “Finish”.
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Figure 3. Homepage of the gamified AR app

The AR experiences created for each toy are enriched with gamification mechanics that encourage not only
passive viewing but also interactive participation. As shown in Figure 4, the gamified AR experiences for
the museum toys vary in their interaction and gameplay. In the Masuyama experience, the user can collect
the fans on the floor using the Masuyama toy as a car. The Cat Felix scene features the Spirit of St. Louis,
which moves across the scene as part of the gameplay. In the scene where the Louis plane is integrated and
prepared for gamification, the user tries to catch the Felix toy while following the route of the plane crossing
the Atlantic Ocean. While the Doll House (Watch Shop) experience requires solving puzzles among objects
in a display case, in the Steiff Bear scene, the user is on a quest where the bear tries to find needles. This
diversity allows the historical narrative associated with each toy to be reconstructed at an experiential level.

TV TS

Figure 4. Screenshots of the gamified AR expeinces for the museun toys: (1) Masuyama toy, (2) Felix
the Cat toy with the Spirit of St. Louis toy, (3) Dollhouse toy, and (4) Steiff bear toy

The introductory texts within the application were synthesized in Turkish via the ElevenLabs platform and
integrated into the application. This narrative informs the user about the purpose and scope of the
application; it emphasizes the cultural and scientific background of the experience.

In conclusion, the developed AR application is structured not only to meet technical requirements but also
to adhere to principles of user experience and interaction design. Through the designed intuitive interface
for different ages and user profiles, along with spatial orientation systems and toy-specific gamification
structures, the author created an original model that digitally enhances the physical museum experience.
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This approach can set an example for increasing digital participation in museum visits and conveying
cultural heritage narratives more effectively.

2.3. Preparation of the Museum Brochure

A special brochure design was created to compare the information and interaction levels that visitors obtain
through the AR experience enriched with gamification elements and the physical brochure offered within
the scope of traditional museum practices. This physical brochure provides information to visitors
independently of the interactive experience offered by the digital application, while at the same time
facilitating the orientation of the visitor within the museum and supporting the learning process. The
contents in the brochure are parallel to the narratives used in the AR application; thus, the effects of
traditional methods on the visitor can be evaluated in detail with the digital gamification experience. This
approach allows for scientific analysis of the effectiveness of classical communication tools as well as the
use of technology in the museum experience.

Going beyond traditional brochure folding techniques, the twist folding method was preferred, which aims
to attract the visitor's attention and increase interaction. This unique folding style enabled the brochure to
function as an interface that is not only informative but also encourages the visitor to act. As seen in Figure
5, the brochure was designed on a square cardboard material measuring 20x20 cm; a "twist" effect was
created by creating diagonal, vertical, and horizontal fold marks. This physical interaction allowed the
visitor to access new content in turn while opening the brochure and to sustain their sense of curiosity.
Thanks to the folding system, visitors become more aware of the content while interacting with the
brochure; thus, the rate of reading informative texts increases.

Figure 5. Diagram of how to use the museum brochure

On the inner surface, there are contents related to five toys included in the augmented reality application.
Each toy is presented in a separate square area on the inner surface of the brochure, and these sections are
color-coded: Yellow: Masuyama Toy, Pink: Cat Felix and The Spirit of St. Louis, White: Doll House
(Watch Shop), Blue: Steiff Bear.

A simplified floor plan based on the 3D model of the museum is in the center of the brochure; here, the
physical location of each toy within the museum is marked with the relevant color code. This plan allows
the visitor to plan their route within the museum and facilitates access to information.



261 Beliz AKALIN, Derya GULEC OZER, Aysegul AKCAY KAVAKOGLU / GU J Sci, 39(1): 255-268 (2026)

There is a QR code on the brochure for each toy. When visitors scan this code with their mobile devices,
they access narrations voiced by the museum’s founder. In addition, the written texts in the brochure are
one-to-one with the content used in the AR application. This allows visitors who cannot access gamification
elements to obtain the same information through traditional methods. This method made it possible to
observe how digital and physical narratives work as an interactive whole; in particular, it served as a control
group to evaluate the impact of traditional information methods without gamification elements on visitors.
In this context, the brochure was used not only as a guidance tool but also as an experimental research tool.

2.4. Expert Reviews

Following the application development process, an expert evaluation was conducted to ensure the validity
of the prototype in terms of both content and technical aspects and to identify possible deficiencies before
it was presented to the user. This phase aims to test the system's functionality, educational value, user
experience design, and narrative integrity in a multidimensional manner.

Two academicians specialized in game design, digital museology, and interaction technologies were invited
to the review process. The first expert specializes in interaction design and has conducted studies on
augmented reality applications and user interface design. The other expert is an academician with academic
experience in games and gamification. Both experts were informed about the project's goals, target
audience, and scope of application before the evaluation.

The experts tested the augmented reality experiences developed for five toys in the IOM in line with real
user scenarios in the museum environment. Throughout the application's operation, screen flow, interaction
order, harmony between audio narration and visual content, clarity of user guidance, and general interface
ergonomics were observed. In addition, the narratives and mini-game scenarios were evaluated in terms of
historical accuracy and semantic integrity adequacy.

The review process was carried out using three main steps:

e Structured Observation: Observations were recorded while experts were experiencing the
application, and the duration, interaction type, and possible errors were reported for each toy
scenario.

e Open-Ended Interview: After the application, experts were interviewed in semi-structured
interviews about content adequacy, gamification logic, target audience compatibility, and the
cognitive load imposed on the user.

e Evaluation Form: Each expert scored the system's narrative power, technical accuracy, graphic
quality, and intuitiveness using an eight-item evaluation form with a Likert-type scale.

The following adjustments were made to the application in line with the data obtained from the experts:
Since some terms in the voice narration were found to be complex, the narrative language was simplified.
Considering the loss of orientation experienced during navigation in the interface, on-screen orientation
icons were enlarged, and explanatory text labels were added. It was stated that some tasks of the mini games
created excessive cognitive load, and task steps were reduced in these sections.

Expert opinions made significant contributions to making the application more effective and accessible in
terms of both content depth and user experience. This phase not only established the quality assurance
dimension of the development process but also allowed the experience to become more balanced in cultural
and technical dimensions.

2.5. User Experience and Data Collection Process

One of the primary objectives of this research is to determine the extent to which a gamified museum
experience, supported by AR technology, influences visitor interaction, information acquisition, and overall
satisfaction. In this context, the user experience study was designed as a comprehensive field application
where both qualitative and quantitative data were evaluated together. With the approval of the ITU Social
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and Human Sciences Research and Publication Ethics Committee, dated 13/11/2023 and numbered 146,
user experiments have been initiated.

The individuals who participated in the experimental application process were selected between the ages
of 18 and 64 to represent different age groups and sociodemographic characteristics. The total number of
participants was determined to be 60, who were assigned to one of the two groups using simple
randomization: participants were randomly allocated to either the AR group or the brochure group
immediately prior to the experiment. and they were divided into two groups by random assignment. As in
Figure 6, the first group (n=30) experienced the gamified augmented reality (AR) application developed at
the IOM. The second group (n=30) visited the exhibition through the museum brochure, a traditional
information material about the same objects. This two-way structure provided the opportunity to
comparatively analyze both the effect of the interactive experience designed with new media and the visitor
journey created with traditional methods.
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Approval was obtained from the Istanbul Technical University (ITU)’s Ethics Committee prior to
conducting the research. Participants were provided with detailed information about the purpose of the
study, the implementation process, and the data collection method, and written consent was obtained from
all participants. The images and audio recordings taken during the experience were used only for academic
research purposes and anonymously. No personal information was shared with third parties, and
confidentiality principles were strictly adhered to.

Both groups followed the same physical route in the museum area and had the opportunity to learn about
and interact with five toys: the Masuyama, Felix the Cat, The Spirit of St. Louis, the Doll's House, and the
Steiff Bear. The gamified AR group interacted with 3D models of the relevant objects, listened to audio
narrations, played mini-games, and completed informative tasks via tablet devices set up in the museum
area. The brochure group was guided with a physical brochure that included the history and contextual
explanations of the objects, supported by visuals and QR codes with [covered for blind review]'s audio
narrations. Each participant's behavior was observed during the experience, and video and photo recordings
were taken when necessary. Structured questionnaires were administered to both groups immediately after
the experiences. The surveys consisted of three main sections:

1. Demographic Information: Age, gender, education level, and frequency of museum visits.

2. Likert Scale Questions: A five-point Likert scale was used to measure participants' satisfaction with
the experience, ease of use of the application/brochure, adequacy of knowledge transfer, and level
of fun. (1 = Strongly Disagree, 5 = Strongly Agree) Sample items include:

o “Iread all the informational texts of the exhibition staff in museums.”

e “I was more interested in visiting the sections of the exhibition presented with AR
technology than the traditional sections.”

o “The AR/brochure experience enhanced my understanding of the objects.”
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3. Knowledge Test: Both groups answered 13 knowledge-based questions about the toys they had
experienced. Each correct answer received 10 points; incorrect answers received 0 points. Sample
questions include:

e “Who made the Masuyama toy?” (Greiner & Hausser / Lehmann / Fawn Zeller / Cragstan)

e “Why do pilots take the Felix toy with them during their flights?”” (Needing an object to
relax / Don’t write the coordinates on me / Don’t remember your childhood / Don’t believe
it brings luck)

e “Before the Steiff bear, which animal was first designed for the same purpose?” (Giraffe /
Elephant / Hedgehog / Rabbit)

The total possible score was 130 points (13 questions x 10 points). This section played a critical role in
comparing the effectiveness of knowledge

4. Open-Ended Questions: Free comments were received from participants regarding their overall
experience. Sample quotes from the AR group include:

e “The experience was quite enjoyable. After exploring the rooms in the exhibition, I was
excited to learn more about some of the toys on the tablet and see them right there in front
of' me, as if I were holding them in my hand. The tablet was easy to use, and the instructions
were clear.”

e “It's a truly enjoyable and entertaining experience. It's also memorable.”

Brochure group sample quotes:

o “It feels like a great privilege to visit a museum with a brochure, as it has so many objects
on display.”

o “When I started recording audio, it was very difficult to figure out on my own which area
I should focus on.”

The study involved four distinct phases of participant experiences, where visitors to the museum were
captured and observed step by step. In the first phase, participants were informed about the study in the
cafe on the -1 floor of the museum and asked to fill out a consent form. Once the consent form was signed,
the second phase began, and museum visitors were randomly assigned to one of two groups. Participants
in the first group were given a Samsung Galaxy Tab S8 tablet, while visitors in the second group were
given a specially designed brochure for the study and asked to experience the museum. Both groups visited
the museum according to a predetermined experience circulation. In the third phase, visitors visited the
Masuyama doll on the first floor of the museum, the Felix the Cat and The Spirit of St. Louis dolls in the
same room as the Masuyama doll, the Dollhouse in the adjacent room, and finally, the Steiff Bear toy on
the ground floor. Simultaneously with the third phase, visitors' museum experiences were recorded with
photographs and videos. Participants were not provided with headphones at any stage. Some participants
in the brochure group were observed scanning the QR codes in the brochure with their personal devices,
and some of those who scanned the QR codes listened to the audio recordings using their personal
headphones. Although the duration of the participants' experience was not recorded, it was observed that
the brochure group spent less time with the toys than the AR group. In the final stage, participants were
invited back to the museum café¢ where the study began, and the materials provided for their experience
were collected from them. Participants completed the experience survey, which included Likert-scale and
knowledge questions. Although participants were informed at the outset that a survey would be conducted
after the experience, they were not informed that the survey would include knowledge questions to avoid
influencing their behavior during the experience.

3. RESULTS

In this section, the quantitative and qualitative data obtained from the field application carried out at the
IOM are systematically presented. Within the scope of the study, 60 participants were divided into two
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equal groups; one group experienced the museum with the gamified AR application, and the other group
experienced the museum with the traditional brochure method. Both groups were presented with the same
exhibition route and information content; only the presentation method was different. We collected the
findings through observation, survey, knowledge test, and application of user feedback throughout the
experience process.

3.1. Gamified AR Group

Participants who experienced the gamified AR application (n = 30) generally reported high satisfaction
levels regarding their museum experience. All participants rated the application interface as “easy” or “very
easy,” and 96.97% indicated that they could interact with the exhibit objects through the interface. Although
no direct quantitative data was collected regarding ease of use, the fact that no participant requested
technical assistance and all tasks were completed suggests that the interface was accessible at a basic level.
In the knowledge test administered after the application, participants achieved an average success rate of
84%, with the highest correct response rate of 93% for questions regarding the Dollhouse and Steiff Bear.
Features such as the ability to rotate digital models were reported to provide a sense of interaction, though
no direct data on this perception was obtained. Responses to the satisfaction and experience scales were
also positive, with 80% of participants describing the overall museum experience as interesting. Open-
ended feedback highlighted qualities such as “enjoyable,” “memorable,” “interactive,” and “a different
experience,” and many participants noted that they established a closer connection with the objects and
internalized the information more easily through the application.

3.2. Brochure Group (Analog Experience)

Participants in the brochure group (n = 30) visited the museum using the traditional information method
and learned about the same objects through visuals, short explanations, and audio narrations guided by QR
codes in the printed content. Although 90% of participants stated that the brochure was “easy to use,” the
reliance on text and the need to use mobile devices for audio content limited its full utilization. Only 66.67%
of participants reported reading the entire brochure, while the remainder cited lack of attention,
unwillingness to spend time, or lack of interest. Furthermore, only 40% of participants scanned the QR
codes. The average score on the knowledge test for this group was 59%, with the highest correct response
rate of 87% for a question regarding the Masuyama toy mechanism, indicating that traditional information
methods may be limited in supporting information acquisition. Participant comments included expressions
such as “good,” “beautiful,” and “useful,” but the rate of establishing an emotional connection or bond with
the objects was low.

3.3. Comparative Findings

A significant difference was observed between the two groups in terms of the level of knowledge
acquisition. While the AR group's knowledge test success was 84%, the brochure group's success remained
at 59%. This difference shows that the presentation method is decisive in learning outcomes. In addition,
the AR group's higher levels of emotional engagement and experiential satisfaction in open-ended
responses indicate the interactive power of gamified digital content. Table 1 shows the comparisons of the
results of the survey results after the use of each tool.

Table 1. Comparisons of the results

Indicators Gamified AR Brochure Group
Group

Knowledge Test Average Correct Answer Rate (%) 84% 59%

App/Brochure Ease of Use (% positive) 100% 90%

Percentage of users who have experienced audio narration (%) | 100% 30%
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4. CONCLUSION
4.1. Summary of Findings

The data obtained from the study shows that gamified augmented reality (AR) technologies not only
provide an entertaining and eye-catching experience in the museum environment but also directly affect
visitors' cognitive processes. This museum experience, created with AR technology, empowered visitors to
take a more active role within the museum, fostering a stronger connection with the museum's artifacts. As
a result, it was observed that information transfer within the museum was more efficient.

One of the most striking findings of this study is the difference in information acquisition and recall between
the traditional information method, the brochure, and the digitalized gamified experience. Although both
groups were exposed to the same exhibition objects and equal levels of content information, the gamified
AR group had an 84% success rate in knowledge tests and the brochure group had a 59% success rate,
revealing that significant differences can occur in learning outcomes even when only the way museum
content is presented changes. This finding supports earlier research emphasizing that active participation
and multisensory interaction enhance knowledge retention and meaning-making in museums [22, 23].

This difference shows that in contemporary tourism experiences, visitors are no longer passive consumers
of information but rather active producers of information and interaction creators. Within the framework
of museum learning, gamification enhances motivation, attention, and memory retention by creating
feedback loops and goals that sustain engagement [24]. In addition, the fact that AR applications are found
attractive, especially by individuals who are not used to playing games, shows that these technologies can
offer an inclusive experience design among users of different ages and technological proficiency levels.
The inclusivity observed in the AR application supports the idea that well-designed interfaces can bridge
technological proficiency gaps across diverse visitor groups [25].

This study also revealed that the narrative design elements in the AR application carried the relationship
between visitors and the exhibition objects to a more emotional and contextual level. Visitors not only
recognized an object but also internalized the historical and cultural context of that object and produced
personal meaning. This aligns with recent HCI research emphasizing the role of storytelling and contextual
cues in fostering emotional engagement and embodied interaction in museum spaces [26, 27].

While this study primarily focuses on museum visitors' museum experiences, it could also impact tourism
and cultural heritage. Museums utilizing AR technologies will contribute to the development of tourism
and enhance the quality of cultural activities.

Finally, this research clearly demonstrates that digitalization is not only a trend but also a structural
transformation that digital and gamified interaction can serve as an experiential tool in museums. The
findings contribute to the growing body of knowledge on how AR and HCI-based approaches can transform
museum learning into an engaging, participatory, and cognitively effective experience.

4.2. Limitations

This study has several limitations that should be acknowledged. First, the research was conducted with an
adult-only sample (participants aged 18 and above), which may limit the generalizability of the findings to
younger audiences. Second, the exhibition objects used for gamified AR experiences included delicate
items, such as a dollhouse, which could not be removed from display cases. As a result, 3D scanning had
to be performed through the display case glass, which may have affected the fidelity of the digital models.
Third, the physical constraints of the museum environment, including small rooms and occasional
crowding, occasionally interrupted participants’ experiences or required waiting for spaces to clear. Finally,
in the brochure-based condition, the audio component was optional, which may have influenced
participants’ engagement and learning outcomes.
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4.3. Future Works

First, the fact that the participants were adults aged 18 and over in the study may have limited
generalizations from the findings obtained by including younger individuals in the younger age group.
Second, the extremely fragile nature of some museum artifacts and their inability to remove them from their
display cases may have influenced the scanning results. For example, because the dollhouse in the study
could not be removed from its display case, the scans were conducted by opening the glass cover of the
display case, not removing the dollhouse. This may have affected the quality of the digital models. Third,
the physical limitations of the small rooms in the museum where the study was conducted, coupled with
the occasional increase in density within the museum during participants' experiences, impacted visitor
experiences and caused interruptions. Finally, the optional availability of audio components in the QR codes
included in the brochure provided to participants who experienced the museum through the traditional
brochure method, which may have influenced the learning of visitors who experienced the museum.
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