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Abstract:
This paper explores the challenges of enhancing visitor 
experience in museums during digital transformation, 
especially the lack of personalization and real-time 
interaction. To address this issue, this paper designs and 
applies a smart device ‘Museum Mate’, which integrates 
AR glasses, headset and physiological monitoring 
wristband. Through literature review, case studies and 
design optimization proposals, the study explores how 
smart devices and interactive design can enhance visitor 
experience and optimize exhibition management. The 
results show that ‘Museum Mate’ significantly enhances 
visitor engagement through three major innovations, 
firstly, personalized itinerary planning based on real-
time behavioral data and physiological responses, which 
improves the dynamic adaptability of the exhibition; 
secondly, AR technology superimposes virtual information 
on physical exhibits, providing a platform for multi-
dimensional information display; thirdly, the data-driven 
feedback mechanism enables real-time optimization 
of the visitor experience and exhibition management. 
The final conclusion is that ‘Museum Mate’ provides 
important support for museum digitization in terms of 
personalization, interactivity and data management, and 
provides valuable insights for future museum strategic 
planning.

Keywords: Museum Mate; Personalization; Immersive 
AR experiences; Data-driven feedback; Museum digitali-
zation.

1. Introduction

1.1 Research Background and Research 
Significance
Museums are facing the challenge of how to enhance 

the audience experience and depth of interaction 
in the process of digital transformation. Currently, 
museum visitors, especially the younger generation, 
expect a personalized and highly interactive expe-
rience during their visit. However, many museum 
digital applications remain at the level of information 
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transmission. These apps lack real-time feedback and 
personalized interaction design, resulting in a single and 
insufficiently interactive visitor experience [1]. Although 
digital technology has provided museums with new ways 
of the display, due to the complexity of technological in-
tegration and the lack of personalized service capabilities, 
museums have yet to fully realize the dynamic adjustment 
and optimization of the viewing experience.
Currently, most digital applications in museums, such as 
AR guided tours and virtual roaming, can enhance visual 
immersion, but in actual applications, there are problems 
such as insufficient interactivity and inflexible response, 
which cannot dynamically adjust the content according 
to visitors’ real-time behavior and preferences [2]. These 
problems limit the ability of museums to capture the in-
terests of visitors and personalize the content of their dis-
plays, making it difficult to achieve a truly interactive and 
emotionally resonant experience.
‘Museum Mate’, an intelligent testing device that inte-
grates AR glasses, headphones, and a physiological mon-
itoring wristband. It is designed to enhance the visitor 
experience through personalization, interactivity and data 
analytics. ‘Museum Mate’ not only provides tailor-made 
guided tours and interactive experience content according 
to visitors’ unique interests and needs but also intelligent-
ly adjusts the exhibition content and guided tour routes 
through the real-time physiological and behavioral data 
monitoring of visitors, which greatly enhances the sense 
of immersion and satisfaction of the visit. For museums, 
the introduction of devices such as ‘Museum Mate’ will 
indeed bring new possibilities to museums. Data analytics 
can help museums identify problems in management and 
operations. For instance, museums can more effectively 
adjust exhibition layouts to enhance visitor experience.”In 
addition, digital technology also provides new ways to 
promote culture, for example, in the past, it may only 
focus on the physical display of the exhibits, but now 
through digital methods, museums can allow visitors to 
learn more about the story behind the exhibits through 
intelligent devices such as ‘Museum Mate’, which is a 
more personalized experience. But this kind of innovation 
also faces challenges, how to find a balance between the 
traditional way of visiting and digital experience is still a 
problem that museums need to think about.

1.2 Research theme, research method and re-
search objectives
The research theme of this paper centers on the design 
and application of ‘Museum Mate’, which attempts to 
create a more personalized and interactive visiting smart 
device by combining smart devices such as AR glasses, 

headphones and physiological status monitoring bracelets. 
The methodology of the study not only includes a litera-
ture review, but also introduces a case study as well as a 
design optimization proposal, aiming to explore in depth 
how this smart device can help museums optimize exhibi-
tion management while enhancing the visitor experience. 
The authors hope to analyze the effectiveness of ‘Museum 
Mate’ in terms of interactivity, personalized service and 
visitor efficiency, and provide a reference for the digital 
development of museums.

2. Background and Case Study

2.1 Current Situation and Problems of Digital 
Museums
As digital technology continues to advance, museums 
have seen significant innovations in both presentation 
and visitor experience. Technologies such as Augmented 
Reality (AR) and Virtual Reality (VR) provide immersive 
experiences and extend cultural exchanges in new ways 
[3,4].While AR technology dramatically improves the 
intuitiveness of information delivery by superimposing 
virtual content on top of real exhibits, allowing visitors 
to understand the context and details of the artifacts with 
greater ease. However, research has shown that while 
these technologies improve visual immersion, their stan-
dard, one-size-fits-all design often ignores the specific 
needs of individual visitors, creating cognitive overload 
and discomfort for some [5]. Therefore, the future de-
velopment of digital museums must go beyond the mere 
application of technology and focus more on humanized 
design, that means, rethinking how these technologies can 
truly serve museum visitors from different backgrounds 
as will as special needs. Tailored interactions, rather than 
flashy effects, can better connect people to the cultural 
depth and history of artifacts.

2.2 Case studies of existing digital museums

2.2.1 Louvre mobile app

The Louvre’s mobile app is a prime example of how mu-
seums are entering the digital age, but there is much room 
for improvement in its effectiveness. Although the app 
provides a series of functions such as voice guides, 3D 
model display and virtual exhibitions, enabling visitors to 
access museum information in more diverse ways [6], its 
interactivity is still quite limited. The application just pres-
ents the exhibition information through multiple forms, 
and actually does not really adjust the content dynamical-
ly according to the visitors’ needs. This kind of one-way 
information delivery seems a bit rigid and lacks flexibility 
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and personalization. Assuming that a visitor is particularly 
interested in a certain exhibit and stays for a long time, the 
application is unable to provide deeper content in a timely 
manner, which will be regrettable for both the visitor and 
the museum manager.
This phenomenon reflects a common problem in the 
current application of digital technology in museums: al-
though it enriches the presentation of exhibitions, it is still 
insufficient in terms of interactivity and personalized ser-
vice. A smarter and more humanized system may be the 
key to really allow visitors to establish a deep connection 
with the exhibits.
2.2.2 The British Museum’s ‘virtual roaming’ experi-
ence

The British Museum’s Virtual Tour program uses VR 
technology to transport visitors into historical scenes, 
providing a highly immersive visual experience [7]. The 
experience has been well received by many visitors, with 
more than 70% of users reporting that the immersive 
experience greatly enhanced their understanding of the 
historical scene [8]. -- However, there are still significant 
limitations to the practical application of this technology. 
One prominent issue is that the presets of current VR con-
tent tend to be too fixed, resulting in users being unable 
to explore or dig for more information according to their 
interests. Such fixed settings not only fail to respond flex-
ibly to the viewer’s individual needs, but also limit the 
interactive depth of the experience, ultimately leaving the 
visitor with the feeling of passively watching a “pre-pro-
grammed storyline” rather than actually participating in it. 
In fact, more than 40% of users would like to have more 
personalized interaction options, rather than just passively 
watching a preset virtual scene [8].
This limitation reflects the current technological bottle-
neck of VR applications: although it offers unprecedented 
immersion, interactivity remains limited due to the inabil-
ity to adapt to the diversity and variability of individual 
needs.

2.3 Problem Elicitation and Design Needs
Existing museum digitization applications such as the 
Louvre and the British Museum are technologically inno-
vative, but there is still room for improvement in terms of 
interactivity, personalized services and real-time response. 
These challenges highlight the current dilemma in the de-
velopment of museum digitization, namely how to com-
bine fast-moving technology with customized and person-
alized interactions to meet the diverse needs of visitors. In 
contrast to the Louvre app and the British Museum’s ‘vir-
tual wandering’ experience, this paper’s ‘Museum Mate’ 
aims to address this challenge by combining AR tech-

nology with physiological monitoring to provide visitors 
with a flexible, personalized and data-driven experience 
that redefines the way visitors interact with exhibitions. 
This not only fills the gap of existing personalized service 
applications but also provides a practical and innovative 
solution for the digital transformation of museums.

3. Design Optimization Proposal
In the modern museum experience, a single interaction 
often leaves the audience feeling uninvolved. To solve 
this problem, this paper proposes a smart device called 
‘Museum Mate’ This device is not just a navigation tool, 
it creates a new museum experience for the audience 
through personalized route planning, immersive guided 
tours supported by augmented reality (AR) technology, 
and interactive mechanisms based on real-time data feed-
back.
‘Museum Mate’ not only makes the visiting process more 
targeted, but also provides exhibition managers with valu-
able data insights to help them adjust the exhibition layout 
and management strategies according to visitors’ interests 
and behavioral patterns. The authors point out that, the 
static display of exhibits in a traditional museum visit 
often makes it difficult to generate sustained interactive 
interest, while this device transforms this static experience 
into a lively, interactive and educational journey of dis-
covery by deeply integrating technology with user needs.

3.1 Personalized Itinerary Planning: Enhancing 
the Dynamic Adaptability of the Exhibition Ex-
perience
Traditional museum visit routes are often preset fixed 
routes, making it difficult for visitors to flexibly adjust 
their itineraries, which may also lead to information over-
load and fatigue, especially in the case of longer visits. 
Research has shown that personalized path planning not 
only significantly improves audience satisfaction, but 
also effectively reduces fatigue and information overload 
caused by fixed routes [9]. By capturing the focus of in-
terest, length of stay, and physiological state (e.g., heart 
rate variability) of the audience, ‘Museum Mate’ develops 
a personalized route for each visitor. For example, when a 
visitor stays longer in front of an exhibit, the system will 
adjust the subsequent tour route, provide more in-depth 
explanations, and push additional relevant information.
Unlike traditional fixed-route tours, ‘Museum Mate’ is 
able to adjust flexibly and dynamically based on visitors’ 
real-time behavioral data and physiological feedback. 
Leveraging advanced personalized content delivery tech-
nologies such as Google’s Recommendation Engine, this 
dynamic adaptation mechanism aims to design a carefully 
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curated itinerary based on the visitor’s individual inter-
ests and preferences, ensuring a smooth and personalized 
experience. The smart device does not only provide static 
route planning, its core innovation is to continuously op-
timize the visitor’s visit through dynamic physiological 
monitoring, ensuring that the audience always maintains a 
high level of engagement and interactivity throughout the 
visit.
The innovation of this technology lies in its ability to ad-
just the interaction based on real-time feedback from the 
audience. For example, the system not only predicts the 
audience’s fatigue state, but also re-energizes their interest 
through interactive games, quizzes or immersive displays. 
This intelligent adaptation mechanism transforms the au-
dience from passive viewers to active explorers, opening 
up a whole new path of cultural dissemination and knowl-
edge transfer and making the visiting experience more 
colorful.

3.2 Immersive Experience and Interactivity En-
hancement: Application and Innovation of AR 
Technology
Augmented Reality (AR) technology, as a core component 
of ‘Museum Mate’, has greatly enriched visitors’ expe-
rience, enhancing both immersion and interactivity, and 
bringing innovative vigor to the traditional museum expe-
rience. By cleverly superimposing virtual information and 
elements on physical exhibits, AR technology successful-
ly creates a multi-latitude information display and expe-
rience platform, significantly enhancing the educational 
value and emotional connection of the museum, enabling 
visitors to explore the historical background and artistic 
details in a more in-depth and intuitive manner, effective-
ly improving the efficiency and engagement of the visit.
The innovative introduction of AR glasses, the core of 
which is to intelligently sense the distance between vis-
itors and exhibits, as a basis for automatically activating 
the virtual information fused with the reality of the screen, 
including 3D animation, image enhancement and dynamic 
annotations, to achieve an immersive interactive experi-
ence. However, this kind of interaction goes beyond pure 
visual enhancement to real-time monitoring of audience 
physiological data (including heart rate and step speed) 
to achieve dynamic changes in content response. When 
the physiological monitoring wristband recognizes that a 
visitor is showing a keen interest in a historical scene due 
to a change in heart rate or an increase in dwell time, it 
automatically generates additional information that sig-
nificantly enhances the visual impact of the exhibition and 
inspires emotional resonance in the visitor. This innova-
tive design transcends the constraints of traditional static 

displays and presents visitors with a highly interactive, 
immersive, real-time visual experience that significantly 
enhances the richness and depth of a museum visit.
Augmented reality (AR) technology in museum appli-
cations shows unique advantages over traditional virtual 
reality (VR) technology. This technology is able to su-
perimpose rich virtual content on the basis of real scenes, 
creating an experiential environment that integrates reality 
and virtualization, avoiding the construction of a virtual 
space that is completely detached from reality. Studies 
have shown that compared to VR technology, AR is more 
effective in promoting audience learning and interaction 
[10]. This is particularly noteworthy because AR technol-
ogy skillfully integrates intuitive virtual information into 
the real reproduction of cultural heritage, thus effectively 
compensating for the lack of information and lack of emo-
tional resonance in traditional guided tours.
However, the advantage of AR lies not only in the deliv-
ery of information, but also in the sense of cultural immer-
sion it creates. This innovative means not only enhances 
the educational significance of museum exhibitions, but 
also provides visitors with a deeper cultural experience. 
However, it also brings up the thought of how to ensure 
that the audience does not feel lost due to too much infor-
mation distraction in the application of this technology. 
Technology is not an end in itself; the key lies in how AR 
technology can lead to a deep emotional connection be-
tween the audience and the exhibits.
Therefore, AR technology should not only be regarded as 
a tool to enhance the audience’s experience, but also as a 
bridge to stimulate the audience’s curiosity and desire to 
explore. Only on this basis can the digital transformation 
of museums truly realize its potential.

3.3 Data-driven feedback and real-time optimi-
zation: improving museum operations and visi-
tor experience
‘Museum Mate’ collects and analyzes visitors’ physiolog-
ical data and interactive behaviors to create a comprehen-
sive feedback system for museums, making it possible 
to personalize the experience for visitors and providing a 
critical data resource for museum operations. This innova-
tive data-driven strategy allows museum managers to gain 
deep insights into visitors’ interests and behaviors, so that 
they can make precise adjustments to the design of exhi-
bition layouts and presentation content to better meet the 
expectations and needs of different visitor groups.
The advantage of ‘Museum Mate’ over traditional muse-
um visit tools is that it relies on a data-driven feedback 
mechanism. The system generates personalized reports for 
each visitor, helping them to deepen their understanding 
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of the exhibition, while also providing macro-level data 
insights for the museum. The museum’s two-way data 
application model improves both the individual visitor ex-
perience and the overall enhancement and optimization of 
the exhibition. Analyzing a large amount of feedback data 
allows the museum to identify hotspot areas and potential 
improvement points in the exhibition, thus laying a scien-
tific basis for the layout and design of future exhibitions. 
The evidence-based decision-making approach not only 
improves the attractiveness and educational effect of the 
current exhibitions, but also provides an important refer-
ence for the long-term development planning of the muse-
ums, so that the museums can maintain their competitive 
advantages in the ever-changing cultural consumption 
market. The empirical evidence-based decision-making 
approach, through the collection and analysis of data, re-
sults in accurate judgement and scientific prediction of the 
current situation.

3.4 Unique innovation and future development: 
the application prospects of ‚Museum Mate‘
The core innovation of ‘Museum Mate’, an innovative 
intelligent museum guide system, is the clever integration 
of personalized itinerary planning, augmented reality (AR) 
technology and real-time data feedback mechanisms. ‘Mu-
seum Mate’, combining the advantages of advanced phys-
iological tracking technology and dynamic path planning 
algorithms, provides a personalized and customized tour 
for each visitor. ‘Museum Mate’ combining the advan-
tages of advanced physiological tracking technology and 
dynamic path planning algorithms, provides personalized 
routes and content suggestions for each visitor, enabling 
the visitor experience to be continuously optimized and 
improved, with significant enhancements to both depth 
and breadth. While improving the visitor experience, it 
also provides a way for museum managers to conduct in-
depth research and analysis of the exhibition.

3.5 The value of design: new trends in museum 
operations under digital transformation
‘Museum Mate’ is not only a tool to enhance the visitor 
experience, but also an innovative solution to drive the 
digitalization of museums. It cleverly combines AR tech-
nology with personalized path planning and data-driven 
feedback mechanisms, which not only optimizes the 
display layout, but also significantly improves the visitor 
experience without increasing labor costs.
However, we also need to think: does over-reliance on 
such digitized smart devices affect the direct communi-
cation between visitors and artworks? Is this innovation 
likely to change the traditional way of communicating 

culture? Despite these questions, the ‘Museum Mate’ rep-
resents a forward-thinking approach that opens up inno-
vative ways of combining cultural heritage with modern 
technology.
As an important part of the digitization process of muse-
ums, the ‘Museum Mate’ is designed to take advantage 
of the potential benefits of smart technologies in terms of 
operational management and public engagement. It not 
only lays the technological foundation for the long-term 
development of museums, but also inspires cultural insti-
tutions to embrace new technologies and seek innovation. 
This combination brings us new perspectives and infinite 
possibilities, and is expected to propel the museum busi-
ness to new heights.

4. Conclusion
This study explores the potential of the ‘Museum Mate’ 
smart device in enhancing the experience and interactivity 
of museum visitors, and reveals the significance of this 
innovative system for the museum industry. the ‘Museum 
Mate’ cleverly integrates AR glasses, smart headphones 
and physiological monitoring wristbands to create a high-
ly customized visitor experience, flexibly optimize the 
exhibition content and path planning based on immediate 
feedback, and provide a more flexible approach to the ex-
hibition content and path planning. ‘Museum Mate’ pro-
vides a highly customized visitor experience, optimizing 
exhibition content and pathway planning based on instant 
feedback, enhancing interactive, personalized services and 
the overall visitor experience, making up for the current 
lack of digital applications in museums, and at the same 
time providing managers with a powerful data-driven tool 
that significantly improves operational strategies and deci-
sion-making efficiency.
The study proposes a novel and practical framework and 
evaluation criteria for digital innovation in museums, 
with the aim of promoting greater public participation and 
enhancing the educational and cultural dissemination ef-
fects of museums, and the creation and implementation of 
‘Museum Mate’ opens up new ways of integrating cultural 
heritage with contemporary technologies, while providing 
a key orientation to the operational governance of mu-
seums and the enhancement of their interaction with the 
public.
While this study has shown important advances in both 
theory and design concepts, the limited examination of the 
initial design of the device and short-term feedback from 
users has had an impact on long-term behaviours and in-
depth analyses of the adaptability of the system to differ-
ent cultural contexts are yet to be carried out. In order to 
promote a more comprehensive integration of culture and 
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technology, in-depth research on the effectiveness of the 
‘Museum Mate’ in different museums could be conducted 
in the future to expand the size of the participant group 
and conduct long-term tracking, thus promoting a more 
comprehensive integration of culture and technology. In 
the context of the ever-changing technology, future re-
search should also explore the integration of artificial in-
telligence and machine learning to enhance the personal-
ized service system and optimize the user experience, thus 
contributing to the innovation and progress of the museum 
industry. In the long run, in order to adapt to the needs of 
museums in different cultural contexts, further research 
on museum education and cultural communication is also 
needed. This research has certain theoretical and practical 
significance in promoting the sustainable development of 
the museum industry and meeting the people’s demand for 
cultural products.
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