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Abstract: Augmented reality (AR) technology has rapidly developed in recent years. This technology
is widely used in various fields, including museum exhibitions, where people use it to experience
art in a new way. While AR aims to realize the interaction between the virtual world and the real
world, museums use AR to develop new digital artwork from artifacts. When text descriptions
are no longer attractive to the audience, museums need to add more sound effects to images and
video dynamics to develop a sustainable way for the industry’s future. For the continued use of
such technology and the better development of the museum industry, this study used a structural
equation model to explore the influences on the continuance intention of museum AR technology
through experiments and questionnaires. Furthermore, it established a model with six dimensions:
interaction quality, information quality, information richness, satisfaction, perceived playfulness, and
continuance intention. Moreover, the results of this study can serve as a reference for managers to
promote the extensive application of AR technology in museum construction, thereby providing
visitors with better experiences and satisfying their needs.

Keywords: augmented reality; museum; continuance intention; interaction quality

1. Introduction

Information dissemination has changed owing to the development of information
technology [1], with digital media information gradually replacing traditional printed
materials. Currently, there is a prominent trend where museums are changing visiting expe-
riences from traditional guided tours to innovative visits supported by virtual technology
and exhibiting their collections in the form of digital arts [2–4]. Such virtual technologies
are collectively known as Extended Reality (XR). Virtual reality (VR), augmented reality
(AR), and mixed reality (MR) all belong to the XR technology category. XR technologies
immerse users through visual, audio, and potentially olfactory and haptic touch cues [5].
VR can create a virtual scene from the perspective of the first person, so that users can
perceive interactive behavior in the virtual environment [6]. However, AR can enable users
to perceive virtual objects in a real environment [7]. MR combines the advantages of VR to
make users feel that the interactive experience of MR is more realistic [5]. In other words,
MR can create interactive visualization environments in which life-like 3D virtual design
objects are displayed in the real world [8].

VR and MR technologies provide 3D virtual simulations, which are better representa-
tions of construction information and built environments than traditional two-dimensional
(2D) media [9]. Users can interact with virtual objects and environments, enabling them to
experience the built environment better and comprehend information [9,10]. VR has been
successfully employed in various fields, including engineering, medicine, mental health,
design, architecture, construction, education and training, arts, entertainment, business,
communication, marketing, military, and travel [5]. At present, the application of VR in the
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field of education is still in the exploratory stage, but more learning modes in museums or
at other tourist attractions should be implemented in the future [11]. On the other hand,
AR is a new digital visualization technology that is not only recognized by scholars in
education [12–14], but also valued and used in tourism, cultural heritage, and experiencing
museums [15–17].

Recently, this technology has been considered an innovative guiding tool that can
improve visitors’ experiences in museums [18] because of its unique ability to superimpose
virtual information on physical objects and real environments [19]. In addition, it can bring
real-world objects into virtual environments and vice versa [20]. Furthermore, scholars
have suggested that AR’s unique functions and visual interactivity can be an alternative to
traditional text guides, even attracting new audiences [21]. Hassan and Ramkissoon [22]
mentioned in their research that AR devices can attract different visitor groups. Meanwhile,
the Franklin Institute in Philadelphia used AR to present soldiers and their weapons to
visitors to the Terracotta Warriors exhibit. On the other hand, Ding [23] designed and
developed AR devices in his study that allowed for interactive entertainment between
visitors and museums to improve visitors’ learning experiences. Ryffel et al. designed an
AR system that attracts users to interact with it by manipulating the colors of paintings [24].

It was found in studies ranging from cultural heritage to museums that virtual tech-
nology can help visitors interact with museum collections in the real environment. More
importantly, the application of AR can help the public fully understand a large amount
of information on famous collections without additional information provided by muse-
ums [25–27]. It has been mentioned in two pieces of research that interactive behaviors
combining experiential learning with innovative entertainment activities, other unusual
narrative modes, and immersive experiences can improve the exhibition value of muse-
ums [17,28]. Other scholars have assessed the actual experiences of AR in museums from
the perspective of user experience and behavior, including the fact that the adoption of
AR devices in museums can improve visitors’ user experience [27,29], a study of users’
satisfaction with AR, their intention to recommend AR applications [30–32], and a study of
users’ satisfaction with AR devices and their behavioral intentions [33–35].

Although scholars have explored how to better design interactive AR devices for
museums [36] to improve visitors’ experiences [15], this study suggests that understanding
the information of artifacts in museums through AR devices is significant for interactive
experiences and the continuance intention of users. Therefore, by establishing and studying
the hypothesis model, this study further verifies how the interaction quality between
users and AR devices affects user satisfaction and perceived playfulness, especially users’
continuance intention, in terms of information quality (including dynamic visual effects
and dynamic audio prompts) and information richness (including dynamic visual content).

Based on the above discussion, we carried out the following research process. Firstly,
the research dimensions are established in consideration of the literature, and the research
hypotheses are proposed in Section 2. In Section 3, the questionnaire is designed based
on references. Then, the respondents were recruited to visit the museum exhibits with
AR equipment, and data were collected. The data from the questionnaire in Section 3
are analyzed in Section 4, and the research hypotheses are verified in Section 5. Finally,
Section 6 summarizes the research results and discussion, and puts forward future research
and suggestions.

2. Literature Review and Hypotheses Development
2.1. Satisfaction and Continuance Intention

Satisfaction is a key factor in measuring the success and effectiveness of an informa-
tion system [37]. The operational definition refers to the degree to which people believe
that a certain experience can evoke positive emotions. In particular, the success of a mu-
seum depends on visitors’ needs, and satisfaction is a key factor [38]. It has also been
pointed out that visitors’ satisfaction is affected by the service quality of museums, techni-
cal aspects (such as touch screens, audio guides, and visual media), and overall visiting
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experiences [39]. Hence, using an AR guide system not only receives visitors’ positive
responses and acceptance [40], but also makes them feel satisfied with AR devices [41].
Previous scholars have pointed out that visitor satisfaction has a strong impact on individ-
uals’ behavioral willingness to recommend AR applications [30] and has positive effects on
usage intention [33]. Therefore, this study proposes the following hypothesis:

Hypothesis 1 (H1). Satisfaction has positive effects on continuance intention.

2.2. Perceived Playfulness and Continuance Intention

Moon and Kim [42] found in their study that perceived playfulness is a key factor
affecting behavioral intentions. Roca and Gagné [43] mention that perceived playfulness
has positive effects on learners’ continuous use of e-learning systems. In addition, visitors
indicated that using AR applications to admire paintings makes the whole experience more
personal, attractive, and interesting. In fact, visitors using AR applications spend more
time admiring paintings [17]. Therefore, this study proposes the following hypothesis:

Hypothesis 2 (H2). Perceived playfulness has positive effects on continuance intention.

2.3. Information Quality and Information Richness

AR can perfectly present various museum collections, such as painting guides [23,44],
narrative interactions, stories behind statues [45], and learning experiences of historical
artifacts [46]. Research on art museums mentions that AR applications could provide more
information on paintings, through which visitors can have a deeper understanding of the
rich information on paintings [17]. Compared to traditional guides, AR applications satisfy
visitors with rich information and better information quality. For instance, visitors with
AR guides are more focused and involved in the paintings and artworks of museums than
visitors with audio guides or no guides. In addition, their learning efficiency and flow
experience were found to improve [40]. However, some studies mention that the visual
effects of museum collections designed by AR may not necessarily bring better interaction
experiences to visitors who pay more attention to information [15]. Additionally, visitors
expressed that AR devices should bring more information quality and pleasant interactive
learning experiences. Therefore, this study proposes the following hypothesis:

Hypothesis 3 (H3). Information quality has positive effects on satisfaction.

Hypothesis 4 (H4). Information quality has positive effects on perceived playfulness.

Hypothesis 5 (H5). Information richness has positive effects on information quality.

Hypothesis 6 (H6). Information richness has positive effects on perceived playfulness.

2.4. Interaction Quality

AR technology can be used with digital projection in museums to attract visitors,
enhance their interests, and provide them with opportunities to engage in usability and
usefulness [47]. In web-based interactive guided tours, visitors need to use AR devices to
scan the QR codes of corresponding pictures to learn about the architectural information
of the World Cultural Heritage site [48]. Research on museums with interactive guides
mentions that visitors could use AR devices to scan QR codes where museum collections
are presented to perform human–computer interactions (3D models can be zoomed in,
zoomed out, and rotated) [41,46]. The interaction quality of AR mobile applications can
effectively help users to explore historical relics, and the diversified information of text
images can enhance the interaction quality and information richness. Therefore, this study
proposes the following hypothesis:

Hypothesis 7 (H7). Interaction quality has positive effects on information quality.
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Hypothesis 8 (H8). Interaction quality has positive effects on information richness.

Based on the above, we confirmed eight relevant hypotheses with six dimensions:
interaction quality, information quality, information richness, satisfaction, perceived play-
fulness, and continuance intention. The hypothesized model is shown in Figure 1.
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3. Research Design and Method
3.1. Experiment and Questionnaire Design

This study used a handheld AR device developed by a Chinese company, as shown
in Figure 2. By focusing its camera on images or exhibits, this device can present pre-
designed AR effects, including animation, audio explanation, and text information. This
study arranged an empty room at the host university (see Appendix A) to simulate the
museum environment. Participants with museum visiting experiences were recruited
through online recruitment from June to November 2021. They were required to experience
this mock museum for over fifteen minutes with only the knowledge of tool introduction
and no expiation of other parts. Subsequently, they were asked to complete the question-
naire anonymously. Item setting and optimization of the measurement indicators used
in this study were carried out according to the questionnaire items in existing references
(see Table 1). All items were measured on a 7-point Likert scale (1 = Strongly disagree,
7 = Strongly agree).
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Table 1. Measurement scale.

Construct Coding Item Source

Interaction quality

IAQ1 The device’s augmented reality features provided
me with a high standard of interaction.

[49]IAQ2 The device’s augmented reality features responded
quickly to my actions.

IAQ3 Generally, the quality of interaction provided by the
device’s augmented reality features is very good.

Information quality

IQ1 The information and content provided by the
device’s augmented features is easy to understand.

[50,51]IQ2 The device’s augmented reality features provide
clear information and content.

IQ3 The device’s augmented reality features present
information in the form of an appropriate interface.

Information richness

IR1 The device’s augmented reality features can deliver
information in a number of ways.

[50,52,53]IR2
The augmented reality features of the device
allowed me to understand the symbolic meaning of
the exhibits in addition to displaying them.

IR3
Overall, the device’s augmented reality features
provide me with a wealth of information
about exhibits.

Satisfaction

SA1
I was satisfied with the amount of knowledge or
information I gained from a museum visit using the
device’s augmented reality features.

[54,55]
SA2

I was satisfied with the experience of visiting a
museum using the device’s
augmented reality features.

SA3 For me, the decision to use the device’s augmented
reality features for a museum visit was a smart one.

Perceived playfulness

PP1 I didn’t feel the passage of time during a museum
visit using the device’s augmented reality features

[54,56,57]PP2 I was curious about using the device’s augmented
reality features for museum tours.

PP3 Museum tours using the device’s augmented reality
features were fun for me.

Continuance intention

CI1
I plan to continue to use the device’s augmented
reality features for museum visits instead of stop
using them.

[51,58]
CI2 I will often use the device’s augmented reality

features for museum visits.

CI3 I highly recommend that others use the device’s
augmented reality features to visit the museum.

3.2. Data Collection

The descriptive statistics are shown in Table 2. A total of 203 subjects participated
in this study (no invalid questionnaires), and the sample size was ten times the number
of analyzed items (18), meeting the SEM’s requirements for sample size. Among the
enrolled subjects, males accounted for 32.02% and females accounted for a higher propor-
tion (67.98%), which is close to the subject ratio of Pallud’s research on museum learning
stimulated by interactive technology [59].
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Table 2. Descriptive statistics results.

Sample Category Number Percentage

Gender
Male 65 32.02%

Female 138 67.98%

Age

18–25 116 57.14%

26–34 55 27.09%

35–54 28 13.79%

55–64 4 1.97%

Education

High school degree or below 18 8.87%

Bachelor’s degree 110 54.19%

Master’s degree 65 32.02%

Doctoral degree 10 4.93%

Occupation

Student 105 51.72%

Research scholar 72 35.47%

Others 26 12.81%

The data from the 2020 Chinese Museums Market Analysis Report-Industry Competi-
tion Landscape and Future Business Opportunities Analysis reported that the audience of
Chinese museums in 2019 was dominated by females. The age of subjects was concentrated
mainly in the range of 18 to 34 years, accounting for 84.23% of all subjects, consistent with
the survey data of the Research Center of Cheetah Mobile on museum visitors. This survey
pointed out that visitors were mainly students, accounting for a higher proportion of the
population (51.72%) in this study. Therefore, the subjects of this study were representative.

4. Data Analysis
4.1. Reliability Test

Reliability refers to the degree of consistency or stability of a scale’s measurement
results. SPSS software was used to calculate Cronbach’s α for each measurement variable.
The results of the variable measurements were higher than 0.6. Cronbach’s α values for all
dimensions were not significantly higher than the current results after deleting a random
item. Thus, this finding indicates that the item should not be deleted, and that the scale
used in this study has good reliability, as shown in Table 3.
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Table 3. Reliability analysis results.

Construct Item
Corrected

Item-to-Total
Correlation

Cronbach’s α

after Deletion
Cronbach’s

α

Interaction quality

IAQ1 0.637 0.744

0.803IAQ2 0.717 0.656

IAQ3 0.596 0.784

Information quality

IQ1 0.511 0.502
0.658IQ2 0.455 0.582

IQ3 0.445 0.592

Information richness

IR1 0.528 0.690
0.736IR2 0.616 0.580

IR3 0.543 0.673

Satisfaction

SA1 0.531 0.823
0.794SA2 0.729 0.624

SA3 0.672 0.688

Perceived playfulness

PP1 0.445 0.614
0.666PP2 0.526 0.506

PP3 0.467 0.589

Continuance intention

CI1 0.586 0.628
0.740CI2 0.490 0.746

CI3 0.631 0.588

4.2. Factor Analysis

SPSS software was used to test the construct validity and factor analyses to analyze
the 18 items, and the varimax rotation method was used for the factor analyses, the results
are shown in Tables 4 and 5. Table 4 shows that the cumulative percentage of the variance
is 68.803%, indicating that the six extracted factors can extract 68.803% of the information
of 18 items, and the percentage of the variance (the amount of information extracted) of the
six factors is 14.331%, 14.082%, 12.988%, 10.484%, 8.791%, and 8.127%, respectively. The
amount of information extracted was evenly distributed, which comprehensively showed
that the results of this factor analysis were satisfactory. In addition, the six factors extracted
by the factor analyses corresponded to the six dimensions set by this study, indicating
that the questionnaire had good structural validity, and that further analyses could be
carried out.

Table 4. % of the variance in factor analysis.

Unrotated Rotated

Eigenvalue % of Variance Eigenvalue % of Variance

Factor 1 6.405 35.585 2.580 14.331

Factor 2 1.875 10.415 2.535 14.082

Factor 3 1.363 7.570 2.338 12.988

Factor 4 1.129 6.271 1.887 10.484

Factor 5 0.828 4.600 1.582 8.791

Factor 6 0.785 4.362 1.463 8.127
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Table 5. Factor loading (rotated).

Item
Factor Loading

Commonality
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

IAQ1 0.803 0.718
IAQ2 0.836 0.788
IAQ3 0.730 0.655
IQ1 0.755 0.699
IQ2 0.623 0.696
IQ3 0.512 0.563
IR1 0.704 0.604
IR2 0.768 0.677
IR3 0.735 0.653
SA1 0.644 0.591
SA2 0.827 0.761
SA3 0.839 0.793
PP1 0.406 0.603
PP2 0.669 0.719
PP3 0.700 0.685
CI1 0.828 0.788
CI2 0.486 0.640
CI3 0.787 0.750

4.3. Confirmatory Factor Analysis

AMOS software was used to analyze the convergent and discriminant validity of the
scale, as shown in Table 6. The factor loading of each item corresponding to all measurement
variables was greater than 0.6, and the average variance extracted (AVE) value of each
variable was greater than 0.36, indicating the scale’s good convergent validity. Furthermore,
the square root of the AVE value of each variable (values on the diagonal) is greater than
the correlation coefficients between this variable and other variables, indicating the scale
has good discriminant validity, as shown in Table 7.

Table 6. Analysis results of convergent validity.

Construct Item Unstd. S.E. CR p Std. AVE CR

Interaction quality

IAQ1 1.000 - - - 0.738

0.590 0.810IAQ2 1.164 0.114 10.217 0.000 0.854

IAQ3 0.904 0.100 9.084 0.000 0.698

Information quality

IQ1 1.000 - - - 0.623

0.391 0.657IQ2 0.834 0.123 6.803 0.000 0.602

IQ3 0.979 0.136 7.174 0.000 0.648

Information richness

IR1 1.000 - - - 0.650

0.492 0.742IR2 1.179 0.144 8.195 0.000 0.758

IR3 0.934 0.121 7.725 0.000 0.688

Satisfaction

SA1 1.000 - - - 0.622

0.601 0.814SA2 1.434 0.163 8.785 0.000 0.859

SA3 1.570 0.182 8.647 0.000 0.804

Perceived playfulness

PP1 1.000 - - - 0.618

0.404 0.669PP2 1.169 0.156 7.486 0.000 0.687

PP3 1.084 0.159 6.807 0.000 0.601

Continuance intention

CI1 1.000 - - - 0.733

0.499 0.749CI2 0.877 0.113 7.789 0.000 0.634

CI3 0.913 0.103 8.865 0.000 0.761
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Table 7. Analysis results of discriminant validity.

IAQ IQ IR SA PP CI

Interaction quality 0.768
Information quality 0.492 0.626
Information richness 0.407 0.592 0.701

Satisfaction 0.376 0.396 0.354 0.775
Perceived playfulness 0.470 0.530 0.537 0.466 0.635
Continuance intention 0.379 0.373 0.334 0.531 0.524 0.707

Note: The items on the diagonal in bold represent the square roots of the AVE.

4.4. Model Tests

The AMOS software was used to verify the relationships between each variable and
test the hypotheses of the model. As shown in Table 8, the test results of the model fit
measures, namely χ2/df, RMSEA, CFI, NNFI, TLI, IFI, and SRMR, are all within the ideal
range, indicating that the hypothesis model established in this study has a good fit. The path
analysis results shown in Table 9 and Figure 3 indicate that seven of the eight hypotheses
in this study were supported. However, H6 was not supported, indicating that the effects
of information richness on perceived playfulness were not significant.

Table 8. Model fit measures.

Common Indices χ2 df χ2/df RMSEA CFI NNFI TLI IFI SRMR

Judgment criteria - - <3 <0.10 >0.9 >0.9 >0.9 >0.9 <0.1

Value 221.503 127 1.744 0.061 0.929 0.914 0.914 0.93 0.067

Table 9. Model path analysis results.

DV ← IV Unstd S.E. CR p Std. R2

Satisfaction ← Information quality 0.643 0.122 5.254 0.000 0.559 0.313

Information richness ← Interaction quality 0.409 0.080 5.117 0.000 0.505 0.255

Information quality
← Interaction quality 0.292 0.074 3.932 0.000 0.374

0.831
← Information richness 0.640 0.120 5.346 0.000 0.664

Perceived playfulness
← Information quality 0.864 0.259 3.332 0.001 0.817

0.721
← Information richness 0.039 0.228 0.170 0.865 0.038

Continuance intention
← Satisfaction 0.423 0.116 3.659 0.000 0.349

0.532← Perceived playfulness 0.653 0.140 4.652 0.000 0.496
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5. Discussion

The results indicate that satisfaction and perceived playfulness have significant and
positive effects on continuance intention (H1 and H2 are supported), among which play-
fulness plays a greater role, indicating that visitors have a strong sense of freshness and
curiosity toward the AR experience during museum visits, and that they are more likely
to give a positive evaluation of the information provided by this system. The pleasure
generated when using AR can effectively improve hedonic needs and further increase
continuance intentions. In addition, the higher the users’ information satisfaction with
AR, the more likely they are to believe that AR experiences can give them more benefits
during museum visits, enhancing their willingness to continue using the technology. The
establishment of the hypothesis of this study is consistent with scholars’ research that
satisfaction affects the behavioral intention of visitors using AR [33].

Second, information quality has positive effects on satisfaction and perceived play-
fulness (H3 and H4 are supported), among which perceived playfulness plays a greater
role. Evidently, information quality reflects the value of users’ needs. For instance, scholars
mention that the users appreciated more audio-visual augmentations than the ones based
on the use of text only; the AR function can enrich visitors’ visual sense and emotional
participation [60]. Thus, high-level information quality (e.g., efficient, accurate, real, and
available) output by AR can provide users with convenient use and promote knowledge
understanding, thereby increasing experience satisfaction in museum visits. In addition,
an audience using AR can have a richer and more interesting experience, dramatically
enhancing their psychological expectations by admiring artifacts from diverse angles,
breaking the one-way understanding of the text, and inspiring more intuitive historical
imaginations. This result proves that information quality presented by high-tech means
plays an important role in the enhancement of perceived playfulness.

Moreover, although information richness had positive effects on information quality
(H5 was supported), its effect on perceived playfulness was not significant (H6 was not
supported). Presenting artifacts through various channels of the AR technology may have
resulted in transmitting information in a way that led to misunderstanding, making the
visitors feel anxious, and creating a sense of loss of control when using AR. Consequently,
the playfulness experience is affected.

Furthermore, interaction quality has positive effects on information quality and rich-
ness (H7 and H8 are supported). Given AR’s unique feature of AR in superimposing such
graphics over real-world objects, visitors can interact with museum culture through AR
devices [41,46]. These findings highlight the importance of generating stimulating and
interactive museum experiences [61]. The results show that AR technology can provide
visitors with more opportunities for interaction or contact with cultural relics through
diversified services during museum visits, thereby enhancing information richness. It can
also help visitors obtain feedback that is highly related to their knowledge needs during
use, which creates positive effects on their perception of information quality.

6. Conclusions and Future Research

It can be concluded from the results of this study that AR technology, like other
technologies, has no internal value, carries information, and conveys developers’ intentions.
The results on museum satisfaction indicate that the finding that visitors considered the
interaction quality of AR to be closely related to information quality and satisfaction
was based on the overall visiting experiences of visitors (interpretation of collections and
interactive plots). Nevertheless, collections presented in the form of digital art by AR
allow visitors to better understand and perceive artifact information. It also confirms the
importance of visitors’ interactive experience provided by AR technology in museums,
which helps visitors express their emotions about museum exhibits.

The extensive and in-depth research on the interaction quality of AR, the presentation
of system information, and the relationship between user satisfaction and perceived play-
fulness provides important insights for museum staff, system developers, and managers,
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as follows: (1) The effective means to meet users’ psychological expectations in actual use
is improving the interactive quality of AR, absorbing advanced information technology,
continuously improving use functions, and designing a personalized experience environ-
ment and a technology system with better interaction; (2) The diversified presentation of
artifacts should consider playfulness, as it is an influencing factor that cannot be ignored
in improving users’ continuance intention. In actual construction, advanced technologies
such as big data and artificial intelligence should be used reasonably, and interactive factors
such as human–computer interaction and interpersonal interaction should be added to
increase the playfulness of the system.

Although this study promotes the interactive experience of museum artifacts through
visitors’ use of AR devices and analyzes the factors that influence the intention of continu-
ous use, there are still some limitations that need to be considered in future studies. As for
future research, first, it is necessary to start with immersive XR technology (VR/MR/AR),
in addition to discussing the factors influencing visitors’ continuous use of AR devices.
After understanding the situation of the target museum, it is necessary to consider the
technology that can truly achieve an immersive visiting experience. For example, scholars
have questioned whether MR substitutes or integrates cultural experience, preserving
the authenticity and sense of a place [28]. Second, considering the user’s convenience,
is it more important to develop museum AR applications based on smartphones than
hand-held AR devices or even wearable AR smart devices specially provided by museums?
This satisfies the needs of visitors but raises a question, for example, what is the meaning
of physical museums? Can digital technology really take its position? This question is
worth considering. In addition, will the difference in AR equipment between planar and
three-dimensional exhibits in museums affect visitors’ continuous use of AR equipment?
Finally, comparative studies of different age groups are also of great importance, such
as samples of children using AR devices to learn about museums, to allow developers
and researchers to configure AR applications that are capable of effectively facilitating
experiential learning for school children of all ages in museums.
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