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Abstract: The research explores the efficiency of augmented reality (AR) technology as a tool for the
positive triggering museum experience. This article shows the design, development, and evaluation of
an AR prototype for information visualization based on a famous Chinese art piece named Along the
River During the Qingming Festival. In total, 58 participants were invited to evaluate the prototype.
Results suggest that AR technology can trigger users’ engagement, learning, meaningful experience,
and emotional connection, and hence arouse their interest and learning process. These findings
may interest researchers and designers to develop a broader range of innovative AR applications to
prompt a digital learning experience.

Keywords: augmented reality; information visualization; human–computer interaction; digital
learning experience

1. Introduction

Museums are seen as informal learning environments where the functions of collec-
tion, research, and exhibition, as well as education and recreation, are served. He, et al. [1]
suggest that the success or failure of a user’s general museum experience can be deter-
mined by perceived experiential value. Former research concludes that several domains
as entertainment, enjoyment, visual appeal and escapism belong to experiential value
generation in a museum context. [1–3]. Consistent with Black [4], leisure and entertainment,
learning, new experiences, and entertainment in an engaging, stimulating environment
are concentrated motivating aspects encompassing users’ intentions to visit museums.
Nevertheless, a common issue that most museums face is that it is often difficult for a
wealth of information about famous collections to be fully understood by the general public
without the provision of additional information [5,6]. To be specific, museums commonly
provide text-based introductions to support visitors’ learning purposes. This learning
process involves time and an ability to analyze and understand visuals, and some visitors
are not willing to spend time reading texts [5,7,8]. As a result, there is a need to develop
newer methods to visualize the traditional text-based information that can engage people’s
interest, understanding, and learning processes.

2. Background
2.1. Information Visualization and Cultural Heritage

Information visualization is a computer-generated interactive graphical demonstration
of information [9]. It is an interdisciplinary field concerning the visual representation
of detailed information to improve people’s understanding processes [10]. Moreover,
information visualization can deliver insights about abstract information through a person’s
optical system function, and thus may serve as a helpful tool to support people to overcome
rational difficulties [11], to think and reason [12], and to help them gain an in-depth
understanding of information [13]. Furthermore, with its interdisciplinary nature, it has
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been appealed to the increasing academics from computer science, graphics, visual design,
psychology, culture and humanities, and business. In particular, in the domain of art
and culture heritage, the use of information visualization techniques to display detailed
information visually, and the sustenance of interactive capabilities presents new possibilities
for displaying information in informal learning places such as museums and art galleries.
For example, Xia et al. [14] designed a series of interactive data physicalizing installations.
They showed more positive effects on visitors’ emotional and memorial responses than the
conventional data visualizations [14].

2.2. AR and Cultural Heritage

Augmented reality (AR) technology is an emerging area that can potentially provide
museums or art galleries with numerous valued and distinctive chances to raise access to
their collections and increase people’s learning and enjoyment. It was first introduced in the
1900s as an idea for a digital presentation that overlaps data onto the physical world [15].
As noted, offering the unique ability to display computer-generated multimedia within the
user’s sphere of view, and blended within the nature world [16], augmented reality (AR)
can be specified as a technique that boosts realistic feedback to the operator with simulated
cues [17]. Azuma and Ronald [18] outlined three important characteristics of AR: a blend
of real and virtual space; instantaneous interaction; and precise 3D registration of virtual
and physical objects. Through combining the real and the virtual world, visual overlays
can be viewed as part of learning support within the learning environment. For instance,
Rosenbaum et al.Rosenbaum, et al. [19] illustrate the authentic feeling achieved in an AR
learning environment which aids learners’ comprehension and perception of dynamic
models. It is found that AR environments also serve to increase learners’ motivation and
interest, which in turn may help develop their investigation skills and provide pathways
for them to accrue a better knowledgebase regarding specific topics [20]. In particular, the
immersive AR application can be used to improve learners’ spatial abilities.

Furthermore, AR systems can support a diversity of teacher–student interaction sce-
narios [21–23], hence offering better opportunities to transfer knowledge and learning.
Psychomotor–cognitive ability development could also be improved because AR can make
use of visual cues and haptic cues, which can optimize users’ experiences [24,25]. Sotiriou
and BognerSotiriou and Bogner [20] discuss an AR system that was developed for clinical
medicine, and they note that embedded in the physical environment were touch-sensors.
These were used to collect sensor data that measured learners’ performances, and this
data was then transformed into visual feedback. Through AR technology, learners were
able to receive real-time responses that could help them improve their performance levels
and enhance their psychomotor skills when undertaking cognitive tasks. Chien, et al. [26]
highlight that AR can to encourage kinesthetic learning, which focuses on experience,
observation, activity, and experimentation. Augmented reality can create an immersive
experience for learners in contextual education [27]. It could allow users to view learning
content in 3D scenes. This is particularly beneficial for learners who typically have difficulty
trying to visualize phenomena that are not feasible to consider in the physical world, not
to mention complicated concepts. This can be achieved using AR by enabling learners
to inspect 3D objects or course materials from various perspectives or angles to cultivate
their understanding of the subject [28]. According to El SayedEl Sayed [29], AR systems
and environments can help learners obtain skills and knowledge more efficiently than
using other technology-enhanced learning contexts such as computers, multimedia, the
internet, e-learning, and social networks. Collectively, AR, being an emerging technology,
has excellent potential to improve this experience; it could arguably become a key player in
the invaluable preservation of cultural heritage [30]. It is possible to utilize AR technology
to provide additional information by way of physical operation. Doing so would also
enable visitors to appreciate the interwoven nature of both the real world and the simulated
images [28].
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AR is usually best suited for mobile devices or a more immersive experience using
head-mounted displays (HMDs). Especially for visiting purposes, it is equally important
to design and implement an AR experience that carefully maximizes immersion in the
experience and learning. However, researchers have raised concerns about the simula-
tor sickness that HMDs may cause, including headache, disorientation, and nausea [31].
Therefore, mobile AR technology may provide more extraordinary abilities than HMDs in
this context. A substantial amount of literature and academic articles address the concept
of AR technology in ancient artworks. For example, the Cathedral of Valencia has its AR
application. There is a reinforced interior of the existing central Gothic vault and closer
access to Renaissance murals.

The fundamental purpose of that AR had been to allow users to visualize a Baroque
vault that would have existed between 1682 and 2006 and to digitize it with a 3D ground
laser scanner before removal [32]. The vault itself became the target image, and the
concave vault surface was approximated to a planar feature. The application works
property within a restricted area of 2 m × 2 m, just below the vault’s centre; this is
where the field geometrically matches the projected initially centre of the Baroque image.
An additional issue was found concerning the lighting conditions when targeting the
value, especially during daylight hours when the light floods through the stained-glass
windows. Thus, the best environments are at night when the vault is lit with artificial
light. Another example about AR in artwork, namely, the ARCO project, was launched in
2008. It concentrated on the museum end-user by developing simpler photogrammetry
and manual modelling techniques.

Digital information was documented in a database to conduct a 3D rebuilding process
with a 3D scanner. An AR plugin called AR toolkit was then used, and the virtual content
was visualized in an AR environment. According to White et al. White, et al. [33], the
museum houses a myriad of archives collections of artefacts that cannot otherwise be
exhibited in a low-cost and straightforward way. Typically, museums may not have the
space for all exhibits. As such, the ARCO project can be considered one of AR’s successful
capplications.

Another thing that is important to note is that visitors like to interact with exhibitions.
Although tourists spend most of their time looking at exhibits, they still perform physical
activities. Some studies show that the mobile guides in museum contexts can be classified
into four different categories: (1) mobile guide applications, (2) web-to-mobile applications,
(3) mobile phone navigational assistants, (4) mobile web-based applications [34]. Specif-
ically, Panou et al. [35] developed an AR mobile guide application to explore historical
information in text and images. Their research showed users’ interest in investigating
interest areas and unlocking historical information were prompted while winning points
following an entrainment experience. A typical example of a web-to-mobile AR applica-
tion is Google Maps. The audience can use their own devices to scan their surroundings
and receive real-time information from websites [36]. Jung et al. [37] designed a VR/AR
model visualization application, namely JejuView. Their results showed VR/AR model
visualization application as an intuitive way to experience cultural heritage sites on the
Jeju island. The online British Museum used AR technology that renders 3D models based
on 2D graphics to present artefacts. The study was evaluated by 21 volunteers, reflecting a
positive user experience [38].

Considering AR technology as the cheaper but more effective way to be exploited
in museums, an important question is raised to study whether using AR to visualize
the traditional text-based information can engage people’s interest, understanding, and
learning processes.

Derived from a multi-method research strategy, this research combines the design,
development, and evaluation of an AR prototype (Figure 1) to investigate AR’s effectiveness
as a means for engaging interactive information visualization. This paper is organized
into four sections. Section 2 specifies the design, development, and evaluation of the AR
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prototype used for this work; next, in Section 3, we examine the evaluation results; and
finally, we offer a discussion and conclusion to the entire work in Section 4.
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3. Methods
3.1. Along the River during the Qingming Festival

According to China’s Palace Museum, the traditional Chinese long scroll painting,
Along the River During the Qingming Festival, is considered the most distinguished
masterpiece among all traditional Chinese paintings and is widely described as the Chinese
Mona Lisa. In terms of Pan, et al. [39], the long scroll painting is 5.287 m long, portraying a
typical scene in everyday life of people in the capital city of the Song Dynasty, Bianliang
City. It stretches audiences an aerial view of the prosperous Bianliang city. The scroll depicts
a lot of information, including 587 humans, 170 trees, 60 animals, 30 buildings, 28 boats,
20 vehicles, and eight sedan chairs. During the Song Dynasty, the original painting was
created and considered a national treasure. It is exhibited for only a few months every 4 to
5 years. Thus, when it is on exhibition, many thousands of visitors come to look at the scroll
in the Palace Museum. However, visitors cannot get close to the painting to appreciate
its many details because of its popularity. The time when a visitor is allowed to see the
painting is limited to just 5 min. Visitors can only have a brief look at the painting, and thus
there is limited time for any learning experience. In this case, the scroll is suitable for this
article as it matches the issue described previously. As the painting is approximately 5 m
long and contains a lot of information, it is impossible to create an interactive AR model of
the entire painting; instead, the researcher selected the famous section from the painting
the Rainbow Bridge.

3.2. Design and Development

In this study, a prototype combining augmented reality, visual aids, interaction, and
learning support was created. Previous studies indicated that people do not want to
read too much during their museum visits and do not wish to spend lots of time reading



Digital 2022, 2 37

through texts [7,8,40]. One of the intended outcomes is that visitors will find the application
appealing and will be motivated to learn more about the ink painting we are using following
their visit to the museum.

The design and development process can be generally divided into three sections,
including creating of the 3D meshes in terms of the original painting, rigging and animation
process, and programming (Figures A1 and A2 in Appendix A). First of all, bridges,
buildings, humans, boats, and vehicles of the Rainbow Bridge section were created in terms
of the original painting. Then, all of these elements were rigged and animated. These
meshes were exported to Unity to construct the AR and interactive functions (i.e., touch
to display specific elements, detailed information regarding each item, see (Figure 2b,c).
Sounds were also added to the environment. This project was tested using an Amazon Fire
7 pad.
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6 December 2021).

3.3. Test

The project was developed based on both the Android and IOS systems. Participants
can use the tablet provided in the research to scan the Rainbow Bridge section of the paint-
ing. A 3D animation (Figure 2a) that overlays through AR will appear. Then, they can touch

https://youtu.be/N4cHwtxan5M
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the elements to experience the interactive functions. For example, when participants touch
the ship in the painting, an augmented reality ship will appear (Figure 2b). Additionally,
participants can use their fingers to zoom in, zoom out, and even rotate the ship. Further,
they can touch the button of the ship to acquire further text-based information concerning
it (Figure 2c). The entire process is intended to be simple for the participants to navigate.

3.4. Questionnaire

The questions of the survey used in this research were constructed by reviewing
questions used in the study by Othman Othman [36] named Museum Experience Scale
(MES) (Table 1). The questionnaire indicates to what extent visitors agree with each of the
following declarations about their attitudes towards interactive visualized information
of Along the River During the Qingming festival using AR, compared with a viewing of
the original painting with a text-based context. For each statement, they selected one of
the responses: Strongly Disagree (coded as 1), Disagree (coded as 2), Neutral (coded as 3),
Agree (coded as 4), and Strongly Agree (coded as 5). The last question was designed for
visitors to provide further suggestions. Four components of museum experience emerged
from the questionnaire:

• Engagement with the painting;
• Knowledge/ Learning gain from understanding and information discoveries;
• Meaningful Experience from the interaction with the painting;
• Emotional Connection with the context and content of the painting.

Table 1. Improved Museum Experience Scale (IMES).

Engagement Knowledge/Learning

I enjoyed visiting the exhibition in relation to the painting. The information provided about the information exhibits was clear.

I felt engaged with the painting. I could make sense of most of the things I saw and did at
the exhibition.

My visit to the painting exhibition was very interesting. I liked the graphics associated with the exhibition.

I felt I was experiencing the painting exhibition, rather
than just visiting it.

My visit enriched my knowledge and understanding of specific
elements regarding the details of the painting.

My visit to the exhibition was inspiring. I discovered new information in relation to Along the reviver during
Qingming Festival from the exhibits.

Meaningful Experience Emotional Connection

During my visit, I was able to reflect on the significance of
the AR in the educational experience design.

The exhibition enabled me to evoke my emotions and memories,
which may lead me to places that I might be unconsciously
interested in.

During my visit, I put a lot of effort into thinking about the
single elements of the work including the ship, building
and etc.

My sense of being in the painting was stronger than just look at
the painting.

Seeing the AR prototype gave me a sense of wonder about
the exhibition. I was overwhelmed with the aesthetic/beauty aspect of the painting.

After visiting the exhibition, I was still interested to know
more about the topic of the painting. I wanted to own exhibits like those that I saw in the exhibition.

Seeing real data exhibits of importance was the most
satisfying aspect of my visit to the exhibition. I felt connected with the painting.

Reponses were based on a five-point scale with 1 = not at all and 5 = very much. Positive scale: 4–5; Negative
scale: 1–2.

3.5. Procedure

A total of 58 Masters students (21–25-year-old, median = 24) were invited to test the
prototype, comprising 29 males (21–24-year-old, median = 22.5) and 29 females (21–25-year-
old, median = 24). Additionally, the participants in this study were a mix of iPhone and



Digital 2022, 2 39

Android users. All participants are Chinese students with media and art backgrounds, and
none of them is familiar with the painting. Before the user test section, participants were
given a demonstration of how to use the Tablet by the author.

To avoid the learning effects, participants were divided into two groups with equal
numbers of participants: Group A (non-AR group, 29 participants including 14 females
and 16 males), Group B (AR group, 29 participants including 14 females and 16 males).

Participants in Group A were then asked to view the paper painting work on the wall
and read the additional text-based information provided by the study. People in Group B
were asked to use the Tablet to scan the prepared AR-target painting work. By the end of
the session, all of them were asked to complete the MES questionnaires.

4. Results

In this study, we compared the experience of participants from Group A (non-AR
group) and Group B (AR group). T-test was performed to show the statistical significance
of the differences between Group A and Group B. Different trends between Group A and
Group B were displayed in Figure 3. The pairwise comparison results are shown in Table 2.
Generally, from the results shown in Table 2, it can be concluded that there were significant
increases in the mean scores across all four components between the two groups. In terms
of the results of the engagement component, the use of AR technology can make people’s
information perception process more attractive in an informal learning environment. From
the results of the knowledge/learning component, the combination of AR technology
with oral narrative, 3D models and animations not only improve people’s motivation and
interest in learning in an informal educational environment but also motivates people
to carry out a higher level of the learning process. Meaningful experience has grown
most significantly compared to the other three components, illustrating that AR technology
allows visitors to participate in the museum experience to the maximum extent possible and
generate rich interactions with exhibits. Concerning the emotional connection component,
AR technology significantly stimulates the visitor’s emotional connection with the exhibits
during the museum learning process.
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Table 2. This table presents pairwise comparisons for results of responses in participants’ Engagement,
Knowledge/Learning, Meaningful Experience, and Emotional Connection, as measured by MES
between the paper version painting and AR prototype.

Mean Std. Deviation Std. Error Mean t Df Sig.

Engagement: Non-AR vs. AR −2.031 1.092 0.193 −10.522 31 0.000

Learning: Non-AR vs. AR −1.563 1.076 0.190 −8.216 31 0.000

Meaningful: Non-AR vs. AR −2.375 1.100 0.194 −12.215 31 0.000

Emotional connection: Non-AR vs. AR −2.156 0.920 0.163 −13.263 31 0.000

To be specific, Figure 3 shows a significant increase in participants’ engagement,
knowledge/learning, meaningful experience and emotional connection between non-AR
and AR groups (N = 58, p < 0.005). According to Antoniou et al. [41], although gender is not
considered by museum experts to be a vital factor in appreciating museum content, gender
might affect the user experience to some extent. Antoniou et al. [41] found that gender is
highly correlated with the text design style preferences of personalised applications of the
museum. Females appear more receptive to more interesting and informal text or narrative
styles, while males prefer standard and formal text styles. Therefore, we also analysed
the mean score between male and female participants (Figure 4). However, no significant
distinction was found between the two groups.
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5. Discussion

This study was conducted to explore the effectiveness of AR as a tool for trigger-
ing people’s museum experience with a particular focus on their engagement, learning,
meaningful experience, and emotional connection. Our results clearly show that people’s
engagement, learning, meaningful experience, and emotional connection have significantly
increased when using the AR prototype. Furthermore, our results emerging from MES are
significant. They can be useful in helping researchers and designers in their understanding
of the use of AR as an engaging tool for information visualization.

5.1. Engagement

Learning engagement can be described as the stimulation of active learning by learners.
Specifically, an active learner can automatically produce positive learning outcomes [42].
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Our results in the engagement component show a significant difference between the non-
AR group and the AR group. Our results also suggested that AR technology can make
people’s information input processes more engaging. Furthermore, it was also suggested
that using AR in informal learning environments such as museums and galleries can
make the visiting experience more attractive for visitors. Moreover, our results support a
previous study by Wojciechowski et al. Wojciechowski, et al. [43], who created virtual and
augmented reality exhibits that allow museum visitors to interact with the content exhibit
in an authentic form. Additionally, the results potentially support Yusoff and Dahlan Yusoff
and Dahlan [42], who suggest AR technology can effectively help learning engagement
among students in generating focus during the learning process. It can be concluded that
the sense and level of learning engagement can not only be affected by factors such as
motivation, interest, previous knowledge but also by technology. In this sense, technology
stimulates motivation and interest, leading to better engagement and outcomes.

5.2. Knowledge and Learning

The results from MES (Figure 3) indicate that using AR technology can motivate
participants’ knowledge and learning experience in terms of a relatively higher score when
using the AR prototype. Our results support previous research by Pérez-López and Contero
Pérez-López and Contero [44]. They suggest that using AR applications combining oral
explanations, 3D models, and animations can improve students’ motivation and interest,
which leads to a high level of learning and teaching processes. Additionally, our results
provide further evidence to contradict Othman’s Othman [36] results; he found that there
was no significant increase in people’s knowledge and learning when using a digital guide
in a museum.

5.3. Meaningful Experience

The results of meaningful experience evaluate visitors’ level of interaction with the
painting. As a significant feature of AR, interaction was first discussed by Falk and Dierking
Falk and Dierking [45]. It is influenced, contextually, both personally and socially, and
the result is the experience that is to be had by visitors. Interactive experience models
ensure that visitors’ experiences are not merely passive but dynamic in nature; they merge
experiences before, during, and after the visit [8]. From our results, it is obvious that
using AR technology to visualize hidden information about the exhibit can have a positive
influence on people’s meaningful experience (Figure 3). Additionally, the meaningful
experience component results show the most significant increase among the other three
components. Therefore, it can be said that maximizing participation and interaction
opportunities during visits might enrich the overall experience for museum users.

5.4. Emotional Connection

Psychological literature has shown that mood and emotions can significantly impact
the cognitive process [43,44]. Interestingly, our results from Figure 3 show a significant
increase in the component of emotional connection before and after using the AR proto-
type. It is suggested that the application of AR technology can effectively trigger people’s
emotional connection with exhibits; therefore, it can motivate people’s cognitive learning
processes.

6. Conclusions

To support visitors’ learning purpose in the informal educational environment, muse-
ums favour modern digital technology to stimulate the interaction between visitors and
exhibits, thereby attracting visitors’ interest and the museum learning experience. To satisfy
the visitors’ cognition and learning experience of ancient art pieces and provide museums
with an efficient and low-cost way to display exhibits using modern digital technology.
This research aims to develop a prototype of an application for a famous Chinese art piece
named Along the River During the Qingming Festival. The development of this prototype
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considers the current trend of digital technology, namely, based on augmented reality. The
overall results of this study indicate that, compared with traditional viewing, the interactive
AR-assisted experience of the painting arouses visitors’ curiosity and interest. Almost all of
the participants felt that their viewing experience was enhanced through AR. However,
although there was a wealth of text-based information about the painting displayed on the
screen, some users indicated that they do not particularly like to read a lot when visiting
museums. As concerns the efficacy of the learning support offered by AR, the general
feedback was that the concept of providing such visual learning support could be success-
ful. AR can support visitors’ learning by giving suitable digital visual aids, particularly
useful for engaging visitors when a large amount of information is attached to an exhibit.
However, the design of the AR painting may require a clear search strategy and guidance
for visitors. In the process of testing the AR prototype, a majority of the participants were
found to manage the device easily. However, there were still two participants who needed
continual coaching on how to use the system. So, it is clear that augmented reality in
museums must follow specific strategies, or it may distract people concerning the design
of the user interface and user. However, due to the time restrictions on the project, only a
small segment of the painting could be digitally reproduced, and many of the intended
functions were not achieved. This prototype could be applied to the whole painting Along
the River During the Qingming Festival and to other similar paintings. Where this is
conducted, the researcher offers some suggestions for its successful application. Firstly, a
method should be found so that the porotype can be entirely constructed via AR, that is,
to enable all the elements to be displayed in real-time. In addition, more research into the
design of the user interface and user experiences is necessary to make visitors’ use of the
technology simpler. For instance, usability tests of museum visitors should be carried out
based on AR application prototypes to obtain user opinions on the prototype design and
the existing problems. This further iteratively designs and refines the user experience for
the prototype. Furthermore, developing it from one painting work to an APP in museums
would be very useful.
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