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Introduction: In innovative art exhibitions, we create an immersive and
interactive exhibition experience, where the audience can feel the
transformation between virtual and reality, giving them a relaxed and pleasant
sense of immersion. For example, we can improve people’s sense of immersion
through interactive design, study how to use VR virtual reality technology in art
exhibitions, and design visual immersion generated by large-screen interaction.
Most of the research focuses on immersive technology in art exhibitions, but for
the abstract concept of immersion, it is difficult to judge the audience’s immersive
experience in the exhibition. This research aims to explore the factors that affect
the audience’s sense of immersion in art exhibitions based on the flow theory, and
to build an evaluation system for evaluating the audience’s sense of immersion.

Methods: From the perspective of flow experience, we conducted research on
multiple immersive art exhibitions to explore the interactive relationship between
the audience, exhibits, and exhibition halls. We used the unstructured observation
method to conduct preliminary research and analysis, and used the Delphi
method to let experts score the design indicators (10 in the first round and
25 in the second round) to obtain various design indicators for immersive
exhibitions. Finally, we used the analytic hierarchy process to determine the
weights of the evaluation indicators and establish an immersive evaluation system
in art exhibitions.

Results: The results show that from the perspective of flow experience, the three
main aspects of evaluating immersion in art exhibitions are the impact of the
exhibition’s own value, the audience’s immersive experience, and the creation of
environmental immersion. Constructing these three evaluation levels can
measure the audience’s demand for highquality exhibition experience.

Discussion: The evaluation system of immersive art exhibitions constructed by
this research provides a basis for the effectiveness of evaluation of future
immersive art exhibitions. Starting from the sense of immersion, it explores
how to concretize the sense of immersion and how to judge it. It emphasizes
the process of quantifying the sense of immersion of the audience in art
exhibitions.
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1 Introduction

Flow experience is an audience-centered experience mode.
Mihaly Csikszentmihalyi proposed the flow theory in 1990. The
theory points out that when individuals participate in an activity,
they may enter a cognitive state called “immersion”
(Csikszentmihalyi, 1990). This state is described as fully focused
on the task or activity, forgetting the surrounding environment and
self-awareness. This process is called the flow experience process
(Jiang et al., 2018; Zhang et al., 2023). Therefore, in art exhibitions,
the audience can fully integrate into the presented environment or
scene. The exhibitor can create a stronger sense of immersion
through carefully designed elements and interactive methods,
thereby more effectively conveying information to the audience
(Nilsson et al., 2016; Ai and Li, 2021). Therefore, immersion and
display are closely related concepts in the field of exhibitions.

In the exhibition context, immersion emphasizes the deep
interaction and emotional investment between the audience and
the exhibition content, while “display” focuses more on the carefully
designed exhibition layout and exhibits (He et al., 2021). The
combination of the two guides the audience’s perception and
cognitive experience process in the exhibition (Nilsson et al.,
2016). According to the proposal of flow theory, it has also been
combined with research in many fields. Liu Yan et al. studied the
online experience of the tourism consumption industry and
analyzed consumers’ rebooking by introducing flow theory (Liu
et al., 2016). Li Jingjie analyzed the interference factors of adult
online deep learning through flow theory and proposed
corresponding optimization strategies (Li, 2019). With the
development of flow theory, not only has the research problems
in many fields been expanded, but also related research on
immersion in the process of flow experience has begun to
appear. Wu Yugong explored the main factors of “immersion” in
immersive exhibitions. He believes that immersion should not only
focus on the objective immersive environment created by the curator
but also pay attention to the subjective experience of the audience.
By studying the objective environment and the audience’s subjective
experience, the factors that affect immersion are analyzed (Wu,
2019). With the development of flow experience, researchers have
developed various scales and questionnaire tools for its influencing
factors, which can be quantitatively analyzed (Curran, 2018). Flow
experience has been widely used in education, mental health, game
design (Wang and Zhai, 2021; Berkman and Akan, 2024), sports (Li,
2019) and other fields (Cheng et al., 2022; Ma, 2022), but there are
few analyses of the immersion of exhibition space from the
perspective of flow experience.

1.1 Immersion factors in flow experience

The concept of immersion can be judged from two levels:
behavioral and psychological. From the perspective of behavioral
immersion, the behavior of the crowd is analyzed (Weiss, 1999), and
the immersion is measured mainly in the form of experiments to
research whether the behavior is immersed (Bostwick, 2006).
Psychological immersion is analyzed from the psychological level,
mainly from the subjective level of the crowd (Douglas and
Hargadon, 2000), and the immersion is analyzed based on the

subjective experience. Csikszentmihalyi summarized the three
factors and nine characteristics of flow. The conditional factors
include clear goals, real-time feedback, and the perception of skills
and challenges; the experience factors include the integration of
behavior and consciousness, complete concentration of attention,
and potential sense of control; the result factors include the
loss of self-awareness, the distortion of time perception, and
the sense of participation with a self-contained purpose
(Csikszentmihalyi, 2000).

1.2 The role of space in art exhibitions

Art exhibitions, as an extremely important display platform in
the art world, have a profound impact on the expressiveness of
artworks and the overall experience of the audience through their
display characteristics in indoor spaces (Wang, 2022). The indoor
space of an art exhibition is not just a simple decoration or layout, it
carries a more important function (Gong, 2021; Spittle et al., 2022).
The carefully planned layout, the clever use of light and shadow, and
the clever combination of materials by designers are all aimed at
creating a spatial environment that is both in line with the style of
the artwork and can stimulate the emotional resonance of the
audience (Grau, 2024; Liu, 2022; Oriti et al., 2023). Such a design
can not only allow the artwork to be presented to the audience in the
best state, but also make the entire exhibition process a double feast
of vision and soul (Wang, 2020; Bowman and McMahan, 2007)).
Designers will use professional design skills and aesthetic concepts,
and through careful arrangement, each exhibit can be displayed just
right (Mou Tingqing, 2019; Ryan, 1999). The use of light and
shadow is crucial in exhibition design. Soft light can make the
artwork appear more three-dimensional and vivid, while strong
contrasting light and shadow can highlight the texture and layering
of the artwork. The matching of materials is equally important.
Different materials can bring different visual and tactile experiences,
thereby enhance the audience’s perception and understanding of the
artwork (Shin, 2019). In the exhibition environment, the role of the
audience is not just a passive recipient. On the contrary, they are
active participants, and their behavior and reactions will have a
profound impact on the overall atmosphere of the exhibition. The
audience interacts deeply with the artwork and the exhibition space
through walking, stopping, gazing, thinking and other behaviors
(Yan, 2006). This interaction is not only a superficial understanding
and perception of the content of the work, but also a perception and
feedback of the overall atmosphere of the exhibition (Zhang et al.,
2023). The emotional experience, aesthetic preferences and even
cultural background of each audience will be fully reflected in this
process. At the same time, the comfort and convenience of the
exhibition environment are also important factors affecting the
audience experience (Deng, 2021). A good exhibition
environment should have a reasonable flow design so that the
audience can smoothly visit each exhibit; it should provide
sufficient rest space so that tired audiences can get a short rest
(Kan, 2005); and there should be clear guide signs to help the
audience quickly find the exhibits they want to see. These factors can
effectively improve the audience’s satisfaction and participation,
allowing them to feel the dedication and care of the exhibition
organizers while appreciating the works of art.
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1.3 The development of immersive
experience in art exhibitions

At themacro level, all ways of displaying artworks can be considered
art exhibitions. This includes art exhibitions open to the public, as well as
hanging and displaying artworks in private spaces (Luo 2018). At the
micro level, art exhibitions usually refer to public displays in a specific
space, time and theme (Feng 2022). Such exhibitions usually require the
artworks to be displayed in one place so that people can come to watch
and communicate (Lu and Wu, 2023). These exhibitions can be
independent exhibitions of individual artists, joint exhibitions of
groups of artists, exhibitions of specific styles or themes, etc. (He
2021; Tang, 2022). In current art exhibitions, immersive exhibitions
are widely welcomed by everyone. For immersive art exhibitions, how
can we define an exhibition as immersive? (Zhou, 2023). A series of
“immersive” experiences have emerged in life, such as the emergence of
immersive makeup and immersive eating broadcasts by Internet
celebrities (Yu and Xu, 2017). There are also many art exhibitions
that claim to be immersive exhibitions, but there is no in-depth
discussion on how to define whether the audience is immersed in
such exhibitions and how to define the specific degree of immersive
experience.

Wang Hong et al. believe that the media technology of the 21st
century has brought the potential of creating immersive exhibitions
to museum exhibitions. AR technology and VR technology in new
media imaging technology can produce a strong immersive
experience. They also divide the immersive experience into two
levels: sensory experience and interactive experience for research
and analysis (Wang and Liu, 2018; Chen, 2021). Zhang Likun et al.
explored the immersive technical means of museums and the
audience’s immersive psychological perception through
immersive research on digital museums. They believe that digital
multimedia technology can bring immersion to museum exhibition
experience (Zhang and Tian, 2022; Dai et al., 2023). Fan Haoyu et al.,
through the study of the immersive experience of smart museums,
believe that immersion in space creates a virtual environment with
the help of technologies such as virtual reality, holographic
projection, spatial sensing and three-dimensional display, which
makes the audience feel immersed (Xu, 2022). They believe that the
immersive experience of smart museums is different from the
passive experience of digital museums, so they studied the
immersive physical environment in space (Fan and Cai, 2023; Fu
et al., 2023). Through the review of the above literature and the
status of immersive art exhibitions, this paper mainly studies
immersive environment art exhibitions created by digital media
technology (Tang, 2022), such as the application of holographic
projection technology, computer-generated virtual scene exhibition
halls, multimedia technology interactive exhibitions, etc. (Li, 2023).
This type of immersive exhibition mainly creates and designs the
exhibition environment in which the audience is located, which is
different from the immersive feeling brought by auxiliary tools such
as AR and VR that have restrictions on the crowd (Hu, 2023).

1.4 Research questions

This study hopes to start from the sense of immersion and explore
how to concretize the sense of immersion: 1. The influencing factors of

the interaction between the audience’s perception and the exhibition
environment; 2. How the audience’s subjective experience, the value
impact of the exhibition, and the objective environment of the exhibition
affect the audience’s immersive experience; 3. How to verify the
rationality of the ranking of various indicators, so as to construct an
evaluation system for immersive art exhibitions and provide a validity
basis for subsequent immersive design and evaluation of immersive
exhibitions. This research established evaluation indicators through the
opinions provided by experts, literature collection and field research, and
distributed the evaluation system in the form of questionnaires in
relevant immersive art exhibitions. Understand the audience’s views
on the factors that affect immersion and the corresponding weights in
each exhibition, to verify the feasibility of this immersive art exhibition
evaluation system.

2 Methods

This study uses unstructured observation, Delphi method,
questionnaire method and hierarchical analysis method to
construct an evaluation system for the immersion of art
exhibitions. This paper uses a methodological system that
combines empirical research with system analysis and constructs
an evaluation system for the immersion of art exhibitions through
multi-dimensional research methods. The use of qualitative and
quantitative research can more scientifically and detailed analyze the
factors and indicators that affect the immersion in art exhibitions.

2.1 Research design

This research uses unstructured observation methods to observe
the behavior of different groups of people in art exhibitions, analyzes the
problems and satisfaction of the audience groups in the exhibition, and
conducts field research on art exhibitions in the Greater Bay Area of
China. The analysis is consistent with the flow theory, elements that
produce a flow experience. Then the Delphi Method is used, which is a
research method that asks experts and puts forward expert opinions
(Blau, 1977). By sending questionnaires to multiple experts to fill in, a
consensus opinion is reached based on the feedback, which provides the
basis for the research. Provide professional knowledge support. This
method uses a systematic iterative approach and requires repeated
surveys and questionnaire filling to narrow the differences in
opinions when collecting expert opinions. Finally, the analytic
hierarchy process is used to establish a judgment matrix, and the
weight ranking is calculated through matrix analysis of various
indicators, thereby determining the weight of each indicator in the
evaluation system and establishing an immersive evaluation system for
art exhibitions (Ma and Wang, 2018; Mei and Li, 2018).

2.2 Establishment of immersion index based
on unstructured observation method

2.2.1 Analysis of factors of flow experience in art
exhibitions

This research investigated immersive exhibitions in the
Guangdong-Hong Kong-Macao Greater Bay Area of China and
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conducted on-site correlation research on art exhibitions using non-
structured observation methods. Through the analysis of various factors
that affect the immersion experience, combined with the analysis of
various factors in immersion research in the literature, it is first proposed
that the immersion in the exhibition will be affected by subjective and
objective factors. Subjectivity is the experience of the audience
themselves, and objectiveness is the exhibition environment (Li and
Ma, 2022) (Figure 1). It can also be said that immersion is related to the
senses, interaction (Hudson et al., 2019) and the audience’s viewing
process (Zhao, 2021). The objective environment of the exhibition is
considered from the environment itself (Kang and Tian, 2021; Liu and
Ren, 2019), such as lighting, temperature, spatial scale, etc., mainly

focusing on “Macau team lab exhibition” (Qisheng, 2020), “Macau
Museum of Art”, “Super Yuanxiang: Xiao Dong Exhibition”, “Macau’s
non-poetry, non-poetry” Non-Poetry Exhibition”, “Shenzhen
Contemporary Art and Urban Planning Museum”, and “Guangzhou
Stars and Waves Exhibition” are shown in Figure 2. The subjective
experience of the audience can be studied through three stages before,
during and after the exhibition. For the audience in different periods the
sense of experience is different (Frost et al., 2022), so this research will
study the entire exhibition viewing process (Baños et al., 2004) to better
find the audience’s heart during the exhibition viewing process. Flow
changes to find the influencing factors of immersion are shown in
Figure 3. The immersion in art exhibitions is mainly judged from

FIGURE 1
The relationship between flow experience, art exhibition and immersion.

FIGURE 2
Exhibition lighting and space scale identification.

Frontiers in Virtual Reality frontiersin.org04

Gao and Hu 10.3389/frvir.2025.1544304

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1544304


sensory experience, interactive experience and exhibition experience.
The factors that affect these three experiences are mainly subjective
factors and objective factors, and the objective factors also include
environmental factors. Therefore, this study explores the impact of the
audience’s state and feelings in the subjective factors and the
environmental factors in the objective factors on the immersive
experience of art exhibitions (Chen, 2012). The analysis is conducted
based on the factors of the flow experience process combined with the
objective environment of the exhibition and the subjective experience of
the audience (Smith and Mulligan, 2021). Starting from the objective
environment of the exhibition, we can consider it from the aspects of
senses, spatial scale, images and facilities in the exhibition; the subjective
experience of the audience starts from the understanding of the
exhibition before viewing the exhibition, the individual’s own
emotions, and the feelings during the exhibition. The impact on the
exhibition works after viewing the exhibition and the impact of the
exhibition on the audience can be considered from these points as
shown in Figure 4. The three stages of flow correspond to the objective
environmental factors of the exhibition and the subjective experience of
the audience proposed in the study. The objective environment of the
exhibition and the audience’s understanding and emotional state before
the exhibition can be corresponded to the precursors of flow. The
audience’s feelings about the exhibition can be corresponded to the flow

experience. The impact of the works and the emotional impact on the
audience after the exhibition can be corresponded to the results of flow.

2.2.2 Design indicators
According to the comparison table of immersive experience factors,

the experience factors that affect the audience’s immersion in art
exhibitions can be divided into subjective, objective and influencing
value (Liu and Sutunyarak, 2024; Liu, 2021). Therefore, three first-level
indicators are obtained: audience subjective experience, exhibition
objective environment, exhibition impact and value; the second-level
indicators are obtained by analyzing the influencing factors in more
detail based on the corresponding first-level indicators, mainly
analyzing the possible influencing factors before, during and after
the exhibition, so there are 9 second-level indicators in total:
exhibition content, audience’s own emotions, audience’s state during
the exhibition, audience’s feelings after the visit, work influence, sensory
design, space scale design, image text (multimedia design), facility
design; The third-level indicators are divided into detailed categories
according to the corresponding second-level indicators, and are also
analyzed according to the influencing factors before, during and after
the exhibition. Therefore, there are 27 third-level indicators in total:
degree of understanding of art exhibitions, interest in art exhibitions,
emotions before visiting, novelty, calmness, pleasure, concentration,

FIGURE 3
The subjective and objective influence of immersion.

FIGURE 4
Factors of flow experience in art exhibitions.
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sense of gain, sense of participation, attention, satisfaction, impression
of works, goal fit, educational value of works, ambient lighting, ambient
temperature, ambient sound, space layout, space signs, space flow,
image color, text, technical participation, technical scientific, technical
acceptance, and seating arrangement, see Table 1.

2.3 Immersion index screening based on
delphi method

The expert questionnaire designed for this research explored the
three main design principles of art exhibitions: audience subjective
experience, the impact and value of works, and the objective
environment of exhibitions. Through the collection and analysis
of relevant literature and the investigation of immersive exhibitions,
nine secondary indicators and twenty-seven tertiary indicators were

designed. The establishment of each evaluation indicator is based on
the opinions given by experts. Through the questionnaire survey of
experts in the field of design, experts have rich professional
knowledge and practical experience, so it has guiding significance
for the immersive evaluation system of immersive art exhibitions
(Addison-Wesley, 1975). This study uses a weighted process to
integrate and analyze data by assigning specific weight coefficients
according to the importance of different attributes or indicators of
the research object. Its core is to reflect the difference in the
contribution of each factor to the overall goal through
mathematical quantification. The weighted analysis using the
analytic hierarchy process mainly includes three key links.
Construct an indicator system to decompose complex problems
into multi-level indicators (goal level, criterion level, and solution
level); determine the weights based on expert experience (Delphi
method), construct a judgment matrix by comparing the importance

TABLE 1 Evaluation indicators.

First level indicator Secondary indicators Level 3 indicators

A1: Audience subjective experience B1: Exhibition Content C1: Knowledge of art exhibitions

C2: Interest in art exhibitions

B2: Audience own emotions C3: Pre-visit emotions

B3: The state of the audience during the exhibition C4: Novelty

C5: Sense of Calmness

C6: Pleasure

C7: Concentration

A2: Exhibition Impact and Value B4: Influence of the Works C8: Impression of the Work

C9: Works dissemination effect

C10: Goal fit

C11: Educational value of the work

B5: Visitors feelings after visiting C12: Sense of participation

C13: Sense of achievement

C14: Attention

C15: Satisfaction

A3: Exhibition objective environment B6: Sensory Design C16: Ambient Lighting

C17: Ambient temperature

C18: Ambient Sound

B7: Space Scale Design C19: Spatial Layout

C20: Space Signage

C21: Space flow

B8: Image and text (multimedia technology) design C22: Image Color

C23: Text

C24: Technology Participation

C25: Technical and scientific

C26: Technology Acceptability

B9: Facilities C27: Seat Layout
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of indicators pairwise, and calculate the weights (Han et al., 2024).
Weighted calculation and verification perform weighted summation
on the standardized indicator values. The main tools used in this
study are SPSS and yaahp, which can be carried out from multiple
dimensions such as research efficiency, result reliability, and method
innovation. The scientific application of tools can significantly
improve the quality of research (Figure 5).

2.3.1 First round questionnaire design
The first round of questionnaires was mainly for experts to

decide whether to agree, delete or modify the secondary and
tertiary indicators that affect immersion. The returned
questionnaires were sorted out, and the indicators were
deleted and modified according to the opinions of the experts.
In the questionnaire for the first round of indicator evaluation
and modification opinions, 10 experts in the design field were
invited, including designers, university teachers, and university
professors. The questionnaires were sent through Questionnaire
Star and email, and the opinions on the establishment of
indicators were collected from the 10 experts.

After collecting and counting the questionnaires, the
following conclusions were drawn: 1. Whether the emotions
before the visit are too subjective and whether they are helpful
for subsequent research; 2. How to define novelty; 3. It is
suggested that vision can be subdivided into ambient lighting
and ambient color; 4. The number of seats is also critical; 5. It is
not appropriate to say sense of accomplishment, it is more

appropriate to say sense of gain; 6. Whether sense of
participation is difficult to judge; therefore, the sense of
accomplishment in the three-level indicator is changed to
sense of participation (Li and Wang, 2018).

2.3.2 Second round questionnaire design
After collecting the first questionnaire, the evaluation indicators

were modified according to the modification suggestions of the
experts. After the modification, a matrix scale was established and
sent to 25 experts for scoring using Questionnaire Star.
25 questionnaires were issued, and 25 valid questionnaires were
collected. Each indicator was scored using a 10-level scale, and each
expert scored the importance of the indicator and agreed to its
influence. According to the statistical results, the overall mean,
standard deviation, and coefficient of variation of each expert’s
score for each indicator were calculated. Experts judged whether the
opinions of the experts on the indicators that affect the sense of
immersion in the immersive exhibition could reach a consensus.
Indicators that could not reach a consensus would be deleted.

The score in the questionnaire scale is [1, 10]. When the overall
mean is larger, the coefficient of variation is smaller; when the coefficient
of variation is larger, the overall mean is smaller. Therefore, when the
consensus difference index is smaller, it means that the experts
have a higher degree of consensus on this index. When the CV
coefficient is greater than 0.3, it means that the indicator has
reached a consensus; if the CV index is less than 0.3, it means that
the indicator has not reached a consensus. Coefficient of Variation

FIGURE 5
Round flowchart.
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is a standardized indicator used in statistics to measure the degree
of data dispersion. Its core function is to eliminate the impact of
dimension and mean differences, thereby achieving an objective
comparison of the volatility of different data sets or variables. It can
be used to evaluate the stability of the same indicator in different
groups. Even if the means differ greatly, the CV coefficient can still
reflect the relative dispersion. The CV coefficient is defined as the
ratio of the absolute value of the standard deviation (σ) to the
mean (μ), usually expressed as a percentage:

CV � σ

μ
∣∣∣∣ ∣∣∣∣( ) × 100%

Standard deviation (σ): reflects the degree of dispersion of data
distribution. Mean (μ): the average value of the data set.

The final data can be obtained through the above calculations.

The third-level indicators are the solution layers derived from the
first-level indicator target layer and the second-level indicator criterion
layer. Each level decreases successively, and it also belongs to the
relationship of inclusion and being included. The third-level indicators
are mainly designed from the environmental factors, work factors, and
personal emotional factors involved in the overall process from before to
after the exhibition. They were also modified and deleted through expert
review opinions, and finally 26 third-level indicators were obtained for
coefficient of variation calculation. According to the data analysis, we can
derive the following three-level indicators: the CV coefficient of sense of
participation is 0.37; the third-level indicator: the CV coefficient of the
communication effect of thework is 0.53; the third-level indicator: theCV
coefficient of ambient temperature is 0.396; the third-level indicator: the
CV coefficient of technical scientific is 0.49; the expert consensus of these
four indicators is too low, indicating that no consensus has been reached
on the indicator, so these four indicators are deleted.

Index Item Average value Standard deviation CV coefficient Weight (%)

Level 3 indicator 0 Knowledge of the exhibition 6.88 0.92 0.13 2.11

Level 3 indicator 1 Level of interest in the exhibition 7.40 0.95 0.12 2.02

Level 3 indicator 2 Emotions before visiting 8.04 1.02 0.12 1.98

Level 3 indicator 3 Novelty 7.00 1.00 0.14 2.24

Level 3 indicator 4 sense of calm 7.36 0.90 0.12 1.93

Level 3 indicator 5 pleasure 7.36 0.95 0.12 2.02

Level 3 indicator 6 Concentration 7.36 1.03 0.14 2.20

Level 3 indicator 7 Sense of participation 7.48 2.81 0.37 5.90

Level 3 indicator 8 sense of gain 6.24 0.83 0.13 2.08

Level 3 indicators 9 Attention 6.28 0.89 0.14 2.22

Level 3 indicators 10 Satisfaction 6.88 0.97 0.14 2.21

Level 3 indicators 11 Impression of the work 6.32 0.55 0.08 1.38

Level 3 indicators 12 Communication effect of works 6.08 3.25 0.53 8.38

Level 3 indicators 13 goal fit 8.52 1.04 0.12 1.92

Level 3 indicators 14 Educational value of the work 7.36 1.03 0.14 2.20

Level 3 indicators 15 ambient lighting 5.80 0.70 0.12 1.91

Level 3 indicators 16 ambient temperature 7.04 2.79 0.39 6.21

Level 3 indicators 17 ambient sounds 7.40 1.00 0.13 2.11

Level 3 indicators 18 space layout 7.40 0.95 0.12 2.02

Level 3 indicators 19 spatial identification 7.12 1.01 0.14 2.23

Level 3 indicator 20 Space traffic 7.20 1.00 0.13 2.17

Level 3 indicators 21 Image color 7.12 1.01 0.14 2.23

Level 3 indicators 22 text 7.28 1.02 0.14 2.20

Level 3 indicators 23 technology participation 7.36 1.03 0.14 2.20

Level 3 indicators 24 technical scientific 6.60 3.26 0.49 7.75

Level 3 indicator 25 technology acceptance 8.76 0.87 0.10 1.57

Level 3 indicators 26 Seat Arrangement 6.80 0.86 0.12 1.99
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2.4 Construction of immersion evaluation
system based on analytic hierarchy process

2.4.1 Matrix indicator design
Through the first and second rounds of indicator scoring

questionnaire analysis, the indicators with large comprehensive
difference values of each expert were deleted. After integrating the
indicator system, a judgment matrix table between the three-level
indicators was constructed, aiming to derive the importance ranking
of each level indicator by comparing the two judgment matrices.

Based on referring to relevant literature and data, and then through
the investigation of relevant art exhibitions, combined with the
characteristics of flow theory factors, we can correspond to the
audience’s visit to the art exhibition before, during and after the visit
from the three levels of flow precursor, flow experience and flow result
(Zhang, 2022; Zhang and Li, 2024). According to the environmental
factors, work factors and audience emotional factors involved in the
visiting process, corresponding analysis is carried out. Thus, the first-
level indicators include subjective and objective factors and the value

factors of the works themselves. The second-level indicator criteria layer
is to analyze the content of the art exhibition, the emotional changes of
the audience and the influence of the environment. The third-level
indicator scheme layer is a more detailed analysis of the detailed factors
of the environment, emotion and work value in the art exhibition.
Finally, the Delphimethod is used to support the scientific and accuracy
of the three levels (Wu et al., 2023; Xie et al., 2021). Combined with the
research and analysis of this study, the following indicators are obtained.
See Table 2 for the evaluation indicator system framework, which
includes one target layer, three first-level indicators, 9 second-level
indicators, and 23 third-level indicators (Su, 2022).

2.4.2 Determining indicator weights
This research used AHP to determine the weights of indicators

(Li et al., 2018) and invited 10 experts in the design field, including
designers, university teachers, and university professors. The
questionnaire was sent via email.

(1) Building a hierarchical model

TABLE 2 Evaluation system indicators.

Target First level indicator Secondary indicators Level 3 indicators

Construction of an evaluation system for immersion in art
exhibitions

A1 Audience subjective
experience

B1 Exhibits C1 Knowledge of art
exhibitions

C2 Interest level in art
exhibitions

B2 Audience’s own emotions C3 Emotions before the visit

B3 Visitors state during the exhibition C4 Novelty

C5 Sense of Calmness

C6 Pleasure

C7 Concentration

A2 Exhibition Impact and Value B4 Visitors’ feelings after visiting C8 sense of achievement

C9 attention

C10 Satisfaction

B5 Works Influence C11 Works Impression

C12 Target Compatibility

C13 Educational value of
works

A3 Exhibition objective
environment

B6 sensory design C14 Ambient Lighting

C15 Ambient Sound

B7 Space Scale Design C16 Space Layout

C17 Space Logo

C18 space flow

B8 Image, text (Multimedia technology
design)

C19 Image Color

C20 text

C21 Technology Participation

C22 Technology Acceptability

B9 Facility Design C23 Seat Layout
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First, based on the existing evaluation system, the evaluation
system is divided into the target layer, the first-level indicator layer,
the second-level indicator layer, and the third-level indicator layer.
Next, a structural model is established according to these four levels.

(2) Creating a contrast matrix

Under the same standard, pairwise comparison is performed to
obtain the judgment matrix A (Liu and Liu, 2005). The quantitative
comparison and scoring standards used are shown in the following table:

An×n �
a11 a12 a1n
a21 a22 a2n
an1 an2 ann

⎡⎢⎢⎢⎢⎢⎣ ⎤⎥⎥⎥⎥⎥⎦

(3) Integration of Expert Rating Matrix

To ensure the effectiveness of the consistency test, we use the
geometric mean method. The specific operation is multiplying the
corresponding elements of the scoring matrix provided by each
expert one by one and then take the nth root of the product result to
obtain a unified integrated matrix. �A, The formula is as follows (Liu
and Liu, 2005):

�A � ∏m
k�1

akij⎛⎝ ⎞⎠ 1
m

k is the kth expert, m is the nth matrix, and aij represents the weight
of the evaluation of the i-th expert on the j-th object.

(4) Determining the relative weights of the judgment matrix

The geometric mean method (also known as the square root
method) is used to process the integrated unique matrix to obtain
the weight, as shown in Formula 1 (Liu and Liu, 2005).

Wi �
∏n

j�1aij( ) 1
n

∑n
i�1 ∏n

j�1aij( ) 1
n

(1)

The specific steps are as follows: First, multiply each row of
matrix A to generate a new vector; then, take the nth root of each
element of this new vector; finally, normalize the obtained vector to
get the required weight vector.

(5) Evaluation Matrix Consistency

In academic research, the CR value is usually used to evaluate the
consistency of the judgment matrix. CR is the ratio between the
consistency index CI and the average random consistency index RI.
When CR is less than 0.1, it is considered that the matrix meets the
consistency requirements, and no further adjustment is required. CR
is calculated according to the following Formula 2 (Liu and
Liu, 2005).

CR � CI

RI
� λmax − n

n − 1( )RI< 0.1 (2)

The calculation of CI follows the instructions of Formula 3.
λmax represents the maximum eigenvalue of the judgment

matrix, and its calculation method involves the matrix A, the
weight vector W, and the i-th element formula of the matrix
[AW] as shown in Equation 4 (Wang, 2024). The value of RI is
directly related to the order of the matrix. The specific values can
be referred to Table 3.

CI � λmax − n

n − 1( ) (3)

λmax � ∑n
i�1

AW[ ]i
nWi

(4)

3 Results

3.1 Calculation of design index weights

The weights of the first-level indicators A1-A3, the second-level
indicators B1-B9, and the third-level indicators C1-C22 were
calculated (Wang, 2024). After ensuring that the 10 expert
judgment matrices met the consistency requirements (CR < 0.1),
the 10 judgment matrices were assembled, and the weights and
consistency calculations of the criterion layer integration matrix
were performed to obtain the weights and consistency calculation
results of the indicators at all levels. The weights of the above
indicators are summarized in Table 4, and the immersion evaluation
system is obtained.

It can be concluded from the table that in the first-level indicators,
the weight of the exhibition impact and value is 0.42, which accounts
for the highest proportion; followed by the audience’s subjective
experience, with a weight of 0.31; and finally the exhibition’s
objective environment, with a weight of 0.26; therefore, the
exhibition impact and value are the most important in the
evaluation of the immersion of art exhibitions. There are nine
indicators in the second-level level, among which the highest
weight is 0.53, which is the audience’s feeling after the visit; the
lowest weight is sensory design, with a value of 0.19; therefore, the
audience’s feeling after the visit is more important in the second-level
level. There are 23 indicators in the third-level level, among which the
highest weight is the mood before the visit and the arrangement of the
seats, with a value of 1.00; therefore, the mood of the audience before
the visit and the arrangement of the seats in the art exhibition are
more important in the third-level level.

3.2 Use of the art exhibition immersion
evaluation system

The above data analysis results are summarized and
summarized, and the weight ranking is classified into levels and

TABLE 3 The average random consistency index RI value of the judgment
matrix.

Matrix order 1 2 3 4 5 6

RI 0 0 0.58 0.90 1.12 1.24

Matrix order 7 8 9 10 11 12

RI 1.32 1.41 1.45 1.49 1.51 1.54
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items. The impact and value of the exhibition account for the largest
proportion in the first level, followed by the subjective experience of
the audience and the objective environment of the exhibition.
Therefore, the art exhibition immersion evaluation system is
divided into three evaluation levels, namely, the evaluation of the
impact of immersion on the exhibition’s own value, the evaluation of
the audience’s immersion experience, and the evaluation of the
environmental immersion experience. The three evaluation levels
contain different evaluation items, which are sorted according to the
weights of the third level. See Table 5. Among them, the evaluation
of the impact of immersion on the value of the art exhibition itself

contains six evaluation items, and the audience’s fit with the
expected ideas and the subsequent attention to the exhibition are
more important; the evaluation of the audience’s immersion
experience contains seven evaluation items, and the audience’s
emotions before the visit and the evaluation of the interest in the
exhibition are more important; the evaluation of the environmental
immersion experience contains seven evaluation items, and the
evaluation of the exhibition image color and the exhibition text is
more important. According to the given evaluation levels and
evaluation items, the weights of the items at each level can be
calculated according to the above indicators. The score of the

TABLE 4 Indicator weight.

Target layer First level
indicator

Weight Secondary
indicators

Weight Level
3 indicators

Weight Comprehensive
weight

Construction of an
evaluation system for
immersion in art
exhibitions

A1 Audience’s
subjective
perception

0.31 B1 Exhibits 0.26 C1
Knowledge of art
exhibitions

0.36 0.029

C2
Interest level in art
exhibitions

0.64 0.052

B2 Audience own
emotions

0.40 C3 Emotions before
the visit

1.00 0.125

B3
Visitors state during the
exhibition

0.34 C4 Novelty 0.23 0.024

C5 Calm 0.27 0.028

C6 Pleasure 0.32 0.033

C7 Concentration 0.18 0.019

A2 Exhibition
Impact and Value

0.42 B4
Visitors feelings after
visiting

0.53 C8 sense of
achievement

0.31 0.068

C9 attention 0.41 0.092

C10 Satisfaction 0.28 0.063

B5
Works Influence

0.47 C11
Works Impression

0.30 0.061

C12
Target Compatibility

0.43 0.086

C13 Educational
value of works

0.27 0.055

A3 Objective
environment

0.26 B6 sensory design 0.19 C14 Ambient
Lighting

0.43 0.022

C15 Ambient Sound 0.57 0.029

B7 Space Scale Design 0.24 C16 Space Layout 0.41 0.026

C17 Space Logo 0.25 0.015

C18 space flow 0.34 0.021

B8 Image, text
(Multimedia
technology design)

0.26 C19 Image Color 0.19 0.013

C20 Text 0.23 0.016

C21 Technology
Participation

0.28 0.019

C22 Technology
Acceptability

0.30 0.021

B9 Facility Design 0.31 C23 Seat Layout 1.00 0.081
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exhibition can also be calculated by fuzzy comprehensive analysis,
and finally the exhibition immersion score is obtained to evaluate
the immersion of the art exhibition.

The art exhibition immersion evaluation system constructed
in this research presents the relationship between the audience’s
experience process when visiting an art exhibition and the
exhibition itself and corresponds to the audience’s experience
process based on the factors that produce flow experience in the
flow theory. The flow experience factors produced by the audience
in the art exhibition are constructed as the evaluation indicators in
the research. Therefore, the three evaluation levels in the
evaluation system of this research, the environmental
immersion experience evaluation, the audience immersion
experience evaluation, and the evaluation of the impact of
immersion on the value of the art exhibition itself, can be
corresponded to the conditional factors, experience factors, and
result factors of the flow experience Figure 6. The three levels form

a progressive relationship from “environmental design” to
“audience experience” to “value enhancement”, reflecting the
complete chain of immersion from basic construction to the
final effect. The flow theory explains how the audience can
achieve an immersive experience through high concentration
and involvement (flow state). It is directly related to the
“audience immersive experience evaluation”, emphasizing the
fluency and emotional depth of the experience. Conditional
factors refer to the objective conditions for achieving
immersion (such as technical equipment, exhibit quality, and
space planning), corresponding to the “environmental
immersive experience evaluation”. Experience factors refer to
the audience’s subjective experience dimensions (such as
interactivity and emotional resonance), corresponding to the
“audience immersive experience evaluation”. The audience
feedback collection mechanism (such as questionnaires) is used
to optimize the “conditional factors” and “experience factors”.
The output of the evaluation results provides a basis for exhibition
improvement or value assessment by analyzing the
immersive data.

4 Discussion

Immersive exhibition is a form of display that combines modern
technology and artistic creativity. It allows the audience to
experience the theme content presented in the exhibition in an
immersive way. The advancement of science and technology has
injected more innovative vitality into immersive exhibitions.
Previous research in this area has mainly focused on the impact
of new technologies on audience perception in immersive
experience. This study mainly discusses the immersive experience
in smaller exhibition halls in the Greater Bay Area. Through the
screening of the Feld method, the research indicators were changed
from two to three. Based on the two indicators of the audience’s
subjective perception and the objective environment of the
exhibition hall, the value of the exhibition itself was added to the
evaluation of the immersion of the art exhibition. The focus was on
discussing the audience’s perception ranking between the
environment and the exhibition under objective influence.
Through the weight analysis and experience evaluation of the
ranking, curators can combine virtual reality, augmented reality
and other technologies according to the focus of the exhibition
content, and enhance the development space of immersive
exhibitions through a combination of different conditions and
factors (Tedick and Fortune, 2012). This research also conducted
an immersive evaluation system study on immersive exhibitions in
the Greater Bay Area to provide an evaluation for the immersive
experience design in subsequent art exhibitions and provide support
for the quantification of immersion in art exhibitions (Engeser et al.,
2021). The research proposed that in immersive art exhibitions, the
importance of immersion in the evaluation of the exhibition’s own
value accounts for the largest proportion, followed by the audience’s
immersive experience evaluation and the environmental immersive
experience evaluation. In previous studies, it was proposed that the
audience’s immersive experience in art exhibitions is affected by the
environment and their own emotional experience (Wu, 2019). This
research added the factor of immersion affecting the exhibition’s

TABLE 5 Art exhibition immersion evaluation system.

Evaluation level Evaluation project

1. Evaluation of the impact of immersion
on the value of art exhibitions

1. Compatibility with expected ideas

2. The degree of attention paid to the
follow-up of the exhibition

3. The sense of gain from the
exhibition

4. Impression of the work

5. Satisfaction with the exhibition

6. Believe that the work has
educational significance

2. Audience immersion experience
evaluation

1. Emotional calmness before the visit

2. Interest in the exhibition before
visiting

3. Knowledge of the exhibition before
visiting

4. Feeling happy when visiting the
exhibition

5. Visit the exhibition to feel calm

6. Visiting the exhibition feels novel

7. Concentration level when visiting
the exhibition

3. Evaluation of environmental immersion
experience

1. The colors of the exhibition images
are appropriate

2. The exhibition text is clear

3. The exhibition space layout is
comfortable

4. The exhibition has a suitable flow of
visitors

5. Clear exhibition signs

6. The exhibition environment has
appropriate sound

7. The lighting of the exhibition
environment is appropriate
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own value and analyzed and ranked the influencing factors and
weights of these three factors. In this research, we also conducted
research and analysis on the factors that produce flow experience in
the objective environment of the exhibition and the subjective
experience of the audience, including conditional factors,
experience factors, and result factors (Csikszentmihalyi, 2000),
and conducted corresponding research on each relevant
indicator. In subsequent studies, we can develop a scale
questionnaire for immersive art exhibitions or museums based
on the various evaluation levels and items proposed in this
research, which can more conveniently judge the audience’s
experience satisfaction with art exhibitions or museums.

Based on this research, the judgment of immersion still has
certain limitations. First, this research focuses on immersive
exhibitions in the Greater Bay Area, which may have
geographical limitations. Secondly, interaction is crucial in the
immersive experience, and it is also a topic worth studying in the
future. In the face of the limitations of this research, we can
conduct deeper research on immersion from the interactive
level in the future. In the future, immersive exhibitions will
become an important form of innovation in the field of culture
and art. It will not only expand the form of expression of
exhibitions, but also bring richer and more diverse experiences
to the audience, and promote the dissemination and exchange of
culture and art. With the continuous advancement of science and
technology and the continuous changes in social needs, immersive
exhibitions will surely show a better development prospect in
the future.

5 Conclusion

This study used case analysis, field investigation and AHP to
construct an art exhibition perception evaluation system. The
subjective perception of art exhibition audiences, the impact
value of the exhibition itself and the objective environment of the
exhibition hall all affect the immersion of art exhibitions. Combined
with the AHP analysis method, it is concluded that the impact value
of the exhibition itself has a greater impact on the immersion of the
art exhibition than the audience’s subjective perception. Among the
secondary weight indicators of the impact value of the exhibition

itself, the audience’s feelings about the exhibition and the influence
of the works have the largest weights. This may be because the
popularity and influence of some art masters and the works
themselves can arouse the audience’s interest in visiting the
exhibition and the audience’s feelings about the exhibition.
Through research, we found that the objective environment of
the exhibition hall has the least impact on the immersive Ness of
art exhibitions. This conclusion is related to the mainstream trend of
economic development in the Greater Bay Area. The government
pays more attention to economic development. With the rapid
development of the economy, it is believed that the government
will increase its investment in the exhibition hall environment. It is
worth mentioning that the ranking of the audience’s subjective
perceived value is in the middle of the three first-level indicators.
In the second-level indicators analyzing the audience’s subjective
audience value, the weight of the audience’s own emotional index is
0.4, which shows that the audience’s mood before visiting the
exhibition is very important. When it comes to side exhibitions,
we suggest improving the interactive experience before the
exhibition, such as putting some exhibition introductions, check-
in and other activities to increase the audience’s sense of pleasure.
The evaluation indicators of this study have passed the
consistency test.

In the future, immersive exhibitions are expected to become an
important platform for cultural and artistic exchanges, breaking the
time and space limitations of traditional exhibitions through digital
means, allowing audiences to have interactive experiences across
regions. This approach can not only promote the sharing of global
cultural resources but also provide more exhibition opportunities
and creative space for contemporary artists. It is worth noting that
the integrated application of interactive algorithms and generative
artificial intelligence has transformed the audience from passive
viewers to art co-creators. This transformation of subjectivity has
redefined the power relationship of art production. The
development of immersive exhibitions will face the dual
challenges of technological ethics and aesthetic ontology. How to
maintain artistic authenticity in digital simulations and how to
balance technological hegemony and humanistic spirit require the
establishment of an interdisciplinary research framework.

This research provides valuable insights into the quantitative
study of audience immersion in art exhibitions. It is found that the

FIGURE 6
Factors of flow experience in art exhibitions.
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immersion of art exhibitions affects the audience’s own emotions
and the exhibition environment, and it is proposed that the
immersion of art exhibitions will affect the value of the art
exhibition itself. Art exhibition curators can evaluate the
audience’s experience through the immersion evaluation
system constructed in this research and provide suggestions
for exhibition curatorial design. Future research can study the
immersion of art exhibitions from the perspective of interactive
technology, focusing on the factors that influence the audience’s
immersive cognition in interactive technology, For example, the
cognitive enhancement effects of multimodal perception and
embodied interaction.
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