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Abstract

In the field of cultural architecture design, the deep impact mechanisms of wooden material
design perception on users’ psychological experiences have not yet been fully elucidated.
The interior environmental design of concert halls, as venues for immersive artistic expe-
riences, especially the use of natural materials such as wood, is considered a key factor
shaping audience perception and experience. However, existing research has largely fo-
cused on the acoustic performance of or visual preferences for wooden materials, while
there remains a lack of mechanistic explanations for how wooden design perception sys-
tematically enhances users’ overall satisfaction through a series of internal psychological
processes. Based on the “stimulus—organism-response” theoretical framework, this study
proposes a chain mediation model aimed at exploring how perception of wooden de-
sign in concert halls enhances user satisfaction by promoting users’ flow experience and
subsequently strengthening their place attachment. Through a cross-sectional survey of
1017 audiences with actual experience in wooden concert halls and analysis of the data us-
ing covariance-based structural equation modeling, the findings reveal that: (1) perception
of wooden design has a significant direct positive effect on user satisfaction; (2) both flow
experience and place attachment independently mediate the influence of wooden design
perception on user satisfaction; (3) there exists a significant chain mediation path: “percep-
tion of wooden design — flow experience — place attachment — user satisfaction”. This
study validates, from an architectural psychology perspective, the role of flow and place
attachment as consecutive psychological mechanisms. The research provides empirical
evidence for architects to use wood as a psychological intervention tool in cultural spaces,
transforming material selection from an aesthetic consideration into a systematic design
strategy with measurable psychological outcomes.

Keywords: wooden design perception; concert hall; flow experience; place attachment;
user satisfaction; stimulus—organism-response theory; architectural psychology

1. Introduction

In the field of cultural architecture design and research, concert halls, as spaces for
live art presentation and perception, have been increasingly emphasized for the role of
the material elements of their interior environmental design in shaping the psychological
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experience of the users [1,2]. In particular, wood is the main material used in the interior
decoration and construction of many concert halls because of its natural visual texture
and tactile temperature [3,4]. However, there is a clear cognitive gap between current
academic discussions and design practice. Existing research has focused on objective
physical parameters of wood, such as its effect on sound field uniformity and reverberation
time, or has been limited to surveys of users’ general preference for its visual form [5-10].
A more fundamental but not yet fully explained question is, when users are in a concert
hall where wood is the dominant material, how their overall perception of the wooden
environment is transformed through a series of orderly internal psychological states that
ultimately affect their overall satisfaction with the place. The black-box status of this
mechanism makes the application of wood in cultural spaces to a large extent easy to
stay in the designer’s empirical intuition and traditional practices, and it lacks empirical
theoretical support based on the study of environmental psychology and user behavior,
thus constituting a significant knowledge gap.

This knowledge gap is specifically characterized by the failure of existing research to
effectively connect the complete psychological pathway between environmental stimuli
and end-user evaluation. On a theoretical level, environmental psychology and experiential
research have provided important insights into the relationship between material percep-
tion and psychological responses in cultural architecture. Attention restoration theory
suggests that natural or “nature-like” environments can restore cognitive resources by
reducing the load on directed attention and inducing individuals to enter a more relaxed
and focused mental state [11]. As a building material highly endowed with natural cues,
wood’s texture, color, and tactile characteristics are thought to stimulate restorative experi-
ences similar to those of natural environments. When environmental cues are well-matched
to an individual’s perceptual and behavioral systems, individuals are more likely to enter a
flow experience that is highly focused and integrates action and awareness. The nature of
the concert hall experience is one of deep situational immersion and emotional interaction,
in which psychological processes are not simply linear cause and effect [12,13]. The sensory
information provided by the wooden environment may first act on the user’s state of atten-
tion and engagement, leading them into a flow experience of heightened concentration,
the disappearance of the sense of time, and the fusion of action and consciousness. This
immersive peak experience is likely to provide a key psychological foundation for the estab-
lishment of a deeper emotional bond between the user and the place, i.e., the cultivation of
a sense of belonging to the place, a sense of identity, and a sense of dependence, i.e., place
attachment. Ultimately, this emotional attachment may become an important emotional
basis for assessing place satisfaction. However, there is a lack of systematic empirical
testing and theoretical integration in the existing literature as to whether there is such a
chain relationship of progressive transmission between the four elements of perception of
wooden design, flow experience, place attachment and user satisfaction.

In response to the above research gaps, this study attempts to construct a chain media-
tion model using the classical stimulus-organism-response (SOR) theory as a foundational
framework. The model aims to go beyond the exploration of single-variable relationships
to systematically empirically test whether and how the perception of wooden design can in-
directly and effectively enhance overall user satisfaction with a concert hall by sequentially
stimulating users” mind-flow experience and reinforcing their place attachment. The core
value of this research path is that it attempts to integrate the physical attributes of the built
environment, the dynamic psychological processes of users, and their eventual behavioral
evaluations into a logically coherent mechanistic explanatory model, thus providing a more
refined and dynamic psychosocial perspective for understanding the spatial experience of
cultural buildings.
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Based on this theoretical conceptualization, this study used a field research method
to conduct a large-scale sampling survey on the audiences of 11 concert halls with wood
as the core design language in seven cities in China, and a total of 1017 valid question-
naires were obtained. The data were analyzed by applying covariance-based structural
equation modeling. This study verifies the direct positive impact of perception of wooden
design on user satisfaction, and the empirical results also reveal that flow experience and
place attachment play both independent intermediate roles and form a continuous chain
mediating sequence in this influence pathway. The findings of this study are expected to
provide solid empirical evidence from the perspective of architectural psychology and to
shift the perception of the role of wood in the design of cultural spaces from the selection of
materials, which is mainly concerned with aesthetics and acoustics, to a systematic design
strategy and theoretical tool that can actively intervene and optimize the psychological
experience of users and has the potential of quantitative benefits, so as to provide some
references for architectural designers in the design of wooden concert halls with higher
user satisfaction in the future.

2. Literature Review and Research Hypotheses
2.1. Perception of Wooden Design and User Satisfaction

Perception of wooden design refers to the overall and subjective evaluation of wooden
spaces or products by users, covering people’s perception of wood in terms of aesthetic,
tactile, olfactory, and environmental associations and emotional responses. Perception
of wooden design has been gradually recognized as an important environmental factor
influencing spatial experience and emotional response in cultural architectural contexts.
Relevant studies have shown that in concert halls, performing arts spaces and cultural
venues centered on immersive experiences, wood elements not only have structural or
acoustic functions but also participate in the construction of spatial meanings and emotional
experiences through multi-sensory paths such as visual, auditory, olfactory and tactile
senses [14]. Xiao et al. explicitly classified the perception of wooden design in a wooden
stadium context into four dimensions—Aesthetic Perceived Value, Perceived Natural
Connection, Perceived Olfactory Comfort, and Natural Material Tactility—and verified that
all four dimensions positively affect user satisfaction. Perceived Acoustic Comfort is the
user’s subjective comfort evaluation of the spatial acoustic environment, emphasizing the
pleasantness, appropriateness and intrusiveness of sound in a particular context. In the
framework of an acoustic landscape, an acoustic environment should be understood as “the
acoustic environment that is perceived and experienced /understood in context”, so acoustic
comfort is essentially a contextualized subjective evaluation [15]. Based on this, this paper
specifies acoustic comfort perception as the audience’s comprehensive judgment of the
overall comfort of the acoustic environment, the clarity of sound, the immersion experience,
and the degree of noise/echo and other disturbances, in order to reflect the important
role of auditory quality and contextual adaptation on the overall experience in cultural
venues. Perceived Olfactory Comfort is the user’s subjective comfort evaluation of the odor
experience in a wood space, reflecting the pleasantness, naturalness and acceptability of the
odor. The sense of smell is closely related to emotion and autobiographical memory, and
odor cues tend to trigger memories and emotional responses of high emotional intensity
and therefore have a unique role as an “emotional amplifier” in the spatial experience [16].
Based on this mechanism, this paper further specifies olfactory comfort perception as the
audience’s comprehensive evaluation of the naturalness, subjective pleasantness, relaxation,
and whether or not it produces irritation/discomfort of wood odors, in order to portray the
path of wood odors’ influence on spatial experience through the emotional channel. Natural
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Material Tactility refers to the subjective evaluation of the user’s “material sensation” by
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touching the surface of wood. Multimodal studies of wood material perception have
found consistency and integration between visual, auditory and tactile evaluations of the
emotional material properties of wood, providing empirical support for an independent
measure of “Natural Material Tactility” [17]. Based on this, this paper operationalizes
tactile perception as the audience’s comprehensive evaluation of the warmth, authenticity
and naturalness of wood touch, skin friendliness/comfort, and pleasure brought by touch,
emphasizing that tactile sensation, as an important source of material experience, directly
affects the user’s comfort judgments and affective evaluations. It should be noted that
although established studies have made a more detailed dimensional division of the
experiential value of wooden environments from a multi-sensory perspective, most of
them still regard different sensory perceptions as juxtaposed independent variables, paying
less attention to the dynamic psychological processes that users may experience in real
situations and their sequential characteristics. Based on the above literature combing,
perception of wooden design can significantly enhance the experience of concert hall
users, and at the same time, the immersive atmosphere created by wooden elements is
related to emotional repair and empathic experience [18]. However, in terms of the overall
research lineage, such conclusions remain more at the empirical level of validation, and
the theoretical explanations of how perception of wooden design is gradually transformed
into stable place evaluations through specific psychological states remain to be further
systematized. Similarly, in cultural and tourism experiential spaces, natural wood is more
likely to stimulate positive emotions and form stable associations with authenticity, comfort,
and cultural meaning, as found by Kotradyova and Vavrinsky through questionnaires and
physiological experiments, which are closely related to the associations of authenticity,
comfort, and sustainability [19].

User satisfaction refers to the comprehensive psychological evaluation of the overall
feeling and value realization of an individual after experiencing a specific environment or
place, and it is an important index to measure the effectiveness of place design [20]. In the
wooden spatial environment, research shows that user satisfaction not only comes from
the visual aesthetics and material characteristics of wood itself but also depends on the
coordination of spatial elements and the physical and mental feelings they bring [21]. Shima
et al. pointed out that the comfort and privacy brought by wooden frames have a significant
effect on satisfaction in open-plan office spaces and that there are differences in evaluation
criteria between different genders and age groups, suggesting that user satisfaction is
moderated by the personal characteristics of users. Satisfaction is moderated by users’
personal characteristics [22]. Also in the built environment, Lindblad and Schauerte’s
research further reveals that experiential factors such as acoustic performance play a key
role in user satisfaction. When the actual acoustic experience exceeds expectations, user
satisfaction is higher, even in the face of higher costs, suggesting that satisfaction is not only
driven by the actual functional performance but also by the degree to which psychological
expectations are matched by actual experience [23]. Existing research on user satisfaction
mostly starts from a single environmental element or specific experiential factors, and the
relevant conclusions show a certain degree of context dependence and have not yet formed
a unified analytical framework capable of integrating material perception, psychological
experience and emotional evaluation. In experience-centered spaces such as wood venues,
user satisfaction reflects the process of fitting between people’s expectations and their
real feelings about the environment, and its formation mechanism may stem from the
enhancement of spatial elements to the overall place experience through visual coherence,
sensory comfort, and psychological identity. Based on this, the following hypothesis is
proposed in this paper:
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H1. Perception of wooden design has a positive effect on user satisfaction.

2.2. The Mediating Role of Flow Experience

The flow experience refers to the high level of concentration and immersion that indi-
viduals enter when the challenge of a task matches their own abilities, which is typically
characterized by a high level of concentration, a diminished sense of self-consciousness, and
an accompanying sense of intrinsic pleasure and control [24,25]. And the focus, pleasure
and sense of control that accompanies this flow experience itself directly enhances the
individual’s overall positive evaluation of that environment or activity, which translates
into higher levels of satisfaction [26]. For example, research on online platforms has found
that the quality of a website can enhance viewer satisfaction by enhancing pleasure and
facilitating a flow experience [27]. Although the above studies have repeatedly verified
the basic path of “external features—flow experience-outcome variables” in different ap-
plication contexts, most of the related studies have focused on digital media or virtual
interactive environments, and there is still a limited discussion on how the environmental
elements in the physical space influence user evaluation through flow experience. However,
most of the related research focuses on digital media or virtual interactive environments,
and the discussion on how environmental elements in physical space influence user eval-
uation through mind-flow experience is still relatively limited. Likewise, in a live travel
e-commerce context, real experiences such as interactivity and authenticity promote an
individual’s mind-flow experience thereby enhancing purchase intent [28]. Together, these
studies point to a more stable explanatory framework: external features can influence
outcome variables by altering the experiential process. In the context of this paper, the natu-
ralness, sensory richness, and environmental amenity inherent in the perception of wooden
design facilitates the user’s flow experience by creating a sensory environment conducive to
focus and engagement: a state of affairs that further translates into higher evaluations and
satisfaction with the overall experience of the space [29]. As a result, this paper attempts
to introduce the flow experience from the previous research context centered on media or
activities into the research on cultural architecture centered on physical space, in order to
make up for the insufficiency of the related research at the level of spatial psychological
mechanisms. Based on this, the following hypothesis is proposed in this paper:

H2. Flow experience mediates between the effects of perception of wooden design on user satisfaction.

2.3. Mediating Role of Place Attachment

Place attachment refers to the emotional bond and sense of belonging that is created
between a person and a particular place, making that place transcend its physical attributes
and become an integral part of an individual’s identity and memory [30]. As a core repre-
sentation of the emotional bond and psychological identity between an individual and a
specific place, place attachment has been shown to be a mediating mechanism connecting
environmental perception and user satisfaction in a variety of environmental contexts [31].
Wau et al. showed that tourists” perceptions of heritage authenticity in heritage tourism
contexts enhance tourists’ satisfaction and subjective well-being by reinforcing place at-
tachment, which in turn enhances tourists’ satisfaction and subjective well-being [32].
Su et al.’s study further reveals that physical landscape features (e.g., greenery and her-
itage landmarks) ultimately influence users’ well-being through the chain mediation of
cultural perceptions and place attachment [33]. Although the above studies have more
systematically verified the mediating role of place attachment in tourism and landscape
environments, most of the related studies have focused on open or outdoor spatial contexts,
and the mechanism of the role of cultural built environments, which are centered on indoor

https:/ /doi.org/10.3390/buildings16040765


https://doi.org/10.3390/buildings16040765

Buildings 2026, 16, 765

6of 21

experience and sensory immersion, still needs to be further tested. Together, these studies
build a stable theoretical path: the perceived attributes of an environment promote users’
emotional attachment and identification with a place, further driving satisfaction [34].
Hence, in the context of this paper, the natural material properties and multi-sensory
characteristics unique to wood spaces ultimately translate into higher user satisfaction
by evoking emotional belonging and psychological identification with the spaces [35]. In
this process, place attachment is not only an outcome variable of environmental experi-
ence but also assumes the role of an important psychological mechanism that translates
physical environmental features into stable subjective evaluations. Place attachment plays
a mediating role in this process by transforming the objective attributes of the physical
environment into an individual’s subjective experience of satisfaction. Based on this, the
following hypothesis is proposed in this paper:

H3. Place attachment mediates between the effects of perception of wooden design on user satisfaction.

2.4. Chain Mediation Model

Based on the above literature combing, this study proposes a chain mediation model,
i.e., the perception of wooden design influences user satisfaction by triggering the mind-
flow experience and place attachment and then ultimately affects user satisfaction. As a
multi-sensory environmental stimulus, the perception of wooden design first promotes
users to enter a highly focused and deeply immersed state of mind-flow, and the mind-flow
experience has been confirmed by research in many fields to be able to serve as a bridge to
transform external environmental features into higher satisfaction and positive emotional
outcomes [36]. When this high-quality experience occurs in a wooden space, it significantly
strengthens the depth and continuity of the emotional interaction between the user and
that space, thus providing a more lasting emotional bond and psychological identity.

SOR theory is a “stimulus (S)-organism (O)-response (R)” model, which reveals how
external stimuli affect an individual’s internal mental state (organism), which ultimately
drives their external behavioral responses [37]. The SOR model, proposed by Mehra-
bian and Russell, suggests that external stimuli trigger affective and cognitive responses
through an individual’s internal mental states, ultimately leading to behavioral or attitudi-
nal changes [38]. The core logic of the model is that environmental characteristics do not
directly determine the outcome but indirectly influence the behavioral response through
the individual’s subjective experience and mental processing. For example, Zhang et al. use
SOR theory to explain that in user psychology, scarcity can be used as an external stimulus
to stimulate impulse buying behavior [39]. In Wang's study, SOR theory was used to
explain that online media, as an external stimulus, can influence the public’s environmental
attitudes and behavioral responses through information and emotional processing [40].
Similarly, Unde notes that information stimuli from social media can influence public
attitudes toward the environment through psychological responses [41]. These studies
collectively show that the SOR framework can effectively explain the dynamic relationship
between external context, psychological responses, and behavioral outcomes. Based on this
theory, this study considers the perception of wooden design as an external stimulus, which
ultimately affects user satisfaction by triggering two internal psychological responses,
namely, heart-flow experience and place attachment. The perception of wooden design
attributes, as clear external stimuli, first act on the user’s internal psychology, triggering
the emotional state of flow experience in the processing of this state of mind, contributing
to a more lasting place attachment; ultimately, this series of orderly internal psychological
changes are externally manifested as user satisfaction enhancement. Based on this, the
following hypothesis is proposed in this paper:
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H4. Flow experience and place attachment mediate the chain between the effects of perception of
wooden design on user satisfaction.

3. Research Design
3.1. Recipients and Questionnaire Distribution

In order to explore the universality and effectiveness of the spatial experience of
wooden concert halls, 11 representative concert halls covering seven cities in China (in-
cluding Beijing, Shanghai, Guangzhou, Shenzhen, Chengdu, Xi’an, and Wuhan) were
selected as field research sites. These cities are located in different regions of China and
are characterized as both first-tier and new-tier cities, reflecting to a certain extent the
architectural and performance contexts of China’s major urban cultural venues. The se-
lected concert halls are all cultural buildings with the core function of live performances,
where wood is used as the main or significant design language (e.g., wood wall/ ceiling
finishes, wood acoustic components, wood furniture, etc.) to ensure that the perception of
wooden design forms the basis of a real and stable experience for the interviewees. Given
that wood may carry different symbolic meanings and sensory preferences in different
regions, this paper emphasizes the boundaries of its applicability when extrapolating its
conclusions and further suggests directions for comparative validation across cultural and
material scenarios in “Limitations and Prospects”. All of the selected venues use wood as
the core decorative and acoustic material in their interior spaces, forming a clear and strong
perception of wooden environments. The subjects of this study were audience members
who have had actual experience of attending a performance in any of the above-mentioned
concert halls. All participants participated voluntarily and completed an informed consent
form. The purpose of the study, the anonymity and confidentiality of the questionnaire
were clearly explained to the participants before data collection, and their informed consent
was obtained by having them sign the written version of the informed consent form.

This study focuses on users’ subjective psychological experiences, which are intro-
spective in nature. Currently, the most effective and economical measurement tools are
validated self-report scales. Large-scale field sampling also ensures ecological validity. This
study used offline field distribution of paper questionnaires for data collection to ensure
the authenticity and contextualization of the data sources. The study was conducted by
uniformly trained research team members who traveled to 10 target concert halls in the
above seven cities between August and October 2025 in phases. A standardized time-slot
sampling design was used to strictly control the potential interference of the viewing hours
in the research results. We systematically categorized the data collection periods into two
levels—weekday attendance (Tuesday-Thursday evening performances) and weekend
peak hours (Friday evening and Saturday all-day performances)—and controlled the distri-
bution of questionnaires according to the proportion of actual annual performances in each
target concert hall, so as to make the distribution of the sample time periods consistent
with the structure of the actual performance market. A total of 1100 questionnaires were
distributed. After recovery, the questionnaires were strictly screened and cleaned accord-
ing to the criteria. For example, questionnaires that were incomplete, were missing key
questions, had a short response time, had obviously not been read carefully, had answers
that showed regularity, or included contradiction or randomness were excluded from the
final valid sample. After cleaning, 1017 valid questionnaires were finally obtained, with an
effective recovery rate of 92.5%. The sample size fully meets the statistical requirements
for subsequent hypothesis testing using structural equation modeling. The demographic
information of this paper is shown in Table 1.
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Table 1. Demographic information.

Variable Option N Proportion (%)
Gend Male 477 46.9
ender Female 540 53.1
18-25 174 17.1
26-35 363 35.7
Age (years) 36-45 291 28.6
46-55 137 13.5
56 or over 52 51
Urban 824 81.0
Household type (hukou) Rural 193 19.0
5000 RMB or below 248 24.4
5001-10,000 RMB 366 36.0
Monthly income 10,001-20,000 RMB 267 26.3
20,001-35,000 RMB 98 9.6
35,001 or above 38 3.7
High
school/middle 112 11.0
Educational background school or below
College/bachelor’s 657 64.6
degree
Master’s degree or 248 044
above
1-2 times 467 459
Average annual utilization of ~ 3-5 times 321 31.6
wood concert halls 6-8 times 157 15.4
9 times or more 72 7.1

3.2. Measurement of Variables

This study focuses on four core variables, namely, perception of wooden design (WDP),
flow experience (FE), place attachment (PA) and user satisfaction (US). The development of
the measurement tool is based on established scales and underwent a systematic process
of localization and contextual adaptation: First, a rigorous translation—-back-translation
process was carried out to ensure conceptual equivalence between the Chinese and English
versions; then, the research team reviewed each item and invited three experts in the field
of architectural and spatial design to review each item and conduct several rounds of
comments on the semantic clarity of the entries, the meaning of the entries, the impact on
user satisfaction, and cultural appropriateness of the concert hall’s usage scenarios. Based
on this, cognitive interviews and a small-scale pre-test were conducted (N equal to 35), and
the results of the pre-test were not included in the final analysis. Some of the expressions
and the order of entries were optimized to form a survey scale applicable to the context of
this study:.

Regarding the measurement of the independent variable, “perception of wooden
design,” this study adopted the Wooden Music Hall Design Perception Scale developed by
Chen et al. [18]. This scale was adapted from an existing perception scale for wooden sports
venues and revised to suit the specific context of music halls, ultimately forming a measure-
ment tool applicable to the perception of wooden music hall design in the Chinese context.
The scale consists of four distinct dimensions: Aesthetic Perceived Value, Perceived Acous-
tic Comfort, Perceived Olfactory Comfort, and Natural Material Tactility. These dimensions
systematically cover multiple perceptual aspects, including visual aesthetics, the acoustic
environment, olfactory experience, and tactile qualities, thereby ensuring the theoretical
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comprehensiveness and construct validity of the operational definition of this construct. In
the actual measurement, each dimension is reflected through corresponding representative
items. For example, under the Natural Material Tactility dimension, an item such as “The
tactile sensation of wooden surfaces in a concert hall makes me feel warm and comfortable”
is used. The adoption of this multi-dimensional scale clarifies the specific connotation of
“perception of wooden design,” avoids conceptual ambiguity, and lays a foundation for
subsequently examining its relationship with dependent variables within the psychological
mediation model. The dependent variable user satisfaction was also measured using their
unidimensional scale. The dependent variable user satisfaction was also measured using
their unidimensional scale for measuring overall user satisfaction, with typical items such
as “I felt great pleasure and enjoyment during this concert hall experience”.

For the measurement of flow experience we used the Psychological Flow Scale (PFS)
developed by Norsworthy et al. including the three dimensions of absorption, effortless
control, and intrinsic reward [42]. In order to ensure the accuracy of the measure, some
of the items in the original scale were modified in minor scenarios. For example, “I was
absorbed in the act/task” was changed to “I was absorbed in the musical performance”.
Similarly, “I was highly focused on the task/activity.” was changed to “I was highly focused
on the details of the music”.

For the measurement of place attachment we refer to Zhang et al.’s place attachment
scale [43], which has been validated with a large sample of Chinese users, contains the
dimensions of place identity and place dependence, and has been adapted. Typical question
items are “Compared to other concert halls, I prefer coming here for musical performances.”
and “I feel a special connection between myself and this concert hall”. All questions
were measured on a 5-point Likert scale, where 1 means “strongly disagree” and 5 means
“strongly agree”.

4. Data Analysis and Results
4.1. Reliability Analysis

Reliability analysis is used to test the internal consistency and stability of a scale. In
this study, Cronbach’s « coefficient and combined reliability (CR) are used as reliability
assessment indexes. Cronbach’s « coefficient and a CR value greater than 0.7 indicate good
reliability. As shown in Table 2, the Cronbach o coefficients of the dimensions range from
0.819 to 0.958, which are all greater than the critical criterion of 0.7, indicating that the
scales have good internal consistency reliability. The combined reliability (CR) ranges from
0.817-0.958, greater than the criterion value of 0.7, further proving that the scales used in
this study have a good level of reliability.

4.2. Exploratory Factor Analysis

Before conducting factor analysis, KMO and Bartlett’s spherical test needed to be
performed on the data to determine whether the data are suitable for factor analysis or
not. The KMO value is greater than 0.7, indicating that the data are suitable for factor
analysis, and Bartlett’s spherical test is significant (p < 0.05), indicating that there is a
correlation between the variables, which makes them suitable for factor analysis. As shown
in Table 3, the KMO value of 0.916, which is greater than the criterion of 0.7, indicates that
the data are well suited for factor analysis. The approximate chi-square value of Bartlett’s
test of sphericity is significant (p < 0.001), which rejects the original hypothesis that the
correlation matrix between the variables is a unitary matrix and indicates that there is a
significant correlation between the variables that makes them suitable for factor analysis.
The variance explained reflects the extent to which each factor explains the total variance.
According to the Kaiser criterion, factors with eigenvalues greater than 1 should be retained.
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A cumulative variance explained ratio of 60% or more indicates good factor extraction. As
shown in Table 4, according to the principle that the eigenvalue is greater than 1, a total of
nine factors are extracted, and the cumulative variance explained rate is 75.479%, which is
more than the criterion of 60%, indicating that the extracted factors are able to explain the
information of the original variables better. The distribution of the variance contribution
rate of each factor is relatively uniform, indicating the independence and stability of the
factors’” explanation of the total variance.

Table 2. Results of reliability test for each dimension.

Dimension Cronbach’s « Number of Topics
PWD1 0.899 4
PWD2 0.854 3
PWD3 0.861 3
PWD4 0.870 3
FE1 0.870 3
FE2 0.854 3
FE3 0.872 3
PA1 0.861 3
PA2 0.852 3
us 0.898 5
total 0.927 33

Table 3. KMO and Bartlett’s test of sphericity.

Value
KMO Quantity of Sample Suitability 0.921
Bartlett’s Sphericity Test Approximate chi-square 20,340.158
Degrees of freedom 528
Significance 0.000
Table 4. Total variance explained.
Initial Eigenvalues Initial % of Initial E;(tsractlondSums Extraction % of  Extraction
(Total) Variance Cumulative % of Square Variance Cumulative %
Loadings (Total)
10.073 30.525 30.525 3.714 11.253 11.253
3.933 11.919 42.444 3.184 9.647 20.901
2.867 8.688 51.132 2.413 7.311 28.212
1.791 5.427 56.559 2.365 7.167 35.379
1.339 4.057 60.616 2.355 7.137 42.517
1.228 3.722 64.338 2.344 7.102 49.619
1.127 3.415 67.754 2.316 7.017 56.636
1.095 3.319 71.072 2.307 6.991 63.627
1.071 3.246 74.318 2.292 6.945 70.572
1.018 3.086 77.404 2.254 6.831 77.404

The factor loading values reflect the degree of correlation between the observed and
latent variables. Generally speaking, the factor loading value should be greater than 0.5,
and ideally it should be greater than 0.7. The loading value of each measurement item on
its corresponding factor ranges from 0.734 to 0.844, greater than the ideal criterion of 0.7,
and there is no obvious cross-loading of each item on the non-target factor, which indicates
that each measurement item can effectively measure its corresponding latent variable, and
the scale has good structural validity.
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To test the structural validity of the scale, this study used validated factor analysis
(CFA) to test the measurement model. The model fit indicators included x2/df, GFI,
AGFI, RMR, RMSEA, NFI, IFI, CFI and TLI. All the fit indicators of the measurement
model reached a good standard: x?/df = 1.126 (<3); GFI = 0.971 (>0.9); AGFI = 0.964
(>0.9); RMR = 0.016 (<0.05); RMSEA = 0.011 (<0.05); NFI = 0.977 (>0.9); IFI = 0.997 (>0.9);
CFI = 0.997 (>0.9); TLI = 0.997 (>0.9). This indicates that the measurement model fits the
data well and the scale has good construct validity.

Convergent validity (CV) reflects the degree of correlation between items measuring
the same construct. In this study, combined reliability (CR) and average variance extracted
(AVE) were used as indicators for assessing convergent validity. Typically, a CR value
greater than 0.6 and an AVE value greater than 0.5 indicate good convergent validity. As
shown in Table 5, the range of CR values for each dimension is 0.855-0.900, which is greater
than the criterion of 0.6. Additionally, the AVE values of all dimensions are greater than the
critical criterion of 0.5, indicating that the scale of this study has good convergent validity.

Table 5. Results of aggregation validity test.

Dimension CR AVE Number of Questions
PWD1 0.900 0.693 4
PWD2 0.855 0.663 3
PWD3 0.863 0.679 3
PWD4 0.870 0.691 3
FE1 0.870 0.691 3
FE2 0.856 0.667 3
FE3 0.875 0.701 3
PA1 0.863 0.678 3
PA2 0.852 0.658 3
Us 0.899 0.642 5

4.3. Discriminant Validity

Discriminant validity reflects the degree of difference between distinct constructs,
meaning that items measuring different constructs should exhibit low correlations. This
study employed the Fornell-Larcker criterion to assess discriminant validity, which requires
that the square root of the average variance extracted (AVE) for each dimension should be
greater than its correlations with other dimensions. Additionally, the Heterotrait-Monotrait
(HTMT) ratio was used as a supplementary test, where an HTMT value below 0.85 indicates
good discriminant validity.

See Table 6, ased on the results of the Fornell-Larcker criterion test, the square root
of the AVE for each dimension (values on the diagonal) was greater than the correlations
between that dimension and the others (off-diagonal values), demonstrating good discrimi-
nant validity among the dimensions. The square root of the AVE for PWD was 0.688, which
was greater than its correlations with other dimensions (0.332, 0.327, 0.551). The square root
of the AVE for FE was 0.705, exceeding its correlations with other dimensions. The square
root of the AVE for PA was 0.681, and for US, it was 0.801. All dimensions satisfied the
Fornell-Larcker criterion, confirming the discriminant validity of the measurement model.

See Table 7, based on the results of the discriminant validity test using the HTMT ratio,
all HTMT values between dimensions were below the critical threshold of 0.85, providing
further validation for the discriminant validity of the measurement model. The highest
HTMT value was 0.553, which remained well below the 0.85 standard. Integrating the
test results from both the Fornell-Larcker criterion and the HTMT ratio, the measurement
model in this study demonstrates good discriminant validity. The latent variables can be
effectively distinguished from one another, indicating that the measurement tools possess
sound structural validity.
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Table 6. Discriminant validity test results: Fornell-Larcker criterion.

Variable PWD FE PA Us
PWD 0.688

FE 0.332 0.705

PA 0.327 0.332 0.681

UsS 0.551 0.400 0.491 0.801

Table 7. Discriminant validity test: HTMT ratio.

Variable PWD FE PA Us
PWD

FE 0.334

PA 0.343 0.333

UsS 0.553 0.399 0.508

4.4. Common Method Bias Test

As the data in this study were all self-reported from the subjects, the issue of common
method bias may exist. In order to test the extent of the effect of common method bias, this
study utilized Harman’s one-way test and one-way validated factor analysis. Harman’s one-
way test is one of the most commonly used methods to test for common method bias. This
method incorporates the measurement question items of all variables into an exploratory
factor analysis, and the factors are extracted using unrotated principal component analysis.
If the first factor explains more than 40% of the variance, it indicates a serious problem of
common method bias. The explained variance of the first factor in this study’s data without
rotation was 31.951%, which was below the 40% threshold criterion, and initially indicated
that there was no serious common method bias problem in this study’s data.

To further validate the common method bias problem, this study used one-way
validated factor analysis. This method grouped all measurement question items under one
latent variable for validation factor analysis, and if the model fit was poor, it indicated that
there was no serious common method bias. As shown in Table 8, all the fit indicators of the
one-way model did not meet the acceptable criteria (x%/df > 5; GFI < 0.9; CFI < 0.9; RMSEA
> (.08), and the model fit was poor, which further proved that the data of the present study
did not have the problem of serious common method bias, and the data could be subjected
to subsequent analyses.

Table 8. Indicators of one-factor CFA model fit.

Fit Indicator Value Judgment Criteria  Conclusion
X2 11,763.414 — —

df 495.000 — —

x2/df 23.764 <5 Bad

CHI 0.439 >0.90 Bad

TLI 0.401 >0.90 Bad
RMSEA 0.150 <0.08 Bad

SRMR 0.138 <0.08 Bad

GFI 0.467 >0.90 Bad

AGFI 0.396 >0.80 Bad

4.5. Structural Equation Modeling

In this study, structural equation modeling (SEM) was used to test the research hy-
potheses. On the basis of the previous validation factor analysis confirming that the
measurement model has a good fit, the structural model was further constructed to test
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the path relationship between the variables. The path coefficients of structural equation
modeling reflect the direction and strength of the influence of the independent variables
on the dependent variable. In this study, the maximum likelihood method is used for
parameter estimation, and the significance of the path coefficients is judged by the Z-test.
As shown in Table 9, all path coefficients reach a statistically significant level, while the
modified structural equation model diagram of this study is shown in Figure 1.

Table 9. Path coefficients of structural equation model.

Path Unstandardized Standard 7 p Standardized Significance
Coefficient Error Coefficient 3
FE + PWD 0.326 0.042 7.781 <0.001 0.310 o
PA < PWD 0.316 0.046 6.888 <0.001 0.285 o
PA < FE 0.265 0.044 5.979 <0.001 0.251 o
US < PWD 0.212 0.046 4.643 <0.001 0.171 o
US < FE 0.420 0.047 9.021 <0.001 0.356 o
US «+ PA 0.283 0.044 6.386 <0.001 0.253 e

Perception of Wooden

Design
(PWD)

Note: **p < 0.001.

Flow Experience 0300+ Place Attachment

(PE) (PE)

0.379%** 0.380%**
0.310%** 0.127%**

User Satisfaction

0.373%x* (US)

Note: ***P <0.001

Figure 1. Path diagram of the modified structural equation model.

In summary, based on the results of path analysis and mediation tests, all hypotheses
proposed in this study are supported, as detailed in Table 10. Concurrently, the proposed
model diagram has been revised accordingly; please refer to Figure 1.

Table 10. Verification results of hypotheses.

Hypothesis Content Result

Perception of wooden design has a positive effect on
user satisfaction.
Flow experience mediates between the effects of
perception of wooden design on user satisfaction.
Hypothesis 3 (H3) Place atjcachment mediate; between the e.ffects. of Valid
perception of wooden design on user satisfaction.
Flow experience and place attachment mediate the
Hypothesis 4 (H4)  chain between the effects of perception of wooden  Valid

design on user satisfaction.

Hypothesis 1 (H1) Valid

Hypothesis 2 (H2) Valid

4.6. Mediation Effect Analysis

To test the mediation path of the model, this study uses the Bootstrap method for
mediation effect analysis. This method estimates the confidence interval of the indirect
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effect by repeated sampling, and if the 95% confidence interval does not contain 0, it
indicates that the mediation effect is significant. The results of the analysis are shown in
Table 11. The total effect of PWD on US was significant (effect value = 0.597; 95% CI [0.529,
0.642]). Specifically, the direct effect of PWD on US was significant (effect value = 0.428; 95%
CI[0.351, 0.468]), as was the total indirect effect (effect value = 0.169; 95% CI [0.147, 0.200]).
Among the specific indirect pathways, the effect of the pathway “PWD — FE — US” was
significant (effect value = 0.060; 95% CI [0.030, 0.086]), and the effect of the pathway “PWD
— PA — US” was significant (effect value = 0.081; 95% CI [0.067, 0.097]), and there was
a significant effect of the chained path “PWD — FE — PA — US” (effect value = 0.028;
95% C1[0.022, 0.039]). The results suggest that FE and PA play independent and chained
mediating roles in the relationship between PWD and US.

Table 11. Decomposition results of mediating effects.

Path Effect Size  Std. Error V4 p Lower CI  Upper CI  Significance
PWD — FE — US 0.060 0.017 3.453 <0.001  0.030 0.086 o
PWD — PA — US 0.081 0.013 6.465 <0.001  0.067 0.097 i
PWD — FE — PA - US  0.028 0.006 4.860 <0.001  0.022 0.039 A
Total Indirect Effect 0.169 0.018 9.180 <0.001  0.147 0.200 i
PWD — US 0.428 0.039 10.899  <0.001 0.351 0.468 o
Total Effect 0.597 0.040 14951 <0.001 0.529 0.642 wHx

Note: ***p < 0.001.

5. Discussion
5.1. Direct Effects

The results of this study show that there is a significant positive effect of perception of
wooden design on user satisfaction, suggesting that in wooden environments, the user’s
perception of the visual, tactile, and overall ambience of the wood can in itself significantly
enhance their overall evaluation of the space. This result directly supports the hypothesis
that perception of wooden design has a positive effect on user satisfaction. This result
is highly consistent with existing research on the psychological effects of wood indoor
environments. It has been shown that the visual texture and color tone of wood, as a natural
material, can significantly enhance the perceived comfort and environmental quality of a
space and trigger more positive emotional responses [44]. In addition, experimental studies
based on physiological indicators have found that visual stimulation with wood reduces
tension and improves emotional states compared to non-wooden environments, thus
providing the basis for a comfortable experience [45]. Altogether, these results suggest that
the perception of wooden design is enough to directly influence users” overall evaluation of
the space. This study builds on this by further emphasizing that the perception of wooden
design as a material-level perceptual attribute is an important source of environmental
satisfaction. It also reaffirms the positive effect of wood elements on user satisfaction in the
context of a concert hall.

5.2. Chained Mediating Effects

This study further validates that perception of wooden design can significantly en-
hance user satisfaction through the two mediating effects of flow experience and place
attachment. Combined with the results of hypothesis testing, the mediating effect of flow
experience, the mediating effect of place attachment, and the interlocking mediating effect
of flow experience and place attachment are all supported. In a wooden environment, an
individual’s perception of wooden design can create a more immersive and emotionally
rich experiential environment, making it easier for the individual to enter a state of high
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psychological engagement and immersion [46]. It is widely recognized in environmental
psychology research that natural or nature-like environments help to restore attentional
resources and enhance emotional stability, which provides conditions conducive to the
production of immersive experiences and flow experiences [47]. As individuals develop a
stronger sense of immersion in wooden spaces, this positive experience is further trans-
formed into an emotional attachment to place, i.e., place attachment. Place attachment is
believed to stem from the positive experiences that individuals repeatedly accumulate in a
particular environment and is centered on emotional attachment and meaning construc-
tion [48]. It has also been established that emotional experience is an important antecedent
to place attachment formation in culturally and experientially oriented spaces and that
place attachment significantly enhances satisfaction and positive behavioral intentions [49].
Thus, the chain-mediated pathway validated in this study systematically reveals the com-
plete psychotransduction mechanism from material perception to mental immersion to
emotional connection, which ultimately leads to satisfaction. From the SOR framework,
flow experience and place attachment can correspond to immediate experience and stable
emotional connection at the level of the “organism” respectively, which together explain
how the perception of wooden design can be transformed from stimulus to satisfaction,
thus providing theoretical support for the intermediary path of chaining. The two together
explain how the perception of wood design is transformed from stimulus to satisfaction,
thus providing theoretical support for the chain mediation path.

5.3. Research Comparisons

The findings of this study are supported in several research areas, but at the same time
they form meaningful differences and additions to some of the established research. Firstly,
in the field of wood environments and interior design research, there is established research
that generally confirms the positive effects of wood on mood and comfort on both a visual
and tactile level. For example, Watchman’s study found that wood spaces visually create
a warmer and more pleasant feeling, which significantly increases psychological comfort
and spatial satisfaction [44]; Alapieti further noted that wood materials have a positive
impact on indoor environmental quality by regulating humidity and stimulating positive
emotional responses [50]. This is highly consistent with the present study’s emphasis
on the positive effect of perception of wooden design on satisfaction. However, unlike
some of the studies that focus only on material preference or comfort ratings, the present
study further reveals the psychologically mediated mechanisms behind this perceptual
effect, expanding the explanatory depth of material perception research [51]. In cultural
and experiential space research, some studies have placed more emphasis on the impact
of functional or technical factors on satisfaction. Further, the innovation of this paper’s
“mechanistic explanation” is mainly reflected in the complementary and deepening of the
existing research orientation: compared with the previous “performance-appraisal” or
“preference-satisfaction” conclusions that are based on the acoustic properties of wood or
visual preferences of the material [52], this paper operationalizes wood design perception
as an integrated stimulus that includes multi-sensory cues such as vision, touch, smell and
acoustic comfort. In this paper, we operationalize the perception of wooden design as a
multisensory stimulus with visual, tactile, olfactory, and acoustic comfort cues and further
examine how it transduces satisfaction through a continuum of internal psychological
states within the SOR framework [53] states to realize the conduction of satisfaction. For
example, in a study of museums and cultural buildings, Yalgin et al. found that wooden
structures not only have technical and structural functions but also enhance the immersion
and emotional resonance of a space through visual and sensory dimensions [54]. Compared
to that, this study, by introducing the variables of flow experience and place attachment,
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shows that material perception and emotional immersion are still important complemen-
tary paths for satisfaction formation even in cultural buildings with strong functional
orientation. The path structure of this study also shows differences compared to some
service- or management-centered studies. Yu points out that in hotel space, the application
of perception theory directly affects satisfaction mainly through service experience and
functional layout [55]. In contrast, Zhao’s study found a significant interaction between
material properties and restorative experiences in residential settings [56]. The findings
of this study further complement this discrepancy by pointing out that in spaces centered
on aesthetic and cultural experiences, the mind-flow experience plays a key role between
design perception and place attachment, emphasizing that psychological immersion rather
than functional attributes have a more significant impact on satisfaction. In contrast to
macro-environmental or city-scale place attachment studies, this study cuts through the
microlevel of material perception to reveal how place attachment is gradually constructed
within cultural buildings. Similarly, Zou et al. point out in their study of wooden Buddhist
temples in China that wooden structures construct a “sense of the sacred” and a sense of
place through the emotional resonance between material and space, which provides a new
perspective to understand the material and spiritual dimensions of place attachment [57]. In
doing so, this study confirms that place attachment not only stems from social interactions
or long-term residence but can also be triggered in a relatively short period of time through
high-quality spatial experiences.

5.4. Theoretical Contributions and Practical Contributions

At the theoretical level, the main contributions of this study lie in the following three
points. First, this study introduces flow experience into the context of architectural and
environmental psychology, showing that mind-flow does not only occur in digital products
or explicit task activities but also in experience-centered spaces such as cultural buildings,
where environmental cues may also trigger a high degree of concentration and immersion,
thus expanding the boundaries of the applicability of the theory of mind-flow. Second, this
study deepens the mechanism of place attachment from material perception, emphasizing
that place attachment not only comes from long-term use or functional dependence but
also may be driven by high-quality sensory experience and emotional immersion. Third,
by constructing a chain model, the study further structured the “O” in the SOR framework
into two levels—immediate immersion and more stable emotional connection—which
explains more clearly how material perception is transformed into the psychological path
of satisfaction.

On the practical level, this study provides a clearer starting point for the design and
operation of wooden cultural buildings. At the design level, the intuitive approach of “the
more wood the better” should be avoided, and instead, the combined visual, tactile and
acoustic advantages of wood should be systematically utilized to create an experiential at-
mosphere that is conducive to concentration and emotional recovery; at the operation level,
the user’s sense of engagement and emotional resonance can be strengthened through
spatial narratives, activity planning, and guidance of the viewing process to make the
immersion experience more easily precipitated into a place attachment. At the evaluation
level, it is suggested to add psychological indicators such as flow experience and place
attachment in addition to the traditional technical indicators, which can be used to portray
the experience value and optimization direction of cultural buildings in a more comprehen-
sive way. It is important to emphasize that the design insights in this paper are intended to
provide “mechanism-oriented” decision-making rather than generalized material prescrip-
tions. The implementation of a wood strategy needs to take into account project-specific
costs and life cycle costs, fire safety and fire code requirements, maintenance and durability
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(e.g., wear and tear, moisture, cleanliness management), sustainable sources and certifica-
tions (e.g., legal logging and supply chain stability), and possible acoustic trade-offs with
target acoustic metrics (e.g., the impact of different wood configurations and finishes on
reverberation, absorption/diffusion, and optimization in concert with acoustic design need
to be optimized in concert with the acoustic design). It is therefore recommended that the
psycho-benefits of wood be evaluated in the same framework as engineering performance,
operational management and compliance requirements, resulting in differentiated material
and construction combinations for different budgets, codes and scenarios.

5.5. Limitations and Recommendations

Although this study verifies the direct effect of perception of wooden design on
satisfaction and the chain mediation mechanism of “flow experience-place attachment”,
the following limitations should be noted: this study adopts cross-sectional data, which
is able to test the statistical correlation between variables, but the inference of the causal
direction and dynamic process is still limited; in the future, it can be further verified by
longitudinal tracking or experimental design. The sample mainly relies on the core wood
features of concert hall scenes, and more evidence is needed to extrapolate to other material-
dominated spaces or different cultural contexts; at the same time, the present study relied
on self-reported questionnaires, and despite the test of common methodological bias, it may
still be affected by the influence of social expectations and recall bias. Objective indicators
such as physiological, behavioral, and qualitative methods can be introduced to enhance
the validity of the measurements; in addition, the potential moderating effects of individual
differences (e.g., musical literacy, aesthetic preferences) and situational factors (e.g., types
of performances, seating locations) have not yet been sufficiently incorporated, and more
complex models can help to further reveal the boundary conditions. Future research could
focus on the above directions in order to more clearly define the scope of application and
explanatory power of the “design—-psychology—satisfaction” mechanism.

It should also be noted that wood may carry different symbolic meanings (e.g., tradi-
tion, warmth, rituals, or sustainable associations) in different regions, and sensory prefer-
ences such as smell/touch may also be culturally different; therefore, the applicability of the
psychological mechanisms derived from the Chinese wooden concert halls to other cultures
and building types will have to be further tested in cross-cultural and multi-scenario com-
parative studies. In addition, future research could incorporate real-world variables such
as cost constraints, fire codes, maintenance costs, sustainable supply chains, and acoustic
performance indicators into a comparative framework or multi-case study, in order to more
systematically assess the implementability and comprehensive benefits of wood strategies
under different conditions.

It should also be noted that the concert hall experience is often shaped by a combi-
nation of environmental cues, such as lighting ambience, spatial layout, seating comfort,
overall acoustic conditions, and crowd density at the time of the performance, which may
simultaneously influence flow experience, place attachment, and user satisfaction. There-
fore, the results of this paper should be interpreted as a result of the perception of wooden
design as one of the important environmental cues that work together with other environ-
mental factors to contribute to the overall experience in the context of a real performance,
rather than as a “completely isolated” causal estimation of the psychological effect of wood.
Future research could use the above environmental variables as controls in combination
with multi-venue objective measurements (e.g., illuminance, reverberation time, seating
parameters, flow density, etc.) or experimental manipulation designs to further identify the
relative contributions and boundary conditions of wood perception.
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In addition, this paper mainly discusses the experiential benefits of wood design in
terms of environmental psychological mechanisms and has not yet quantitatively assessed
the life cycle environmental performance (e.g., carbon footprint, energy consumption, main-
tenance and renewal costs, etc.) of wood applications. Future research could incorporate
life cycle assessment (LCA) methods to integrate psychological benefits and ecological
performance into a unified analytical framework to support more comprehensive material
decisions and sustainable design practices.

6. Conclusions

In this study, we constructed and tested a chain mediation model between perception
of wooden design, flow experience, place attachment and user satisfaction and revealed
the intrinsic mechanism by which the wooden environment of a concert hall affects user
experience and evaluation. The conclusions of the study include: (1) perception of wooden
design has a significant positive effect on user satisfaction; (2) flow experience and place
attachment play a significant mediating role in the relationship of perception of wooden
design-user satisfaction; (3) there is a significant chain mediation path, “perception of
wooden design — flow experience — place attachment — user satisfaction”, suggesting
that wooden environments can enhance satisfaction by facilitating immersive experiences
and strengthening emotional connections. At the theoretical level, this study validates and
refines the explanatory power of the stimulus-organism-response (SOR) framework in
the chain of “material perception-mental state-satisfaction” and expands the applicability
of the mind-flow theory to non-task immersion. It also expands the boundaries of flow
experience theory in non-task immersive spaces and adds empirical evidence that high-
quality sensory experiences can facilitate place attachment formation. On the practical level,
the study suggests that cultural architectural design should consider natural materials, such
as wood, as a systematic design tool with psychological benefits and that the operation
and evaluation of cultural spaces can be more comprehensively measured by guiding
immersion through experiential processes and incorporating psychological indicators such
as flow experience and place attachment. Although the study is based on the concert hall
context, its mechanism is also relevant to cultural spaces such as theaters, art museums
and libraries.
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