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Abstract

Modular living walls (MLWs) are increasingly adopted as biophilic facade interventions
in high-end commercial environments, yet their behavioural effects at luxury retail en-
trances remain underexplored. Grounded in the stimulus—-organism-response framework,
this study investigates how MLWs integrated into luxury retail fagades influence visitors’
perceptual, emotional, and behavioural responses at the Beauty Galleria of The Exchange
TRX, Kuala Lumpur. Using a field-based survey and structural equation modelling with
400 visitors, the study examines the relationships among MLW presence, perceived natural-
ness, pleasure, arousal, perceived restorativeness, fagade attractiveness, and behavioural
intentions. The results show that MLWs significantly enhance perceived naturalness,
pleasure, arousal, and perceived restorativeness. These organismic responses positively
influence perceived fagade attractiveness, which in turn strongly predicts both approach
intention and photo-taking intention. Facade attractiveness emerged as a central mediating
mechanism, while the indirect effect of MLWSs on behavioural intentions was significant.
The model explained a substantial proportion of variance in fagade attractiveness and
confirmed that consumer responses to biophilic facades are primarily shaped through
sequential perceptual and affective processes rather than direct stimulus effects. This
study extends the application of the S-O-R framework to facade-level biophilic design
and provides practical evidence that MLWs can enhance first impressions and consumer
engagement in luxury retail environments.

Keywords: biophilic facade design; modular living walls; stimulus—organism-response
framework; luxury retail environments; consumer behavioural intentions; fagade attractiveness

1. Introduction

Sustainable retail architecture has gained increasing attention in rapidly urbanising
regions, particularly within high-density commercial districts of Southeast Asia [1]. Beyond
environmental performance, contemporary retail developments are increasingly expected
to deliver experiential quality, psychological comfort, and symbolic value aligned with
evolving consumer expectations for sustainability and well-being [2—4]. In luxury retail
environments, architectural design plays a decisive role in shaping first impressions, emo-
tional appraisal, and pre-entry behavioural responses, as consumers often form judgements
within a limited time before engaging with interior spaces [5,6].
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Despite growing academic and institutional advocacy for green building practices, the
implementation of comprehensive sustainability strategies in luxury retail developments
remains uneven [7,8]. Previous studies consistently identify high initial investment costs,
limited technical capacity, fragmented stakeholder coordination, and uncertainty regarding
economic returns as key barriers to adopting advanced green building technologies [9-12].
These challenges are particularly pronounced in retail-oriented projects, where commercial
priorities often favour construction efficiency, leasable floor area, and brand visibility over
environmental integration [13-15]. As a result, sustainability objectives are frequently
negotiated or deferred during the design and delivery of high-end commercial buildings.

Within this context, modular living wall (MLW) architectural interventions have
emerged as a pragmatic strategy for integrating sustainability-oriented design without
requiring full-scale modification of building systems [16,17]. Facades function as the
most immediate architectural interface between retail buildings and the public realm,
conveying identity, quality, and experiential promise within brief visual encounters [18,19].
In retail architecture, entrance fagades are particularly influential because they operate
under conditions of limited exposure time and must rapidly stimulate approach-oriented
decisions, such as entry or avoidance [20]. Empirical research has shown that facade
composition, material articulation, and visual coherence significantly influence aesthetic
preference and customer approach behaviour [21,22].

Biophilic design has been increasingly recognised as an effective architectural strategy
for enhancing emotional well-being and perceptual comfort in built environments [23,24].
Rooted in the concept of humans’ innate affinity for nature [25], biophilic interventions
have been shown to elicit positive affective responses, reduce stress, and support cognitive
restoration, even under brief visual exposure [26-28]. In retail settings, visual contact with
natural elements is associated with increased pleasure, moderate arousal, and stronger
engagement intentions [29], contributing to more favourable evaluations of commercial
spaces [30,31]. These effects are especially relevant at retail entrances, where visitors rely
on rapid visual cues to form initial judgements prior to physical entry [32,33].

Among biophilic strategies, MLWs represent a distinctive fagade-level intervention
that integrates vegetation into vertical architectural surfaces through prefabricated and
scalable systems [34]. Compared with horizontal landscaping or planter-based green-
ery, MLWs offer heightened visual salience and adaptability to dense urban contexts
where ground-level green space is limited [35,36]. Existing research has documented their
environmental benefits, including thermal regulation, air-quality improvement, and eco-
logical enhancement [37,38]. Psychological studies further suggest that living wall systems
enhance perceived naturalness, tranquillity, and restorativeness, contributing to mood
improvement and stress recovery [39,40].

However, empirical evidence on the psychological and behavioural effects of MLWs
at retail entrance facades remains limited. Research has predominantly focused on in-
terior environments, residential settings, or general urban streetscapes, while studies
on retail facades continue to emphasise transparency, signage, and material expression.
Consequently, the role of facade-integrated vegetation in shaping consumers’ pre-entry
psychological appraisal, aesthetic evaluation, and behavioural intentions has not been
systematically examined under real-world conditions, particularly within luxury retail
contexts. Field-based studies comparing consumer responses to retail entrance fagades
with and without MLWs within controlled spatial environments are notably lacking.

The stimulus—-organism-response (S-O-R) framework provides a robust theoretical
foundation for addressing this gap. Originally developed in environmental psychology [41],
the framework explains how environmental stimuli activate internal perceptual and affec-
tive states that subsequently shape behavioural responses. In retail architecture, S-O-R has
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been widely applied to examine how physical environments influence emotional appraisal
and approach behaviour [42,43]. Fagade-level applications of this framework are particu-
larly appropriate, as entrance design functions as a pre-entry stimulus encountered before
consumers engage with interior atmospherics.

This study focuses on the Beauty Galleria at The Exchange TRX, Kuala Lumpur,
a luxury retail zone that incorporates entrance facades both with and without MLWs
within the same architectural and commercial setting. This configuration enables a quasi-
experimental comparison of facade conditions while holding broader contextual factors
constant. Accordingly, the objectives of this study are threefold:

o  To examine the effects of MLWs at luxury retail entrance fagades on visitors’ perceived
naturalness, pleasure, arousal, and perceived restorativeness.

e To investigate how these perceptual and emotional responses influence perceived
fa-cade attractiveness.

e To assess whether facade attractiveness mediates the relationship between these or-
ganismic responses and visitors” behavioural intentions, specifically approach inten-
tion and photo-taking or sharing intention.

Specifically, this research investigates the sequential psychological mechanisms
through which facade-level biophilic design affects consumer behaviour, focusing on
perceived naturalness, emotional and restorative responses, and perceived fagade attractive-
ness as mediating constructs. In doing so, the study makes a clear theoretical contribution
by advancing S-O-R theory from interior retail environments to fagade-level biophilic
stimuli, and by identifying facade attractiveness as a central evaluative mechanism linking
environmental cues to behavioural intentions. From a practical perspective, the findings
offer evidence-based insights into how modular living walls can function as low-intrusion,
high-impact design interventions capable of enhancing first impressions and consumer
engagement in luxury retail environments.

2. Research Model and Hypotheses
2.1. Conceptual Framework

This study develops a conceptual framework grounded in the S-O-R paradigm to
examine how facade-level biophilic interventions influence visitors” emotional appraisal,
aesthetic evaluation, and behavioural intentions in luxury retail environments. The S-O-R
framework conceptualises the built environment as an external stimulus that activates inter-
nal perceptual and affective states, which subsequently shape behavioural responses [41,44].
This framework is particularly appropriate for retail entrance contexts, where visitors are
exposed to architectural cues briefly and form rapid pre-entry evaluations.

In the proposed model, the presence of MLWs integrated into a retail entrance facade
is operationalised as the environmental stimulus. As a visually salient biophilic feature,
MLWs introduce natural form, texture, and colour into the facade plane, distinguishing
them from conventional retail entrances dominated by hard materials and branding el-
ements. Encountered prior to physical entry, MLWs function as first-impression stimuli
rather than interior atmospheric conditions. The organismic stage of the model captures
visitors” internal responses triggered by facade exposure and includes four constructs:
perceived naturalness, pleasure, arousal, and perceived restorativeness. Perceived natural-
ness reflects the cognitive recognition of natural cues, pleasure and arousal represent core
affective dimensions relevant to visually mediated architectural experience, and perceived
restorativeness captures a higher-order psychological response associated with mental
relaxation and cognitive recovery.

Perceived fagade attractiveness is positioned as a central evaluative construct that inte-
grates perceptual, emotional, and restorative responses into an overall aesthetic judgement.
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In retail architecture, facade attractiveness plays a critical role in shaping first impressions
and mediating the translation of internal responses into behavioural tendencies [20,22].
The response stage of the model consists of approach intention and photo-taking or sharing
intention, reflecting both physical engagement with the retail environment and visually
driven interaction that is increasingly relevant in contemporary luxury retail settings. The
proposed framework, therefore, captures a sequential process through which MLWs influ-
ence behavioural intentions indirectly via perceptual, affective, and evaluative mechanisms.

2.2. Hypothesis Development
2.2.1. MLWs, Organismic Responses, and Fagade Attractiveness

Biophilic design theory suggests that exposure to natural elements enhances per-
ceptions of naturalness and elicits positive emotional and restorative responses [45]. As
MLWs visually introduce vegetation into the fagade plane, they are expected to strengthen
visitors’ perceptions of naturalness and stimulate favourable affective and psychological
reactions [46]. Accordingly, the following hypotheses are proposed:

H1la. The presence of MLWs at retail entrance fagades positively influences visitors” perceived
naturalness.

H1b. The presence of MLWs at retail entrance fagades positively influences visitors’ pleasure.
H1lc. The presence of MLWs at retail entrance facades positively influences visitors” arousal.

H1d. The presence of MLWs at retail entrance fagades positively influences visitors’ perceived
restorativeness.

Emotional and restorative responses play a key role in shaping aesthetic judgements
of architectural environments [47]. Prior research indicates that perceptions of naturalness,
pleasure, arousal, and restorativeness contribute to more favourable evaluations of spatial
quality and visual appeal [48]. In pre-entry retail contexts, these organismic responses
are expected to inform visitors’ overall assessment of facade attractiveness [49]. Thus, the
following hypotheses are formulated:

H2a. Perceived naturalness is positively associated with perceived facade attractiveness.
H2b. Pleasure is positively associated with perceived fagade attractiveness.
H2c. Arousal is positively associated with perceived fagade attractiveness.

H2d. Perceived restorativeness is positively associated with perceived facade attractiveness.

2.2.2. Facade Attractiveness, Behavioural Intentions, and Mediation Effects

Fagade attractiveness represents a critical determinant of pre-entry behavioural tenden-
cies in retail environments [50]. Attractive facades are more likely to encourage approach-
oriented behaviour and visually driven engagement, particularly in luxury retail contexts
where aesthetic distinction and experiential value are emphasised [51]. Accordingly, the
following hypotheses are proposed:

H3. Perceived fagade attractiveness positively influences visitors” approach intention toward the
retail environment.

H4. Perceived fagade attractiveness positively influences visitors’ photo-taking or sharing intention.
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Based on the S-O-R framework, behavioural intentions are theorised to arise indirectly
through internal organismic processes rather than as direct responses to environmental
stimuli. In this study, perceived facade attractiveness is expected to function as a key
mediating mechanism through which perceptual, emotional, and restorative responses
influence behavioural intentions. Therefore, the final hypothesis is stated as follows:

H5. Perceived fagade attractiveness mediates the relationships between perceived naturalness,
pleasure, arousal, perceived restorativeness, and visitors” behavioural intentions.

Figure 1 illustrates the proposed research model. The presence of a modular living
wall is operationalised as a binary facade-level stimulus distinguishing entrances with
and without MLW exposure. This stimulus is hypothesised to activate organismic re-
sponses that shape perceived fagade attractiveness, which in turn influences behavioural
intentions. Consistent with the S-O-R logic, the model specifies a sequential mediation
structure linking architectural stimulus, internal appraisal processes, aesthetic evaluation,
and behavioural outcomes under real-world retail exposure conditions.

MLW

(0 = No MLW, 1= MLW)

Perceived Fagade
Attractiveness

j Perceived
Perceived Naturalness Restorativeness

Approach Intention

Photo-taking / Sharing
Intention

Approach Intention

Figure 1. Research model.

3. Methods
3.1. Research Design

This study employs a quantitative, cross-sectional research design to evaluate how
MLWs at retail entrances influence visitor emotions, aesthetic appraisals, and behavioural
intentions. Grounded in the S—-O-R framework [41], the model conceptualises biophilic
architectural features as environmental stimuli (S) that elicit internal organismic states
(O), which subsequently drive behavioural outcomes (R). Data were collected via direct
field surveys at Beauty Galleria, Kuala Lumpur, between October and November 2025.
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This period was selected to capture regular on-site visitor responses under normal mall
operating conditions rather than during a single short-term promotional event. Although
October-November may coincide with variations in weekend footfall and pre-year-end
consumer activity, the study did not target any specific festive campaign or seasonal
intervention. Data collection was conducted across multiple weekends and evening periods
to reduce the influence of short-term temporal fluctuations and to obtain responses from
a broader range of mall users. This in situ approach ensures high ecological validity, as
participants experienced the architectural features in a real-world luxury retail setting
rather than through simulated or experimental manipulation. Such field-based designs
are well-established in environmental psychology for capturing authentic relationships
between spatial attributes and consumer responses [52,53]. The research utilises a quasi-
experimental comparative structure:

e Stimulus (S): MLWSs’ presence, operationalized as a binary independent variable
(0 = without MLWs, n = 198; 1 = with MLWs, n = 202).

e  Organism (O): Mediating variables including perceived naturalness, pleasure, arousal,
and perceived restorativeness.

e  Response (R): Dependent variables comprising perceived facade attractiveness and
behavioural intentions (approach and photo-taking).

To ensure robust statistical power, a G*Power 3.1 analysis determined an optimal
sample size of N = 387 (for effect size f> = 0.15, a = 0.05). The final sample (N = 400)
exceeds the requirements for covariance-based structural equation modelling (SEM). While
the design primarily yields associational insights, the comparative grouping within a
single mall environment enhances internal validity by controlling for broader contextual
variables [54,55].

3.2. Study Site

The study was conducted at the Beauty Galleria within The Exchange TRX, Kuala
Lumpur. The Exchange TRX is a major mixed-use development positioned as a high-end
commercial and financial hub, incorporating luxury retail environments with a strong
emphasis on architectural quality and experiential design. The Beauty Galleria represents a
designated luxury beauty retail zone within the mall and features multiple flagship stores
with visually comparable entrance fagcades, some of which integrate modular living wall
systems (Figure 2) while others do not.

This spatial configuration provides a suitable research setting for a controlled compar-
ison of fagade conditions, as visitors are exposed to both MLW and non-MLW entrances
within the same climatic, cultural, and commercial environment. The site was selected
not because it represents typical Malaysian commercial architecture in a general sense,
but because it offers a well-defined luxury retail context in which facade-level biophilic
interventions are visibly integrated and can be compared under relatively consistent en-
vironmental conditions. In this respect, The Exchange TRX should be understood as a
strategically selected case study rather than a fully representative example of all Malaysian
retail architecture.

Accordingly, the findings are most directly applicable to contemporary high-end
urban retail settings that prioritise experiential design and strong visual branding. While
the underlying perceptual mechanisms identified in this study may also be relevant to
other commercial environments, caution is needed in generalising the results to more
conventional retail buildings, suburban malls, or lower-cost commercial typologies.
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Figure 2. MLW installations at the entrances of luxury retail stores (Givenchy and Guerlain) in the
Beauty Galleria, The Exchange TRX. (a) MLWs left-side view; (b) MLWs right-side view.

As illustrated in Figure 3, the MLWs at Beauty Galleria employ a diverse palette of
tropical plant species to enhance visual salience and organic complexity. These include vari-
eties such as Monstera adansonii (Figure 3a), Philodendron hederaceum ‘Lemon Lime’ (Figure 3b),
Philodendron xanadu (Figure 3c), Heptapleurum arboricola Hayata (Figure 3d), Epipremnum
aureum (Figure 3e), and Aglaonema (Figure 3f), which were selected for their contrasting
leaf textures and vibrant hues (greens and reds) [56,57]. This botanical diversity is essential
for stimulating ‘soft fascination” and cognitive restoration among visitors to the Beauty
Galleria [58]. While the quasi-experimental design offers high realism, it is acknowledged
that certain botanical and physical attributes of the MLWSs were not strictly controlled in
the structural model.

S » N B ‘.; \
() (e) M

Figure 3. Detailed botanical composition of the MLWs. (a) Monstera adansonii; (b) Philodendron
hederaceum 'Lemon Lime’; (c) Philodendron Xanadu; (d) Heptapleurum arboricola Hayata; (e) Epipremnum
aureum; (£) Aglaonema.
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3.3. Participants and Sampling

Participants were adult visitors of The Exchange TRX Mall, Kuala Lumpur, aged
18-60 years (N = 432). Surveys were administered within a <20 m radius from retail entrances.
A non-probability intercept sampling method was employed, whereby visitors encountered in
public circulation zones near retail entrances were invited to participate voluntarily. Although
non-probability sampling limits statistical generalisability, this approach is appropriate for
site-specific architectural perception studies focusing on real users in situ. This sampling
approach is widely accepted in architectural and environmental behaviour research, where
the population of interest consists of real-time users of a specific built environment [52,59,60].
Eligibility criteria required participants to be 18 years of age or older and to have visually expe-
rienced at least one retail entrance facade during their visit. Visitors who had not approached
or observed a retail entrance were excluded to ensure meaningful architectural exposure.
Participation was voluntary, and no incentives were offered. Cases with missing values or
straight-lining responses were excluded, resulting in a final usable sample of 400 (92.6%
response rate). The final sample size exceeded recommended minimum thresholds for SEM,
satisfying both absolute sample size and parameter-to-observation ratio guidelines [54,55].
All participants participated after providing informed consent. We maintained anonymity
and confidentiality throughout the study.

3.4. Survey Instrument

We gathered data using a structured, closed-ended survey questionnaire with multiple-
item scales measured using a five-point Likert scale ranging from 1 (strongly disagree) to
5 (strongly agree). The survey instrument consisted of six latent constructs adapted from
the earlier literature: perceived naturalness and perceived restorativeness [61], pleasure
and arousal, perceived fagade attractiveness [62], approach intention, and photo-taking
intention [63] to ensure content validity. MLW exposure was coded as a binary variable
(0 = absence of MLWs; 1 = presence of MLWs) based on the facade condition observed by
participants, enabling direct comparison of perceptual and behavioural responses within
the SEM framework. This operationalisation was appropriate for testing the overall S-O-R
mechanism in a real retail setting; however, it should be noted that MLWs are not uniform
design elements. Their effects may vary according to specific characteristics such as plant
species composition, physiological condition, colour contrast, lighting, maintenance quality,
and the degree of integration with the broader facade design.

3.5. Pilot Study

We conducted a pilot study involving 50 visitors to the Beauty Galleria to assess reliability
and validity of the survey instrument using SPSS 26.0. N = 50 pre-test. Cronbach’s « = 0.87
(subscales 0.82-0.88). EFA: KMO = 0.89, Bartlett’s x* = 1243.6 (p < 0.001), 68.4% variance
explained (6 factors, eigenvalues > 1.0). Two items deleted (NAT3 A = 0.58, ATT2 cross-
loading = 0.42). Items with less factor loadings, cross-loadings, or weak communalities were
excluded from the study. Refined survey instrument was used for further data collection.

3.6. Procedure

Data was collected during a four-week period between October and November 2025,
during weekends to ensure peak visitor activity at the mall. We collected data during week-
ends and evenings when foot traffic is higher with various populations in order to avoid
sampling bias [64]. Each subject received a brief information sheet containing the study’s
purpose, voluntary participation, confidentiality of gathered information, and estimated
completion time. Informed consent was obtained prior to participation, consistent with
ethical standards for minimal-risk behavioural research [65]. The duration of the survey
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was nearly eight minutes. Questionnaire items were shown as construct-based blocks,
and perceptual items were randomised to reduce priming effects during administration.
We used fully completed questionnaires for analysis, and incomplete survey forms were
excluded [66]. Approval to gather survey responses was obtained from The Exchange TRX
Mall management prior to data collection. Participation was entirely voluntary, and no
personal data were collected to maintain confidentiality. Given the non-invasive nature of
our study and use of anonymous survey data from human subjects, our research followed
standard ethical guidelines for minimal-risk behavioural research.

3.7. Data Analysis

Data analysis was done using SPSS in a multi-stage procedure. Preliminary analyses
were conducted to assess missing data, outliers, and normality. Descriptive statistics were
estimated to summarise the demographic profile of subjects. SEM was performed using
AMOS 29. Our measurement model was assessed using confirmatory factor analysis (CFA)
to quantify factor loadings, composite reliability, convergent validity, and discriminant
validity. Model fitness was assessed using x?/df ratio, Comparative Fit Index (CFI), Tucker—
Lewis Index (TLI), Root Mean Square Error of Approximation (RMSEA), Standardised Root
Mean Square Residual (SRMR), and Goodness-of-Fit index (GFI), following established
criteria by [67,68].

The measurement model demonstrated a good fit to the data, with %2 (362) = 855.32,
x?/df = 2.36, CFI = 0.964, TLI = 0.959, RMSEA = 0.052 (90% CI: 0.048-0.056), and
SRMR = 0.045. These values indicate that the proposed measurement structure was ac-
ceptable and suitable for subsequent structural model testing. All fit indices exceeded Hu
and Bentler (1999) [67] thresholds. Harman's single-factor test extracted 32.4% variance
(<50% threshold). Full collinearity VIFs ranged 1.8-2.8 (<3.3 threshold). Following satisfac-
tory measurement validation, the structural model was tested to examine hypothesised
relationships among facade conditions, emotional responses, perceived attractiveness, and
retail approach intention. Indirect and mediation effects were assessed using bootstrapping
with 5000 resamples and 95% confidence intervals. SEM was selected due to its ability to
account for latent construct measurement error, test complex mediation pathways, and
provide a theory-driven understanding of architectural influence on consumer behaviour.

4. Results
4.1. Demographic Profile of Respondents

SEM was conducted using responses from 400 The Exchange TRX visitors to the
Beauty Galleria. Sample characteristics are summarised in Table 1.

The demographic profile of the respondents is summarised in Table 1. The sample
(N = 400) was relatively balanced across age groups, with each category representing approx-
imately one-fifth of the respondents. Gender distribution was also balanced, with similar
proportions of male, female, and respondents who preferred not to disclose their gender. Visit
frequency indicated that a substantial proportion of respondents were regular visitors to the
mall, while familiarity with the Beauty Galleria was generally high, with 67.0% reporting that
they were very familiar with the setting. Visit purposes were also broadly distributed across
leisure, shopping, dining, passing through, and work-related activities, suggesting that the
sample captured a diverse range of users of the luxury retail environment.

The motivations for visiting the Beauty Galleria were highly diversified, reflecting
a representative cross-section of luxury retail users. As depicted in Figure 4, the visit
purposes were nearly evenly distributed across five primary categories:

° Entertainment/Leisure: 20.50%.
e  Shopping: 20.25%.
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e  Dining: 20.00%.

e  Passing through: 20.00%.

e  Work/Meeting: 19.25%. This balanced distribution indicates that the “Perception—
Emotion-Behaviour” pathways identified in the S-O-R model remain stable across
various functional goals, supporting the generalizability of the biophilic impact within
luxury retail environments.

Table 1. Sample characteristics (N = 400).

Variables n % M SD
Age category (coded) 3.02 1.435
18-24 83 20.75
25-34 75 18.8
35-44 76 19
45-55 83 20.75
55+ 83 20.75
Gender 2.00 0.816
Male 134 33.5
Female 134 33.5
Prefer not say 132 33.0
Visit Frequency 2.56 1111
1-2 times 91 22.8
3-5 times 100 25.0
6-10 times 103 25.8
>10 times 106 26.5
Familiarity
Very familiar 268 67.0
Somewhat familiar 132 33.0
25%
20%

15%

10%

5%

0
Shopping Dining Ente[teai;rl\]:r;ent Work / Meeting Passing through

Figure 4. Visit purpose distribution bar chart.
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4.2. Measurement Model: Reliability and Validity

The measurement model was quantified using confirmatory factor analysis. Reli-
ability and validity of the findings were reported in Table 2. All constructs showed a
satisfactory level of internal consistency. Arousal showed the highest reliability (« = 0.922,
AVE = 0.68), indicating strong one-dimensionality among emotional factors. All constructs
exceeded Fornell-Larcker (1981) [69] thresholds (CR > 0.70, AVE > 0.50), where perceived
attractiveness revealed optimal balance (CR = 0.88, AVE = 0.59). Scale means ranged from
M = 19.85 to 20.57, reflecting consistently positive visitor appraisals of MLWs-enhanced
facades. We assessed discriminant validity using the Fornell-Larcker criterion. Our re-
sults show that AVE value of each construct exceeds its squared correlations with other
constructs. Our findings indicated that our measurement model demonstrated acceptable
psychometric properties.

Table 2. Measurement model results (N = 400).

Construct Cronbach’s x CR AVE Scale Mean Scale SD
Perceived Naturalness (B) 0.880 0.88 0.58 19.85 5.61
Pleasure (C) 0.880 0.88 0.59 20.57 5.51
Arousal (D) 0.922 0.92 0.68 20.41 6.49
Perceived Restorativeness (E)  0.887 0.89 0.60 20.28 5.57
Perceived Attractiveness (F) 0.883 0.88 0.59 20.31 5.55
Approach Intention (G1) 0.885 0.89 0.57 20.38 5.56
Photo-taking Intention (G2) 0.886 0.88 0.58 20.68 5.62

Table 3 shows the model fit indices of structural and measurement models. Measure-
ment model demonstrated good fit to the data (x?/df = 2.36, CFI = 0.964, TLI = 0.959,
RMSEA = 0.052, and SRMR = 0.045) and the structural model also revealed acceptable
fitness (x?/df = 2.42, CFI = 0.958, TLI = 0.953, RMSEA = 0.054, and SRMR = 0.047), meeting
threshold levels for SEM model Hu and Bentler (1999) [67] criteria. A slight increase in x>
values shows the addition of structural paths without evidence of model misspecification.

Table 3. Model fit indices.

Index Measurement Model Structural Model Threshold
X2 (362) 855.32 1328.45 (548) -

x2/df 2.36 2.42 <3.0

CFI 0.964 0.958 >0.95

TLI 0.959 0.953 >0.95
RMSEA 0.052 [0.048,0.056] 0.054 [0.050,0.058] <0.08
SRMR 0.045 0.047 <0.08

4.3. Structural Model and Hypothesis Testing

Standardised path estimates for the structural model are presented in Table 4 and
illustrated in Figure 5. The presence of MLWs at luxury beauty retail entrance fagades was
positively associated with perceived naturalness ( = 0.372, p < 0.001), pleasure (8 = 0.341,
p <0.001), arousal (B = 0.289, p < 0.001), and perceived restorativeness (8 = 0.318, p < 0.001).
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Table 4. Structural path estimates (standardised 3, N = 400).

Hypothesis Structural Path Standardised B CR (2) p-Value Result
Hla MLWs — Perceived Naturalness 0.372 7.85 <0.001 Supported
Hib MLWs — Pleasure 0.341 7.42 <0.001 Supported
Hlc MLWs — Arousal 0.289 6.91 <0.001 Supported
Hid MLWs — Perceived Restorativeness 0.318 7.26 <0.001 Supported
Hoa Percen{ed Naturalness — Perceived Fagade 0320 8.14 <0.001 Supported

Attractiveness
H2b Pleasure — Perceived Facade Attractiveness 0.472 10.36 <0.001 Supported
H2c Arousal — Perceived Facade Attractiveness 0.278 6.88 <0.001 Supported
Perceived Restorativeness — Perceived
H2d Facade Attractiveness 0.242 6.31 <0.001 Supported
H3 Perceived Fagade.z Attractiveness — 0.618 13.47 <0.001 Supported
Approach Intention
Ha Perceived Facade Attractiveness — 0,590 12.92 <0.001 Supported

Photo-taking Intention

Note: CR refers to the critical ratio (z-value). All paths are statistically significant at p < 0.001. The predictors
jointly explained 68% of the variance in perceived fagade attractiveness (R = 0.68). Perceived fagade attractiveness
explained 42% of the variance in approach intention.

0.372* Perceived :
Naturalness

Modular
Living Wall
(MLW)

Behavioral
Intention

Approach |0.618*
Intention

/ !
e Photo-taking|0.590*

v
— Intention

Indirect Effect: 8 = 0.352, 95% Cl [0.258, 0.449], p < 0.001

Figure 5. SOR model. Note: The coefficients are standardised composite effects indicating statistical
significance at * p < 0.001. Emotional response and behavioural intention are modelled as second-order
latent constructs.

These organismic responses were, in turn, positively associated with perceived facade
attractiveness, including perceived naturalness (8 = 0.320, p < 0.001), pleasure (8 = 0.472,
p <0.001), arousal (8 = 0.278, p < 0.001), and perceived restorativeness (8 = 0.242, p < 0.001),
jointly explaining 68% of the variance in facade attractiveness (R* = 0.68).

Perceived fagade attractiveness further predicted both approach intention (3 = 0.618,
p < 0.001) and photo-taking intention (8 = 0.590, p < 0.001), accounting for 42% of the
variance in approach intention. For clarity, measurement loadings are omitted, and all
displayed structural paths are significant at p < 0.001.

Indirect effects were evaluated using bootstrapping with 5000 resamples. Table 5
shows the indirect effects of MLWSs on behavioural intentions through perceived fagade
attractiveness (3 = 0.352, 95% CI 0.258, 0.449). As the confidence interval excluded zero,
the sequential indirect effect was statistically significant. We found that sequential indirect
pathways, including perceived naturalness, pleasure, and arousal, were statistically sig-
nificant with confidence intervals and did not include zero. This indicates that the effect
of MLWs is transmitted through a structured chain of perceptual and affective responses
rather than its direct occurrence. When perceived fagade attractiveness was included in the
model, direct paths from MLW presence to behavioural intentions were non-significant,
suggesting its full mediation role.
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Table 5. Mediation effects.
Standardised o
Effect Type Path Effect (3) SE 95% Bootstrap CI p-Value
Direct effect MLWs — Behavioural intentions — — — n.s.
Total indirect effect  VI1VVS — Facade attractiveness — 0.352 0.048 0.258, 0.449 <0.001

Behavioural intentions

Total effect

Direct + Total indirect — — — _

Note: “n.s.” indicates non-significant. The indirect effect and confidence interval are taken from the SEM output
shown in Figure 5.

We also conducted additional diagnostic tests to support model strength. Harman’s
single-factor test indicated that a single factor accounted for 32.4% of the variance, below the
50% threshold. Full collinearity variance inflation factors ranged from 1.8 to 2.8, suggesting
no multicollinearity concerns. Measurement invariance across MLW exposure groups was
supported (ACFI = 0.008). Residual analyses revealed no systematic patterns exceeding
£2.58 standard deviations. Measurement invariance was assessed using multi-group CFA
by sequentially testing configural and metric models.

Statistically significant indirect mediation effect of MLWSs supports our proposed
5-O-R model, where MLW exposure increases perceived naturalness, triggering positive
emotional responses, and strengthens fagade attractiveness. This indirect effect suggests
the role of affective and cognitive factors as key explanatory mechanisms linking biophilic
fagade design to influencing consumer behaviour.

5. Discussion

This study provides empirical evidence on how visible MLW exposure at luxury retail
entrance fagades was associated with consumers’ psychological appraisal and behavioural
intentions under real-world conditions. Drawing on the S-O-R framework, the findings
suggest that, in this study context, facade-level biophilic intervention shaped consumer
behaviour indirectly through a structured sequence of perceptual, emotional, and evalua-
tive processes. Specifically, the presence of MLWs was associated with higher perceived
naturalness, pleasure, arousal, and perceived restorativeness, which in turn contributed to
stronger perceived facade attractiveness and greater approach and photo-taking intention.
These results support, rather than conclusively establish, the proposition that facade-level
biophilic design may influence pre-entry behaviour primarily through internal organismic
mechanisms rather than direct stimulus-response effects.

5.1. Interpretation of Key Findings in Relation to the Existing Literature

The strong positive association between MLWs’ presence and perceived naturalness
underscores the role of fagade-level vegetation in shaping immediate cognitive interpre-
tations of retail environments. This finding aligns with prior research indicating that
visible greenery enhances environmental naturalness even in highly commercialised set-
tings [30,46]. Importantly, the present study extends this evidence to luxury retail entrance
facades, where exposure time is brief, and judgements are formed rapidly. The results
suggest that MLWs effectively counterbalance the visual dominance of hard materials and
branding, allowing visitors to cognitively reframe the entrance as a more human-centred
and restorative environment.

Perceived naturalness was found to activate a set of emotional and restorative re-
sponses, including pleasure, arousal, and perceived restorativeness. This supports the grow-
ing body of literature suggesting that naturalness functions as a foundational perceptual
cue that primes affective states rather than acting as an isolated aesthetic attribute [70-72].
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The simultaneous activation of pleasure and moderate arousal observed in this study is
consistent with retail atmosphere research that indicates that emotionally engaging en-
vironments are more likely to support approach-oriented behaviour [29,53]. Moreover,
the significant effect of MLWSs on perceived restorativeness reinforces findings from bio-
philic and restorative environment studies, which show that even brief visual exposure to
vegetation can elicit feelings of mental relaxation and cognitive relief [33,40].

A key contribution of this study lies in identifying perceived MLW attractiveness as a
central evaluative mechanism linking organismic responses to behavioural intentions. The
results demonstrate that emotional and restorative responses jointly explain a substantial
proportion of variance in MLW attractiveness, highlighting that aesthetic judgements of
retail fagades are not purely formal or material-based but are deeply grounded in affective
experience. This finding corroborates aesthetic emotion research suggesting that architec-
tural appreciation is shaped by integrated emotional states rather than by isolated visual
features [47,48]. In the context of luxury retail, where fagade design plays a symbolic and
experiential role, MLWs appear to enhance fagade attractiveness by embedding emotional
comfort and psychological value into the entrance experience.

5.2. Behavioural Implications and Theoretical Advancement

The full mediation effect of facade attractiveness between organismic responses and
behavioural intentions provides strong empirical support for the S-O-R framework in
facade-level retail research. The absence of significant direct paths from MLW presence to
behavioural intentions indicates that consumers do not respond behaviourally to biophilic
facades simply because greenery is present [73]. Instead, behavioural intentions emerge
through a sequential process in which perceptual naturalness and emotional responses
are translated into an overall aesthetic evaluation before influencing approach and photo-
taking behaviour [30,74]. This finding reinforces the argument that affect-driven models
are essential for understanding consumer behaviour in built environments [42,43].

The strong effect of facade attractiveness on both approach intention and photo-
taking intention reflects contemporary luxury retail consumption patterns, where visual
engagement and experiential value are central to consumer behaviour [50]. MLWs appear
to support not only physical approach tendencies but also visually mediated engagement,
suggesting their relevance in both on-site experience and image-based interaction. These
results are consistent with prior research indicating that emotionally engaging and visually
warm retail environments foster approach behaviour and consumer involvement [51].

From a broader perspective, the findings also align with sustainability-oriented con-
sumer research, which suggests that visible environmental initiatives enhance store legiti-
macy, consumer identification, and psychological well-being [3,75]. By integrating MLWs
into entrance facades, retailers can simultaneously convey environmental responsibility
and enhance experiential quality, supporting the integration of sustainability into customer
experience design rather than treating it as a purely symbolic or technical attribute.

This study makes a significant theoretical advancement by bridging environmental
psychology with luxury retail architectural design through the S-O-R framework:

e  Extension of the S-O-R Framework: This study extends the S-O-R framework to fa-cade-
level biophilic stimuli, demonstrating that brief pre-entry exposure to MLWs can activate
structured perceptual-affective—evaluative pathways that shape behavioural intentions.

e Identification of a Higher-Order Integrative Construct: It also identifies facade at-
tractiveness as a higher-order integrative construct that translates emotional and
restorative responses into consumer action.
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e  Validation of Sequential Mediation: The findings confirm that the influence of MLWs
on consumer behaviour occurs through a structured chain of internal processes rather
than a direct stimulus-response effect.

5.3. Practical Implications for Industry Stakeholders

The findings have practical implications for several stakeholder groups involved in
luxury retail development. For clients, developers, and retail asset owners, the results
suggest that MLWs are not merely decorative green features, but facade-level interventions
that can enhance first impressions and strengthen consumer engagement. This is consistent
with previous studies showing that exterior greenery and retail atmospherics can influence
customer perception and behavioural responses [6,29,30].

For architects and retail designers, the findings indicate that MLWSs should be consid-
ered as psychologically active facade elements rather than purely aesthetic additions. Prior
research has shown that fagade composition and exterior design affect customer judgments
and entry decisions [20-22,50]. The present study extends this by showing that MLWs can
enhance perceived naturalness, emotional response, and facade attractiveness in pre-entry
retail settings.

The findings are also relevant to facade manufacturers and green-wall contractors.
While earlier studies mainly emphasised the technical and environmental performance
of living wall systems [17,18,37,38], this study suggests that their psychological and be-
havioural value should also be considered. In luxury retail environments, planting quality,
visual coherence, and maintenance are likely to influence the effectiveness of MLWs as
consumer-facing design interventions.

Finally, for mall operators and brand managers, the strong effect of fagade attrac-
tiveness on approach and photo-taking intention suggests that MLWs may serve both
as sustainability features and as experiential branding devices in high-end retail con-
texts [31,51,63].

5.4. The Impact of Sustainable Building Policies

The findings also have policy relevance for sustainable architecture, particularly in
Malaysia. Existing research has shown that sustainable building implementation is often
constrained by cost, technical limitations, and uncertainty about returns [7-13]. As a result,
sustainability in commercial buildings is frequently treated as a technical issue rather than
a user-centred design strategy. The present study adds to this discussion by showing that
MLWs can generate not only environmental benefits, but also perceptual, emotional, and
behavioural benefits in real retail settings.

In the Malaysian context, previous studies on MLWs have mainly focused on thermal
and environmental performance [38—40]. This study extends that evidence by highlighting
their potential contribution to user experience and fagade attractiveness. This suggests
that sustainable design policies, urban design guidelines, and green-building assessment
systems could place greater emphasis on fagade greening as a strategy that supports both
environmental quality and public experience.

These implications are also relevant to Southeast Asia and other rapidly urbanising
Asian cities, where dense development and limited horizontal green space make vertical
greenery especially practical. In such contexts, MLWs may help connect sustainability goals
with experiential architectural quality in commercial environments.

5.5. Limitations and Future Research Directions

Several limitations should be acknowledged. First, the cross-sectional design restricts
causal inference, and future studies employing longitudinal or experimental designs could
provide stronger evidence regarding temporal and causal dynamics. Second, data were
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collected at a single luxury retail mall, which may limit generalisability across different
cultural, climatic, or architectural contexts. Comparative studies across multiple retail
environments, including Western luxury malls, would help to test the robustness of the
proposed model. In addition, MLW exposure was operationalised in this study as a general
facade-level environmental stimulus. However, MLWs are not static or uniform design
elements, and their effects may vary according to plant species composition, physiological
condition, lighting, maintenance quality, and the degree of integration with the wider
facade design. Therefore, the findings should be interpreted with caution when extended
beyond this specific luxury retail context. While this study offers valuable insights, certain
limitations provide avenues for further investigation:

e  Objective Behavioural Measures: Future research should incorporate objective behav-
ioural measures, such as footfall analysis and dwell time tracking, to complement the
self-reported intentions captured in this study.

e  Experimental Manipulation: Subsequent studies could involve the experimental ma-
nipulation of MLW density, biodiversity, and colour composition to determine the
specific botanical configurations that yield the strongest psychological benefits and
consumer engagement outcomes

e  Cross-Cultural Replication: To enhance the generalizability of the proposed model,
cross-cultural replication across different international luxury retail markets (e.g.,
Europe or North America) is recommended.

6. Conclusions

This study provides field-based evidence that, within a luxury retail setting, visible
MLW exposure can influence consumer behavioural intentions through structured psy-
chological mechanisms. Grounded in the S-O-R framework, the findings indicate that
the presence of MLWs was associated with higher perceived naturalness, more favourable
affective and restorative responses, and stronger evaluations of fagade attractiveness, which
in turn predicted approach and photo-taking intention. Perceived fagade attractiveness
emerges as the central evaluative pathway translating internal appraisal into behavioural
intentions, explaining a substantial proportion of variance in both approach intention and
photo-taking intention (R? & 0.68). The strong effects of facade attractiveness on approach
intention (3 =~ 0.61) and photo-taking intention (3 ~ 0.59) highlight the importance of
aesthetic evaluation in pre-entry retail decision-making.

These findings should, however, be interpreted with appropriate caution. In the
present study, MLWs were modelled as a general fagade-level biophilic stimulus rather
than as a set of differentiated botanical and design conditions. Therefore, the conclusions
do not imply that all MLW systems will produce identical effects irrespective of plant
species, planting quality, physiological condition, lighting environment, maintenance level,
or design integration. Moreover, because the study was conducted in a single luxury retail
context in Kuala Lumpur, cultural and contextual factors should be taken into account
when extending the findings to other retail typologies or geographic settings.

Accordingly, the main contribution of this study is not to claim a universal effect
of all living wall systems, but to demonstrate a plausible and empirically supported
perceptual-affective pathway through which fagade-level biophilic design may shape
pre-entry consumer response in a specific high-end commercial environment.
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