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CrussMask

Biophilic design (the integration of natural elements into built environments) has been
proposed as a potential strategy for reducing stress and enhancing quality of life;
however, controlled and quantitatively documented experimental evidence regarding its
effectiveness in indoor contexts remains limited. The aim of the present study was to
examine the effect of a standardized biophilic intervention on perceived stress and
quality of life in adults. This study employed a quasi-experimental design. Adult
participants (18-65 years) residing in Isfahan Province who spent at least 20 hours per
week in the studied environment were randomly assigned to either an intervention
group (environment modified with plants, increased natural lighting, and natural
materials/surfaces; n = 64) or a control group (unchanged environment; n = 64). The
intervention period lasted 8 weeks. Variables were measured exclusively using self-
report instruments: perceived stress was assessed using the Perceived Stress Scale-10
(PSS-10), and quality of life was measured using the WHOQOL-BREF. Analyses
included linear mixed models (LMM) to test the group X time interaction and
comparisons of pre—post change scores (A). At baseline, the mean PSS score was 18.7
+ 6.1 in the control group and 18.4 + 6.0 in the intervention group. Following the
intervention, mean PSS scores were 17.8 + 6.3 and 14.1 + 5.2, respectively. The group
x time interaction for PSS was significant (f = —3.20, SE = 0.80, t = —4.00, p < .001;
95% CI [—4.80, —1.60]). The mean change in PSS (APSS) was —4.3 (SD = 5.0) in the
intervention group and —0.9 (SD = 4.8) in the control group (between-group difference
=-3.4; 95% CI [-5.0, —1.8]; p < .001; Cohen’s d =~ 0.68). A significant group X time
interaction was also observed for WHOQOL-BREF (B =+4.50, SE=1.40,t=321,p=
.0016; 95% CI [+1.70, +7.30]). The mean change in WHOQOL scores (AWHOQOL)
was +6.1 (SD = 8.0) in the intervention group and +1.0 (SD = 7.6) in the control group
(difference = +5.1; 95% CI [+2.0, +8.2]; p = .0016; Cohen’s d = 0.45). In this selected
sample, a practical and relatively simple biophilic intervention implemented in indoor
environments resulted in a significant reduction in perceived stress and improvement in
quality of life after 8 weeks. The findings suggest that integrating natural elements into
interior design may serve as an effective and feasible strategy for promoting
psychological well-being. Future research with larger samples, long-term follow-up,
and physiological and behavioral assessments is required to clarify mechanisms of
action and the durability of outcomes.

Keywords: Biophilic architecture; perceived stress; quality of life; PSS-10; WHOQOL-
BREF; randomized controlled trial.
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Extended Abstract

Introduction

Rapid urbanization and modern lifestyle transformations have significantly increased the amount
of time individuals spend inside built environments. This shift has stimulated interdisciplinary research
examining how architectural design influences psychological health, stress regulation, and overall
quality of life. Classical environmental psychology theories suggest that humans possess an evolutionary
predisposition toward interaction with natural environments, and deprivation of such interaction in
artificial indoor settings may contribute to cognitive fatigue, elevated stress responses, and reduced
psychological well-being (Kaplan, 1995; Ulrich, 1984). Within this conceptual framework, biophilic
architecture has emerged as a design paradigm aimed at reintroducing natural elements—including
vegetation, natural light, organic materials, and views of nature—into contemporary indoor
environments to restore human—nature connections and promote psychological restoration (Al Khatib et
al., 2024).

Two dominant theoretical perspectives explain the psychological mechanisms underlying
biophilic design effects. Attention Restoration Theory proposes that natural environments replenish
depleted directed attention by engaging effortless, involuntary attention processes, thereby reducing
mental fatigue and improving cognitive functioning (Kaplan, 1995). Complementarily, Stress Recovery
Theory posits that exposure to natural stimuli triggers rapid emotional and physiological recovery from
stress, manifested through reductions in autonomic arousal and stress-related biological responses
(Ulrich et al., 1991). Contemporary research increasingly treats these theories as complementary
explanatory models describing both cognitive and affective restoration pathways (Al Khatib et al., 2024;
Yin etal., 2024).

Empirical evidence accumulated over the past decade demonstrates that indoor biophilic
interventions—such as introducing plants, maximizing daylight exposure, using natural materials, and
enhancing visual access to greenery—are associated with reductions in perceived stress and
improvements in well-being indicators. Systematic reviews and meta-analyses have largely confirmed
beneficial psychological outcomes, although variability in methodological rigor, intervention intensity,
and exposure duration has produced heterogeneous effect sizes across studies (Al Khatib et al., 2024; Fan
& Baharum, 2024). Studies conducted in healthcare settings indicate reduced anxiety and faster recovery
outcomes, whereas workplace studies report improvements in employee vitality, emotional comfort, and
subjective well-being, often mediated by enhanced connection to nature and environmental satisfaction
(Valor et al., 2024).

Beyond psychological self-report outcomes, researchers have explored physiological pathways
linking environmental exposure to stress regulation. Investigations focusing on hypothalamic—pituitary—
adrenal (HPA) axis functioning and autonomic nervous system activity suggest that natural
environments may reduce cortisol secretion and improve heart rate variability indicators of
psychophysiological regulation. Nevertheless, inconsistencies remain due to differences in exposure
modalities, including real nature interaction, simulated environments, or digital nature experiences (Fan
& Baharum, 2024). Recent work highlights the importance of multisensory design, emphasizing that
combined visual, auditory, tactile, and olfactory natural stimuli may amplify restorative outcomes (Yin et
al., 2024).
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Despite growing international evidence, a significant methodological gap persists regarding the
“dose—response” relationship of biophilic exposure—namely, how much nature integration is required to
generate measurable psychological change. Many previous investigations relied on cross-sectional or
observational designs rather than controlled interventions, limiting causal inference. Furthermore,
region-specific empirical evidence remains scarce, particularly within Middle Eastern and Iranian urban
contexts, where cultural, climatic, and architectural conditions differ substantially from Western
research settings.

Addressing these limitations, the present study was designed to experimentally evaluate whether
a standardized biophilic architectural intervention implemented within indoor environments could
significantly reduce perceived stress and enhance quality of life among adults. Guided by restorative
environmental theory and emerging empirical evidence, the study hypothesized that structured exposure
to biophilic design elements would produce measurable psychological improvements over time.

1 Methods and Materials

This research employed a quasi-experimental design with two measurement points: baseline (T0)
and post-intervention (T1). Adult participants aged 18-65 who regularly occupied the selected indoor
environments for at least 20 hours per week were recruited. Participants were randomly assigned to
either a biophilic intervention group or a control group maintaining conventional environmental
conditions.

The intervention lasted eight weeks and consisted of standardized environmental modifications,
including the introduction of indoor plants, enhancement of natural lighting conditions, incorporation of
natural materials or nature-based visual elements, and spatial rearrangements designed to increase visual
exposure to natural stimuli. Exposure duration was monitored to ensure adequate environmental
interaction.

Psychological outcomes were assessed using validated self-report instruments. Perceived stress
was measured using the 10-item Perceived Stress Scale (PSS-10), which evaluates subjective stress
appraisal during the previous month. Quality of life was assessed using the WHOQOL-BREF
questionnaire, covering physical health, psychological well-being, social relationships, and
environmental satisfaction domains.

Data were collected electronically at baseline and after completion of the intervention period.
Statistical analyses included descriptive statistics and Linear Mixed Models (LMM) to examine group x
time interaction effects while accounting for repeated measurements and individual variability. Effect
sizes and confidence intervals were calculated to evaluate the magnitude of intervention effects.

Ethical approval procedures included informed consent, confidentiality assurance, and
participant withdrawal rights throughout the study period.

2  Findings

The final sample consisted of 128 participants divided equally between intervention and control
groups. Baseline demographic characteristics were comparable across groups, with similar age
distribution, gender composition, education level, and weekly exposure hours to the study environments.



At baseline, perceived stress scores were nearly identical between groups, indicating successful
equivalence prior to intervention. Following the eight-week intervention, substantial divergence
emerged between groups.

The intervention group demonstrated a marked reduction in perceived stress scores, decreasing
from approximately 18.4 at baseline to 14.1 post-intervention, whereas the control group exhibited only
minimal change. Linear Mixed Model analysis revealed a statistically significant group x time
interaction (B = —3.20, p < .001), confirming that stress reduction was attributable to the biophilic
environmental modification rather than temporal effects alone. The mean change in perceived stress was
—4.3 in the intervention group compared with —0.9 in the control group, corresponding to a moderate-to-
large effect size (Cohen’s d = 0.68).

Quality of life outcomes showed a parallel pattern. Baseline WHOQOL-BREF scores were
comparable between groups, but post-intervention measurements indicated meaningful improvement
among participants exposed to biophilic design. Mixed-model analysis identified a significant group x
time interaction (B = +4.50, p = .0016). Average quality-of-life improvement reached +6.1 points in the
intervention group compared with +1.0 point in controls, yielding a moderate effect size (Cohen’s d =
0.45).

Collectively, the statistical results demonstrated that exposure to a relatively simple yet
standardized set of biophilic architectural elements produced significant psychological benefits within
an eight-week period. Both outcome variables showed consistent directional improvement, supporting
the intervention’s effectiveness in enhancing psychological adaptation and subjective well-being.

3 Discussion and Conclusion

The findings indicate that integrating natural elements into indoor architectural environments can
substantially reduce perceived stress while simultaneously improving overall quality of life. The
magnitude and consistency of observed changes suggest that even modest environmental modifications
may exert meaningful psychological influence when exposure is sustained over time.

From a theoretical perspective, the results align with restorative environmental models proposing
that natural stimuli facilitate cognitive recovery and emotional regulation. The reduction in perceived
stress likely reflects improved attentional restoration, reduced mental fatigue, and enhanced emotional
balance resulting from continuous interaction with natural features. Simultaneously, improvements in
quality of life suggest broader psychosocial benefits extending beyond stress reduction alone,
encompassing environmental satisfaction and perceived well-being.

The intervention’s effectiveness also supports the growing view that biophilic design functions
as a practical preventive mental-health strategy rather than merely an aesthetic architectural preference.
Because the implemented changes involved accessible design features—plants, natural lighting
optimization, and material adjustments—the results highlight the feasibility of translating research
findings into real-world architectural and organizational practices.

Another important implication concerns the role of indoor environments as active determinants
of psychological health. Given that modern populations spend the majority of their time indoors,
architectural design may represent an underutilized pathway for large-scale well-being promotion. The
study demonstrates that environmental interventions can complement traditional psychological or
clinical approaches by targeting contextual determinants of stress.
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Nevertheless, interpretation of results should consider several limitations. The study relied on
self-report measures rather than physiological stress indicators, preventing direct assessment of
biological mechanisms. Participant blinding was not possible due to the environmental nature of the
intervention, introducing potential expectancy effects. Additionally, the eight-week duration limits
conclusions regarding long-term sustainability of benefits.

Future research should incorporate longitudinal follow-ups, objective physiological
measurements, and multisensory intervention designs to clarify mechanisms of action and optimal
exposure parameters. Investigating dose—response relationships and cultural variability in biophilic
responses would further strengthen the evidence base.

In conclusion, the study provides empirical support for biophilic architecture as an effective,
scalable, and low-cost environmental intervention capable of improving psychological well-being.
Integrating nature into indoor built environments represents a promising strategy for stress reduction and
enhancement of quality of life in contemporary urban societies.
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