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m Biophilic designs aim to promote health and wellbeing by incorporating nature-based
. . . features into internal and external built environments. Three theories have previously
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philic theory proposed in this paper, as that biophilic environments stimulate inspiration. A
public survey was conducted, and participants completed an online stress-induction task
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Table 1. Demographics information of the parficipants

Characteristic =155 Sample exposed to the biophilic spaces
Age Range 18-77 Years
E l M B M h M l' B M l d M Biological Sex Female 7%
xploring Biophilic Building
° Withheld 1%
Designs to Promote Well- s
Black/African American 3%
° ° Asian 8%
being and Stimulate o
Environment Growing Up Much More Nature 18%
° ° A Little More Nature 20%
Inspl ratlon Equal Natwre and Urban 18%
A little More Urban 18%
Much More Urban 1%
Living Environment m Termtime Much More Nature 13%
A Little More Nature 2%
Equal Nature and Urban 18%
A little More Urban 22%
Much More Urban 17%

Biophilia Theory PANAS Items

Stress Recovery Relaxed, Irritable

Attention Attentive, Fatigued

Restoration

Refuge and Self-assured,

* Xing, et al, 2025, Exploring biophilic building
designs to promote wellbeing and stimulate
inspiration, PloS one 20 (3), e0317372 Inspiration Inspired,

prospect Frightened

Downhearted



https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Gjn7oaQAAAAJ&sortby=pubdate&citation_for_view=Gjn7oaQAAAAJ:hMod-77fHWUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Gjn7oaQAAAAJ&sortby=pubdate&citation_for_view=Gjn7oaQAAAAJ:hMod-77fHWUC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=Gjn7oaQAAAAJ&sortby=pubdate&citation_for_view=Gjn7oaQAAAAJ:hMod-77fHWUC

Paper 1: Inspiration (Xing, et al, 2025)

Fig 2.a No biophilia: Level 0

LevelO(No/mmzlbwphhc&zﬂn’u)spﬂcudesl@dxwdmg existing features in public spaces. No
privacy (refuge), lack of views onto nature, artificial lighting. Blandcoloutschemes ﬁcﬁmmandﬁmshmgs[. of
all biophilic elements.

Fig 2.b Nature of the Space: Level 1

~=3

Spaces were designed according to elements in Nature of the Space category. Prospect and refuge: fumiture arranged to
create secluded spaces and transparent walls for mystery. Open double height staircase for risk and peril and neutral colour
schemes. The space i designed without biophilic applications from level 3 and 4 (natural analogues and nature in the

space).

Includes all elements from level 1, with the addition of artwork inzpired by nature reflacting the diverse variety of forms
found in nature; biomorphic forms and organic patters, depicting the seasons, reflactions on water and flowers. Neutral
and green colour schemes were chosen for furmiture. Lighting fixtures with organic pattems.

Fig 2.c Natural Analogues: level 2

Fig 2.d Nature in the Space - direct contact with nature: Level 3
-

Includes all elements from level 1 and 2, with the addition of views mto nature (trees, plants, grass, sky). Natural lighting
with reflactions of trees onto glass walls and partitions. Potted plants and green walls.
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Abstract

Biophilic designs aim to promote health and wellbeing by incorporating nature-based
features into internal and external built environments. Three theories have previously

been proposed (i.e., Recovery, Attention Restoration, Refuge, and Prospect) regarding the
impact of biophilic features on psychological and physiological health, but with litle empiri-
cal evaluation. This current study tests these three existing theories, alongside a novel bio-
philic theory proposed in this paper, as that biophilic environments stimulate inspiration. A
public survey was conducted, and participants completed an online stress-induction task
followed by images of building interiors that systematically varied in perceived biophilic
quality—ranging across four levels (from 0= no clear biophilic features to 3= very high

biophilig features) Participants rated their psychological states associated with each of
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Paper 1: Inspiration
Estimated Marginal means Across Biophilic levels
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Paper 2: Personality
Exploring the potential of Biophilic Building Designs to Promote Well-being in Neurodivergent Groups

Cluster Centers
* Autism-Spectrum Quotient &AQ-lO;AIIison,

Auyeung & Baron-Cohen, 2012) B Recover 1
» The Strengths and Weaknesses of ADHD 5 Recovery 2
Symptoms and Normal Behaviour (SWAN) ecovery 3 .
scale (Swanson et al., 2012) a inenu_nn zsmran_un ;
ttention storation
* The Depression Anxiety Stress Scales (DASS - . _
21 Lovibond & Lovibor¥d, 1995) ( . ’:;‘fi::“l" estarstion 2
* The Nature Relatedness &]NR; 21 items) scale E : ] Refuge 2
(Nisbet, Zelenski, & Murphy, 2009) = ] i ‘ Refuge 2
Inspiration 1
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Figure 2: Clusters



Paper 3: EEG Analysis
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Means for subjective response (left panel, error bars show standard error of means) and
theta power (uV4/Hz, right panels) as a function of 0-3 biophilic features. Lateral theta
power was recorded over anterior frontal (AF), frontal (F), frontocentral (FC), central (C),

In line with previous work (Chen et al., 2020; Rounds et al., 2020; Jung et al., 2023),
increasing biophilic features were associated with increases in posterior and lateral theta

power
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Beneficial effects on subjective mood and brain function of biophilic quality in university environments shown in virtual reality (15th ICDVRAT, Prague,

Sumich, Thomas, Knight, Xing 2024)
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Developing An Al-based Digital Biophilic Art Curation to
Enhance Mental Health in Intelligent Buildings
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Predicting Emotions Evoked by Artworks:
A Study on Multi-Modal Approaches
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(d) Linear Probing Model

Fig. 4: High-Level Diagrams of Multi-Modal Models

(a) Predicted Label: Happiness (Image
Explanation)

(¢) Predicted Label: Sadness (Image
Explanation)
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Children Playing on the Beach is a delightful
painting by Mary Cass att it captures a se
rene and tender moment of childhood in
nocence and joy

(b) Predicted Label: Happiness (Text Explana-
tion)

Jil ted is a poignant painting by Brit on Riv
iere, completed in 18 87 It portrays a heart-
wrench ing scene of rejection and
emotional pain In this painting, we see a
man sitting on a chair, his posture reflecting
de jection and des pond ency His gaze is
down cast, his shoulders slumped , and his
facial expression wrought with despair,
possibly holding a letter of reject ion in his
hand Despite his sorrow, a loyal companion
, his dog, stands beside him, offering silent
comfort and solace in this moment of
distress

(d) Predicted Label: Sadness (Text Explanation)
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Self-guided VRET on Arousal Detection Using Multimodal Data 199
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RAHMAN, M.A,, Xing, Y.et al., 2023. Enhancing biofeedback-driven self-guided virtual reality exposure therapy through arousal detection from multimodal data using machine learning. Brain Informatics, 10 (1), 14



Industrial collaboration:
Smart Care homes redefined: Al-Driven People-Centric Care

Detecting Activities of Daily Living (ADL)
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Fall Detection UTI Risk Dementia Risk .
Environment
Quality
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Sensors. Analysis. Behavior. Temperature...
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SYSTEM
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Virtual Wards and Assisted Living

Passive data
collection from

Advanced Artificial
Intelligence and

privacy protecting
loT sensors.

v

Machine Learning
Algorithms.

Stratified Risk
Forecasting.

Easy to use, secure
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ADL Identification: Power Monitoring
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Figure 7: Power Monitoring profile for residential building
Sensors 2022, 22(11), 4036; https://doi.org/10.3390/s22114036
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Biophilic Palliative Care
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Complexity and Order - Natural Analogues
* Nature Preference Profile

e Scene taken with 360 camera
Thomas, C. Xing, Y. 2024 (15th ICDVRAT, Prague, 2024)



Pilot Study - Biophilic Therapy Monitoring

Introduction to the project

Emotion, Mood
and Preferecne

PANAS

Nature Relatedness and
Preference Profile (NR6 and
PELI, favourite place in
nature)

Impairments Sensory,
mobility and technological
use

Biophilic

Wellbeing

Content co- creation

Factual Analysis Sress Reduction Cogntive

VR Interventions PANAS + eSense Performa.nce
(2mins) + Polar 10 Mendi

. Testing PANAS,
Testing wearable sensors Observation/
(SC, HRV and fNIRs)
Feedbacks

Holistic Protocol

Thomas, Xing, 2024, Existential Biophilic VR Therapy — Developing a Protocol for Care, The 15th International
Conference on Disability, Virtual Reality, Prague
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Initial results: Health and Wellbeing

SC Baseline
U Z 0-5 = relaxed state

6-9= animated state

Basehne

165.95 06.98 Polar 10 - Heart Rate Sensor

12.5 93.25 RMSSD - healthy range 19ms to 107
SDNN - healthy range + 100
Y Tane

90 68 126.55 92 31 50 to 100ms - compromised health

- 19.31  |EFRE 77.83 Below 50 — unhealthy

Thomas, Xing, 2024, Existential Biophilic VR Therapy — Developing a Protocol for Care, The 15th International
Conference on Disability, Virtual Reality, Prague
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Countryside scene | Fd Woodland scene | Fd Coastal Scenes Fd
High
Fd 1.70 1.75
Medium 1.47 1.47 | 1.47
Fd

0 10 20

happy (20) B relaxed (20) W Interested (20)

i .
level 1 -
peocine. SRR

0 5 10

surprised (15) mdissatisfied (10) ® excited (10)

Thomas, Xing, 2024, Existential Biophilic VR Therapy — Developing a Protocol for Care, The 15th International
Conference on Disability, Virtual Reality, Prague
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Forest Bathing in Hospices- On- TS aestops
going PhD research

Shinrin-yoku
Quality of Life Unguided 7'< ** 9\
Indlcators *7k / D
Post Post
Warwick Edlnburgh 36.67 46.67 (7.57) 45.25(6.96) 51.5(10.25)

mental Wellbeing Scale (8.19)

4.22(1.20) 5.11(0.78)  4.75(1.04)  5.88(0.64)

Scale

24.00 (18. 28.48(23.31) 40.23 (16.39 45.96 (18.23)
18) )

Pitzettu, and Xing. 2025




Biophilic Multi-Sensory Accessibility
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Intelligent Heritage Buildings

Awe Experience Scale - Group Averages

Physical sensation
Connectedness
Self-diminishment

Alterations in time

CHAPEL HALL,
WHITEHALL, 1800
Need for accommodation

BANQUET HALL,
WHITEHALL,

Perceptions of vastness

1 2 3 4 5 6
To what extent are each of these true of you in this moment (1 - 'Strongly disagree', 7 -
Strongly agree')
W Heated M Neutral
* Multiple sensory biophilic features and mental health
* No Harm Zero Carbon, thermal comfort and pipe organs

* Unlocking cultural heritage for inclusive urban regeneration

FIGURE 2: Fabrics in the interior.



uman Nature Interaction
nions (Xing, etal 2023

Biophilic philosophy
and ethics related to
humans and nature’s
connection create
responses in people

Material @

Experiential ®

Cognitive &

Emotional ®

Philosophical ®

& ethics

Behaviour related to the consumption of
goods, energy and resources which involve
a strengthening of ties to local ecosystems

Behaviour related to contact, attachment,
meaning and a compassionate relationship
with nature

Knowledge or awareness of the
environment and attitudes towards nature

Feelings of attachment to or empathy towards
nature, positive affective responses relating to
natural environments, may include trait like
measures of empathy for nature

Relatively stable individual or cultural values
and identities, comprising abstract ideals
which transcend individual situations and
influence motivation, emotions, choices, and
experiences.

@ Behavioural Outcomes

Thinking and Feelings (implicit and explicit)

WValues and Traits (moderately stable)

)

Opportunity

Supportive
physical and
social

Urban Forestry & Urban Greening 94 (2024) 128278
5 URBAN
Contents lists available at ScienceDirect N i

_ Urban Forestry & Urban Greening E
S
ELSEVIER journal homepage: www.els ccom/flocate/ufug
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Developing a biophilic behavioural change design framework - A e

scoping study

Yangang Xing > , Angharad Williams ", Andrew Knight*

* School of Architecture, Design and Built Enviranment, Nottingharm Trent University, UK
® Department of Psychalogy, Nottingham Trent University, UK

ARTICLE

INFO

ABSTRACT

Keywords:

Biophilic Behaviour
Natusre: based sohutions
Urban beilt envirarment
Behaviour change techniques

This study argues that as a key measure of success in biophilic design, biophilic behaviours, should be defined,
understond, supported, and encouraged within the design process. The study reviewed social science and built
environment literature to define and evaluate behaviours and behavioural determinants relevant to biophilic
design. An outline thodology proposes the ali of behavi change technigues to biophilic design
stages. This incorporates the conditions of i opportunity, ion, and capacity. We conclude by
calling for idisciplinary ion and the ali; of | objectives across the built environ-
ment and social science fields.

/

environment,
comprising
holistic Biospheric
Design

S

Enacted behaviour
may influence
opportunity

v

choss contexts)

Motivation \

Capability

Stable traits Reflective Automatic Psychological and

) physical ability,

Self-concept Attitudes Habits and including self and
Identity Beliefs Affective & environment
Values Intentions responses perceptions.

Multiple behaviours Single one-off Frequent

behaviours behaviours (stable
context)

Past behaviour
Influences capability
perceptions

Past behaviour

Influences reflective and
automatic motivation and stable
traits such as self-concept

Biophilic Behaviours

Wellbeing - health behaviour, stress ‘restoration’, physical activity
Environmental - pro-environmental and conservation behaviour
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Thank you'!

Please inform us of any case studies or research proposal
you would like to collaborate

yangang.xing@ntu.ac.uk
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