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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: This research proves the need to modify and
Received 2019/12/03 develop the design of hospitals to play a perceptible role in treating and accelerating
Reviesed 2020/04/30 i the recovery of patients. Many investigations on the influences of nature on health reveal
Accepted 2020/12/16 ithat the relationship with nature in built environment has a noteworthy effect on the
Available Online  2021/05/31 i treatment and reduction of the recovery time of patients. One of the solutions suggested
{in this field is biophilic approach in architectural design, which has been offered by Kellert
Keywords: %and states that humans require linking with nature in the man-made environment to
Health and Well-being i preserve and promote their health and well-being. Hence, it is supposed that employing
Biophilia Hypothesis ithe principles of biophilic design in hospitals influences treatment and recovery time. In
Biophilic Design gthe study procedure of this paper, two questions were answered; Are biophilic design
Therapeutic Space iapproaches efficient for therapeutic spaces to be healing? and What are the practical

i approaches for efficient biophilic design in health care spaces?

ETHODS: In this study, according to the purpose, the research method is applied,

.................................................... Lo and the study method is descriptive-analytical. First, literature related to biophilic
Use your device to scan i design and health were analyzed and reviewed with a systematic review technique. Then,

and read the article online

i the most relevant papers in the field of nature and health were selected, and theories and
i features of health influenced by the association with nature were presented.

INDINGS: Connection with nature influences the physical, psychological (mental and
;0 emotional), social, and spiritual dimensions of health. The most significant theories
fin this field are stress reduction theory (SRT) and attention restoration theory (ART).
§According to stress reduction theory, the amount of stress decreases subconsciously and
i spontaneously in people facing nature and being in nature, and as stress is the reason
i for many diseases and abnormalities, it plays a starring role in people's health, especially
i emotional health. Attention restoration theory reveals the ability to link with nature in
%subconsciously renewing and restoring attention by promoting cognitive function, which
{improves individuals’ productivity and mental ability, and has positive impact on the mental

Number of References ‘health of individuals and on diseases related to this field such as Autism, Alzheimer's,
52 i Parkinson's, Obesity, Schizophrenia, Blood pressure, Hyperactivity (ADHD) in children,

getc. In the continuation of the research, 14 biophilic design patterns in 5 hospitals, Ostra

gHospital in Sweden, Khoo Teck Puat Hospital in Singapore, Ng Teng Fong Jurong Hospital

:in Singapore, Dell Children Hospital in Austin Texas, and The Royal Children Hospital in

Number of Figures i Melbourne Australia, are compared and assessed in 3 levels of the general aspects of
5 building and its site plan, building organization and planning, and finally interior design of

i patients' rooms.

ONCLUSION: As a result, according to the evidence-based results, the design model
; of the biophilic hospital and the most practical biophilic design approaches in each of
ithe hospital wards were obtained for the use of the design community and to improve
gthe healing quality of the therapeutic spaces. Based on the recommended model, in the
i eight main internal wards of the hospital including hospitalization, intensive care, medic:ﬁ

Number of Tables

7
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Extended ABSTRACT

: emergency, surgery, medical diagnostic laboratories, clinics, waiting area of patient
i companions and services, due to high stress and overcrowding, as well as no need to
i comply with certain health standards associated with other spaces, the waiting space
i of patient companions have the greatest potential to apply biophilic strategies. In fact,
§12 of the 14 patterns of biophilic design can be applied in this area, and meaningfully
gcan decrease anxiety and stress, increase social interactions, satisfaction, and peace of
! individuals. Hospitalization rooms can accelerate patients recovery and treatment time by
i applying 8 biophilic design patterns included patterns number 1, 2, 3, 4, 6, 8, 9, and 11.
i Surgery, intensive care and emergency areas should obey some special design standards,
gso only some biophilic design patterns such as; visual connection with nature, dynamic
i and diffused light and material connection to nature, are compatible with these zones
i design. Also, in general level using different courtyards and view to nature are the main
design principles in architectural planning of biophilic hospitals, and in interior level view
of nature, presence of natural light, natural air and natural materials are the most practical
i strategies in biophilic rooms of healthcare spaces. Nevertheless, empirical and practical
i assessment of the influence of biophilic patterns and their continuous development is still
i required.

{ HIGHLIGHTS:

i - Relationship with nature in built-environment has a significant effect on human health
i and reducing the recovery time of patients in hospitals

- Since Biophilic design seeks to connect humans and nature in built-environment, it
i can provide healing strategies for the architectural design of hospitals, and affect the
i treatment and duration of recovery in patients.
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Table 1. Benefits of human-nature connection for health indicators, and its impacts on diseases and health disorders

Health criterion Benefits for health

Positive effects on diseases and

health disorders
Physical - Reduction of recovery time in the hospital - Diabetes (type 2)
- Reduction of the duration of addiction treatment - Cardiovascular diseases
- Reduction and regulation of heart rate - Respiratory diseases
- Reduction and regulation blood pressure - Reduction of obesity
- Reduction of secretion of the hormone cortisol - Reduction of allergies
- Increased secretion of DHEA hormone. - Reduction of headache
- Increased secretion of the hormone endomorphin - Reduction of heartburn
- Reduction of muscle tension - Reduction of irritable bowel
- Effect on sweat glands in the skin syndrome
- Increased hemoglobin in the outer layer of the brain - Reduction of digestive problems
- Increased body immunity
Psychological Cognitive - Cognitive function - Autism
- Problem-solving capacity - Alzheimer's
- Increased learning - Parkinson's
- Memory function to repair mental burnout - Hyperactivity in children
- Expanding short-term memory - Dementia
- Promoting creativity - Schizophrenia
- Increasing vitality - Delusion
- Reduction of anxiety
- Reduction of grief
- Increasing attention and concentration
- Increasing productivity
Emotional - Increasing the feeling of pleasure - Depression
- Improvement of emotional state - Lack of concentration
- Increasing positive mood - Panic attack
- Reduction of stress
- Increasing satisfaction
- Increasing calmness
- Increasing self-awareness
- Increasing self-esteem
- Reduction of anger
- Reduction of emotional Bothersome
Social - Increasing social cohesion
- Reduction of crime rates
- Reduction of violence and aggressiveness
- Increasing generosity and helping others
- Reduction of returns to the delinquency
- Increasing doing duty
Spiritual - Meaningful life

- Deep connection with the natural world

- Increasing inspiration
- Improving spirituality
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Table 2. Procedures of Biophilic design associated with each of fourteen patterns of biophilic design

Number of Patterns of Likely design tools and approaches for implementing
patterns biophilic design

First Visual View to nature through the ~ Green roof Pictures and paintings
connection with ~ window Green wall of nature
nature Presence of flower pots Green terrace Videos of nature

Presentation of nature Aquarium
(virtual reality)

Second Non-visual Biodiversity in the Presence of aromas of  Presence of fruits and
connection with  collection different plants edible vegetables
nature Simulation of the sound of ~ Presence of natural Presence of domestic

nature (water, birds, etc.) textures animals

Third Non-rhythmic The movement of clouds The sound of birds Reflection of water in
sensory stimuli breeze flow The scent of plants space

and trees
Fourth Thermal/Airflow  Creating airflow Control and use of Use of natural light
2 variability Control and change of sunlight shade and seasonal
& temperature trees
£ Fifth Presence of Connection of the building ~ Ability watch the rain ~ Pool
@ water with the lake, river, and collect rainwater  Artificial lake
é waterfall present at the Producing reflection water walls
z project site of water on surfaces Creating water flow
Artificial waterfall Aquarium
Fountain

Sixth Dynamic and Adjustable windows for Suitable awnings to Ability to watch the

Diffused light entrance of daylight prevent glare moon and stars at
Artificial light with the Walls and lighting night
ability to adjust the intensity ~room Ceiling skylights
and color Atrium

Seventh Connection to Simulation of daylight Development of Green roof and green
natural systems system in rooms without ecosystem of the facade with seasonal

windows region in the central plants

Thermal simulation of yard and around the Altering the nature of
daylight hours building natural materials
Aquariums Applying patios applied

Eighth Biomorphic Natural forms reminiscent Biomimicry Devotion to the

forms and of nature (symbolic) Form of natural mathematics of nature
§ patterns Devotion to patterns of textures (Fractals - Golden
20 growth and modificationin ~ form of land Proportions -
T'é: nature Fibotachi Series, etc.)
< Ninth Material Indigenous materials (in Natural dyes Textures in
G connection to harmony with the Natural materials coordination with
2 nature ecosystem of each region) climate and culture
z Tenth Complexity and ~ Complex skyline Complex structure Complex facade and
order and plan design of windows
and body
Eleventh Prospect Large windows Terrace, balcony, and  Free plan design
Transparent materials staircase Space with tree
Open and free space shadow

Twelvth Refuge Semi-open and semi-closed ~ Adjustable awnings Capability to privatize
§ spaces space
= Controlled seating area
) Thirteenth ~ Mystery Curved pathways complicated design Sound and vibration
@ Light and shadow Artwork
Fa’ Fourteenth  Risk/Peril Large transparent (invisible)  Spaces with more Generating a sense of
4 bodies from ceiling to floor  than twice the normal  suspense

Suspended heavy objects
Linking bridges

height
Passageways
implemented in, on,
or under water

Presence of photos or
controlled presence of
insects and animals
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Table 3. Effects of fourteen patterns of Biophilic design on human health, based on experimental studies

Reference Study type Design Patterns of Effects on health Mental
case biophilic design _ _
§ ¢ 3 3 85
‘@ = S S =
= = g S .k
£ 5% 7%
S &
(2008) Experimental ~ Hospital Natural daylight ~ Reduction of blood * * *
In Kellert (Patients (6) -View to pressure, muscle
Biophilic admitted to nature through tension, reduction of
Design Book.  the hospital) the window (1) stress, improvement
Ulrich. of emotions,
reduction of pain,
reduction of recovery
time, reduction of
depression
(2014) Experimental ~ Office Free design plan ~ Improvement of * * *
Gray, Birrell.  (Long-term -  building (11) - Natural productivity,
2 years, light (6) - reduction of stress,
modification Natural aeriation  increasing social
of (4) - Existence of  relations and
construction) plants and views  teamwork, increasing
of nature (1) - personal satisfaction
Landscape (11) -
Natural materials
©)
(2015) Experimental ~ Outdoor Applying natural ~ The positive * *
Ottosson, (Patients artificial elements instead  influence of nature
Lavesson, with elements of artificial on Parkinson's,
Pinzke, Parkinson's elements (1) For  Alzheimer's,
Grahan. and freezing instance: hyperactivity in
of gait) applying hedges  children, and autism
instead of door diseases
frames
(2017) Experimental  Business Fountain and Restoration mental * *
Rosenbaum, (1.20 movie center several forms of fatigue and
Ramirez, screening - 3 water existence exhaustion, personal
Camino. study (5) - Greenery and social health
sections) (1) - Presence of
small animals
such as birds and
butterflies (7)
(2018) Experimental Workspace Presence of pots Increasing *
Sanchez, (Two of natural plants  productivity,
Ikaga, experimental (1) - Presence of ~ promoting creativity,
Sanchez. sample daylight (6) improvement of
groups) mental function
(2018) Experimental  Interior Connection with  Positive influence on ~ * *
Yin, Zhu, 2 space real nature (1) - health indicators such
MacNaughton, environments Connection with  as blood pressure,
Allen, and 2 nature by means  sweat of skin glands,
Spengler. dissimilar of virtual reality 14% increase in
methods, (N short-term memory

multi-stage
visit)

function,
improvement of
cognitive function,
and reduction of
anxiety
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Table 4. Effects of fourteen patterns of Biophilic design on human health criteria and indicators
(Browning, et al. 2014, Abdelaal, Soebarto, 2019)
Patterns of biophilic design Benefits for health criteria and indicators
Physical psychosocial Social spiritual
Cognitive emotional
1 Visual connection with Decrease in Improving Positive effect Spiritual
nature recovery time,  concentration  on insight and healing
decrease in overall motivations
blood pressure happiness
and heart rate
2 Non-visual connection Decrease in Improving Decrease in Increase in
with nature nervous blood mental anxiety, spiritual
pressure and function increase in experiences,
secretion of gratification increase in
stress and pleasure self-awareness
hormone
3 Non-rhythmic sensory A positive Desired
stimuli influence on harassment
the nervous
system
4 Thermal/Airflow Increase in the Spatial
variability concentration  perception and
sense of
pleasure
5 Presence of water Decrease in Increase in Positive Improvement c e
heart rate and ~ concentration emotional of social
blood pressure  and memory responses interactions . |
recovery e L
6 Dynamic and Diffused Regulation of Increase in A
light heart rate, inventiveness [ .
positive and
impact on brainstorming
body clock ’t X
7 Connection to natural Lessening Increase in .,,’ .
systems headaches self-esteem 6
8 Biomorphic forms and Increase in b
patterns visual o
preferences 3
9 Material connection to Increase in Increase in Increase in
nature creativity calmness spiritual
inspiration
10 Complexity and order Positive Increase in Reduction of
impact on visual stress
stress-induced preferences
physical
reactions
11 Prospect Reducing Reduction of
fatigue and stress
depression
12 Refuge Increasing
concentration
and attention
and perception
of security
13 Mystery Feeling of
enormous
pleasure
14 Risk/Peril Dopamine
hormone
secretion
Y.
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Table 5. Applied Strategies of Biophilic Design in Case Study Hospitals
Patterns of Ostra Hospitalin  Khoo Teck Puat Ng Teng Fong and Dell Seton The Royal
Biophilic Sweden Hospital in Jurong Hospital in Children Melbourne
Design Singapore Singapore Hospital in Children Hospital
Texas in Australia
Pattern 1 View from the The central forest-  For each patient, view S open View to Royal Park 5/5
room to the like space with a from the personal courtyards and 2 and small central
central garden, diversity of window to the green central healing courtyard
light-transmitting ~ biological species  space of the balcony gardens
patio, middle and surroundings of  including green
patio of blocks hospital space, lake and
with short waterfall,
vegetation playground
Pattern 2 The smell and Planting plants The sound of birds The sound of - 5/4
sound of nature with diverse and the diverse scents  garden therapy
from the window scents and the of plants waterfall
to the central sound of artificial
garden waterfalls in the
central open-air
Pattern 3 Breeze and move Cool breeze Being in the direction - 5/3
of clouds in the blowing from the  of the dominant wind -
central garden water pathway and getting a breeze
Pattern 4 Setting up Airflow from the 200% more natural Providing Designing wide 5/5
windows intwo  green balconies on  aeriation, balconies to  natural light for windows with
bodies with each floor get sunlight all spaces colorful awnings
changeable except surgery such as a flower
awnings ward from green and
yellow to red and
white
Pattern 5 - Designing - Designing lake - 5/2
waterways and and waterfall in
waterfalls with all the central
types of aquatic outdoor
species in the
central outdoor
Pattern 6 Light patios in Setting up Designing adjustable All spaces Providing natural 5/5
each ward adjustable personal window with except the light
awnings awning for each surgical ward
patient have direct
access to natural
light
Pattern 7 The central Generating Green middle Applying - 5/4
garden microclimate in balconies of patients' Indigenous
characterizes the central outdoor rooms display the plants in
effect of climate space by change of seasons and planting trees
and change of decreasing the temporal changes of and aquatic
seasons temperature by 2 light plants
degrees Celsius,
producing an
appropriate
ecosystem for
aquatic plants and
birds
Pattern 8 - - Both facade design Applying Organic forms with 5/3
and plan design have  curved forms in joyful colors,
curved and several designing the representation of
forms; the exceptional  building volume animal and plant
design of the rooms schemes on the
and their arrangement walls, use of art
has generated an elements
organic and attractive reminiscent of
form nature and attractive
to children
Pattern 9 Floors are made Using natural Using natural Organic dye, using colors 5/5
of stone and oak materials in materials in interior Texas native reminiscent of
wood, fences are interior design design materials; nature
made of birch sandstone of
wood and western Texas,
furniture are made loaders
of natural wood limestone
without painting
Pattern 10 Iterative L-shaped - The design of the Presence of 7 - 5/3

pattern in space
outline

rooms and their
organization has
helped to make order
and complexity in the
space.

central outdoors
has generated

complexity and

spatial diversity.
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Table 5. Applied strategies of Biophilic design in case study hospitals

Patterns of Ostra Hospital in ~ Khoo Teck Puat Ng Teng Fong and Dell Seton The Royal
Biophilic Sweden Hospital in Jurong Hospital in Children Melbourne
Design Singapore Singapore Hospital in Children Hospital
B Texas in Australia
Pattern 11 Maximum view to  Extensive views Creating a personal View to central ~ View to Royal Park 5/5
the central garden of the central view to the green outdoors or
outdoor and green balcony for each green space
roofs (in patient around the
horizontal and hospital
vertical levels of
the building,
green space has
been designed and
implemented 4
times the
occupancy level
of the hospital).
Pattern 12 Observation of Making personal Privatization of the - Appropriate quality 5/4
spatial order and green balconies bed and window of designed room
sitting space in space of each person spaces
the central garden regardless of the
away from the presence in rooms
walkway with 6-12 people
Pattern 13 - Great biodiversity - Formic and - 512
and forest-like functional
central outdoor diversity in the
healing garden
Pattern 14 - Linking bridge - Great height - 512
between two around the
buildings and central spaces
generating a sense
of suspension
Summarizing  1-2-3-4-6-7-9-10-  1-2-3-4-5-6-7-9- 1-2-3-4-6-7-8-9-10-  1-2-4-5-6-7-8-9- 1-4-6-9-11-12
patterns 11-12 11-12-13-14 11-12 10-11-13-14
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Table 6. Prioritization of Biophilic design patterns applied in general organization in case study hospitals

General plan of the hospital

Experiencing nature in space

The main design strategy

Ostra Hospital in
Sweden

Designing three separate
central courtyards, providing
a maximum view of nature
and light, application of short
vegetation and the central
emphasis on  providing
natural light

First degree: 1-6-9-11
Second degree: 2-3-4-7

Khoo Teck Puat Hospital in
Singapore

Creating a main central V-
shaped courtyard
Designing numerous green
roofs on floors

Designing suspension
linking bridge

Central lake and waterfall
design

Diversity of vegetation
(species, color, fragrance)
and different species of
animals

First degree: 1-3-5-6-7-10-
11-13-14

Second degree: 2-4-12

Ng Teng Fong ande
Jurong Hospital in
Singapore

Designing private green
balconies for patients’ rooms
with access and equipped
with patients’ requirements
Stimulation of curved and
biomorphic forms with
spatial arrangement of the
plan as well as facade design
First degree: 1-2-3-4-6-8-10-
11-12

Second degree: 7-13-14

Dell Seton Children Hospital
in Texas

Designing 5 small central
courtyards and 2 large
healing gardens

Designing active and passive
play spaces for children with
diverse shapes and colors
First degree: 1-2-3-4-5-6-7-
9-10

Second degree: 8-11-12-13

The Royal Melbourne
Children Hospital in
Australia

Using custom elements
designed by artists, that are
the recreation of animals and
plants.

First degree: 2-8-9

Second degree: 10-13
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Table 7. Elements of Biophilic design in case study hospitals

Ostra Hospital in Khoo Teck Puat Ng Teng Fong and Dell Seton Children = The Royal Melbourne
Sweden Hospital in Jurong Hospital in Hospital in Texas, Children Hospital in
Singapore Singapore USA Australia
L= d

1 l E

/=%

-View of nature
- Natural light
- Natural materials

-View of nature

- Natural light

- Natural materials
-Shelter

- Organic forms

-View of nature
- Natural light
- Natural materials

-View of nature

- Natural light

- Natural materials

- Illustration of nature
images

- Natural materials
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Fig. 4. Biomorphic form of the plan of Ng Teng Fong and Jurong Hospital
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Great importance of health issues and
design limitations because of special
relationships and standards

The greatest need to influence the health and
healing indicators of the environment, the
greatest the presence of patient in the site.

Surger Hospitalization of Medium environmental stress level. Patterns
gery patients 1,234,
: I““e“s":g 50"““‘;1““0"’ IF’md“Cl‘)‘_‘l"“Y and Reducing recovery time, regulating heart 6,8,9,11
creativity, problem solving ability. rate and blood pressure, increasing
Reducing stress and anxiety. I immunity and controlling hormones,
reducing anxiety and stress, increasing
Some design limitations because of positive feclings, vitality, calmness,
related standards and relationships. Low satisfaction, self-csteem, improving
presence of patient in site, spatial H spirituality.
diversity, high stress level. | L
R T o Diagnostic labs SPeCIal care Some special standards of design, the Patterns
Increasing concentration, productivity, amount of patient presence in the 1,6,9
calmness and self-awareness. Reducing 7 fon B ot o e
stress and anxiety. B 3 3
____________________________________ ' condition. High environmental stress.
Some design limitations, high crowd, The great importance of health issues and
spatial diversity, high stress, moderate it it e off el
Spa pm;/l;‘ rosence. L standards of design; The amount of
- ; tal stress is very high.
Patterns | Clinic Events (Accidents environmental stress is very high. Paterns
14,68, Inereasing concentration, productivity and emergencies) |  Pace ofaction, increasing productivity, 1.4.6.9.11
9,11 and task performance, influence on increasing positive mood and impact on T
health indicators. Reducing stress and LS
health indicators. Reducing stress and
anxiety. ' oty

The amount of stress and crowd of
individuals is very high; the
possibility of applying biophilic
design tactics

Waiting space
for patient
companions

Patterns
1,2,3,4,5,6,7

Reducing stress and anxiety,
increasing social interactions,

Greater potential for implementing
Services biophilic design tactics
(restaurant,

coffee shop)

Repairing mental exhaustion, increasing
pleasure, reducing anger and self-
b increasing social cohesion.

8,9,10,11,12

g spirituality, i

p
satisfaction, reducing distress,

Reducing stress and anxiety.

increasing helping others.

Patterns
1,6,8,10

Patterns
1,2,3,4,5,6,7,10,12,13,14

Fig. 5. The Biophilic hospital design model
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34. Terrapin Bright Green

35. Nature in the space

36. Visual Connection with Nature

37. Non-visual Connection with Nature

38. Non-Rhythmic Sensory Stimuli

39. Thermal & Airflow Variability

40. Presence of Water

41. Dynamic & Diffuse Light

42. Connection with Natural Systems

43. Natural Analogues

44. Biomorphic Forms & Patterns

45. Material Connection with Nature

46. Complexity & Order

47. Nature of the Space

48. Prospect

49. Refuge

50. Mystery

51. Risk/Peril

52. Web Of Science

53. Scopus

54. Science Direct

55. Odtra Hospital in Sweden

56. Khoo Teck Puat Hospital in Singapore

57. Ng Teng Fong Jurong Hospital in Singapore
58. Dell Children Hospital in Austin Texas, America
59. Royal Children Hospital in Melbourne, Australia
60. Alexander Health
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