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ABSTRACT

CELCICLCRET G Mol = Today, learning various sciences has become one of the basic needs of
Received: 7 October 2022 humans, and there are many obstacles that reduce the speed of learning; among these obstacles, we can
Reviewed: 24 December 2022 mention stress. Stress is a kind of response to emotional or physical changes created in the environment
Revised: 13 February 2023 and living conditions of students, which can appear in different ways according to their age, life situation,

Accepted: 9 March 2023 and personality. If the learning space is designed properly, it can eliminate a lot of stress in students.

Reducing stress in students can lead to discovering their hidden talents, increasing self-confidence and
making the most of their potential, which will increase learning. Also, various studies have been
Outdoor of school conducted in western and other countries about the effect of architecture on reducing the stress of users,
Biophilic design a limited number of which have been conducted on the effect of the architecture of the educational space
Stress on reducing stress with different research methods and approaches, each of which has research problems

and flaws in two areas. They are thematic and methodological knowledge. The research showed that

various studies have been conducted in the three fields of environmental psychology, psychology and

KEYWORDS:

* Corresponding author architecture of educational spaces, but no sufficient and accurate studies were found about the
£ m.arghyani@ub.ac.ir interrelationship of these three topics. With quantitative and qualitative approaches, this research aims
@ (+98912) 5578323 to deal with the subject in the two scientific fields of psychology (stress, stress theories) and architecture

(psychology of the environment of educational spaces, architecture of educational spaces, health and
architecture, etc.). The purpose of the present research is to identify the physical factors that are effective
in reducing the stress of students in the educational spaces of the school, which is a factor for the scientific
progress and improvement of the country and is associated with increasing the productivity of schools.
This research aims to evaluate the effect of physical and non-physical dimensions of stress reduction on
stress reduction in combined research (description of the survey type and logical reasoning).

m With the help of the Delphi method, the experts in the field of architecture were asked to
categorize the practical physical factors of stress reduction. Then, the test analysis was done with the
help of hierarchical analysis (AHP).

m After the complete hierarchical analysis, at first, the main criteria were ranked according to the
goal, and then the sub-criteria were ranked in details, and the percentage of importance of each was
determined. Among the main criteria, the combination of nature and environment gained the most
weight, with a weight of 0.534, so it was the most important among the main criteria. The criteria for
modeling nature and the spatial characteristics of the environment were also in the following ranks. A
pairwise comparison of the sub-criteria of the integration of nature and the environment and their order
of importance was discussed, and it could be seen that the sub-criteria of light with a weight of 0.541
took the first place, and the sub-criteria of plants and natural landscapes and ecosystems were in the
following ranks.

In designing a conservatory with the approach of reducing stress through biophilic
architecture, light is the most critical design factor, and then the plants inside and outside the
environment, natural landscapes, and ecosystems should be observed in the design.
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Fig. 1: Explanation of the process of the research problem
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Table 1: Parameters affecting biophilic design
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It is one of the main factors associated with learning which contributes to human comfort and
satisfaction. Further, we can use light to create visually attractive shapes and beauties in our

environment, and by playing with shadows and integrating light, we can offer an astonishing and
pleasant atmosphere to the users of the space.
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Natural ventilation is necessary for human comfort. It can be induced in built environments by
changing airflow, temperature, humidity, barometric pressure, etc. This ventilation can be
established simply by using a sliding window or more elaborately by using technological and
engineering strategies.
50,5 S0 1) a5 2leid ( pliz ( obs (pln dleax 3l Ll sasie wle> b Wlg oo ol
0,5 4 lase 5o alisee SN &y lgs o | Ol S ol oyl p)l5 gl 1y Lad o og a0 bl
2l 18 solazls g Lad 1o esian jLinl JSo a1, (T L o5 ooliwl baslog il 51 lss oo
Water can stimulate many human senses, including sight, smell, taste, hearing and touch, and
create a desire to be in the space for users. Water can be used in different ways in the

environment; Aquariums can be used or it can be used as an artificial waterfall in space.
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The use of vegetation, especially flowering plants, is one of the best ways to directly incorporate
nature in built environments. It is because the presence of plants can mitigate stress and tension,
improve the physical body, provide comfort to users, and boost their performance and
productivity .The use of individual plants rarely produces a positive effect, and their extensive
use in the environment could be pleasing. The plants used should be ecologically compatible with
the environment and is not recommended to use strange and rare plants.
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For ages, animals have been reared and kept by humans, both in cities and the countryside.
However, their inclusion in built environments can be a major challenge and even controversial.
The correct interaction with animals and coexistence through facilities such as green roofs,
gardens, aquariums, etc., as well as innovative adoption of modern technologies such as web
cameras, videos, etc. could be achieved.
O3l sl 1y Lad oilgs co cuuitl atils 545 sabaisle lasme )0 cwlie slongos] g 1
beze )3 (285 )18 5 eine alwgy WilS oo SIS Gl oS Ayl g (2B 1 50 9920
Sategybsled des dsa b 2 (655 s Bk Sl (b gl (il b e 5 (b
L oS ol o sloo oy Jold Wlgioe (b il Szl sty 9d (See Sugh)
b g
If we can provide pleasant ventilation in the built environment, we can render the space more
pleasurable and relaxing for the users. This can be obtained by direct exposure to the natural
environment and also by stimulation of the natural air through the manipulation of airflow,
temperature, barometric pressure and humidity. The implementation methods of this design
may require large windows, porches, balconies, gardens, etc.
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Natural landscapes and ecosystems include interwoven plants, animals, water, soils, rocks, and
fractal shapes. A self-sustaining ecosystem can enhance user appreciation. This ecosystem can
be created by designing artificial wetlands, forests and grasslands, green roofs, simulated

aquariums, etc. These environments can evoke real interaction with nature and improve people's
participation by directly engaging them.
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One of the greatest achievements of mankind is controlling fire, which enabled him to harness
the energy, an achievement that distinguishes human from other animals. Later, it allowed
mankind to transform things from one state into another. Fire can the source of both comfort
and anxiety. Its relaxing presence can be reinforced through the fireplace or indirectly via its
simulated forms.
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The images of nature in built environments can be attractive to humans both physically and
mentally. This image can be a photo, painting, sculpture, framed paintings on the wall, video,

computer simulation, etc. Single and isolated images of nature are not usually as effective. To
make an impression, these images must be repeated and used extensively in the environment.
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Natural materials can stimulate the human mind as we have witnessed in the use of organic
materials over time, adaptive responses to tension relief. Frequent use of organic materials can
arouse good feelings that are not comparable to that of artificial material. Organic materials best
suited for buildings include wood, stone, wool, cotton, leather, etc. in interior and exterior
design.
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The proper use of color in built environments is a challenge dealt with by a growing number of
psychologists and architects today. The use of natural colors such as the color of soil and plants
can bring freshness and peace, while artificial colors provoke a sense of stress and vibration.
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Engineering advances have facilitated the provision of lighting and air conditioning in man-made
environments. Natural light can be designed based on the spectral characteristics and dynamics

of natural light. Processed air can also be simulated based on natural ventilation characteristics
through variations in air flow, humidity and barometric pressure.
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The incorporation of forms such as leaves and tree trunks in the construction of columns can be

appealing to humans. Naturalistic forms can transform a static space into a dynamic one that has
characteristics of a live environment and can instill a sense of vitality in humans.
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Nature can be used effectively through imaginative depictions of structural form. These
representations may not be actually present in nature but comply with the principles of design
in the natural world. For example, the Sydney Opera House embodies the sails of a boat to the
viewer, and the stained-glass windows of Notredame resemble a rose. As another example, the
skyline of some cities exhibits the vertical homogeneity of a forest. As it turns out, none of these
phenomena are found in nature, but they all follow biophilic design principles.
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Environments, whether natural or artificial, have a tendency to bestow ample information to
humans and arouse their curiosity.
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Nature is in a constant state of flux and humans respond positively to these changes. If these
changes are balanced, one will feel growing peace. Changes in the built environment can be
caused by ventilation, a sense of time lapse, etc.
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Natural geometry refers to mathematical properties that we usually encounter in nature. They
include hierarchically organized scales, artificial gecometries with high complexity, self-repeating
geometries with distinct patterns, etc. A good example of natural geometry is fractals, which are
often found in the natural world. Among other natural geometries, we can mention shapes with
the golden ratio or the Fibonacci sequence.
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It refers to functions exploited by humans to tackle their problems. For example, termite
mounds, the structural strength of spider webs, and their ability to trap heat analogous to animal
skin and hair.
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Creating an eye-catching landscape can be both practical and provide built environments for an
anxiety-free life that is pleasing to the users. A suitable landscape can be created by large
windows, and inter-spatial visual connections to foster a sense of environmental security, etc.
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People respond positively to spatial complexity that embodies places rich in choices and
undiscovered opportunities. However, too much complexity is often confusing. This definition,
along with organizing the space, is one of the alternatives for biophilic design.
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The human mind innately has a tendency to recognize the fractions of the whole. Through forging
successive connections of spaces, clear and recognizable boundaries, etc., the components of an
environment can be labeled for humans, and this feeling of spatial satisfaction can be heightened
through a central focal point such as a public yard, etc.
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Successful navigation of an environment often depends on effective and transparent
communication between distinct spaces by lit and recognizable corridors. Effective transition
spaces include passages, thresholds, portals, gates, etc., which connect the inside and outside of
the environment, such as patios, yards, etc.

S5 el sdizy g gaiie glalad o all] G e Sie (il po e iy 5 talu]

4‘))5'@ Qb’u)\ £ QL.VJ\ ‘_gl).g |) ui‘-"')l L}de.}' Lo S P TI” 9999 ‘_;me
People’s comfort and well-being often rely on moving freely between diverse and complex
spaces. Understanding the entry and exit routes to an environment inculcates a sense of peace
in humans.
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Humans are attached to the culture of their land and observing the elements of their homeland

Sl slalas

Transitional Spaces

OBy ely g S
Mobility and walking

4 (S3elsSl 5 (S b (Sl
doe

Cultural and ecological

would nurture peace of mind.

attachment to the place

5 sl (a5 Jalse ol S g o0 oyl 2 S5e Jalse
9 % (rmb )9 ke dw hagh ol @S ell p all Sy,
L1 o3 Gyl liee 9.03,8 (omy p S933 ly) stkosar | laie
Foo ool alS 0 1) et an cnl g st e gl 4 4z
B oy bolasls” dlee b g,%s Legn Vo] sl o
pll V2] Joetle 5 uill 6,5 Lawgs VAAA Jlo 4o a5 "0iiS o3
S olEer lere ;o (el guwyp o aS wadee laS 28
o g slaluliS” 3, b aS anlllas (pl 0,8 solital &S slads,
GLS)LMA Lg)Lo.xA)Qw)Lm‘&&S‘Su)ﬁ)DCMu‘oA&ﬁlgd‘bim
Lo b olul s3> an O pl 4 Wils co She g9050 (pl yo 1,
OV HERIRW PR T VR JE FCIVSYOVPC SOV S SN PN JUUES USROS
Srar pedlie 532 B)lone (ol @ls)0 0yl 0g7s Lap)T (os (g0
20,8 o0 3l ¥ Jguz B 10 4dls O jg0d; 45 000 )5 oo Cgms
Soloram 5 V0] €IS s (6 oo i3 2 (55,07 S 99 5
Jele plyieas cuacls Jale [VA] «Soj5al o ez Lo w15 e
] 00 ‘;)M w]u.n‘ IXerly

L skt bLs I bl a5 cnd allics ol 51 Slo 1,5 Consy (s Lo
Jol 0295 (lo b yeed ;5 052940 395 0,059, ;0 b aS Wl Cal
a5 S b ylasl Wig el o0l Bns 21,5 Consy ol
GlrolSiisSs plsied; S st slagaed o 5l e (S5
@5k Gheslote 9 S8l e Sl b Ll ol JS sy
W)l el ilene al @ ol Slaed &S LS oy 4 1S
S oo s [ 1 s (b sl Sig 5 00,50l

S olore g oyl GRalS 059> 0 (gl g aslllas (raizeen
orlad slagl (ilad sladase Jod 5l Slegdse o Cunl ]
Ol9) JEeSS 5 srar slagts, 5l eslail emacdles o)lae
—od beacr (gilons 3 eyl Ao lp Gy Sogd
oyl 2l 52 T 580 g g Connelo 5 5bate 599) (5 lome anme
5 Pl lyear oyl als 5 JUST3 5 15 Cunj 55lone
3l Ol S gl a5 aits ke )9 )3 )l slacen
95 n g |y Slegdge Gl g Gileal g g Il LS
059> ol o a5 Lol Pluw g b iw p cpizran ailosls 1,8 5551y
Y Jodo &hgods Cunl oalaiSly ol 4 calies sl imgls o
JOMPTEIRE

Cou 1)y jepel (S o8 Sl (alge alozsl Clladl g il
03,519,858 4y |, sl 45 sl 42 iy ,0305T 5 sl 00l 1,3 5
Bl a1y ol 5 0,8 ablie jLad 5 ol cnl b ol o0 23552 &5
SN A e 3959 (e g A 4 (Sake LI Sl Ll
5 05l g5 b Cendlys il g <8l 33l o Sples o e s e
5 st GielT oy ol o Lol ams zals |, leasye YIS g3
Sa)Lad 55559, 08 el g 0l a8)F 003l plsz el ppata
S Jeod Gl 1 s Sl g (SIS bkl wile peas
G5y Sy oo Wl 45 Wilassly s o398l lulitily, 5 ol Lons
S8 s Ll co 1) gy wlalesl g aal 65,50 Ll L,
bl 511 i Slubam] s o balad s >yb by g s
el pl 45 sges walyd 55 sln 1) Gyl g (ST, e g 05 590
Al dple> gl o ,Slas Sgugo

olas "ol slalad Glaie)ls sl o pite 3B "
&Blg,0 310 5l oyl (6 lens 13 OIS (la puiite 45 UBS oo



Tech. of Edu. J. 17(2): 449-468, Spring 2023

(Fov)

VFoF Jlgo oF oylads VY e o i gl (619LiS ode a4y puiai

Soloxs jo u‘r“‘ Q.Jols bl e sloais) ;o ondplel Lghbw.bj).l ¥ Jgu
Table 2: Research in the domains related to stress reduction in architecture
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Question and goal of the research

Researcher
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Research Title
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Research Goal: to identify the physical factors affecting
occupational stress relief among office employees.
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Main question: What are the main environmental factors that
mitigate stress and what are the latest theories proposed about
these factors?
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Research Goal: To explore the effect of the physical environment
of medical spaces on reducing the stress of patients.
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Main question: What effect will a change in the internal
architecture of a medical center have on the perceptual quality
of the space and to what extent will it alleviate the stress and
anxiety of the users?
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Research Goal: To investigate the effectiveness of cognitive
behavioral stress management on reducing academic stress

induced by self or parental expectations in students affected by
academic stress.
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Main question: What factors contribute to stress? How these
stress factors can be reduced in students?
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Research Goal: To investigate and evaluate the criteria and
standards prepared by the Organization for Renovation,
Development and Equipment of Schools to design educational

spaces at all grades, which have been approved by the Vice
President for Planning Office.
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Main question: What effect will color have on students'
perception of school?
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Research Objective: To study the effect of art and fractal images
on reducing the stress of people.
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Main question: Can fractal shapes alleviate stress in an
environment? To what extent?
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Research Objective: A detailed scrutiny of the concepts of
biophilic architecture and its relationship with human health.
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Investigating the effect of physical variables
on employees of office spaces [10]
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The effect of the physical environment of
medical spaces on reducing the stress of
patients (Case study: a dental office) [11]
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Designing modern schools with the approach
of mitigating stress-inducing factors (Case
study: Rasht) [12]
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The student's understanding of the favorable

and unfavorable educational environment in
terms of the color [13]
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A review of the definitions of biophilic
architecture [15]
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Main question: How is biophilic architecture associated with
building landscaping using green roofs, green walls, indoor plants
and features such as fractal patterns in materials that forge new
natural human connections and can mitigate people's stress in
the environment?
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Research Objective: To investigate physical factors linked to
human health.
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Main question: What factors are associated with stress reduction
in an environment?
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Research Objective: The study of common indoor plants in the
laboratory by computer to confirm that indoor plants can play a
role in stress relief | t also states that placing plants in a work

environment can improve employee productivity in tasks that
calls for concentration and quick reaction.
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Main question: Can indoor plants mitigate stress and anxiety in
an office?
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When buildings do not work: the role of
architecture in human health [16]
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Indoor plants can improve work productivity

and reduce stress in a windowless
environment [17]
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Fig. 2: Relationship between comfort and performance improvement (source: authors)
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Table 3: Stress reduction criteria from the point of view of Gray, Evans and Mitchell (1998)

Description Criteria
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Stimulation describes the depth of information contained in an object that is imposed on the human user. Intensity, variety,
complexity, and mystery are specific design features associated with stimulation. The degree of stimulation is influenced by internal
settings such as intensity, complexity and freshness of the stimulus characteristics. In general, stimulation is influenced by physical
and non-physical characteristics of the environment, even individual characteristics such as family can influence the level of
stimulation. The results suggest that we tend to adapt to an environment over time. In fact, people welcome small changes but they
resist massive changes because they usually lose their engagement and interest in the environment and exploration and discovery.
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Coherence describes the concept of proper understanding of building elements and forms, and its opposite concepts are complexity,

ambiguity, disorder, separation and segregation. Coherence allows users to think more clearly about the place they see. An
environment with poor coherence, such as sudden changes in size, color, texture, or surface, will increase stress because people
cannot make sense of the environment.

Coherence
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This is the image of an incoherent space because it consists of excessive symbols and the person visitors will have trouble visualizing
its plan in their mind, which in turn augments stress.
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Ambiguities or misinformation about the functional meaning of interior elements could be attributed to various factors. Rapid

changes in visual access triggered by eye movements on vertical surfaces can lead to disorganization and ambiguity. Corners,
entrances and stairs are sometimes designed in such a way that until used by an individual, its plan cannot be envisioned. Ambiguity

can also be spurred by vague signs.
i - -
Ambiguity
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This scene obscures the viewer because it is not clear in which direction the doors can be opened.
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Control is defined as the mastery or ability to change one's physical environment or control one's exposure to surroundings. Physical
limitations, flexibility, reactivity, privacy, personal space and some symbolic elements are the primary concepts of environment

design to exert proper control. For example, physical constraints can trigger or intensify mounting stress for a person. Moreover,
privacy, or the ability to regulate social interaction in an environment will play a pivotal role in a person's sense of control.
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The figure on the right shows a student dormitory where all spaces, including personal, social, etc., are well designed and one can
experience a sense of proper control in this space.The figure on the left displays an office space where public areas are intended for
drinking coffee and interacting with other colleagues. The social environment that encourages further interaction can significantly
mitigate stress in that environment.
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It describes the potential of design components to function therapeutically and to reduce cognitive fatigue, and other sources of

stress. Such restorative elements, instead of directly intervening in stress generation, provide sources of stress alleviation. Therefore,
design can act as a restorative resource and help balance environmental demands and personal resources. Restorative design

elements include retreat, fascination, and exposure to nature.
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Improvement
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The image on the right illustrates a place for temporary rest and fatigue relief. This image exhibits restoration through natural design

elements that decrease mental fatigue.
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Table 4: Stress reduction criteria
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Fig. 3: Common criteria between biophilic design and stress-reducing factors in the open space of the educational environment (source: authors)
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Fig. 5: Relative weight and importance of each of the sub-criteria of the
integration of nature and environment
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Fig. 6: The relative weight of each of the sub-criteria of imitating nature

9 Comb 2ld8 Sla g bl (25 amlie ¥ S0
Sgis g0 0l iin 45 job jlen o co Hlii | oyl Coenl o
455 PN 059 b (OgemdhS o) 4Bl lojlns (Souzmn jlore
Gow 4, 50 el Loy g Canl ool olais! g 4y |y g

oyl 1,8

S 8L
Ak

with ) missing judgmerts.

adbglesbe (Sozmn o)l 5l oo Coesl S5 5 (oo 039 Y S5O

(092Dl o)
Fig. 7: Relative weight and the importance of each sub-criteria of organized
complexity (circulation)
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Table 5: List of research criteria
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Table 6: List of criteria and sub-criteria along with their weight
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Table 7: List of design suggestions
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Suggestions for design
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The main stress-reducing factors
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Natural light

- Because students spend most of their time in the classroom, all classrooms have access to southern light as much as
possible and the terraces are showered in the southern light.
- Designing a public space or small school lobby in the south to use the south light.
- Using the central yards to provide light to the classes placed in the middle.
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Indoor plants

- Using at least two central or U-shaped yards at the school.
-Using gardens and patios in classrooms with a poor view.
- Designing platforms to place pots in special places

vy e oSloged 5y anile aiil Las 5l BaSesliial ;o Canb jglol a5 LS, 5l esliil -

- Using colors that remind the space users of nature, such as brown, green, etc.
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Natural colors

JEWSRVY L_"J..o\ uLa..DLM: > Ll e 5 i LgLauM;u 5 Dgliine g Ly slos 5l ookl -

A e sle bl lee glas )l B sl -

- Using a dynamic and different view in various sections as well as playing with the size of the main school building.

Sledlbl gl

Rich information

- Creating a height difference between school yards
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Suggestions for design

oyl oS Lol Jalge
The main stress-reducing factors

Logyol, 5 seges slalasme (5,0 ;0 g Liul Wilsog, (K> yglas ) oolatul -
- Hanging the images of forests, rivers, waterfalls, etc. in public spaces and corridors
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Images of nature
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Natural geometries

- Using the square fractal in the overall plan of the educational complex.
-Using natural geometries and fractals in the external walls and decorative elements of the school’s gate as a decorative and

designed facade.

-Using fractals and natural geometries and repeating them on the internal walls of the school's main lobby, or utilizing
fractal-based geometric paintings in internal circuits, such as the walls of the school's main lobby.
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Landscape

- The classrooms’ windows should open to the green space of the school

- Mysterious scenery can help relieve fatigue

- Elements such as fountains can make the landscape more attractive
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Natural Landscape

- Using green walls with special attention to the general form of the plan in the complex
- Using of green roofs on the first and second floors of the educational complex
- Use of plants and trees in the middle of the building
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—The selection of a proper and inviting facade for the school building
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