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Abstract

Today, saving energy is one of the essential elements for reducing global warming, controlling climate change,
reducing the level of greenhouse gases in the atmosphere, and decarbonizing. Considering that the building sector
consumes half of the world's energy, the question arises as to how to reduce energy consumption in hot and cold
seasons by processing the functional model and using renewable resources in the outer shell of the building.
Reduced The purpose of this research is to introduce a practical model that is obtained from the combination of
the mechanism related to near-zero energy buildings, the simulation of energy behavior in the environment of
Design Builder software, and the architectural design based on climatic characteristics. This model can be easily
used in existing buildings with office use located in hot and dry climates, and in addition to cold seasons, it can
lead to energy optimization in the building. This research is a combination of quantitative and qualitative and of
an applied type. To collect and analyze climate data, climate consultant software was used, and to analyze energy
behavior in the building, Design Builder was used as an energy simulator software. The results of the research
indicate that energy buildings close to zero are effective in reducing energy consumption. The simulation results
confirmed that the use of a Trombe wall with a thickness of 25 ¢cm reduces the heating load of the building by
29.43% in cold seasons. At the same time, this element does not perform well in hot seasons and it is necessary to
adjust the heat and energy received in hot seasons by adopting architectural solutions including thermal chimneys
and openings, and using natural airflow.

Keywords: Sustainable Architecture, Architectural Design, Hot And Dry Climate, Functional Model, Isfahan
City.
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Extended Abstract

Introduction

In recent years, factors such as global warming
and the energy crisis in the world have caused
many countries to experience changes in the
field of effective and efficient use of energy.
Especially after the oil crisis in the 1970s, there
has been a significant sensitivity about energy
consumption around the world. Since the early
1990s, when it became clear that more than 50%
of the energy used in the world is used in
buildings, solutions to minimize energy
consumption in buildings were studied.
Considering that the building sector is one of the
leading sectors in energy consumption, there is
a great need for various studies to create living
conditions in comfortable and healthy spaces in
order to reduce energy consumption in
buildings. Increasing awareness about energy
and environment goes back to the 70s. In the
years 2010 to 2012, many laws, regulations and
systems were introduced in order to reduce
energy dependence in the world, to increase the
national reserves of buildings, decarbonization,
and guarantee the cost-effective conversion of
buildings. It has been very efficient to build
buildings with nearly zero energy and reduce
greenhouse gas emissions by 80 to 95 percent
compared to the end of the 20th century. In
order to improve the buildings that are more
efficient in reducing energy consumption, the
minimum energy performance requirements of
the building should be defined and based on
that, appropriate strategies to reduce energy
consumption should be explained. One of the
ways to solve the problems caused by the
consumption of renewable energy in the field of
construction is to use the models of “close to
zero energy buildings".

Methodology

This research is a combination of quantitative
and qualitative and of an applied type. The
qualitative aspect of the research is based on
reviewing and inferring from up-to-date library
sources, which led to the formulation of the
practical model and the theoretical framework
of the research. The quantitative aspect of the
research relies on the use of software tools,
including climate consultant and design builder,
and estimating and analyzing the required load
and energy behavior in the building. The results

of the applied model and the theoretical
framework of the research indicate that the
energy supply of the building using fossil fuels
faces the planet earth from many aspects with
negative consequences and environmental
hazards. With this definition, replacing fossil
fuels with renewable energy sources is
considered one of the pillars of sustainable
architecture.

Results and discussion

In near-zero energy buildings, before using the
models related to energy consumption
optimization, it should be ensured that the
energy loss in the building is minimized. In the
simulation of the Trombe wall, brick materials
have been used due to their favorable heat
capacity, and the use of phase change materials
has been avoided. At the same time, ventilation
is installed at the top and bottom of the Trombe
wall. Four different scenarios for the Trombe
wall model with thicknesses of 10, 15, 20, and
25 cm in the office building have been
processed in Design Builder software. The
simulation results show that the annual heating
load of the building is reduced by 42.28% in the
first scenario, 42.87% in the second scenario,
43.8% in the third scenario, and 43.29% in the
fourth scenario compared to the normal state.
Therefore, the comparative comparison of the
scenarios shows that the lowest annual heating
load is related to scenario 4 and the highest is
related to scenario 1 (Figure No. 10). Although
the use of Trombe wall with a thickness of 25
cm in the entire southern facade reduces the
annual heating load by 29.43%; On the other
hand, the Trombe wall increases the annual
cooling load of the building compared to the
normal state. As a result, the Trombe wall does
not perform properly in the hot season. The
comparison of the scenarios in terms of the total
annual cooling and heating load shows that the
Trombe wall with a thickness of 25 cm has a
better performance and the buildings with a
Trombe wall with a thickness of 20, 15 and 10
cm and finally the normal state in the category
The evaluation of the results of the scenarios
indicates that the use of Trombe wall with a
thickness of 25 cm shows the best performance
among the scenarios. However, due to the
inappropriate performance of the trombe wall in
the hot season and the increase in the cooling
load required by the building, it is necessary to
deal with the excess heat directed to the building
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in the hot season while adopting appropriate
solutions in the architectural design of the
building.

Conclusion

The results and findings of the research show
that the near-zero energy building model
contributes significantly to the sustainability of
the urban energy system on the end user's side.
Due to the lack of codified models and
standards in Iran regarding near-zero energy
buildings, the applied research model was
developed according to the conditions and
characteristics of hot and dry climate. The
results of the model led the researchers to use
the Trombe wall in architectural design. The
simulation of the energy behavior in the Design
Builder software environment confirmed the
results of the functional model and showed that
the Trombe wall as a static thermal system has
a high performance in reducing the heating
energy required in cold seasons. However, it
increases the need for cooling energy in hot
seasons due to the generation of excess heat
inside the building. Therefore, it is necessary to
neutralize the excess heat in hot seasons by
adopting architectural solutions such as using
thermal chimneys and changing openings. As a
result, energy consumption can be optimized by
using Trombe wall simultaneously with
architectural solutions in hot and cold seasons.
The results of the applied model can be used as
a guide and instruction for urban designers and
architects in the city of Isfahan and buildings
with office use. Also, in future research, by
following the materials and methods of this
article, researchers can process near-zero
building energy models for other types of
territorial climates or other urban uses.
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Abstract

Learning and education are important parts of every person's life. Schools play the most important role in societies
regarding the education of the next generation. Using daylight in designing schools has attracted the attention of
designers over the years, and besides improving the efficiency of students, it affects their physical and mental
health. Due to performing visual activities in the classroom, it requires qualitative light and providing quantity
alone is not effective. Centuries ago, researchers have conducted studies related to the daylight using in schools,
and the investigation of this trend indicates daylight using in educational environments. Considering the
occurrence of energy crisis in the world and the need to use energy as a factor for growth, development and exercise
of the countries power, the use of renewable energy is an undeniable necessity. Daylight using is a factor for
participation in reducing energy consumption, and providing environmental comfort requires investigating the
factors affecting the quality of received daylight. In order to provide environmental comfort and prevent disturbing
glare, it is necessary to design the windows according to the space in order to achieve the criteria of daylight
desirability, including the uniformity and useful daylight illuminance. The purpose of this study is to investigate
the evolutionary process of using daylight in schools in order to recognize the effects of events in these changes.
For this purpose, changes have been investigated with positivist philosophy based on empirical sciences and with
inductive reasoning approach. Finally, the development of daylight in schools is affected by the three principles
of growth and development of technology, the energy debate, as well as the development of educational theories,
and the need to use the appropriate algorithm to use the potential of solar energy in schools with the aim of
achieving visual comfort and energy efficiency is proven.
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Extended Abstract

Introduction

Utilization of daylight is a factor for
participation in reducing energy consumption,
and providing visual comfort requires
investigating the factors affecting the quality of
received daylight. Visual comfort is affected by
the static and dynamic criteria of daylight, and
in order to prevent glare that disturbs comfort,
lack of uniformity and useful daylight
illuminance as daylight criteria, as well as
increasing the thermal load on the building, the
windows should be designed according to
Design the space. Learning and education are
important parts of every person's life. Every
person spends many years of his life in schools.
These buildings play the most important role in
societies in the field of education of the future
generation. Several factors influence the
improvement of classroom quality and student
performance. In order to improve students'
performance, it is important to examine the
physical variables of the classroom structure
due to the visual nature of the activities in this
environment. The design of the class, from
dimensions and proportions to materials and the
amount of light reception and sound reflection,
should be studied so that students study in an
environment away from visual and auditory
problems. Considering that a large part of the
learning process happens through seeing, the
quantity and quality of received daylight is very
important. Studies show that the use of daylight
in the design of schools has been the focus of
designers over the years, and in addition to
improving the efficiency of students in the
academic process, it has an impact on their
physical and mental health. Since centuries ago,
researchers have conducted studies related to
the use of daylight in schools, and the
investigation of this trend shows the importance
of using daylight in the educational
environment.

Methodology

The methods chosen to answer questions and
problems are different according to the type of
situation. The current research has a positivist
philosophy and is based on experimental
sciences. The approach of the research is
inductive reasoning, and based on observation
and investigation of the evolutionary process of

using daylight and the effects of events in these
changes, inferences are made about them. This
article is of a practical type because it seeks to
develop practical knowledge in the field of
daylight in educational spaces and provide
visual comfort and energy efficiency. It is a
longitudinal survey to investigate the use of
daylight and the improvement of environmental
conditions. The data in this article is qualitative
and the research method and data collection is
based on extensive library studies.

Results and discussion

Excessive use of daylight leads to glare and
visual discomfort in the space, as well as
thermal load on the building. Examining the
evolution of using daylight shows that, over
time, daylight in schools is sometimes
completely removed according to the current
knowledge and the needs of the user, and
sometimes the educational space is moved to
the open environment to make maximum use of
natural light. Is. The development of daylight in
schools can be imagined as a pendulum
movement back and forth, from small windows
to the demand for larger windows, from
windowless classrooms to passive solar
schools, and this path continues according to the
advancement of technology and the
development of societies. It is always changing
to achieve the best environmental conditions for
the user. Considering the occurrence of energy
crisis in the world and the need to use energy as
a factor for the growth, development and
exercise of the power of countries, the use of
renewable energy is an undeniable necessity.
Considering the high potential of solar energy
in Iran, the use of solar energy can be a suitable
solution to provide the required lighting for the
classroom without wasting energy. In addition
to historical issues, examining this trend
requires attention to influential factors. The
energy crisis as well as the improvement of
spatial quality have been two influencing
factors on the changes in the use of daylight
during these years. The learning space is an
environment for the education of the future
generation, in addition, it should be focused on
the education process as well as the control of
the physical and mental health of the students.
Therefore, providing visual comfort as well as
energy efficiency are two serious elements in
the discussion of daylight that must be
evaluated.
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Conclusion

The purpose of this study is to investigate the
evolutionary process of using daylight in
schools in order to recognize the effects of
events in these changes. For this purpose,
changes have been investigated with positivist
philosophy based on empirical sciences and
with inductive reasoning approach. Finally, the
development of daylight in schools affected by
the three principles of growth and development
of technology, energy discussion and the
development of educational theories was
evaluated and the need to use the appropriate
algorithm to use the potential of solar energy in
schools with the aim of achieving visual
comfort and benefit Energy is proven. The
importance of learning environments due to the
presence of students as the future generation,
focusing on their educational process and also
paying attention to the control of the physical
and mental health of students are among the
things that are important regardless of providing
the amount of daylight in educational spaces. It
is located and shows the need to provide visual
comfort in this space. It is hoped that the
architects will examine the previous mistakes
and that the changes in philosophy and
technological progress will show the continuous
improvement of daylight development, not just
a cycle to return to the current situation. In
addition, in recent years, most of the research on
daylight has shifted from carrying out specific
visual activities to understanding the qualitative
aspects of light, although previous studies on
the qualitative and psychological effects of
lighting are very scattered and lack a common
plan to guide researchers. Achieving optimal
daylight, visual comfort, and energy efficiency
is something that can be achieved according to
the path taken by the use of daylight.
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Abstract

The reason for many tensions in the family is the lack of an element called peace. The problems of modern life,
the existence of new technologies that surround humans, biological and noise pollution, the volume of stressful
news, and in contrast to these cases, the removal of many elements that had a special place in the past and caused
happiness and vitality and patience of humans, such as the use of Water and green spaces, big houses with yards,
social interactions have caused psychosis in humans. With the return of the elements that provide peace in the
living space, many psychological adversities can be prevented and the house can be a safe haven for its residents,
who can live in it regardless of all the anomalies outside. Communication with nature is the most essential human
need. Research shows that nature and greenery can improve mental health. Today, architects design houses in a
way that does not have a positive effect on human mental health. The purpose of this research is to analyze the
effective factors of traditional houses (YYazd city) on human mental health and to meet the natural need of a person
to experience diverse environments in order to achieve peace. The method of the current research is descriptive-
analytical and the means of collecting information is library and field. The results of the research show that it is
necessary to use the elements of traditional houses for the mental health of people in the present era and the design
of future houses.
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Extended Abstract

Introduction

Paying attention to the natural factors,
especially the nature formed in the courtyards
next to residential complexes, can improve the
quality of life and make housing a more
desirable space for human growth and
excellence. But nowadays, due to obtaining
more housing without paying attention to its
quality, not only attention is not paid to the
presence of natural elements in people's lives,
but in many cases, the buildings even lack the
necessary facilities of life. By examining the
traditional houses of Yazd, this research looks
for the role of the shaping elements of houses
on people's mental health in addition to physical
health.

Methodology

This research was carried out in order to gain
knowledge on the design of houses in the future,
in order to improve and improve the
environmental dimension of the house in
architecture to improve mental health. The
current research is a qualitative research and its
research method is (descriptive) (analytical). In
this regard, using library tools, texts and
documents related to the concept of mental
health were examined, and then the design
principles of traditional houses in the city of
Yazd and the elements present in its formation
were examined by the field method and
extracted by tables, and finally The influential
indicators of houses on people's mental health
have been presented.

Paying attention to the natural factors,
especially the nature formed in the courtyards
next to residential complexes, can improve the
quality of life and make housing a more
desirable space for human growth and
excellence. But nowadays, due to obtaining
more housing without paying attention to its
quality, not only attention is not paid to the
presence of natural elements in people's lives,
but in many cases, the buildings even lack the
necessary facilities of life. By examining the
traditional houses of Yazd, this research looks
for the role of the shaping elements of houses
on people's mental health in addition to physical
health.

Results and discussion

In this research, the significant features that
exist in the traditional houses of Yazd and these
factors affecting the mental health of people
have been analyzed and investigated.

Conclusion

According to the qualitative studies conducted
and collected, it can be concluded that the four
elements of nature (water, wind, earth, fire) in
the traditional houses of Yazd soften the human
spirit, which gives a greater sense of peace
compared to contemporary houses.
(apartments) gives people because in the
traditional houses of Yazd there are traces of the
elements of nature, elements that are denied to
modern people in contemporary houses.
Contemporary man has been deprived of living
with the elements of nature, which give life and
cause mental health. The architectural design of
houses should be reconsidered as a safe place
for humans, so that the physical and mental
needs of humans can be solved by using it, and
houses are not just shelters.
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Abstract

Sustainable transportation means the optimal and low-cost movement of people and vehicles with less energy
consumption, reasonable costs, less traffic, and minimal damage to the environment, which is especially important
in cities. Due to its specific challenges, Tehran needs to focus on sustainable transportation. The purpose of this
research is to evaluate the sustainable transportation situation in the Sattar Khan area of Tehran. The research was
conducted using a descriptive-analytical method and a questionnaire tool, with validity guaranteed by expert
approval and a Cronbach's coefficient above 0.70. Sampling was done based on Cochran's formula and included
384 citizens.The results of the binomial test in the field of sustainable transportation system indicators for
improving urban spaces showed that all 11 indicators are significant at a level of less than 0.05. The highest values,
based on averages, relate to the infrastructure improvement index with an average of 4.567; investment in the
transportation sector with an average of 4.474; transport culture with an average of 4.225; intelligent management
with an average of 4.471; improving accessibility with an average of 4.535; and security with an average of 4.515.
Additionally, correlation analysis at a level of less than 0.01 indicates a relationship between sustainable
transportation indicators, with the highest correlation between the infrastructure improvement and smart
management indicators at 0.887, indicating a relatively strong and positive relationship.Furthermore, the results
of structural equation modeling confirmed that the explanatory rate of sustainable transportation system indicators
in improving existing urban spaces was calculated to be 0.59. In this context, the most effective indicators are the
accessibility improvement index with an explanatory power of 0.93 and the investment index in the transportation
sector with an explanatory power of 0.86. Overall, various indicators for the sustainability of urban transport exist,
which be realized and improved through integrated and systematic planning.
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Extended Abstract

Introduction

After the Second World War, urbanization
spread rapidly and is now recognized as a major
cause of instability and a threat to the planet's
life. This phenomenon has had profound effects
on people's lives by changing their needs and
preferences, especially in the agricultural and
industrial sectors. Before the industrial
revolution, most people lived in villages, but
with technological advancements, cities became
centers of economic activity. These changes,
along with traffic congestion, accidents, and
environmental pollution, have challenged life in
cities.Urban transportation is one of the main
factors contributing to instability in cities. Cities
need efficient transportation systems for social
and economic development. Rapid urban
growth increases the need for effective
transportation and brings social, economic, and
environmental  challenges.  Transportation
problems are among the most important issues
in urban development, affecting the quality of
life, economy, and environment.

The metropolis of Tehran faces many
challenges in  sustainable  development,
including urban transportation. Air and noise
pollution in Tehran are very high, with
pollutants such as carbon monoxide, carbon
dioxide, methane, and suspended particles
significantly impacting the environment,
culture, and economy. The increase in the travel
rate in Tehran has led to higher environmental
pollution and decreased safety and health for
citizens.The Sattar Khan axis in the 2nd district
of Tehran is one of the city's vital arteries due to
traffic, subway stations, and rapid transit buses
(BRT), causing slow movement and congestion.
Additionally, problems such as insufficient
street width, poor service levels, non-continuity
of pedestrian movement at night, and adverse
effects on the urban landscape due to
inappropriate design have created several
transportation, environmental, and social issues
in this area.

This research aims to identify the indicators of
a sustainable urban transportation system to
improve urban spaces. Investigating the
relationship  between variables such as
development, urbanization growth, cultural
characteristics, and institutional structure can be

effective in formulating policies and projects
for sustainable urban transportation.

Methodology

The research method is descriptive-analytical
and based on survey data collection. The data
collection tool is a questionnaire whose validity
was confirmed by urban experts, and its
reliability was confirmed with a Cronbach's
alpha coefficient above 0.70 by completing 30
initial questionnaires. The statistical population
consists of the citizens of the 2nd district of
Tehran, with a sample size calculated using
Cochran's formula, resulting in 384 people.
Data analysis was performed based on the
collected questionnaires and conducted using
SPSS software in two sections: descriptive and
inferential. The questionnaire was reviewed by
professors and urban planning experts, and
necessary corrections were applied. Cronbach's
alpha coefficient was used to assess reliability,
which was above 0.70 for different parts of the
guestionnaire: sustainable economic
transportation system (0.765), sustainable
social transportation system (0.732), and
sustainable  environmental  transportation
system (0.738). The highest reliability was
related to urban spaces with a coefficient of
0.781. Statistical tests including t-test,
regression, Pearson correlation, Friedman test,
analysis of variance, and structural equation
modeling were used.

Results and discussion

To check the normality of the sample
distribution, the Kolmogorov-Smirnov test was
used. The obtained values were less than 0.05,
indicating that the data distribution is non-
normal. Therefore, non-parametric tests were
used to measure the components and indicators.
All indicators were at a significance level of
0.000 and less than 0.05, indicating the non-
normality of the data. The results of the
binomial test showed that the economic, social,
and environmental indicators of the sustainable
transportation system were significant at a level
less than 0.05 and equal to 0.000 for improving
urban spaces. Examining the reported averages
showed that the indicators of the sustainable
urban transportation system are effective in
improving urban spaces.The most important
indicators include the use of transportation
sector income to improve infrastructure (4.458),
transportation costs for citizens (3.664), the use
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of clean transportation by citizens (3.924), safe
and quality traffic (4.594), pollutant production
(4.221), and greenhouse gas emissions (3.945).
Economic, social, and  environmental
dimensions were significant at a level of less
than 0.05. The averages of the economic
(4.193), social (4.246), and environmental
(4.128) dimensions of sustainable
transportation confirmed the effectiveness of
sustainable urban transportation in improving
urban spaces.

Conclusion

The sustainable transportation approach
integrates environmental, social, and economic
considerations, aiming to balance transportation
needs with safety, access, environmental
quality, and vitality while respecting tolerable
capacity. Its role in sustainable development,
affecting public welfare, the national economy,
environment, and social functions, underscores
its importance. Optimal fuel consumption and
environmental suitability are prioritized in
choosing transportation systems for sustainable
development. A well-organized transportation
network is pivotal in gauging societal
development. Binomial test results underscore
the significance of economic, social, and
environmental indicators in improving urban
spaces in Tehran's Sattar Khan neighborhood,
including transportation sector income for
infrastructure, citizen transportation costs, clean
transportation usage like bicycles, safety,
pollutant production, and greenhouse gas
emissions. Public transportation evaluation in
Sattar Khan reveals 48.7% and 45.6% rating it
good and average, respectively, indicating
satisfactory conditions. Various sustainable
transportation indicators, like infrastructure
enhancement, investment, cultural promotion,
smart management, access improvement,
security  enhancement, cost  reduction,
partnership, fuel and pollution management,
and user engagement, contribute to urban space
improvement. Analysis reveals meaningful
relationships  among  these indicators,
suggesting mutual influence, particularly
emphasizing infrastructure enhancement and
smart management.
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Abstract

Continuous increase in energy consumption and environmental pollution is one of the main challenges of the 21st
century. One of the approaches to overcome these challenges is to emphasize on the use of recycled materials and
environmental-friendly methods in production. Use of new recycled materials as thermal insulation in buildings
would play a vital role in reducing environmental pollution and is also effective in saving energy consumption by
minimizing heat loss during heating and cooling period of the building. For this purpose, this study evaluates
performance of new recycled materials in building envelopes with the use of thermal insulation and examines the
effect of the physical and thermal characteristics of these insulating materials on the thermal performance of the
exterior walls. In this regard, recycled materials usable in various parts of a building as well as the properties of
recycled materials used as thermal insulation in the building wall were investigated in this research. The results
show that although the current market is completely dominated by common synthetic insulation materials, it is
possible to replace these common materials with recycled materials and achieve the desired thermal performance.
In some cases, thermal insulation materials produced from recycled materials with a thickness equal to the raw
materials provide the heat transfer coefficient allowed according to the national building regulations and show
better results than the existing and predominant products in the market. In addition, the life cycle assessment report
indicates that environmental impacts are minimized by replacing common thermal insulation with these recycled
materials.

Keywords: Recycled Building Materials, Thermal Insulation, Building Envelope, Environmental Impacts

Citation: Mirmothari, A., Rahmani Zakavot, M., & Salavatian, S. (2024). Performance Evaluation of New Recycled
Materials With The Use of Thermal Insulation in Building Walls, Journal of Sustainable Architecture and Environment,
2 (5), 165-78.

* Corresponding author: seyedehmamak Salavatian, Email: salavatian@iaurasht.ac.ir, Tel: +989364168911



Sustainable Architecture and Environment,

Vol 2, No 5, Spring 2024

Extended Abstract

Introduction

Increasing energy  consumption and
environmental pollution are among the main
challenges of the 21st century. One of the
solutions to deal with these challenges is the use
of recycled materials and environmentally
friendly methods in the production of building
materials. This research examines the
performance of recycled materials as thermal
insulation in building walls and evaluates the
effect of physical and thermal characteristics of
these materials on the thermal performance of
buildings. The results show that recycled
materials can effectively replace synthetic
insulations and provide better performance in
some cases. Also, the use of these materials can
reduce the environmental impact. Considering
the energy crisis and pollution caused by fossil
fuels, it is necessary to optimize energy
consumption in buildings. The use of efficient
thermal insulation can reduce up to 65% of
energy consumption. In recent years, attention
has been paid to the use of environmentally
friendly and recycled materials, and researchers
are looking for solutions to optimize energy
consumption and preserve natural
resources.Previous researches show that the use
of recycled materials in the construction
industry can contribute to sustainable
development and environmental protection.
This article examines and evaluates thermal
insulation materials made from different wastes
and their effect on optimizing energy
consumption.

Methodology

The purpose of this research is to investigate
recycled materials for insulating building walls.
The main research questions include identifying
types of recycled materials with thermal
insulation performance and the characteristics
of these materials. The research methodology is
descriptive-analytical and based on library
studies.Recycling means reprocessing materials
at the end of their life and returning them to the
life cycle. In the past, recycling was more of a
waste management issue, but nowadays
resource efficiency is being considered as a
drive for recycling. The goals of recycling
include reducing waste, preserving natural
resources, preventing pollution, saving energy,

and reducing greenhouse gas emissions.The
benefits of using recycled materials include not
using agricultural land, considering the
economy, eliminating water  pollution,
preventing greenhouse gas emissions, reducing
transportation, and creating employment.

Results and discussion

The paper examines new recycled materials in
the construction industry that are produced with
new compounds in different countries. These
materials are mainly based on minerals and are
used to make coatings, structures and
connections. Considering the challenges of
energy consumption in developed countries,
and the use of these recycled materials in the
production of building materials is increasing.
Some of these materials include recycled
concrete aggregate, silica fume, cement kiln
dust, glass, plastic, and carpet waste. Also, a
summary of recycled materials and their
applications in construction projects is
presented in Table 1.Thermal insulation refers
to materials that have the ability to reduce heat
transfer. Thermal insulation property is usually
measured by thermal conductivity (A) and
thermal transmittance (U-value). Thermal
conductivity refers to the heat transfer rate per
unit length and temperature difference and is
measured in W/mK units. Also, thermal
resistance (Rth) is the ratio of material thickness
to its thermal conductivity. Materials with
thermal conductivity less than 0.07 W/mK are
known as thermal insulation, and materials with
conductivity below 0.05 W/mK perform
better.The study examines building insulation
materials and their environmental -effects.
Currently, most insulating materials are
produced from synthetic and mineral fibers
such as glass fibers and mineral wool, which
have negative effects on the environment. Using
recycled, natural or synthetic fibers as
alternatives can help improve energy
performance, reduce the consumption of non-
renewable resources and reduce pollution.In
this regard, textile waste and natural fibers such
as cotton, hemp and wool have been
investigated as thermal insulation materials.
These materials can be used as sustainable
options in the construction industry due to their
proper thermal insulation properties and
reduced heat conduction. Also, recycled
polyester and nylon fibers have also been
introduced as thermal insulation materials with
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acceptable properties.Finally, the use of these
materials not only helps to reduce textile waste,
but can also improve the quality of the
environment and human health.Life cycle
assessment (LCA) is a systematic method to
examine the environmental impact of a product
from production to its disposal. This method
includes the evaluation of the emission of
pollutants in the air, water and soil and
environmental effects such as resource
depletion and global warming. LCA is usually
performed by consulting firms and research
institutes and can be done following
international standards such as 1SO14040 and
1ISO14044.Research has shown that cotton
cultivation and different dyeing processes have
different impacts on the environment. In
particular, the use of recycled fibers can help
reduce carbon  footprints and  water
consumption. For example, the use of recycled
cotton fibers in a Swedish factory has resulted
in a reduction of 2.4 million tons of CO2
equivalent and more than 900 billion liters of
water per year. Also, the production of recycled
clothes requires much less energy than the
production of raw materials.Finally, the results
show that acrylic and polyester fibers have the
least impact on the environment, while cotton
has the most impact. These findings emphasize
the importance of using recycled fibers and
reducing the consumption of primary
resources.In this study, the performance of
recycled materials as an alternative to common
thermal insulation in residential constructions in
Tehran has been investigated. The aim was to
evaluate the potential of these materials to
compete with  conventional commercial
insulations. The most frequent wall type of
residential buildings in Tehran was selected as
samples and the minimum thermal resistance of
the walls was determined based on national
building regulations. Five samples of recycled
materials were compared with polystyrene and
the results showed that these materials with
similar thicknesses (57 to 76 mm) can act as
substitutes for commercial insulation and
provide similar thermal performance.

Conclusion

This article examines the use of recycled
materials in the construction industry and their
replacement as thermal insulation in building
walls. Researches show that some of these
materials can effectively replace polystyrene in

the walls and provide optimal thermal
performance by complying with the national
building standards. Also, the use of these
materials helps reduce the carbon footprint and
save energy. In the future, more research will be
done to simulate the thermal and moisture
performance of different types of recycled
materials to introduce their advantages as an
alternative to commercial synthetic materials to
building professionals and users.
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Abstract

The recent introduction and institutionalization of contemporary architecture in Mashhad have raised concerns
about the potential misalignment between the city's residential architecture and the principles of biophilic design.
The objective of current paper was to evaluate and rank the status of biophilic design principles integrated in the
residential architecture of Mashhad. A questionnaire was developed to assess and rank the status of biophilic
principles and criteria in the architecture of Mashhad, which was validated for reliability and validity. A sample
of 105 experts familiar with biophilic concepts was selected using purposive sampling. The ranking of biophilic
criteria was performed using the TOPSIS method and Excel software. The results of the study showed that the
criteria for some elements such as indoor plants, outdoor green spaces, and natural light have been relatively well
integrated into the architectural design of Mashhad homes. However, the use of water features and natural materials
has been less considered. Additionally, criteria related to improving the health and well-being of residents, such
as stress reduction, increased concentration, and mood enhancement, were ranked lower. To improve the critical
situation, increased use of natural materials, plants, and green spaces, optimization of natural light sources, and
the combination of water elements were suggested. Furthermore, emphasis on education, promotion, and
facilitation of sustainable construction practices can contribute to the enhancement of biophilic design in this city.
Implementing these measures can lead to the creation of healthier and higher-quality residential environments in
Mashhad, and improve the well-being and health of the residents

Keywords: Residential Architecture, Biophilic Design, Comfort, TOPSIS, Mashhad

Citation: Moghimi Shahri, E., & Vafamehr, M.. (2024). Evaluating and Ranking Biophilic Design Principles in the
Residential Architecture of Mashhad, Journal of Sustainable Architecture and Environment, 2 (5), 79-92.

* Corresponding author: Elham Moghimi Shahri, Email: elhammogimi@yahoo.com, Tel: +989370332513



Sustainable Architecture and Environment

Vol 2, No 5, Spring 2024

Extended Abstract

Introduction

Studies emphasize the importance of biophilic
design in creating a safe connection with nature,
especially during the stressful times of the
COVID-19 pandemic, and in reducing the
prevalent stress and anxiety (Aminian and
Mahmudi Zarandi, 2024). By combining
elements of vegetation, natural light, water, and
natural  materials, biophilic  residential
architecture creates those spaces that strengthen
the sense of connection to nature and improve
the physical and mental well-being, comfort,
and tranquility of the occupants (Prawata, 2024,
Meredian, 2023).

Mashhad, due to its rich cultural heritage and
distinct architectural style, follows the global
principles and values of architecture, and the
integration of biophilic design principles in the
residential architecture of this city is of
particular importance. The recent introduction
of contemporary architecture in Mashhad has
raised concerns about the potential lack of
alignment between the city's residential
architecture and biophilic design principles.
Key challenges of current paper include the
need to bridge the gap between traditional and
contemporary  architectural approaches in
Mashhad, a comprehensive assessment of the
current state of biophilic design integration in
Mashhad's  residential  architecture, and
informing the future sustainable residential
development by providing insights to architects,
urban planners, and environmental design
specialists. Overcoming the growing disconnect
between people and the natural world,
especially in the context of increasing
urbanization, and adapting biophilic design
principles to the local climate, -cultural
preferences, and natural resources available in
Mashhad, are the main issues in this respect.
The findings of this study can serve as a
valuable guide for similar urban fabrics,
enabling them to make more informed decisions
and create healthier and more livable residential
environments. The primary objective of this
research is to identify and rank the status of the
integration of biophilic design principles in the
existing residential architecture of Mashhad.
The main research questions are:

1. To what extent have biophilic design
elements been incorporated into the residential
architecture of Mashhad's houses?

2. What impact do biophilic design elements
have on the well-being of Mashhad's residents?
3. How can the implementation of biophilic
design principles in Mashhad's residential
architecture be improved?

Methodology

After reviewing the relevant literature, 42
criteria and 15 principles of biophilic design in
residential architecture in Mashhad were
identified and listed. A questionnaire containing
these principles, criteria, and their descriptions
was prepared. The statistical population
consisted of 105 individuals involved with the
principles of biophilic design, and the entry
criterion to sample of current research was
experience and expertise in the field of biophilic
architecture. Due to the lack of a precise
estimate about total number of individuals
familiar with biophilic principles in Mashhad's
residential architecture, a purposive snowball
sampling method was utilized. The respondents
were asked to evaluate the level of integration
of biophilic design principles and criteria in
Mashhad's residential architecture, with scores
ranging from 1 (very low) to 5 (very high). The
Cronbach's alpha coefficient was calculated as
0.825, confirming the reliability of the
guestionnaire. Ultimately, nine principles were
selected for the research model (shown in
Figure 1) based on the average of the 15
principles. This study employed a quantitative
approach using a survey and the Shannon
entropy method to calculate the weight of each
perspective, as well as the Technique for Order
Preference by Similarity to Ideal Solution
(TOPSIS) technique to rank the criteria using
calculations in the Excel software environment.

Results and discussion

The weights obtained for the 105 participant
perspectives in the current research (Table 3)
and the ranking of the status of incorporating 32
biophilic design criteria based on the TOPSIS
and the evaluation of alternatives based on their
relative closeness to the ideal solution were
performed (Table 4).

Based on the findings in response to the first
research question:

- According to the majority of the study
participants, indoor plants (rank 11), outdoor
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green spaces (rank 7), and natural light (rank 4)
have been relatively well-integrated into the
residential architecture of Mashhad.

- However, the biophilic design principles
related to water features (rank 16) and natural
materials (rank 28) out of the 32 components
studied, have been incorporated to a low or very
low degree in the residential architecture of
Mashhad homes.

- Indoor plants, outdoor green spaces, and
natural light have been relatively well-
integrated into the residential architecture of
Mashhad. Based on the respondents' rankings,
the use of natural materials and water features
in architectural design have been considered to
a lesser extent.

In response to the second research question:

- Factors such as stress reduction (rank 20),
increased focus (rank 15), mood (rank 23), and
overall health and quality of life (rank 21) seem
to have room for improvement in terms of
integrating these elements to enhance the
quality of life for the city's residents.

- The lower the TOPSIS ranking (higher level),
the more optimal the status of that biophilic
design criterion or principle in the residential
architecture of Mashhad.

In response to the third research question:

- Various aspects of biophilic design in
residential architecture in Mashhad exist, and
there is significant room for improvement.

- This ranking shows both the potential
strengths and weaknesses in the integration of
biophilic design principles. For example, while
elements such as natural light and visual
connection to nature have been relatively well-
integrated, impacts such as stress reduction,
increased focus, and overall well-being have
received lower rankings, indicating areas that
require more attention.

To bridge the gap between the current and
optimal implementation of biophilic design in
Mashhad's  residential  architecture, the
recommended solution is to emphasize the use
of natural materials, indoor plants, and outdoor
green spaces, which can significantly increase
the overall connection to nature and enhance
well-being. Optimizing the use of natural light
resources and more effective integration of
water elements in the architecture can further
improve the living environment.

Conclusion

In conclusion, the results highlight the
importance of developing and implementing
certain criteria, such as the necessities of water
and plants, natural light, and connection to
nature. These criteria should be prioritized as
the most important factors in the design of
sustainable homes in Mashhad. The status of
criteria such as natural sounds, emotional
responses, and natural ventilation has been
described as lower and then they are served
more critical. Therefore, it is concluded that
these environmental and psychological aspects
have received less attention in the design of
Mashhad's homes. Architectural designers
should pay more attention to these aspects in the
future to create healthier and higher-quality
residential environments.

1. Alam, M. (2023). Biophilic architecture and
designs for mental well-being. 0P
Conference Series: Earth and Environmental
Science, 1218(1), 012020. IOP Publishing.
https://doi.org/10.1088/1755-
1315/1218/1/012020/meta

2. Bahador, A., & Mahmudi Zarandi, M.
(2024). Biophilic design: An effective
design approach during pandemic and post-
pandemic.  Facilities, 42(1/2), 68-82.
https://doi.org/10.1108/F-01-2023-0004

3. Biswas, P., Pramanik, S., & Giri, B. C.
(2018). TOPSIS strategy for multi-attribute
decision  making  with  trapezoidal
neutrosophic numbers. Neutrosophic Sets
and Systems, 19, 29-39.

4. Bromiley, P. A., Thacker, N. A, &
Bouhova-Thacker, E. (2004). Shannon
entropy, Renyi entropy, and information.
Statistics and Information Series (2004-
004), 92004, 2-8.

5. Browning, W., et al. (2014). 14 patterns of
biophilic design: Improving health & well-
being in the built environment. Terrapin
Bright Green, LLC.
https://doi.org/10.1016/j.yebeh.2008.04.024

6. Chawla, L. (2012). Biophilic design: The
architecture of life. Children, Youth and
Environments, 22(1), 346-347.
https://doi.org/10.1353/cye.2012.0041

7. Derr, V., & Kellert, S. R. (2013). Making
children’s environments RED: Restorative
environmental design and its relationship to
sustainable design. In Proceedings of the



Sustainable Architecture and Environment

Vol 2, No 5, Spring 2024

44th  Annual Conference of the
Environmental Design Research
Association. Providence, Rhode Island.
(Vol. 29).

8. Derr, V., & Lance, K. (2012). Biophilic
boulder: Children's environments that foster
connections to nature. Children, Youth and
Environments, 22(2), 112-143.
https://doi.org/10.7721/chilyoutenvi.22.2.01
12

9. Kellert, S. R. (1993). The biological basis for
human values of nature. In S. R. Kellert & E.
O. Wilson (Eds.), The biophilia hypothesis
(pp. 42-63). Washington, DC: Island Press.

10.Kellert, S. R. (2005). Coastal values and a
sense of place. In D. M. Whitelaw & G. R.
Visgilio (Eds.), America's changing coasts:
Private rights and public trust (pp. 151-168).
Edward Elgar Publishing.

11.Kellert, S. R. (2008). Dimensions, elements,
and attributes of biophilic design. In S. R.
Kellert et al. (2011). Biophilic design: The
theory, science, and practice of bringing
buildings to life (pp. 89-111). UK: John

Wiley & Sons.
12.Kellert, S. R.,, & Wilson, E. O. (Eds.).
(1993). The  biophilia  hypothesis.

Washington, DC: Island Press.

13.Kellert, S., & Calabrese, E. (2015). The
practice of biophilic design. London:
Terrapin Bright LLC, 3, 21-46.

14.Kellert, S., & Finnegan, B. (2011). Biophilic
design: The architecture of life. [60-minute
video]. Retrieved from
www.bullfrogfilms.com

15.Khodavardi-Jafari, N., & Yousefi, A.
(2017).  Biophilic  architecture  and
sustainable development. Tehran: Simaye
Danesh. [In Persian]

16.Mahmoudinejad, H. (2020). Biophilic
architecture. Tehran: Tahan Publications.
[In Persian]

17.Pandita, D., & Choudhary, H. (2024).
Biophilic designs: A solution for the
psychological well-being and quality of life
of older people. Working with Older People.
https://doi.org/10.1108/WWOP-01-2024-
0003

18. Rajabipour, F., & Delshad Siyahkali, M.
(2020). Exploring the responsiveness to
social adequacy in learning environments
influenced by design experiences in
biophilic perspective. Educational
Technology, (55), 723-738. [In Persian]

19.Salingaros, N. A., & Masden, K. (2008).
Chapter 5: Neuroscience, the natural
environment, and building design. In S. R.
Kellert et al. (2011). Biophilic design: The
theory, science, and practice of bringing
buildings to life (pp. 67-89). UK: John Wiley
& Sons.

20.Shahcheraghi, A. (2017). Enclosed in
environment: Application of environmental
psychology in architecture and urban
planning. Tehran: Tehran Jihad University
Press. [In Persian]

21. Untaru, E. N., Han, H., David, A., &
Chi, X. (2024). Biophilic design and its
effectiveness in creating emotional well-
being, green satisfaction, and workplace
attachment among healthcare professionals:
The hospice context. HERD: Health
Environments Research & Design Journal,
17(1), 190-208.
https://doi.org/10.1177/1937586723119208
7



/MV)U’JL"/W
Y »

VF.¥ )LQ—" ) b)m Bl 8,9

https://sanad.iau.ir/journal/jsae
YAM =+ AQY Sy ST LU

e
)

g3 dlae
Mo (98w (8 koo 13 Slidgn ()b Jaol sauad, 9 (U,

Oyl dgadie clpuiio Sy ¢ oMl Jl)’i olKisly ¢ s ylaxe g yid 09,5 (5S> (gozilild \‘LSM ‘_,w“&o fBLQJl
Oyl o gt 21y o oMol 13T 018l (g lono g yits 09,3 coliul :,.Q,olég w0

VE X0/ <Ay 3339 VAAY yano VXYYl )

LXVLCES

& laalidun y Adb o Mo (S9Sume (gilane 3 00 oxbeS Sikidsn (Shb Jgol Cundy siuas; 5 b ol Siagg San
5 b 350 2lg) 9 bl a5 5l g 03,5 as deutie b (gyleme 13 Subdgn slaline 5 Jgol Cumdy (eias g b)) pslate
oyl (e, 50 OBl iedin (6 pSiges I odlil b Sildou manlio b Wil lolis, S 51 ,a5 Ve 3 Sz (laiges .cé)S
515 S Sl polie 5y celaylins 313 L5 Limgl ks b plool JuST l38le 5 5o b 5l 5 TOPSIS bgy K b Sl
b s 5 Wloil ) oslil Ll .lord slxS sgute skl (£ylaxe o>b 53 Loasd Land 0 B s 155 5 g joos (5bid
5 35503 GRall eyl prals asle (LSLe (a9 oMo )1 L L ye (olojlins prizren sl 0ad Blod (65508 3 4
9 b )9 @lie (ilwding o LS § (LS (b dlas (6510 (RIS )8 < poml lads) > Bels ()
S5Sne S lons 30 Slido (b Cumdg d9:00 yslate 41 (izman 25 Sl Sl Cumdg Sl gy > (o polis oS
S S8 e ol 3 Sebidgn (A aw )] 4 S5 e Ik iloplesl sladgy e 9 o Lbigel 2 1T gete

a3 851 ) S Coodlas g 0B ¢ daloeiys datio 53 S b 5 il SsSs (elblasmo 35 4 Wlg_o lladl 1yl plos]

Mo ¢ ool ( Slidgn (S« SoSms (gylore 1 AT {0

dolihad capuiin (FoSumo (5 loro 43 Slidgm Ak Jeol (gauady 9 by (VYY) Cpmome (oldy g pledl (g y4id (oo taLL]
AY-YA (D) Lol Lo 5 g )laxo

ATV YYYOVY 8l elhammogimi@yah00.com : Suig oS0l G sy soubo plodl 1) gims B o3



A. VeV Sl @ ojless Y o;;)&,‘&lﬁl@;@gd)w

doddo

@ ol g Sl e sl (S5 o Sie ok 4 baulp 5 b claabls ooy clp Glusl S Jole «Lldgo»
b polie &8 (63,09 plyte & Shdgn (2 porie ((F9Sume (gilane 059> )3 (ITAR el 390500) Cusl € ol Gl S 5297
Glano 395 1 ) (3L d395 i oo plea] ] CigSis sogos S 5 (900 oSl LIS ol sl G by ozl Lamo 51,
Ol b byl cannS (pl 631> 3529 (S35 (s olidd &y Gl (Bpm0jl 28 )9 Sl o o 53 (St e il 81 b ol @i Lo
@il aSt Lol 5 sy oD gut Jawily s 4y Siidgus >),b (Chawla, 2012) 53,5 a8, LS jsbas b inlS awb
Gl b 5 SsSane saaoime shb 5 Sildsn 6olans ol uloeS (AlaM, 2023) cosl oad a3 lis sl 5]y 5 b
Bahador ) Cowl P b "j )‘I o9 ).54.0.&, dl.mo)gb PDopg 45 LS sl OU.{L» le)g I woba.f.&l o slalas M‘ﬁgu" & 4o
LS IS 585 S 5 (6y50 00 0By p Silidon Shb Jgol cute pil (eauaie Gliiss > (& Mahmudi Zarandi, 2024
2 Jeol cpl izu il g s Cuonl Sy L (Pandita & Choudhary 2024; Untaru et al., 2024) cool odd ssalie jloidls
pledl b bae L a5 WS SaS pcisSin LB g il (SoSue (sbalad dawg 4 Wl oo Lidgh (ol cgudie (SoSume (5 )lone
et Jjlte sSms 5lans > Sebign (Sl Syl s3sas) 5 los) Adlie daebo Jikio dgr50 (sSns (5 lans > Sebidge
ol D9 e (S (&ylame p3 (SH5 SV CudS (LSl IS ol el 4 coles jd g 1S SluyeMbl 1) oai] | SeSiue dxwg
Jool pleal b yine CogSiw JB g 5)lul (G9Sume (slaldd dnngs 131 (e ()b laastie 5 (60d Gliapaeby o)lore (31
les o5 wlg5 o Sbidgn b

355 (FgSane ilame (s y5b a5 00 a3l (Dploiie (§)lone S 5 (58 (Kip b Sl LIS 4 &5 (0l (lis 4 apede
yolse 6 lare b a3les 5 3959 b e Jb ol bl o3l S islain] e 3 5 (i slocins ¢ doxe sasldl Luslyd olul
by s e 4y guind cpl bl gued Sldon (Sl ool b ddien il cpl (SoSie (glere Cunl (Sas sl slaJlo 5o
Candy ot Slp ol ST opslaar I3l 395 5 oo ol > Slagiod Qaid oo S 1l 0,85 (ool el ) st
il (gloaser o gl (b L jol sy ol oad el dgudie (FoSume ()lore ) Silidgn (b ol a9 plod]
S Sbdrwg ;1 Suldon (b Jgol (BuS lie )3 4 L5 sl 039 polae (¢jlaxe 399 Aald Apuiie pus 4 ]l ois
olaase o il jd hlose Sl e Gimgly cnl Bl cizmen )b 32y (i (513,59, L o auglio 096 5 Sy
L;Lmoj”g: dxwgs g )SAJLQK] LS)‘SW"""“’" G ojle ;0B ]) Lm‘_’j 9 S5k éUa.n \) lie S slacsl )..:.L.u 9 Mo yd u_‘m?u: @I)Jo
ae Slidgn b Ul 004y 5 alolis b adlas ol sl azdls 53 ) j503 13 |y b Lases L Sinlon bily sSa
u\/‘ﬁm AM:L» A.Q(um 0 ‘JJT UJ?i“m dlbo)9)) 434»9; 9 U>l).‘o d‘)) d..\w.u))l 9 wy L;)Lo.a.ib‘) A)‘yuo .A.Q‘J.mo @9&»& d)lou » [ XW)
Sl ke ol g (Lol

(95w (5 lane ;3 0}l 4 U xb e g laloiol oanb )55 gy o sl (B GlalS wile Sibdgn Sk polie )
Sl 005 65uS Apuiie (sl

CsS g ol b g B 55 505 <oyl (18IS 55 Sl 05 4 5yl Saetie e (Sl 0B 2 6l dr Silidg b polie Y
SN

Ol sted collose & (g o0 (olbdnog d g Ak dgne ) Mo (SSume ()lone 1> Selidgn (b Jgol 2! Gl 455 Y
)5 el 3 Sekdon ALk (Se)LSe sl sl GhIS telas

$adod (5l (e g iy
Sl g

ik 9 Vo g2 g 418y ilid CanySlaoeo & sl (gloadads Sl (g Slin 3,809, G lgisdy Canbo b 355 52 50 €Silidsns 5,809
"S5 el g Suja ie re a4 o) Ll jl e Ml opl o) uST e gtan lase (b 11,3 CJB 3 Canb b pdge



Ao (FoSms (lone > Silidgn (Shb ool ciuas) 5 2l 0By g (5 R (sordo M

gl o8l 5> slidsamy 5 Sl VY] (ygundyg o) )l5) Lo Lbidses ks pogie "lldon QIS 50 95 0 s 5 de2
{(Kellert and Wilson, 1993) cul s S o)y bayo 3 358 (slacyllad &y Camd poge & (o3 (wlus] (sline 47LLS
Sekdgm (&b

Cuwd I gpde ohgd 3 pleile (b (sl 398 3,509y 3 1y (i Cupd o Cunsl ol Sildgn (b ol 3 (Lol go9e S
Ol @ (dom (b (e WS (o 05 3L o Bl eyl g ooy GRalS ]y Sl (s e lalasee oy LS i lidios
Browning <Kellert and Finnegan, 2011) 1S ablie canuds jl L 6)90 9 polre slolaidlo (cladgaeS b b sol 329 4 Jubs
P JoSe dply S lais 4 Slidan b ke olpen ond didle slalase I iswculs, aed 4 ]y Ll 4 (et al., 2014
(WA elmals) cul Hlebs o0l g8 o) 4 oliwd dg3g cpl b Lol w)ls cate 51 Slgy 5 o)ldy o Sojud Jolge 5| ammwg cinb
ol &ilyglgs S5y So ol ilod g2 ) (onbo (sl b bl (gl s Sl g polas (ilome (e SIS B 3yl (36 Sl ()b
Kellert & Calabrese, ) 1S’ oo a1y 0iids aid b bases 10 Candds 1 oolainl g Cuto Jolss (g5l les 5 (g5l s daos Coonl a8
D9t e peisie ssb & Sty J (3 S 35 5 5 (2015

lae 5l o0litwhY (b 4 puiitane (o yiwd—) Jols a5 Wl6d S oo Silibgo sl yloidlo (gl 1y (Shg ks (Y)Wl s 2
099> G Jols Slidgn sl leislo glyp 1) diwd aw (YoOY) ol sl o e gy (l5-F fCaub ol ¢ aub
dl!bhm )] d)90 \td ) )l o= (Y’\\“)VC:)K 9 Ll M)f )JaJ PN L2 w).w—\“ 9 uau.».b )I u.sLtb.)‘.o.’ Ry )K 4.:—\" Lad
bog omer ¥ g 5T OlY dlac) Jols m163,8 2 kae laleisle ) Sikidgn 5l oolil (glp 1) adlie Jlos 855 5590l
byl ool can Jols) Lad jl ol (slogSIl dtod dw 3 Slibgn (b (66K 03)les (Y4VF) K 6" Kig pr.ppiamsansS]|
sl )il g bgy ) ol ypi c2lsm b 5 il 95 (el (e S e anb b (g gt b)) o b (e
2 5 gdlas dlusg 4y Cands b bl J518 JISS] g a5l oolitwl) (b (sla w8 {(ail o b sadilolw b bL3y 5
51 ositane 3Ll 3yl dus (Y+10) VIS g IS 01038 e (Has 6l g 5oy clonlo o y93) Litd oo ¢ 3Ldd Sz 51
JS 3 si pleal il lojle (Suon wRaly o 5luleis) floj g Lad 5l cwad sbolY 5 ) d (b sladwsin «loj g
GRS g 356 Slse sy b lossS el |y (e 4 (S35 (Simgd (Studs (58 oly 5 5 o5 (Jlinl (slolisd
Ve g ol paie ib 93,8 Guivd Silidgn Sk o9y bJlo @)lS 3T 5 o Sitmgh slaolud (slusy balis o lacglis
(YA JSalow 3Lids g yo o) ol odd lo V Jodo 3 a5 cd S s s o] gl acgesre

Salidgn Alyb g il =) Jgas

b slaail b g lagS b sbapjd g JSal sl ; g Shy
(2l s lgid ¢ 2bg) (o 55 LS pheis )
b > oleMbl gle S g B B <l
(Sloj yess) loj )35 )55 9 cunts e (Ohle e bos) Slge> g5 g2
2By 5 1) S99l Lo Bho Aedyg )95

! Edward Osborne Wilson
'Bio

"Philia

*Salingaros & Masden
*Derr & Lance

"Terrapin

"Derr and Kellert
*Browning



AY Ve Hle @ ojlosd ¥ 090 ‘)‘Ag.likyugd)w

oS g laag wsle 53550 S5il5 dai JSS g g (s9in £ popS s USS obls
(Lo cosS)l olas) Jlogrsbo labes 15 Gl s Ellge
5@#&“0&%&5\“J@ZJWIJU’W c. . K .
5 il b @b SRy leand b sbjlulade 5 ble
o 3
we by g Juate (gloe o5 g s 015) 5 g SGB (Sl b s 5555850 (L) ) s sl
lagS) Lol claankas 4y Sy coliad pleol S ' '
(e Ore) S sailig s b (539198590955 ke g (ouwlidiyme
= )N
3 u9..§._c e syl ‘J‘"““ 69.&.25 Wddis Lo d)f.x.lmw)
sl Lo oS 5 aolSiu
JoSo el § assS| g WoolSiius 5
()lid g iS) bgy slaiis 9 Jols o5
s s,
Olejbe (ol peabudusjlas (sl ol § Lacans
asly
Canb g Ll bilg) JolSS yaSe bailg) Lad 5 )55
ol g jluilpd> O b pldle Jlail b bls) b )y
S (e 0 g pl oo b ()b bl 29 iy g ol b 4o
|9§,|5L59L§.>_c;5 ul&obé)y;l blsl 431»;5)93
SS9 S o b (San b b5 23d (pSale )9
29 &k g wd) 59 (sl il
cblas g Cuol lao
9 Co =9 T KR
, yaie) leidle 5 ((anb paie) il b gilopa b ojliie g pScue .
JysS g balus » . (S
(el lud]
. o Glo Sg S oy |y laidlo g L p )b o5 las cla S . . .
Sl g bl 3l o g B P 9 JSB plyis 4 )y
g e polic ¢ Ll
w9 culis st 59581 (03508 )g5) Cnnng
s g Sl Camjlae g Sinyh (S LS5 4 pleol lad g5
el 5 oleMbl O z9) P9 JS5 laie 4 Lad
sk g )5 oo 3l el smy wlad Gseyls 5 Snlon
Cugine g @31y Sor Sl slalas

Jold ol 2,509y 2905 muad Glgi g0 05 bl 355 95 Jold (IS ok & ccilie sla gy )b jl (bbb o 1) Sikidon Jgel
Capb jl 48,5 pledl st g oles < polad gyl Lad Wlis i o (BB (gylaxe 9 uiiS o odlaiiwl jlw 5 colu lp g 5 K sl
,&;9».»‘_;6 M;)Kdu u.xMJo)aoL& uluow Lg)lo:wg‘_s)l).‘o )345655 cwlwb)‘ W)A.c odl&w! P)L“m £90 Q)Siﬁ) Cawl
Shomn (=15 polaie 4 ojle b (ilane (b 53 bl Bl e g Caanb 3 35290 ki g odomn slagSl 5 SIS adllas oS
S e b gy 4 ey g 008 )3 2D g uiianepil yobo 41 yolic (] 23,8 ooy Ty 00d dibl (gliab )3 anbs Lase Caplis

(IWWAF cawg g s,me 505005 51 Jas Kellert, 2008) wles o SaS™ o)L
Joia (o (635 JS 1 OIS plodl wite Glgien ) o &5 Wb e ¥ Ut 28 4 S Tg 0 0B 5 Silidgn (jlore Jgo!

sl ¥
Slidgn 5 lore Jgo! -V Jgoa
Sibdgn polis Sibdgnr 5 ylone Jgo!
(r%9) sloylgss —loooxiy) wd lise ) (olidy, (alold 3> cobilE) jlulpuis

‘Heerwagen



Ao (FoSms (lone > Silidgn (Shb ool ciuas) 5 2l 0By g (5 R (sordo AY

Sldgn polic Sibdgnt 5)lore Jgo!
Foe 43 sl )90 dbil S & (58, oSl
(Lol g bosS e y08) Glowsl yogeas 3929 = 381
Shleddis Y15 5429
(Yl > 1553 slaasld alie slas g oligS hiho) slanss 553 (cdadlone polusl) olSalsy
(5205 &l (1) 0428 st rglans s o5 g,
(1 32929 5 Sjrad 15) gy
ol ples slop b
(o5 (plals wily 3 0) L )8 5 J3b o palS 55
Gk Blio (03 (gl 0ad (b (slao oy
Sllgs g cudyy GBS b Som ol
0L bl ploj Cte (b lod yui 9 9 <l dga (b2 (arre (oSS (5l
b g g gy dax | b sy, 5 oot daKial
ol Gl g (e (S

090 ) Mlez 3g2s b Ly 815 3)
(L

) E95

ol s pd s

nebs ol gSI- ISl 30,18 Capb I lE
Jushs oo

9 S bUiS oo B8 Baa b olaldd g lae b g oS 952 (b Slge g lae (55,05
s
55 51,8 (510,08 5 oS 3y50 Wilg5 oo 33l Lawes &S oo Saomy pleal
13l LS| oS 555 o ledl b s
WS o b ) oo g 4 &5 Godie gslaw

S5 ol

Soloe 53 0ad o8lxiS Silidgn ALk Jpol 3)90 3 dbgrpe (Ll )5 5 (il paylai oS> yole Gimghy ol cngl
sblee 9 b5l Sl Sibdgn (b Gl o Sy 9 Syl (lolid hsye )l oE > 5 Cgzle D 485G« SgSue
2 o b U5 sl el 55 Lo 51 o8 sl gl Kby o pin 2 4l ] 68 (i 23900 (S | 50
Y0 ol (Y+3A) 1S (ool gl bl 1 alllan ol )3 bl 590 Selibom celoSi2g )0 15T 00 aile Lamas 13
(S5 bl dline «ppghess 5T lbles el o lito «llges (Bl cl b ¢y 1igh so (sl 125 (slnog S 53 &S el e
Seowoge sl 19 9 )99 Gilodend (b (Srawiin (o) (S 9 m S5 i s UMbl (139 (25 a3 o SIS
S5 S a5 g ol (JUl glalad (S o0 ( Samn 9 plad @By g jlleaie (plellca)

GBSl Jlhne Jlz 25 o gy addllan (] cdgetio )3 (FoSe (gilane il > Sibidon sla S iy (3,8 5 bl plaebl sl
265 ki 3 1) S

35> (i)l Sl g 2Bl Jred BB 5 paseits BB (x> (BASCES S hwg gedg 4 b Sikdsn Jyol g Sk )
S ol |y ol Comg g g

8l Ao jod (ol y5b 4 g Ol ()lene g (soulBl ((Kin b o Sy b sl g Lasi o b o QB Silidgn sy Shg Y
byl adlas cpl Ban 15 sl lasye (SeSus lapleidlo Calo oged g las (b L losdins 1l Sildon by Sy ¥
el o 425 Ly 45 Loy ple)

s ihime g slaisl BB sl byl B ojle B 1) Glelis)l5 5 il ol (giloeS 5 b5l lp 2l Sibdon la Shy ¥
> Bl sl S9Sume (5 lone 33 353 (Jab Cumdy

ord Sbdgn (b sl Shy alolid L &5 48 o (goym (dhate JIg S jlord @l ledMol )3 0l L)) 3w Cg2l>
Sl g b3 I liebl (gl Bl (sl line 398 00 390500 dgude )3 (SSume slaplatile (ol b & s 9 39500
390 0 1y st Slilss fgo oo 4y wlst & Cusl (558 (ghaoliun g sl qolr 2,509y (il Bun b Jlast byl Sl 8
Sy dpeo (F5une (slano > Kby (Pl Sl Candy 5 Gl

(e Slllas by gy dlor ) exlad) J54 aindin ) Yoomo &5 Ciliie Slidod o wlid by (owip b ) co)le

d9> ol clbcudgize g g8 bl ()15 5,Sg, po g o Sl (gjlodnd 9 Sladl oy o owtin Judod g 5 da il



At Ve Hle @ ojlosd ¥ 090 ‘)‘Ag.likyugd)w

Ky oS Blanl & (813 (el yeine g gl By Ol & kS on S 1y S g (o8 sloodld o S5 3,09, 5
Sl Sy 5 Bl Jyal | o5 5 sl ol 5L b sltalitny 5150 2l adllan oSiomn 05 4y o Sl 3o
Solome 3 Sekdgn (Shb Jyol (Job Cumdy sainady 5 38> (b)) oSl 5 18L guan ol slajline 5 Sekidg Sk IS
Peal Sigas S 4 Culed )3 5 1S o walid (s slaodly Los 5 (g yglaen il |y Al sz le cnl S w0l B ) gt gSine

S o S (oo 8L > Subdgn (b

S (9 9 3190

O)yge sgiagh e 303,50 pastie Sldsn (b ajles 5 Syl Jo> 48,5 ©)90 Olidod dindn b))l g adlaa b
Sl 5 ol oot g oSS St S (6ot colza Jin Ll 8losgs gt Unlss 5 Syl ) 45,5
lp (o Sl (Aeogi g (oS Giagh )3 (alply D)8 292y 08 Ll dedie 39290 (oo (S)loms (e 3 |y Skdgn (b
ol 033,35 &) Qlsesl ]

5] g 31 Al oo Ao _sigSmo (6 lane 15 Sl ol (o ylino o Jpeol stz &) blos il ingly G 48 Lol
Sl (b Fse Jool 9 bjlins o)y pslaie il ren )3 )15 (@YU Hlws Comnl Jao )3 38 el el (sl )lns
BY ol ag) dalllan oyl doeis 15035 Cao o g (ololis nylno g gl cpl clasipo qwlio g o] 55,50 5 (II50LS yg00 5l e
 Jess sal)3 (ob)l polate 4 jlime Saad cpl MBI (eSS dgtie (SoSme (5lone 53 &S 39 Sikidgn (ALl Jol 10 5 jbae
doliiduo g )5l 51 dolno slass | (1slS g Como gy elate 4 pslite (ped 4 3, mls i |y ol (sllas 5 cSLs anlss s
ailalo (g yd el 329 Sy Lo g ol (gl )line § Sl (b Jgol (] )3 &S 0005 4 laolidusy A 4B S 0y
olol ansle 285 18 hmgly cnl g 390 adlate ] 5 Sleiblo ofgn lpde 5 QBN (Slay Cus el g dgtio 03
Sl Gl le slaofyn 3 Subdsn (b b &5 cuwslodg Sldgn (2l Jgol b 1550 381515810 Jetie (iaggy ol
Slome e 53 (eSS diilo I (5)la)55 0 I W ol pSlo Simggy digel 4 2955 slajlims Nidgy o) (ol ST >
Shl) dgio Ve anl 3 CigSw (lagpe (daelunj pgle b jlaie (g)lose bl ALk omen (alaaid) )3 Jeaxd) Sildgn
sl b  JoSume (6 )loxe yd Suldan Jouol 4 sl o]l slaw 51 &8s 50 ae 4 ol | (adllae ol disej p> (ST i
#En (o) (nl prlly ile 4 il Sl Wges (pl (B Aol (S ge Cpgo 4 g Wedin (5SS diges by Sl edlatul L
5 Mol 4 g 03l 0395 () o (S xS Wged Lgyly 5 LBl LB 2929 JS (gylol Amsly S O e Sy 4 35 00 00t
e M3 85 jsbilas 3,5 o Spgo bl 3,90 53 (B SeM] (550 iwd 5 pasital il Joe b oloy )bl else
pleal e 10,8 Cunlgs yd Baadzucl 5l ogs dolidiun yy leMbl gyslpen g Coro (auyp jolaio 4yl iagh Lol Il a3
(3b5 slew) B B (o8 () V o ilitel 9 03,8 (2Ll ) e (G9Sume (silone 3 Sikdgn (b sbajle 5 Jpol | S 2
P el g oy alul 4 alie Gk jlpingh )lil 6l g 2lgixe (2g) 3550 3 skl cun jglaie 4 disleis parass
3ol xS b pole imgl doliduny (9 L 5l pliebl e’ (sl 13285 )15 Mo ol (ol 5 sldS catpo
Llod I dolidus p (1390 cawlize odimd Lis 48 dol cawday (+/V 5 (i) JAYD plp (yg05] opl oy jlade i asie #lig,S (o]

Jol 10 o 31 2392 ybaiclo o 1 s dad caanl 1S5 Mo 5 ¥ 51 it s slooySibo ooles g b
9 Jsol 3l Limgg opl 53 3,5 Cbal ol Lamgs Jde 3 £S5 jekite 4 bl (ke 4 drgi b ol &« Sldgn Sk

Gilore 0 Slidon Sl Cundg gandd) o)l Jbo olgie &V S HIbged j0 e ol diwly cpl 55 8008 Sy L baws
ol 045 0135 10 ol imgh )3 Ao (S



Mo SgSame (§ilame 3 Silidgn (Sb gl (shnds) 5 b5 1 j0lg 9 (S e (soudo AD

P51 iR Jaem S

2 Jyel g bl 3048) (Gile 4 arde (SeSume Slore 1> Sibdgn (b Jgol g bajlae el g (8bxS Cundy (o)
hpdy plxl b by e

B 0035 A (FgSe (Silons 53 Sekids (b Jsol 5 1o les (8L Cugr caslie Jao SlaLRLS Glalllas plosl L cansss plS
0P9) 4 g 9 005 01335 1 doliun y SaS L oyl o sk 5 48,5 )18 (903l 5 2] 590 0 (sl line Como g P8 0
b dplre S5y (g 9 003, dunlie Soden b o 8 (KIS o0 gl (95T () dmeloxa

235 5o Oz Bjlee (2l Jgol plon SeSL pogus o5

el a9y 5 (SrSmannad G lo) pow p gl e ile) o P 5l ool sty MLl S8 L Bl o 5
P9 035 g Mo (SoSume (§xlame Sl ()b (slasline

ilizeo o) byl bl 2 9509y cul sl ond Ol (bo) (lgis 4 (e I oalatul b (oS 3,89 gk ol
oy bl (il (G Tl el oad sl adllae a5 wlie  Sloj o la ¢ imgh Clanl cly ] culs g gudio
tolits y (SaS L als yo ) 3 .85 plosil azbly LS las (Yo VA) 08 Lo o ol Silibgnr b ool 5 39350 Sl ras
skl (] 33,5 oo 2Lyl Mo o (SgSe (Slore 3 Sikidon ()b gl (b Cunsg 5 cuanl )50 )5 (lulid ) oS
P Skdon (hb g (SeSums gilone diej )3 425 9 G s LBy 5 (lile b (lese Joli (lanstis Jl 8140
dlion 25 IS il o (o)l dalidin y HlS Lo 0D @595 Ao

Sl 9 (6)5 455 Bilgw g b Jlw i d s aSle B aiadgsly Gilaw 350 0 1y SleMbl yisy cpl: S libcumes GledMbl )
S oo (rglgen e )3 (FsSame (sloogg 5 o]

g a8 Bl (YOA) O bawg oad (glulid Subdgn (b jlae YV 5 Jol & (oxiwlai cpl iSilidgn (b Jool Y
S iltel gy olie 53 Mo 3 (SoSume (5ilane dize) 53 b Shg 5l S Cuenl el 1) 395 0B walgs oo Lulid)lS
38 (2b5))

» Jgol ol il g plesl (ad s b 395 oo dialgs Lol ) J) e Silidgn (b Ul 1 o sl i b Cundg (2151 Y
S 2bj)l ol Pl b oS (s pleal 1 gjliel & )8 olide )3 1) S (SSe (sslone

Bl sly Sekdgn (b Jsol (9 cuolie 3590 53 Glolid)lS Sl (bl sl (V19 Jols (il ol (slolne ¥
S pleislo jle g calo bl blijly (bl 5 (ololid cdgpe e (Joxo

J38lp 5 baome )3 Slusloro jlalinl b laylne (500045 jglaio & (upmgls ST 5 053 1 ()5 dumslne joliaie 4y (153l (29,51 29,
26,5 Aol YoV a8 Cblung Sl

ek gy &l 5 v
Wl 00 0d)gl ¥ g ¥ S5 2y 4y g diged (B lbcanes Slasuie



A VY e o ojladds oY 090 ‘)‘.\g‘l,l-‘a.yugd)laao

alaxs

o Mg slpn e gulgs LN )y pu ‘lﬂiﬁ Jugs s L
o

<4 5.9 10-14 15-19 20+ Sk eils o ) gy fo
"L
S g 2l
ELIN
ol Gldgss diged (5 15 a0 g Al - S POl GlRgg diged adya Y S

o Bl Jlo 18 I8 e il b Slazilo slaogey e oo §| Libag ol oBMSES 8 I S5 gillas
J> 3018 53 (6350 I e Oljgl il 5 (8D Sl o (6 pSreal Plae (ogadas g ojkes dix (S el Jluws
45 5ol (5 Sy e (S e 5 3900 )L (3l 29551 Ubg) 4 Ol 0 039 e Sl gy e Sl e altis
hb labas g Sl b Ll (o)l ablo (gomen olge o bal ) cand 2l (53w 5> 1ol oSy conl iz s
33 38 el 53 Skdge (b walio b cul B 5 ()5 Clgitio 5 ©)les o g99e 4 303l (gBMs 5 (62550 Sk
2,5 olwlid LU ladye oliyaelp glp BolBuyd (bl Cucdl (xdge iz )3 cCand ply o2 b olEyd  colod Cavan] laad 5 it
4 S |y o o Coal @53 yo (59l (G598 SySmrenad ) ol cal 1Sy e (g b Ceal s il
o 5D led e Ha Djg0 BAn A wy S (S S bayig pusme g alalT Gbl bl e pastie S0d (claolays
Phb Jpol b gl ) ey o0 o ol 1 S o3 SIS sloolSins (2055 sy (9l (9,51 S5 (Bl
Jser8 31 eogld (g8l gy jlodlatal L (6,85 V-0 Ligad sloeliags SO 4 (459 panass jglaio 4y 0,5 o0 olpe & 1) Silidoe:
5l a9y e sley 5§l cypme ol dsgazme Sy 3 SledMbl (glsimo b apalsd pie 1 (ylno 45 1 odlitl gl gl

Do o dawls Y dlayly Cyoo
S (")

aryd) O e dule (am 5 55 sl Jloinl @i Pij @)l 455 S g yho e |y Ej Jlaie ol jlade olgie 4 k o] 5 o
] > S s sl e S e s (0) Abgrye 0B 1S oe oy blos 8 wibse ¥ oy Lobol (ool
ol s 5l cudy ol cul o 5l (Sl sl S5 pn 4 (BW 0ud (6p50jlul polie dx pa A o B 0 1S preuas

20, 6 b s cglas o8

di=1-E; (v)
Ao ¥ alasly o o83 o s Caenl b y5g ol dlsge p3 0l LEalS o5lul len 4 Bl (o pSmenas p 0B o] i 14
Dgud 0
wi=di/y’d; (")

PR OP A pastie phw 0k lis a4 ded go 03 Lolaidl 59 oW ja 4y @5 VoD o acgezme (gl Jgeyd oyl Jles!
oS )'| )."5,‘3) J.J:u 9 4 OKal &J9 J)S.m O._gl Lol Agod u_lf SleMb! d|9:::>u 2 ;i..l...ey.’ st‘)lo d)lf imL.»/AJ):o
Slonl b Bl o om0 Wl 1) gaiadi)] sl 5 1S e pal ) Jsol 5 jlee 2l a5, 2 gl 8B 5 (28
0SS 1 ol V40 (gl osel cunds ol ¥ Jgds [(Bromiley et al., 2004) amd eMbl 1, alEiily Sladss 13 (63 paona

3o (Ui 1)yl hngh



S SSume (Silons 13 Sibidsn (b Jpol s34y 5 b)) 13009 9 (5 poed (soulle AV

By (i (i Y Jgd>

o eADVR | oo ADYE | /e +RDVD | /+-QQYY | /A0 | o/--Q0YF | o/-.q0Y | +/--0V
oYY | oo eQAYY | /e QDA | /+-RQFY | o/--q0YY | o/--A0VA | o/-e0Y | +/-.0Y
[« ROV | «f«-Q0YY | «/++Q0YY | +/«+QDVA | +/--q0YY | o/c-R0YR | +/+-q0VR | o/--q0)F
o ROV | «/«-QQVY | «/++QYY | +/++QDYD | +/+-q0Y | «/+-%0YX | +/--qD)Q | +/--q0Y0
[+eQ0VA | +[++Q0YS | +/++A0YD | +/++Q0VF | [+ -Q0VF | +/+-Q0)VA | +/--q0YF | +/--0YA
e RDVE | o eABYE | /e QDNR | o/oeRBYY | o+ +ABYF | +/+-QDIY | +/+-q0VS | -/ -%0YF
[« QOVE | «/«-Q0YR | +/++0Y | +/«+QDIY | +/--q0YA | +/+-%0YA | -/-.q0) | o/--q0Yd
[+ eQOYY | +/+-q0YD | +/++A0VA | [+ +QDYN | «/c-Q0YY | +/--QQYY | +/--Q8YA | +/-Q0YY
[+ eABNY | oo eQDYE | /e QOVA | +/++QQYA | +/+-Q0VE | </+-A0VY | o/--A0VY | +/--QD)A
o eADNY | oo eQAYE | [ +RDY | +/+-Q0YY | +/--AYA | o/--ADVQ | o/e-q0)Q | -/--q0VF
[+ oABYA | oo <QDVA | /¢+RDYA | +/--Q0FY | +/--A8YF | o/--Q0YF | +/o-Q0VA | -/--q0YQ
o eADVA | /o eABYR | /e QAVY | +/+RQYY | +/--Q0YY | o/--q0%Y | o/--20YY | </ .q07)
[oe0Y | oo oQAYA | /e +QDYN | +/++QQYY | +/+-Q0VY | +/--q0Y | o/--20YF | +/--30VA
o[+ +30Y)

VY (B, s ke

Sildgn (Sl jlee YV ubuS Candg (gaodd) Elpw & iagh 50 0aiS S b ol 3l SO oBud (459 b astie I e
5 51385 ol s i3 (5SS (TOPSIS) Jos) Sl & caales ol 2 gl s S o] 5 a3
Sy (owsin alold oy j2eS Wb ol Gloasl 4 35 pore (pl (wlul e o o3litwl a5 5l (dlacgesme o jo (1SSl o yieg
Sy ) i Jos Sy 1y st Al 15 Vs 5 (Sl o s el s 2,5VE) e Jlos] ool
P9 pj Jolpe Jold 5 Al ansly bajline bawgs oad LSis (gim bz (gL )3 (Sl 2k jline pliol

Jloyi e ilo b 03,5 s dbogyjo (ygias 5> polis dod Sl jglome ggemms Yl 1 paaal urilo )3 (@ )8 ;0 Clg) puais po )
(¥ dayly) T cosay ()

4ij ¥
ny = —t ()
i) aizj
(B dlaul)) 03)5 oy 0B 2 )59 ) 0dd Jloyi (g5 wranal uyile Y
vij = Wij * ny; (5)

539 035 Jloys (S S ommnas e 32 sleno yo (Sl (V]) jolia i 9 (1) s elos) 0 5 Jlol (sl Jovely cmess sz ¥

cato Jlossl g 1515 oo )b bayline a8 plply wsb o Jloss] 5 yine Coumsg sximdLis YL 0 pes 4l 4y dgi b s ascidie
ROW I PR I Ky gt

aaly) 15,5 dplee (A7) Jlotsl 35 g (d;+) Jloss] sl ool 5l sl o ootaldl alols e 3luliss (slonylno dunslona yoliio 4
I\ Y

(A ) A5 e 005 dolims Juold ol 3 oyl ol 4y (C17) 43Sy osmd (Su355 0
. dr w

i =———
Cod 44"



AA

Ve Hle @ ojlosd ¥ 090 ‘)‘.\gb -b.?ug LS)‘“’“

¥ Jgds 50 395 Jolye 4 zols a5 (Biswas et al., 2018) 13,5 (cauvas, Jlow! Jsoly 4 bl cowns (035 wlul p a5 5

.CAM:‘ X OD)ST

Sebdon (21rb Gyl (il 0LS l5e B 1 dpbie Sy Ll 39290 Coamdg —F Jgaa

ol S il alols Sl dols
4'f3) T T )‘-:M Jg»ol
calus olas ! ol !
5 MR IS ofeeVD JRRPIPLIRNINK 1
) - [5Y8R /+3¥ RN JEECRNINK S
v < [85¥Y [+V¥F vy Ooye jow (sLad
v <J¥YYY [+ +AA AL o (gilodps Lad > Canb joas
Y. NSNS /3 oy ooyl ialS ool oy o
0 [0Sy [\Ys ofeeay 35 503 a3l
Y [BYA [3VF ALY I C O (I
v\ - [DO5¥ [+\VY of e et S5 ST
Y < [OAYY [AYA ofeeay oslate
YY <[0VA- 13\ o[y Cab b bl
Canb b (6 par bLS)
¥ N [-\aY vy RN
Y <[SAYY /-\aY ofeye Uil el
\# < [OAA RS RN &l polie ]
_ Il B A_Jl )9@)
Yo J¥05- JERLCN [ NA HBLSTOT ol gy
W NS o [AYF MRS b 95 ojlodig
Y VA [+3¥Y [+a. Olels ¢S )
. Labd 5 (xub y5
\. <[EEAY [+3¥A [+ AY oy 2k
¥ NI [+\¥F [+ G b
YA Niaiid JERLCN [AVF b Hlae gy
18 <J¥AYY [+<AY B\ e b s 03,28 o3l
74 < [¥0YY [3\Y o[oys las wlis ol
vy NATAN [+ AY YN las Cuenl
Yv <I¥0-A [+ +aA AL b sblis
q [SESA [+3YA oo V0 Lible clagul
Y. SJEVYY [++2) o[y b 405 claplas b bLs,) JolSs
Y < [SVEA IBYY ooy lon S b
> 00 ey ol b o5l ool | plusl
ve ¥V et s 929 9 2D Ol @‘ ls))J:l &iledls
Alois s
| {u :;: Lo ol Wl
A .Isov R AR\ S <
wlad asleile obagSl cyle,
) VeyE [\oF ofee55 b dius
Eale ol g L Lyl
) [5VYY o[VEY ofeeye hb Jelee
A < [BAYA N e o[+ Olessls S5/, hb LS Jso!
A - Javoy oJowy ofeay Jed b Sl

2 Slidgn (b Jpol Cunsy ol ganas, & Jolo )0 Sldgn Shb Jool SO pa (lp calis (a3l (x5 (ke b
(0 Jg2) 35800 Jols getio (F5Sue (5slone



Spdio (S9Sama (5 jlone 3 Slidgn (b Jpol (aas) 5 b)) 1009 9 (e (sono AR

Mo (Fgwme (5 lore 35 Salidan (Ayb Jgol (ol Ay -0 Jgs

455 | (onfiee) calet sl Jre

) -[savs s5o Ko Laslg g Liab Loyl

! -[55¥4 (cdablone olus) olSaly 5 (Ahold 4> cullB) jlulouia
¥ <[5YE50 Sk b g pa b))

¥ Niand Lisb g b 55

o -[PYYY b slopllas b bl JelSs

5 -1YN Sl b I Jsel

4 Nia\ai Ol youas

A <[FVE YA ol syt o Lab )3 s jpuin

3 - [aSAYAY Cons | i b gms (sl e

VY (o5, sl

Olaliuia w1yl g S 35 A

9o (SeSwme Sl yd old (giludindles Silidon (AlHb gl Cunsg dinej )3 (S0 o0 (gaad) 9 358 e @ xgi L
Candg i 3D g 3V maw (aiad)) dige 3,Sles a8 2)b gy Silidgn Sl ol cbas)lailinl 5 Jow! Conl dapuiie e
i b S o0 405 1) Slpudes b Slon Candy Setie (G (5)lone Bl )3 K05 Jgal (B g w300 U5 395 S ) (e
balyy g Lad Lalpd Joli (singy d5903 oSS jl dalio (S (gylome 13 Silidgn Lk ordgiluainle Jpol F Joi> mli &
dllojle g (63,58 SW; slabas sbul cuglsl o 4" uisl o (cdadlre wlus!) sRaly g (aold b cublB) jlulesis ¢jgme Ko
2y b g3 S5 5 4535 oo Sl rbs bao b (538 (sige 45 (g polie plid] Cuonl 1 g 03,5 S g s a3 5 Lab
w3 e oMt |y Silidon (S (s Jpol srelaise il gl cnl lei oo 48T bl o Sl & (S5 (glalad sl
Sl i) ol Al b (o (slalied o Gl Gl g Lad )0 Gl jpds Ol jpis e ol S0 (59 ]
il (56,5550 ol daudo 1D JSsSume (5lore Silidon (il (3 S Mt Jgol sdims lis a8 Wleoly lis 1y (65050 pdaws
o 3 (FoSuma (§ilase yulyw > Suldgn (b Jeol yidn plosl g bav e cpl )3 adly &) byl 5505 Sk 5 55153
3 caggl ) 1) ST ialul g old) a5 aiS slowl b jl 48,3 aledl § Jasls (555 slalaxe wilys o o)yl Canlus o obol)b
Soled ool |y (b luledds o BlLbl Lo b 5 gaes bl s s )3 g 000

bbb Jgol blod 51 Slmo e Cunsg 0,00 ()b o able glagul ¢ glas aibejle sl coley I b6 clablrs  pwlus]
Ll (ots 4 3w o L5 a8 3,8 cdlyd 1y (6 5Vl s Trand (o) oS |y s llolid Sgue SgSme (6 lome 1> Sl
@)l ) o sleuie waly Liuliel ]y LSl dble oldy b )lxe ol 03103 )S" (6,5 ixe SaS Spuiie )0 aild Slidgn Syl 4 5 0u
ol azily 1y o3 ()85l lusl 2,555 5 inly bld 5l agadie (SoSue cladils  Slad jlidle o wimd o yluabl g oduisy
(oot gl wlol p WA Chog Slpuded Caxdg ) 30 Canb b bl ( S8; CatST e oyl (il dajled b
CutsS i) 4 g o b )lo oyl Dy D ot Lm‘_'j & lore (b a5l 0 5 wmd s (gyin do gl baylee cpl 4 L
blsyl sl 5 L o .\3|53'L;o > )lxo Lﬁ‘ G Ao gl (pitred Do yue LSl Sl e g WL"] uwl)sl 5 Sleidls Com jlaxe
Dol (LSl (S8 CutS g Coodlo Doy s s j3 g 1S SaS g0l base g Caple b LSl



q. VeV Sl @ ojless Y o;;)&,‘&lﬁl@;@gd)w

Slgps lleda GV 392 5 03 he ) (2lidy) 5| Jolbs 65 ols olus ol 53536 Sildon (Sb slojlise
5 b s 03,208 odlitial ¢ xbs 458 Corbs (il < rb s g5 b Slalio @las lidaly; (bS]
ol A o sl bamdly cpl il plels Sl Candg ) 58 e JsSime (glexe jo GBS S 1 ) il pdlas Cusal
ol 005 B dngi byl 4 oo 3 ailawlio Lol g o 4 lid o 1 ,lul claals slb 5 Sl Jolos olgie 4 b )las
Sl & Blgie bylme cpl 25T anles blod 393 (shb b 3 1) bl 5 03,5 dags i 3)lse cpl & wb (5)lems ololbo
wloj )3 &S (S il 423 g ynd 55 9 93U el olua] LSl ol )3 45 393 ot FEhS b g Fells () slabae
O 9353 08 p Aoy Sladize g Cunl 4B)S )18 pol (Vgtws 5 gl 5 slatd) Gliiee g5 )90 Jlas pol>
ot (b polie b blijl bl g b dlas (35150 (pizmen Casl 035 Jrood (5)lose 0 boapo Jiluws Sl (230 (0l )9S
Shb bjbes i il sl 35b sbhanje (il 4 S )3 (ot (8 Sl ilane (b 3 Sl lajlee 4 2295 L
S diiS (o0 oS (S5 (IS oS 5 (Jame ()l sl ol 4 &S (g polis (gnCagyl adio )3 (SeSus (gilane 3 Silidgn
Sl (Brgp 9 Salen (5355 slalaso dbnl (sl b a4 (w03 9 5 505 BN oyl SIS ke (lajline Al oo
CeisS ey MB b 4 Sl bl Ol 5 s slales (B (LS (b )5 Wile polie oS5 08 8 ST 3y
> al8l ) detie )3 (SoSume (gylome (wgdluns ) g (SteCum )

>l B398 48,5 a1 Wb 58 (b dliae OBl g (551 5p90 00 ol SleBlo slaogsd 4 bgrje (slalins icnl 2 0gdle
sbayaly Gl g iyl 2l Glagiun (oS 5 unjlaste b 55l dlge caucaglyl b 0gd diy deie 5 bl Sikdgn
e lpyaly (hlese e (6)Sen 0pS )18 o5 )90 Ml5 o0 WSl sl il (SoSume slagleitls (Jldp (2L
018 uSate Ao Sladls 5 Wilodd 42 LS Fige yobo 4 Sildgn (Sl Jgol &Sul I ekl gl plSLs 5 Sl
el (6938 edistuds ol (S lp @olr 9350,

Dlae 5 baloil (o 558 (Fgm oo 518 (B ol ale Silidgn (Sb jolis &Sl (re Giogly ol Jlses 2 ol
by 9 (V) (Soye e sbad (V) as,) B lalS sl oid s 5buS puie sl SoSie (gyloxe j3 ojll dn b als
45y & 2295 L Ll £l oo gllan o 53 Banss e JgSn (g)loss 3 53l g3 3 oaiS eS8 B 5 3L (F)
55 St 5 05 05 sy 05 allge TV o 51 (VA) Lo clas § (15) laloiol b dla 55 Silibgns ob ool ool oy
do U b 98 (o jew slad (A3 LS dgei cou (lgi oo ekl dwl ol e dilxS s ladils e (gylae 53
b ccgslono ol 55 Wl 5 xb dlas 51 3lisol 45 Canl o )3 ol Silosd ool Spuo sSs (£skono 55 o b (st L
slalad (31 lals il Sildse (b polie (buS (gilane Jate | cunl 0ad Llod (55105 (i & 5550l 45, 4 a2y
ool 4 polic ol (ili8l (oobj ae Uy S (slalas S oS Wil o anb dge g balas] o anb 95 5l (cLad 3 juw
S SaS Sl o) 4y g i pdds (GBS plaj il il &S S e S8 plalae

45y 4 g b Bl Ao b Sl old pr (6y8b dy Silidgn (b polic 4Ll e pil Ll > lge 4 gl
ploal i jl sy o a5 4 (V) (555 (IS S 5 oo (VY) 53 5 55 (VD) 35505 (el Y+ 4)) oyl talS ol oy
Lbd I (B ool Gy 45 4o 2 sl sy a1 p3Y 015 g2 S piiy (sl e WSl (S5 CudS ] sl polis
b (g2 il on it e (gSama (5lone > Sibboes Ao ol b jline (o] oy el (5VL o) jSpsS (g0
lp s bl (Ses a3 o0 L5 S5 0 5 oDl Gl g ol ()] S yed Iyl (Rl Sl e
sbalas wile g polic (15 )18 Coglgl b oAbl ails s92g dadie )3 (ylome 5 (5lopeed 3 Sibdgn ALk sladpual, Sl it ool
248,83l ) g osiSules 5 il (Su5 lalae (5o 0ad wbl o 3 b dlge 5 Wlaicl () 45 s o
9 5k sl sbul & Blge speb slalad  Sildgy (b polic jpas SRl Bk 5l 218 Cute 3T Lo ol
SS9 (I oMl )] g (o3LS Cagl S ye3 dgmtc il (RS 2 S 5e0 b deedie ilans g (il pped ST ST jgm0p3 s
12 25T S (a8 lond bl baoms 5 Sl o icSinlan ala sl 4 1155 o «Subign b EMlie 5)b 5 53
S5 L 29800 Sy 9 o S ()] el S & o CElopj g (Shb 3 Canb 48 Splll polis (NS Cpenl
Db e e 3 Fpglie o LI (6y0ed Cdl 4 oxie Cales 3 5 MiSu o0 dge |y anelr (S5 ol

2SS90 |y e (SoSume (5ilane 1> Skdgn ALk Sl Gl Glgie 9558 &Ll (e (g% o Jlgw 4 0l
S92y Mo 3 (Soume (Silone 1 Sl (b I (Alie slaaix Cusl dgpie 0D Pl gl (sna5) 5 Jibd @l el



Ao (FoSms (lone > Silidgn (Shb ool ciuas) 5 2l 0By g (5 R (sordo 4

>hb Jgol plesl 13 1) gl Chns LIS w2 9 w98 LIS o (s34 cpl )b cdpin 5 S9me Sln sty S8 b 45 5)1
bl st 4 ld Conbo b (g b3l g (b )95 e (g polie duny o0 55 40 o8 (o 3 ¢l lsie 4 amd oo LS Silidsn
odimd ol a8 Wy Lolamdl 36 4 1) ol bas, JS oy 5 58,5 ilisl eyl Lol emmen Slysl Lol wsloas
Db lpl g Camdy 5 (b Cundg o BS (35 skt 4 sl Sl it (Supw) g 29 ol 20 S Cusl olaoje>
513 GBS ol Slga jl o3liial 28T Vgl cd)S sy 1) (gaaste sla)lSaly lgion dede )3 (G (Sslons 5> Sk
ilwdinte ol ogdle > <Al 0ld) g and (I3l (aagi B sk 0 1y Cannbo b S B3I Sl o0 b (sLdd )3 s slaliaS
(hlere e Syidio slo WM iy dgut0 |y (S0 bme Wl 5590 sk 4 Slane > ol polie oS5 g b )9 e
Silidgn (b aie; )3 Sajoel ) sl oro s Sebidsn (b Ul Gy )] 50 LS sl 5 s ped Gli2)ael
Lk pledl ()l a4 g o (Kon oo gl laalaales 1314 cud i g ool Slable sladg) el 5 g «Br9ls
WS S e 33 (F9Samn (§)lone 1> Silidgn

bl plaied Cusl (5390 g ghaw 4 e )3 (FoSums Silone > Silidgn Sk (b Cundg ()] jolate 4 il 2 oge
b alp Job > Sidsn (b polie ploal 4y 3a0ds s 8 Caglgl )3 1) Cals 51 4B S plafl 5 SIS (S5 slaliss
8 ko gl (ol g ogde md I3l 1y Bl (S5 cuisS 5 03,8 i |y ok bl Laeo K1y o bl b pogie drwss
ool b S KaS Wilg5 o ygoe Camnbs 5 )l (gylome slmogeis 5l coles Sbul 4 Sildon Shb (cblie 3590 ;> (25T g axols
G 4 Wl oo e« SgSme (Silore ) L b iGras bl Coghs g s (lacdlop) @y wlyly b gl pal,
D9 FSe5 ek g Sibdsn (b g 4398 Jouilny

5 Sl gl wlond b)) Glolis)lS 51 a5 10 b olulyy dgde claals loxe b b Laye sl lro (imgl ol 5
O olge 4 B)lire cul sl S b L) g (orb 595 lalS g ol Sljgps dlex Sl lajlse (B dswgi g ok Coan
Sblio pemen (obyjle Cundy (N3 gw 1855 )18 Glisaeln S s 3 Wl s )3 )luk el (S > Jles
slaal ALk )3 258 0 485 4 (plply Casl oAb oyl Jlu g Yol lads) ) (b w9 (dble ol (b
3lse ol 4 0dial 5wk (gilase ol cnlply sl BS )8 da g 3050 oS By, o here sladin (4 drg e
Ales Sl 1) (g 5cuaS b g Sl SeSue (lalapee Wil b aiS da g iy

dgi 2y )8 oalatul 3)90 KlgE oo dpele )3 amecinn sl slaals (SLb ly g2l Olsie @ GiasR ol @S Egeme
D9 e e (il )3 QUL (S i GB)] 4 Sl oo iCuenleS 3130 d9e (imed 9 (Sludes 9 Slm lajlne

);LLo OUI?}’» d)tfblg. sl 5 UcL;.o\ colas S9p N u.a:bcwb » u.wlfu.{ .(\\"ﬂﬂ) Lw.Q(O cglfdzsl.w SLids 9 dolold 9>y Y
NYA-VYY (00 ojlad) sbigel (658 Sebibsns 55,55 5 (b Sl g5 5
R slea lojle wlylaml : gl as g5l e g (5 )lome jd (Jaize aoliilyy 3 )l tlass 3 bl ((VYAF) o)\)‘] (Elals Y
ol
.ol;:]o oyl :O]).Q‘S u.L.B}.u &olono .(\Y"Vi) 2 ‘.>|')"3‘_539‘o.>u ¥
5. Alam, M. (2023). Biophilic architecture and designs for mental well-being. IOP Conference Series:
Earth and Environmental Science, 1218(1), 012020. IOP Publishing. https://doi.org/10.1088/1755-
1315/1218/1/012020/meta
6. Bahador, A., & Mahmudi Zarandi, M. (2024). Biophilic design: An effective design approach during
pandemic and post-pandemic. Facilities, 42(1/2), 68-82. https://doi.org/10.1108/F-01-2023-0004
7. Biswas, P., Pramanik, S., & Giri, B. C. (2018). TOPSIS strategy for multi-attribute decision making
with trapezoidal neutrosophic numbers. Neutrosophic Sets and Systems, 19, 29-309.
8. Bromiley, P. A, Thacker, N. A., & Bouhova-Thacker, E. (2004). Shannon entropy, Renyi entropy,
and information. Statistics and Information Series (2004-004), 92004, 2-8.
9. Browning, W., et al. (2014). 14 patterns of biophilic design: Improving health & well-being in the
built environment. Terrapin Bright Green, LLC. https://doi.org/10.1016/j.yebeh.2008.04.024



ay Ve Hle @ ojlosd ¥ 090 ‘)‘Ag.lghyugd)w

10.Chawla, L. (2012). Biophilic design: The architecture of life. Children, Youth and Environments,
22(1), 346-347. https://doi.org/10.1353/cye.2012.0041

11.Derr, V., & Kellert, S. R. (2013). Making children’s environments RED: Restorative environmental
design and its relationship to sustainable design. In Proceedings of the 44th Annual Conference of
the Environmental Design Research Association. Providence, Rhode Island. (Vol. 29).

12.Derr, V., & Lance, K. (2012). Biophilic boulder: Children's environments that foster connections to
nature. Children, Youth and Environments, 22(2), 112-143.
https://doi.org/10.7721/chilyoutenvi.22.2.0112

13.Kellert, S. R. (1993). The biological basis for human values of nature. In S. R. Kellert & E. O. Wilson
(Eds.), The biophilia hypothesis (pp. 42-63). Washington, DC: Island Press.

14.Kellert, S. R. (2005). Coastal values and a sense of place. In D. M. Whitelaw & G. R. Visgilio (Eds.),
America's changing coasts: Private rights and public trust (pp. 151-168). Edward Elgar Publishing.

15.Kellert, S. R. (2008). Dimensions, elements, and attributes of biophilic design. In S. R. Kellert et al.
(2011). Biophilic design: The theory, science, and practice of bringing buildings to life (pp. 89-111).
UK: John Wiley & Sons.

16.Kellert, S. R., & Wilson, E. O. (Eds.). (1993). The biophilia hypothesis. Washington, DC: Island
Press.

17.Kellert, S., & Calabrese, E. (2015). The practice of biophilic design. London: Terrapin Bright LLC,
3, 21-46.

18.Kellert, S., & Finnegan, B. (2011). Biophilic design: The architecture of life. [60-minute video].
Retrieved from www.bullfrogfilms.com

19.Pandita, D., & Choudhary, H. (2024). Biophilic designs: A solution for the psychological well-being
and quality of life of older people. Working with Older People. https://doi.org/10.1108/WWOP-01-
2024-0003

20.Salingaros, N. A., & Masden, K. (2008). Chapter 5: Neuroscience, the natural environment, and
building design. In S. R. Kellert et al. (2011). Biophilic design: The theory, science, and practice of
bringing buildings to life (pp. 67-89). UK: John Wiley & Sons.

21.Untaru, E. N., Han, H., David, A., & Chi, X. (2024). Biophilic design and its effectiveness in creating
emotional well-being, green satisfaction, and workplace attachment among healthcare professionals:
The hospice context. HERD: Health Environments Research & Design Journal, 17(1), 190-208.
https://doi.org/10.1177/19375867231192087



