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ABSTRACT

Learning experience infiltrates the lives of individuals by taking shape in parallel with many
other developments such as technology, today’s conditions, media systems, and educational
methods of the time. In parallel with this, learning cannot be thought of without time and place;
it is essential to associate it with the context of the current time and lived moment. Alternative
and informal learning modes - such as learning by doing, experience-based learning, playful
learning, and Place-Based learning - have strong ties with the spatial organisation. The
relationship between space and learning experience has turned into a situation that needs to
unfold and be re-discussed. Especially learning in urban open spaces and the relationship of
public pedagogies with public spaces need to be highlighted and unfolded. Learning about
sustainability is essential to cultivate sustainable habits in citizens’ daily practices. Scarcity,
destruction of natural areas, urbanisation problems, epidemics are not separate concepts. This
study, in which informal learning about sustainability is discussed, also questions the informal
teaching potentials of urban open spaces. The article also scans the potential of public spaces
and informal learning experiences about sustainability. The study, which aims to emphasise the
importance of programming public spaces to raise awareness about sustainability and small-
scale interventions to be made in these areas, focuses primarily on a literature review on learning
experiences about nature-human relationships. It then opens a discussion on small-scale
interventions in public spaces and their potential to raise awareness of sustainability. Samples
are selected in parallel with the characteristics clarified in parallel with the literature review
and the selected public space interventions are examined. The common characteristics and
keywords of these interventions, which focus on learning about sustainability in public spaces,
are extracted. The study focuses on public pedagogies and raising awareness of sustainability
in public spaces while aiming to create a common ground for future interventions. Secondly; it
underlines the socio-ecological transformation potential of public spaces.

Cite this article as: Sabir Onat B. Urban interventions and public pedagogies for raising public
awareness on sustainability. Megaron 2022;17(4):575-588.

- starting from the individual scale - is of great
importance. In urban spaces, public spaces have the
potential to transform the habits of the inhabitants’ social

Published by Yildiz Technical University Press, Istanbul, Turkey
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consciousness and strengthen their connections with
the environment. Therefore, the main issue of this study
is based on creating a common ground for public space
design and interventions that may raise public awareness
of sustainability.

After the pandemic, situations such as scarcity and lack
of resources become more profound; on the other hand,
people’s connection with nature, environmental awareness,
and the places to be shaped with this awareness are among
discussion topics. Based on the human-nature-space
relationship, in line with the view that the transformation
of human ecological consciousness and its relationship
with the environment will bring along positive behavioural
changes in many scales with a systemic acceleration. This
paper will pursue raising public awareness of sustainability
in public spaces through the urban interventions and
informal learning processes.

The first section scans the processes behind the human and
its environment, the separation of this pair and learning
processes are examined to strengthen the relationship
between nature and humans. In parallel with the
questioning of education and learning methods emphasis
is placed on the idea that critical awareness and ecological
consciousness can be strengthened by public space design
and interventions. The study questions our learning
potential and awareness raising regarding the environment
in public open spaces and daily life. Figure 1 explains the
continuous learning potential of public spaces.

Figure 1 explains (on the left) the climate crisis,
environmental problems, and pandemics, the places of
education and learning also need to change shape. Instead
of learning spaces stuck in a single volume, the spatial
fiction that infiltrate the city should be constructed with an
experiential and informal learning process. On the right;

the infiltration of learning into everyday life, learning in
public spaces, learning as a continuous experience.

Methodology

Design is not only searching for aesthetics, but we as
designers also have the responsibility to create inspirational
places that transform the social and ecological structure of
society. That is why public spaces need to be interpreted in
this manner and handled in these manners. In public spaces,
we can interact, share, gather and exchange. Therefore, it is
a crucial opportunity to inspire and learn from each other,
designers should start developing these ideas and create
more inspirational and experiential spaces where people
not only spend time but learn from the space and from each
other about sustainability.

Here are the main questions that create the main ground
of this paper: Which spatial features can support raising
awareness on sustainability in public spaces? How can we
design our public spaces in a more educative and awareness-
raising way? How can the places of learning spread into
our daily lives? The method of this study is based on
such questions, and it continues with a literature review,
a relational, multi-layered reading and a discussion of
learning and space theories. Samples around the world are
examined in the light of the theoretical framework, which
mentions the contribution of spaces to the learning process
regarding the environment and sustainability and the
learning spaces that infiltrate daily life after the pandemic.
Main characteristics have been selected after the literature
review and then, samples have been selected through these
characteristics. Therefore, the literature review supported
to choose the samples. And these samples are evaluated
through the spatial qualities and design applications aiming
to create a common ground for discussing the public spaces

Figure 1. Public spaces and learning experience relation.
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that have the potential for social transformation and raising
awareness of sustainability. And this study aims to create
a common ground for future studies about public space
interventions that focus on public pedagogies.

HUMAN-NATURE SEPARATION

Many theorists have evaluated the human-nature distinction
in the historical process and associated it with various
effects. Descola (2013) dissects the universal conception
of nature with deconstruction; he underlines that the
difference between nature and culture is not a universal one
but a Western-oriented one. Descola deconstructs nature,
states that it does not exist as a single universal truth.
Moreover, Descola (2013) mentions that modern man
shaped the world organisation with the concept of Western
cosmology in the 17th century, and he defines this dualist
separation as naturalism. According to him, in parallel with
Western dualist thought, society and nature are defined as
two different states, consisting of humans and non-humans.
This segregation brings along societies moving away from
the environment, unplanned urbanisation processes,
famine, and climatic crisis. They affect each other on a
systemic scale.

Kaika (2017) criticises the smart city concept, which is
presented as a solution in line with sustainability today and
mentions the necessity of having unique solutions for each
region. Kaika underlines the necessity of producing solutions
by absorbing the knowledge of nature and the place-stating
that our enhanced sustainability and smart cities could be
the disaster of someone else’s social environment. Kaika
(2017) continues as follows; cities should be understood
by examining beyond the geographical; for this reason,
we cannot treat the nature of the cities as if it was different
entity from them.

Kaika (2017) stated that instead of separating the words as
city or nature, it is necessary to understand the process in
cities as urbanisation of nature with a metabolic flow. For
this reason, people need to come together and meet with
nature again.

While issues such as energy, climate change, scarcity, and
environmental issues have become increasingly important
and new solutions need to be found, the systems approach
can have significant potential in creating solutions to these
problems, which are not singular, stand-alone problems,
they are all interrelated and should be handled with a
relational, holistic, systemic approach rather than singular
solutions.

Von Bertalanfty (1968) defines the general system theory
and explains it as the interaction of more than one
discipline. These interrelations happen between social,
cultural, biological, physical, and biological systems. Von
Bertalanffy (1968) explains the system as a complex hole

that has interacting elements with each other and with their
environments. Therefore, the system is explained as a self-
regulating concept, in continual evolution and focuses on
holistic wholeness.

This evolutionary concept overlaps with Latour’s (1991)
term bricolage, for emphasising the holistic and systemic
link between humans and non-humans (can be nature,
technology) in the system and the necessity of handling
it together. Therefore, man cannot be considered separate
from the systems around him, and environmental problems
must be evaluated within a whole system by relating them
to social dimensions. Society and individuals have the
potential to rearrange their behaviour, their relations with
the environment, and their cultural values.

“Bringing sustainability to home is about cultivating a
sustainability culture that suits the characteristics of the
place” (Van der Ryn and Cowan, 2007, p. 83). Ecological
thinking begins at home. In the change of the individual’s
daily behaviour, there is always a relationship between micro
and macro, and the improvement of the environmental
system starts with the individual.

One of the main issues put into the basis of the study is
that; to “restore” this transformation of man against nature
and the distancing from it - that can be called blindness
— the potential to support sustainable habits and being a
responsible and aware individual towards the environment,
to re-establish the human-nature relationship. In this sense,
public spaces - where daily life passes and shapes our
values, and our culture as well - are interpreted as crucial
laboratories that have the potential to raise public awareness
of sustainability.

LEARNING ABOUT SUSTAINABILITY AND
RAISING THE PUBLIC AWARENESS

Learning and education methods are a subject that has been
researched for a long time, but where and how we learn falls
into a different field of research. Information is not only
shared in schools; alternative learning spaces also have an
essential value for the sharing of knowledge.

The freedom of building our cities and ourselves is directly
related to the educational processes (Harvey, 2008). As
Aristotle emphasises, we need to learn before doing things,
and to learn; we need to practice them (Bynum and Porter,
2005).

In parallel with this, many concepts and theories have
been proposed, such as learning by doing, practicing, and
learning in the city as informal processes. Social justice
and democracy cannot be separated from learning and
education, is defined by Freire (2005) as enlightenment
(critical consciousness-conscientizagdo) that must be
developed to be free from oppression. It is underlined that
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the potential of individuals to change their environment is
possible with social critical, political step-taking power, and
self-actualisation.

Critical consciousness involves taking action against
oppressive attitudes in individuals’ lives. (Mustakova-
Possardt, 2003). “Since sustainability is a cultural process, it
depends on the everyday actions of ordinary people” (Van
der Ryn and Cowan, 2007, p.82). In this sense, there is an
essential link between the transformation of individuals
and the awakening of their critical consciousness. Schools
and the current education system are insufficient in this
sense; the practice of sustainability can be realised with
spatial fiction that infiltrate daily life.

Parallel with the critical pedagogy he put forward, Freire
(2005) defines today’s education system as a one-way
method that descends from the instructor to the student,
in a closed space and is limited to specific tools, in terms of
critical consciousness. Freire (2005) refers to the power of
learning and education to transform individuals in critical
and critical inquiry. He argues that it will make students

active and actionable against situations and the realities of
the time. In parallel with this, he proposes a praxis-oriented
education model.

Freire (2005) defines the “problem-posing model” (Chapter
2) and emphasises the importance of this model for critically
perceiving the dynamic world in constant transformation
and formation. This model proposes to provide the transfer
of knowledge by addressing a problem, thus bringing
with it the process of questioning, criticising, filtering the
events by looking critically instead of memorising, and thus
learning by practicing. The problem-posing model requires
“to listen, to dialogue, and to take action” (Wallerstein,
1987, p. 35).

Conditions such as listening to each other, communication,
dialogue, participation, action, experimentation, learning
by experiment can be placed at the basis of learning models
in public spaces, and they may form the main ideas at the
basis of public space designs (See Figures 2 and 3).

In these two micro-scale designs and interventions; there
are processes such as urban dialogue, experimentation,

Figure 2. Tandem, located in Madrid, encourages citizens to take ownership of the
public space by jointly managing their energy use (XXI, 2020).

Figure 3. Ciencia Pablica. While explaining the transformation of grey water as a pro-
cess, this project, which has turned into a gathering and sharing space as an urban
furniture, will be examined in detail in the following sections (Exploratorium, n.d.).
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observation, and coming together. These examples, which
are encountered and joined by chance in daily life, are
essential in the learning process.

There are learning processes and potentials related to
daily life in all these typologies, such as experimentation,
sharing, participation, and communication. In the space,
a learning process that occurs through the experience of
the space itself should be a priority instead of a person or
institution telling a subject and informing it as a one-way
process. De Certeau (1984) mentioned; just as the practiced
space becomes the place, the practiced spaces have a great
potential to teach by experience.

De Certeau (1984) mentions the power of ordinary people
in everyday life and underlines that the dominant power
can be opposed to the tactics created by the ordinary man.
In parallel with this, Freire (2005), in his Pedagogy of the
Oppressed study, mentions the transformation of tactics
and the learning methods of ordinary people and the
development of critical consciousness.

Raising Public Awareness On Sustainability Through
Public Spaces

Giroux (2007) takes urban education as a bottom-up
approach and states that it supports people’s cultural
mobilisation, emphasises the importance of cultural studies
and educators. Lefebvre (1991), on the other hand, states
that a bottom-up urban learning method will give the
citizens the potential to transform their position in society
with the practice of learning by making them productive.

Biesta et al. (2014) interprets civic learning as a practice
associated with transformation. Sacré and De Visscher
(2017), on the other hand, support the loading of the
learning experience into the city by examining the city in a
cultural context with an educational focus and talk about the
transformation of the city into a curriculum on its own. They
state that; the re-establishment of the city-culture-learning
relationship can be achieved through a new understanding
of urbanism that can go beyond the socio-spatial perception
of the city consisting only of people and buildings.

As McLuhan (1957) mentioned in his “City as a Classroom”
study; it is time to focus on spatial constructions that
emphasise the relationship of everyday life with education
and adaptive solutions for creative, playful situations,
rather than the one-sided, top-down structure of the
education system which is limited in space and tools. In
the introduction of Illich’s (1973) De-schooling Society,
he criticises the one-sidedness of education by likening
the current education system to a funnel and, in contrast,
emphasises the overall change of institutions. With an
emphasis on educational networks, he discusses individuals’
learning in daily life and their potential to transform these

times into moments that they learn, share and care about
each other and nature.

Discussing the place of learning in everyday life and the
place of public open spaces in learning about sustainability,
this paper aims to scan the spaces for sharing and informal
learning in parallel with these ideas because informal
“learning” has the potential to steer experimental, playful
situations.

“Learning; is the process of creating knowledge by
transforming experience” (Kolb, 1984, p. 38). The
experiential learning model put forward by Kolb is in
parallel with informal learning in this sense. Jacobs (1999)
defines experiential learning as a process in which the
learner produces knowledge, skills, and values directly
from experiences (p. 51). Therefore, learning by doing is
also included in this process.

Learning in the city is vital in terms of the potential
to develop the critical awareness of the inhabitants, to
develop their coexistence by recognising the power of the
citizens, and to realise that the ordinary person, who is
the primary determinant of daily life, can be a guide in the
place where they live in. De Certeau (1984) mentions that
ordinary people realise the power to transform their lives
using daily life tactics. In Pedagogy of Oppressed, Freire
(2005) explains the development of critical awareness as,
in a similar parallel, the participation of ordinary people
in life and management, starting to questione the city
and participating in decision-making. Critical awareness,
the ability to take responsibility, and knowledge of the
requirements of a sustainable city are required in making
environmental and urban decisions.

As Sacré and De Visscher (2017) stated, although the city is
seen by all urban actors as a community, produced by daily
activities, urban learning now needs a new paradigm (p.
10). The design and management of cities, in parallel with
this, must respond to current needs with new tactics, small-
scale interventions, share information with their users, and
prepare them for a prosperous future. Informal education
and experience, and the learning process by sharing, have a
great place in this regard.

Commoning of Public Spaces
“Public spaces are promoted as part of active social networks,
which are essential in knowledge transmission.!

According to Gehl and Gemzoe (2001), there was not much
work on public spaces between the years 1930-1970, but
after the 1970s, public spaces began to occupy an important
place in architectural and urban debates. In parallel with
the changing dynamics in cities — especially in terms of
production, consumption, and socialisation — public spaces
are produced. Therefore, the definition, meaning, task,

! Madanipour, 2011, p.153.
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perception, and content of public spaces, pass through
important breaking points.

Especially today, cities and public spaces are reinterpreted
and understood in parallel with issues such as climate
change, resource scarcity, and resilience, and solutions are
tried to be produced with new approaches. It is necessary
to adopt new insights and install new lenses in order to
make the city more ecological, more sustainable, and more
resistant to future conditions: There is a need for a paradigm
change that will be reshaped by establishing relationships
with public spaces within keywords such as; sharing, small
intervention, participation, interaction, hybridity, third
spaces, flexibility, change of consciousness, behaviour
change, multi-purpose, and multi-layered.

Everyday Life and Tactics in the Public Space

There is an intricate relationship between the place and
the individual. The individual reshapes and transforms the
space in line with his own experience so that a dialogue
between the city and the urbanite emerges. With a two-
sided flow of information, the individual of the city and the
individual have the potential to transform and remake the
city. This “dialogue” is the essence of this transformational
process. The idea of social autopoiesis — the city’s self-repair
— is possible through the dialogue between the city and all
parts of the system. The dynamic and interactive process
between the city and its users is read from public spaces.

“Cities have the capability of providing something for
everybody, only because, and only when, they are created by
everybody” (Jacobs, 1962, p. 238). The existence of ordinary
man in daily life is possible with the development of critical
awareness in a free and democratic way by getting rid of the
power mechanism with the help of tactics. The “practiced
space’, which De Certeau refers to, is a place where
interaction, participation, collaboration, communication
passes, where the boundaries of contrasts are melted, where
they can be practiced and existed in a free, democratic way
with critical awareness, and they can transform the concept
into a meaningful place.

Small-Scale Interventions, Third Places and Collective
Learning

The idea of intervening in the city at scales smaller than
the urban planning scale emerged due to the common
emphasis on the need for a human-oriented, humanist
social and physical environment, which has been included
in the criticisms of the modernist urban planning approach
since the 1950s (Akgiin Yiiksekli and Kabakoglu, 2016).

The places where the learning processes will occur should be
designed to be pluralistic, open to dialogue, and inclusive of
the learning process. Parallel to this, it would be appropriate
to examine small-scale interventions and discuss their place
in the process of learning about the environment and gaining
critical ecological awareness. De Certeau (1984) put forward

the term tactic, which is the unplanned actions of ordinary
people in daily life, as opposed to strategy. “Tactics reshape
the urban space in an unplanned way, with their informal
activities. They offer us options on space that have not been
considered before” (Cinar and Yirmibesoglu, 2020).

Garcia and Lydon (2015) define tactical urbanisation as
short-term, low-budget, simple interventions. Tactical;
literally, it means that small-scale applications serve larger
purposes (Garcia and Lydon, 2015, p. 3). “Micro-spatial
urban practices” that intervene in the city on a small- or
micro-scale are approaches that are developed to make
the urban environment liveable and comprehend urban
problems from districts, neighbourhoods, streets, buildings,
or smaller scales (Akgiin Yiiksekli and Kabakoglu, 2016).
This synergy created through micro-interventions in the
city may have the potential to increase knowledge and
awareness of the urban environment, ecosystem, and
sustainable urban behaviour.

In the third space theory, which is a post-colonial theory,
Bhabha (2004) underlines the potential of such spaces as a
kind of synthesised, hybrid space to bring different cultures
together interactively and creatively, and states that there is
a place for the “new” in the third spaces. In parallel with the
post-colonial discourse, cultural hybridity becomes possible
with the melting of the boundaries between the self and the
other and the increase of communication and relationship
networks. In parallel with the concept of hybridity, which
is reflected in spatial situations, two different cultures
can create a new formation - unity through coexistence,
communication, relationship, and creative bonds instead
of suppressing or suppressing each other. Thus, third areas
can be defined as places standing in the middle, in between,
and where creative ties emerge. The spatial boundaries and
melting of cultural differences in the public sphere have
great potential, especially for heterogeneous cultures and
communities (Figure 4).

Figure 4. Hybridity in the public domain. The third spac-
es are important in terms of informal learning in the city
with its structure that includes coexistence and differences
(Source: Developed by the authors in parallel with Bhabha’s
(2004) concepts).
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In parallel with encounters in the public sphere and the
potential for hybridity, the boundaries between self and
others may melt. Along with factors such as interaction and
sharing, the urban learning process can begin by coming
together. In this sense, micro-scale interventions and
urban tactics to be made in the public sphere are of great
importance. The boundary between people’s participation
in this process and the self-other; has the potential to
dissolve in a productive, creative, sharing, interactive way.
These small-scale interventions can create a hybrid (third)
space by raising an issue against environmental problems
and creating a dialogue space.

ASSESSING THE CONTRIBUTION OF PUBLIC
SPACE INTERVENTIONS FOR RAISING PUBLIC
AWARENESS ON SUSTAINABILITY: CREATING A
COMMON GROUND

Just as the practiced space - mentioned by De Certeau
- turns into space, the practiced spaces have important
teaching and experience potential and will be discussed
with examples as fieldwork. As the spatial content and
provided criteria in the small-scale interventions examined
below, with processes such as creating a space for urban
dialogue, learning by experiment, observing, listening to
each other, getting together, the learning process occurs.

In all the samples examined, there are potentials of the
learning process with practices related to daily life such as
experiment, sharing, participation, and communication.
Firstly, the typical spatial features found in the examples
were determined; later, the spatial criteria and informal
learning methods of these selected examples were brought
together and discussed in relation.

Informal Learning from the Place to Raise the Public
Awareness On Sustainability

The learning pyramid that has been developed by Edgar
Dale in the NTL Institute, was taken as the basis for to
define the learning styles in public spaces in this work
(Wikipedia, n.d.). The cone of experience or learning
pyramid explains the learning activities and categorises
learning methods from passive to active ways of
learning. This model has been developed in 1946 and
these categories and methods need to be updated and
new methods can be related to the categories. Since
technology, media systems, the internet and new learning
bases are developed, therefore learning in the open spaces
can use these new technologies as well. VR technologies,
internet-based learning, media facades and various
methods can be included as a way of learning and these
methods can be included under a new category - since
they cover more than the audio-visual methods of 1950s
when Dale developed this learning pyramid.

Nowadays new media surfaces and interactive spheres
create strong connections between human - non-human
and the pyramid needs an edition with the addition of
new interactive mediums that cannot be added under the
category of audio-visual. As it can be noticed, auditory
and visual ways of learning are not efficient on learning.
However, in the kinaesthetic part, discussion, gathering,
problem posing, sharing ideas may come to the surface,
and a democratic way of citizenship may occur-cultivated.
Practicing what you are learning, experiencing, applying
your knowledge, experiencing, and participating in the
learning process is also active. Therefore, in the pyramid
from lecture-listening to down-part teaching others,
the learning experience becomes more active. The

Figure 5. Adapted from the pyramid model “cone of learning”, was developed by Edgar Dale in 1946,
in the National Training Laboratories Institute, Bethel, Maine.
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spatial qualities and necessities of that phase have some
requirements discussed in the following topic.

Following Figure 5, new modes/mediums of learning
that enhance the learning experience have been included
in Dale’s cone of experience diagram. With technological
developments internet, media surfaces, VR, interactive
surfaces are being included in the public spheres - those
new modes may have the capacity to enhance learning
efficiency. It is a form of creating a human-non-human
relationship. Therefore, the author edited the pyramid, and
in the following case studies, these learning modes and
spatial qualities and requirements will be discussed.

Spatial Requirements and Characteristics of Urban
Interventions and Public Spaces for Raising the Public
Awareness On Sustainability

McFarlane (2011), who put the concept of aggregation as the
basis of urban learning as a spatial grammar, explains the
state of gathering as a concept related to urban perception,
interaction, and creation, as a context that defines the unity
that can occur between differences/otherness.

In this parallel, McFarlane (2011) explains urban learning
as the gathering activity where the inhabitants produce the
city. Parallel to this, all examples of spaces that provide a
basis for gathering and gathering in public open spaces
talk about the spaces encountered by chance and joined by
individual desires in daily life. Therefore, they are essential
in terms of the learning process.

On the other hand, it is an essential step for the public space
design and interventions to be made for the inclusion of
learning in the practice of daily life, to connect with the
metabolic flow and systemic relations of that system, and to
share this information with the user in an experiential way
within the design.

After the literature review some characteristics of public
spaces have been defined and explained below:

a. Creating space for urban dialogue: Gathering, listening
to each other, discussing, participation activities should
be developed related to public space interventions. As
it is explained in the learning pyramid, interaction and
democratic citizenship are crucial for learning together and
learning from each other during everyday life to develop
public pedagogies.

b. Exhibiting, showing the ecological cycle: In the sense of
strengthening the human-nature equality and the bonding
of the system in parallel with the systems approach,
interventions should explain the interrelations of humans
and non-humans. That way by experiencing, seeing the
strong relations of humans with nature and with the
systems, we can evolve and raise awareness of sustainability.

c. Interacting between humans and non-humans (media,
technology, nature): As it is explained above, the connection

and relation of human-non-human should be highlighted
in the intervention programs for public spaces.

d. Trying, playing and experiencing the space and the
intervention. Therefore, the interventions that are planned
in public spaces should carry an interactive role. Their
programs should include these characteristics.

All five projects reviewed below meet the main spatial
requirements mentioned above. The Alternative City Stops,
Alternative Cycle, PS1 Public Farm, Tandem, and Public
Science projects are examined in detail. As a sixth example,
the inadequacy of the environmental learning system based
on visual images and reading in Antalya Karaalioglu Park is
also examined.

Alternative City Stops, London Design Biennial, 2016
Temporary pavilions designed by Asif Khan aim to cross the
paths of people living in their flow in modern city life and
offer them alternative spaces to stimulate their relaxation
and creativity in the period between home and work.
The three pavilions named “Connect, Create, and Relax”
covered with plants feed on the idea of “shinrin-yoku”,
which means “forest bathing” in Japanese culture. The
plants specially selected by the expert Jin Ahn strengthen
the forest atmosphere and stimulate people’s senses, offering
both individual and shared experiences. Visitors who can
take plants can also bring their plants and leave them in the
rooms (Figure 6).

This small-scale intervention opens space for environmental
learning to infiltrate into everyday life. In this sense, it has
conditions such as human-non-human (nature) small-
scale intervention, creating space, exhibiting, interacting,
experimenting, and experiencing by doing. Therefore, from
the characteristics above, we can see that points b and ¢
have been applied to the program of this intervention.

Alternative Cycle, Rotterdam (Rotterdam Floating Park),
2018

The floating park, produced with recycled materials
collected from the river within the scope of the project,
aims to prevent plastic waste from reaching the open sea,
aims to raise awareness, and improve the ecosystem of the
city. In Rotterdam, a prototype project carried out by The
Recycled Island Foundation, which wants to draw attention
to plastic waste pollution in water, is opened to visitors.
Using plastic waste that has been collected from rivers and
ports, this floating island participates in the ecological cycle
in the city, highlighting the possibilities of the recycling
movement (Figure 7).

Aiming to demonstrate that recyclable plastic is a valuable
material, the 140 m2 floating structure consists of a series of
hexagonal blocks made entirely from plastic waste collected
from the Nieuwe Mass River. In addition to the positive
environmental impact of these green blocks, the designed
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Figure 6. How do small-scale interventions create space while experiencing and teaching about the environ-
ment? Some main spatial characteristics and keywords are added to the images (XXI, 2016).

Figure 7. How do small-scale interventions create space while experiencing and teaching about the environ-
ment? Some main spatial characteristics and keywords are added to the images (Stinson, 2018).

park also benefits the river and harbour ecosystem. It offers
a habitat for micro- and macro-fauna, including snails,
flatworms, insects, and fish.

From the characteristics above, points b and ¢ have been
applied to this intervention and design.

PS1 - Public Farm One, 2008

It is possible to see public spaces being perceived as city
laboratories and organised at the intersection of urban
interactions and public spaces for learning and sharing
purposes in MOMA-PSI. In this urban experiment initiated
under Public Space - PS1 in the backyard of the Museum of
Modern Arts, public projects and interventions are put into
action by regularly hosting designers and architects in parallel
with the Young Architects Program. Public Farm One,
realised in parallel with the same program, was implemented

by WORK Architecture Company in 2008 (Figure 8).

From the characteristics that have been defined above
in the previous section, a point has been applied to this
intervention. People can interact, gather, share, and learn
together in daily life.

Tandem - An Energy Self-Sufficient Public Space, Madrid,
2018

The project encourages the citizens to take ownership of the
public space by jointly managing their energy use, focuses
on the self-sufficiency of the public space in terms of
energy, and the functioning of the urbanites as a laboratory
for energy management.

The intervention, consisting of an open classroom, a small
stage, and a knowledge point-energy collector, provides
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Figure 8. How do small-scale interventions create space while experiencing and teaching about the environment?

(de Boer, 2009 and Mas Context, n.d.).

Figure 9. How do small-scale interventions experience and teach about the environment while creating space?
Tandem encourages citizens to take ownership of the public space by jointly managing their energy use (XXI, 2020).

energy for all users who need it in the square to use urban
devices. These three devices are also interconnected. They
can perform functions such as leaving messages on LED
screens. In this project, the relationship between humans
and non-humans (technology and media) can be read. The
project’s main idea is to test how energy self-efficacy can
play a vital role for urban dwellers to stimulate and jointly
manage (liberate) activities in the public sphere (Figure 9).

The second important issue regarding energy and public
space is related to urban pedagogy. The fact that solar-
collecting batteries can produce, and store limited energy
teaches citizens to use shared energy in a responsible way.
Thirdly, it is emphasised that the “instant” can become a
“habit,” and it is emphasised that the ownership of the
public space should not be expected only from institutions.
Solar panels, the classroom and the stage are connected
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to a social media machine that controls some interactions
with the users, such as the possibility to switch the colour
of the artificial lighting of the square, to make selfies
using a webcam or to leave messages displayed on a LED
screen. The project allows to demonstrate that energy
self-sufficiency can become a trigger for the activation,
promotion, and joint management of citizen activities in
public spaces. Thus, the generated energy is not only for
individual use, such as charging electronic devices but also
for new, collective uses, such as the screening of movies
during the summer or the lighting for concerts or other
events. Energy self-sufficiency allows citizens to use public
spaces for initiatives that were not even conceivable before
due to the absence of free energy allowing them to realize
them publicly.

TANDEM is also an educational laboratory, as it educates
the public about the responsible use of energy, making
people wonder: “How can I use it in the best possible
way?” Figure 10 shows that different methods of learning
are applied in this example. Interactive LED screens and
activities create a new experience.

From the characteristics that have been explained in the
previous section, we can see that the points a, b, ¢ and
d have been applied to the program of this small-scale
intervention.

Public Science Parklet, Madrid (Ciencia Publica: Agua),
2015

While the small-scale intervention called Public Science
is focusing on sustainable water use. It describes the
transformation of grey water as a process, it also turns into
a gathering and sharing space as a piece of urban furniture.
Public Science aims to support informal education in
science, technology, engineering, and mathematics (STEM).
The Project is in two parking spaces of a parklet.

From the characteristics that have been explained in the
previous section, we can see a, b, c and d have been applied
to the program of this small-scale intervention.

Karaalioglu Park, Antalya

Karaalioglu Park is a Republic-era Park built with the
participation of the public. It was designed to be integrated
with the Community Centre and some other social buildings.
The Public House, located near the park, makes people
aware of issues such as construction and agriculture, and this
function has been considered in integrity with the park.

As shown in Figure 11, the sharing of vegetative diversity in
daily life with the public takes place through the method of
“reading and visual images” As mentioned in the learning
pyramid, the interaction and effectiveness of these methods
are low, so this space’s informal learning experience and
learning levels are inefficient.

Figure 10. How do small-scale interventions create space while experiencing and teaching about the environment?

(Exploratorium, n.d.).
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Figure 11. On environmental learning inside the park, applications provided with reading and visual images (Im-

age: Author).

There is no applied characteristic to the program of this
design from the characteristics that have been explained in
the previous section. Therefore it is hard to say that informal
learning can happen in this example. For to develop this
example, the intervention may provide a program inside
considering the characteristics that have been explained in
the previous section. Thus, while raising awareness of the
bio-diversity and the plants in this park and region, there can
be a small-scale intervention mentioning the cycle of these
plants, or there can be an interaction between humans and
these plants, there can be a gathering space around this zone
where people can interact with these plants, learn and share,
or there can be playful digital installations that interact with
people. All these ideas follow the interactive stages of the
learning pyramid that has been explained above.

DISCUSSION AND CONCLUSION

Perspectives that will open space for the relationship
between the design of public open spaces and the learning
experience will have an important place.

Learning about sustainability and gaining self-sufficient
habits can be experienced in everyday life - instead of formal

education methods. In parallel with this, public spaces where
daily life takes place, and instant encounters and experiences
occur; can be thought of as laboratories or machines that
trigger social and behavioural transformation. Rather than
concrete, finished spaces, spatial designs that are happening
and experienced, reshaped, and then deteriorated again,
“focusing on the experience and learning process rather
than the final product” are essential for the transformation
potential of individuals.

This paper questions the relationship between public spaces
and the transformative power of that spaces. Secondly,
highlights the role of design and mentions the social role
of design. Third, aims to open a discussion on developing
public spaces in this manner that have the potential to raise
public awareness of sustainability. Therefore, the paper
lastly aims to create a common ground for the evaluation
and interpretation of public spaces in relation to learning
about sustainability in these spaces. By doing so, the paper
highlights various criteria of learning spaces in daily life
regarding sustainability while trying to read education and
learning methods, human-nature relationships, and spatial
theories in an inter-relational, multi-layered manner.

Bottom-up decisions in parallel with participation support
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learning processes in the city. For a sustainable future,
education and learning should be integrated into a multi-
layered framework parallel with the democratic spaces
and systems approach; this is important for the city
constructions that will take shape in the future.

Following the literature review during the paper’s research
process, education, learning methods, informal learning
processes were examined and discussed concerning an
interactive and interdisciplinary reading with public open
spaces and small-scale intervention methods, in parallel
with spatial theories. Later the literature study and scanning
of case studies, determine “the common criteria of public
sphere interventions” that provide a basis/common ground
for future public space developments.

On the other hand, the learning methods are determined
in parallel with the informal learning process. Six samples
in total were scanned; five examples support the informal
learning process, while the sixth last example is insufficient
in this sense.

We may declare for future comparisons that; if the
interaction is high and learning experience efficiency is
high in an intervention, in these spaces, informal learning
is expected to be the highest. In the sixth example, the park,
where reading and visual images are used among informal
learning methods, has low efficiency.

In Turkey, our public spaces generally are not developed
with public pedagogies and programs of public spaces and
interventions that take place in these spaces do not include
any pedagogical approach that may raise awareness of
sustainability. There should be regulations on a national
level and pedagogical layers behind the public spaces should
be unfolded and discussed in an interdisciplinary way.

As the paper discusses, public spaces carry crucial potential
on activating the public and have the role of a socio-
ecological transformation of its time. Public interventions
should be handled with these characteristics that have been
explained during this study, in order to create sustainable
futures.

This paper aims to propose a basis for the evaluation of
informal learning processes regarding the environment in
future public open spaces. The study also aims to create
a common ground to compare the efficiencies of public
interventions that aim to cultivate sustainable habits and
educate citizens about sustainability.

McFarlane (2011) aims to develop an
understanding of urbanism for the future; conceptualised
urban learning as a necessary “lived and shared/discussed”
area, where citizens come together. In parallel with this,
Certeau’s practice of everyday life work and Freire’s critical
pedagogy overlap at this point. They give clues to daily
life practices and public space programs where informal
learning can take place.

innovative

McFarlane (2011) defines learning as a process (where
knowledge is created and transformed) and as a practice
and interaction. McFarlane (2011) underlines that learning
is generated through relationships between people,
materials, and the environment. Again, we come across a
systemic and metabolic approach. Systemic relationships
and cycles between humans and non-humans are essential
for the emergence of learning. With the establishment of
these relationships and processes, the learning process
takes place. The human-non-human relationship can
create ties between human-nature, human-media, human-
technology, or human-different time experiences. These
examples which consist of various modes of teaching and
using technology and interactivity are essential because
they create strong ties between the knowledge and user.
Also, they create interactive learning environments which
should be included open space interventions and designs.

In parallel with this, it is time to evaluate and associate
all parts of the system, such as individual-society-
nature-technology together. Cities should be approached
sustainably and systematically, with their humans and non-
humans components. The cities of the future should not be
analysed separately from their users. The transformation
that begins on an individual scale is vital for healthy and
self-sufficient future cities.

Therefore, the spread of small-scale interventions to be
positioned in open public spaces with bottom-up strategies,
creating grounds that reveal democratic communication,
coexistence, critical awareness, comprehension of the
practice of daily life and including informal processes
designed specifically for that region are of great importance
in the process of socio-ecological transformation.
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ABSTRACT

This article presents multiple pedagogical methods employed for urban planning students’
first-year basic design studio course during the rapid shift to an online environment in
response to Covid-19. The aim is to critically discuss the conventional and innovative tools
and techniques in design teaching during the online education system in the 2020-2021
academic year at Middle East Technical University City and Regional Planning Department.
To do this, the basic design and planning studio course preparation itineraries, student
projects and reflections are analysed to unveil the process of creating a non-linear and open
(online) studio course. Although the central question in this study is how to prepare for an
online design course, which is traditionally a hands-on experience in an active face-to-face
studio environment, the outcomes of this article are noteworthy to evaluate from a broader
perspective of basic design education for urban planners. The pedagogical strategies for a
non-linear and open studio present significant lessons learned for a similar future experience.
For this, the study discusses the outcomes as integrating conventional and digital tools,
collaboration with students in preparing the course content, a flexible course program, and
a process-based design. The results suggest combining new and conventional pedagogical
approaches to adapt not only to an online education system but also to a possible revision of
the course programs of design studios.
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et al., 2020; Pokhrel & Chhetri, 2021). By the start of the
following academic year, universities began to explore the

The first wave of the pandemic coincided with the
spring semester of 2020, which compelled universities
and instructors to employ emergency remote teaching
(Veletsianos & Houlden, 2020). This education in an
emergency was conducted through several online platforms
although many were not prepared for this system (Hodges
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possible benefits of online education without forgetting the
challenges posed to both instructors and students (Charters
& Murphy, 2021). While adapting any conventional course
to an online environment requires time and research, design
studios need a highly different organisation. The peculiarity
of the design courses in comparison to the theoretical
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academic courses lies in the fact that “design knowledge is
difficult to externalise and is more tacit” (Polanyi 1966 cited
in Park 2020). Within this context, the basic design studios
during this period are significant platforms as they seem
to be impossible to continue online due to the hands-on
requirements.

The basic design studio is based on John Dewey’s concept of
learning by doing (Decandia, 2020) where students explore
the concepts and discussions of theoretical courses through
hands-on experience (Schon, 1983) and it is a participatory
“creative space where students gather with peers and
tutors to solve design problems” (Hettithanthri & Hansen,
2021, 2343). Students learn abstract thinking, creative
problem-solving techniques through visual compositions
in a studio-based learning experience (Orbey & Sarioglu
Erdogdu, 2020; Park, 2020; Kumar et al,, 2021) that is a
physical container and a shared space created for the social
interaction of students and design tutors (Corazzoa, 2019;
Charters & Murphy, 2021). This education simply aims to
pass soft skills “such as communication, decision-making,
and collaborative performance” (Park, 2020, 525) and is
characterised by the notion of creativity (Ozkar, 2004;
Greene et al., 2019; Uysal Urey, 2021). Creativity is already
a vague process and almost an obstacle in conventional
studios as the students have a highly rational high school
education (Giinay, 2007; Alizadeh et al, 2016) that is
detached from the sensory experience (Arnheim, 1965, 3).
Despite the importance, there is a limited number of studies
examining the fully online design studios in the existing
literature as it is fairly a new phenomenon (Fleischmann,
2019; Alawad, 2021) mostly with a specific focus on the
blended learning environments where online activities are
merged with face-to-face instruction (Alizadeh et al., 2021).

Online design studios have some characteristics such as not
having a fixed location, mediation through digital platforms,
digital collaboration tools, peer support, critics, juries,
and process-based learning according to Hettithanthri &
Hansen (2021). To advance this list and discussion, the
online design studio case during the 2020-2021 academic
year for the first-year undergraduate urban planning
students at (Middle East Technical University) is significant
for revealing the potential and limitations of online design
teaching. The conventional design studio was adapted into
a digital learning environment (Pokhrel & Chhetri, 2021)
through re-formulation of the course content, syllabus, and
its pedogeological methods by keeping in mind the negative
implications of COVID-19 on the mental health of the class
participants (Amro, 2021; Callahan, 2021). Furthermore,
the teaching process had to leave room for interpretation,
critical reflection for the students during the adaptation.

In this context, the article will focus on the teaching methods
and design pedagogies employed throughout 2020-2021
in the first-year basic design studio of the urban planning

department at (Middle East Technical University). For this,
the study first explores the pedagogical approaches to prepare
an online basic design course. This exploration emphasises
the importance to build a non-linear design studio to adapt
to an online teaching environment and to push the limits of
conventional basic design teaching strategies. Respectively,
the applied pedagogies for a non-linear design studio, the
methods will be unfolded as (i) the integration of the digital
and conventional tools to teach design such as conventional
hands-on techniques (sketching, note-taking, model
making) and new digital methods (digital drawing, online
brainstorm meetings); (ii) design feedbacks looking for new
ways to remotely handle a usually hands-on experience where
students gather with instructors to solve design problems
in studios’ physical space; (iii) a flexible and collaborative
program that includes an incremental syllabus that is open
to updates and student feedbacks as the course goes. After
the critical presentation of these methods, the second section
of this study focuses on the new features to create a more
enjoyable, visually communicable and transparent studio
experience for the implementation of the studio course.
These features include the formation of a visual identity for
the course, establishing a website and social media account
and organisation of guest lecturers and workshops. Finally,
the study ends with a critical evaluation of the potentials and
limits of online (design) education, the confrontations and
accordance of conventional and digital teaching methods
through the student projects, students’ follow-up evaluations
for the course and the theoretical course content.

HOW TO PREPARE THE (ONLINE) BASIC
DESIGN STUDIO?

The university education under the state of exception that
Covid-19 pandemic challenged the design studios that
mostly depend on hands-on assignments and face-to-face
interaction to boost a creative production environment. In
order to face this challenge, our course employed several
conventional and innovative pedagogies. They followed a
narrative lens to the design problems, hybrid approaches
between hand and computer-aided exercises, using
storytelling as a tool in research, brainstorming, people-
centred design methods, coding, generative art, and group
works to foster self-regulated learning (Greene et al., 2019)
to reinforce “investigative work, inventiveness, capacity for
self-assessment” (Lindstrom, 2006) for students.

In this context, this research explores the (online design)
course program preparation and its execution through a
critical overview of course itineraries, year-long course
experiences of the instructors’ and the students’ projects
and feedback. By enriching this process through theoretical
references and in-class project examples, the article
presents the pedagogies adapted for a non-linear and open
design studio that moderates between the conventional
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Online Design Studio

Non-Linear
- hybrid approaches

free-hand + diigital drawing
back and forth project explorations

- flexible & collaborative

course program
incremental syllabus
student week

- process based design

| (Self discovery + Guided discovery) ‘

conventional and innovative design feedbacks

Open

- course website

- social media

- student blogs

- virtual exhibitions

- guest lecturers & workshops

Figure 1. Main pedagogical strategies to build an open and non-linear online studio.

design studio strategies and the novel art-based, digital
technologies through the four main pedagogical strategies
that will be explained in detail in the upcoming sections:

1) Integration of self-discovery and guided discovery;
conventional and digital tools;

2) Flexible and collaborative course program that is open
to change;

3) Process-based design teaching;

4) Open Studio for transparency and accessibility (Figure
1).

Pedagogies for a Non-Linear Design Studio

The basic design studio helps students acquire problem-
solving and critical-thinking skills for spatial compositions
and eventually for actual urban settings. The basis of
this process is conventionally to use abstraction as a
pedagogical tool and the Gestalt principles of visual
perception (continuity, similarity, enclosure, common fate,
etc.) at (university name) (Giinay, 2007). The self-discovery

and guided-discovery methods are relevant within this
teaching process as the inductive teaching techniques for
design (Esmailizadeh et al., 2019). For both, the students
are expected to interact with the instructors and among
themselves for the creative problem-solving and abstract
thinking processes. Traditionally in basic design studio
courses, the instructors mostly follow a complete inductive
reasoning process that pushed for the self-discovery
learning method at (Middle East Technical University).
The students were given an abstract concept to represent
in two or three-dimensional mediums - an exploration
of form relations, piece, and whole qualities prior to any
theoretical approach, the theory came later. For example,
the first task of the studio can be “abstraction of a feeling”
on “a black and white medium framed in a certain size”
The students are "usually” not given further details to tease
their curiosity and make them bring along many materials
giving room for a rich discussion that is highlighting the
trials and errors in the project. Most of these projects were
full of “errors” as expected. Although this self-discovery

Figure 2. Students actively using Zoom chat box during the class to answer simple guiding questions for the “exploration

of dynamics of form” exercise.
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Figure 3. An exemplary online whiteboard exercise to unfold “gestalt principles” through a self-discovery method.

method stimulates discussion in the class and generates a
more fruitful outcome than a mere theoretical presentation,
the "expected" anxiety of the design process for the students
seemed to be problematic for our design course.

During the online design studio program, the new course
pursued an open approach through clear and repetitive
theoretical explanations and detailed design briefs. The
courses and exercises followed an interpretive approach,
mixing inductive learning with interactive tools. For this,
the course designated course hours, not only after hours as
done before, for self-discovery studies prior to a theoretical
explanation. This method was supported via digital tools
as well. For example, the in-class exercises dissected
some forms from Vasili Kandinsky’s Composition VIII
and asked students to explore several form relations by
freehand drawings. Some outcomes were presented in a
table and shared with the students as can be seen on the
left side of Figure 2. As we have asked the students some
overall design-related questions, they could share their
answers through zoom’s chat box (right-hand side of
Figure 2). Besides, the online whiteboards such as Miro
helped the class work instantaneously and in large groups.
The “Gestalt principles” exercise is an appropriate example,
to sum up, our approach and illustrate the use of new
tools. Figure 3 shows the initial drawing by the instructor
representing the Gestalt principles without any indication
of what they stand for. Firstly, this drawing was placed
on a collaborative whiteboard and all the students were
required to write down the concepts they think that fits
at the beginning of the class. The end result was complex
and rich in concepts, defying the text-book definitions of
this theory and leaving room for students’ interpretations.
Following this, the edited drawing was integrated into
the theoretical presentation during the course break. This
incremental approach includes students in the course,
manages a good level of participation in a crowded class,
and brings new perspectives and dynamism to the theory
unlike in a conventional studio.

Integrating the Digital and Conventional Tools

The accessibility to computers and online submissions
enabled better use of computer-aided programs and
collaborative online platforms during online education.
However, teaching basic design traditionally meant
emphasising the importance of representation by hand. Still
relying on this importance, most of our exercises followed a
hybrid approach to find a balance between computer-aided
programs and freehand drawings. The hybridity refers to
some of the submissions that required both drawing by hand
and a computer program. Searching for a mix of methods
was not only in terms of drawing but also to enhance
students’ problem-solving skills and welcome a variety of
their proffered techniques. As we passed from the simple
compositions to more complex representation techniques
of urban space, the students were asked to come back and
forth in different visual representation techniques to break
down the linear approach of most design studios (Chen,
2016; Hettithanthri & Hansen, 2021). Figure 4 shows how
the spatial sketching was later adapted to a more abstract
composition. In conventional studios, the abstraction
projects are usually left behind as the students learn new
skills of spatial representation. By challenging this, our
studio aimed to integrate new skills in a non-linear fashion.

Updating the theoretical stand of the course and adapting
its pedagogies for online education required us to review
the rooted theories commonly used in the previous
studio courses. One of these well-established theoretical
discussions was Kevin Lynchs (1960) book “the image
of the city” The traditional pedagogical attitude in a
face-to-face studio has always been to introduce these
image elements first and give students to look for their
correspondences on the university campus. For an online
adaptation, we had two tasks: review the theory and adjust
the exercise for an online environment. Before explaining
Kevin Lynch’s image elements, we asked students to make a
10-minute quick sketch to express their close surroundings.
After discussing the primary outcomes and representation
techniques, they were given a take-home exercise to
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Figure 4. The first row of figures shows a back and forth approach to design as the student (A.Ekin Altin6z) starts with
a new task of spatial sketching and proceeds with a more abstract composition, a skill acquired earlier in the studio. The
second row includes the integration of hand drawn and computer aided drawings for the same task (M.Emin Sarthan) to

explore potentials and limits of both techniques.

represent their neighbourhoods to answer the question:
“How would you map out the places you use/remember in
your city?” This assignment helped to unveil the peculiar
elements of our students who live in several different cities
and even countries, as well as assisting them to explore their
living spaces with a new perspective. The assignments were
used during the theoretical lecture to critically identify
the textbook definition of image elements. Instead, some

critical discussions transformed and enhanced some of
the definitions as many students brought subjective local
qualities. As a final step, we have adapted and transformed
the conventional model of sketching the mental maps and
carried this style further with an online and interactive
environment: ArcGIS story mapping. With the help of a
workshop given field, who is a former graduate from our
department, the students had the chance to learn how to

Figure 5. Several skills of visual representation such as sketching, drawing, photography shown in ArcGIS story maps for

image of the city exercise (by A. Nur Aktas).
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use this program. The resulting projects were an amalgam
of personal narratives, stories, photographs, digital and
interactive maps, hand-drawn or computer-edited sketches
that can be accessed by the public. This approach also
enabled students to leave their houses and explore their
close surroundings to stimulate students’ senses and
increase their empathy (Rodriguez et al., 2018; Hettithanthri
& Hansen, 2021). Figure 5 illustrates one of the student
projects prepared in ArcGIS story maps that integrates
several modes of spatial representation that the class
learned during lectures, workshops and projects such as
photography, hand sketching, digital illustration, mapping

and storytelling all pointing out the “inventiveness” used by
the students (Lindstrém, 2006).

Design Feedbacks

One of the design studios most important learning
processes is the one-to-one or group critique sessions
where the students are guided over their projects. This
process helps to create reflective conversations where the
students are given words to follow their questions up or
given time to reconsider some of their design choices in the
class time (Schon, 1983). Since online education prohibited
direct contact between the instructors and the students, we

Figure 6. Design feedbacks integrated several tools and methods throughout the online studio classes.
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have adapted the critique sessions into the virtual studio
environment integrating verbal and non-verbal (Schon,
1983), manual and technological tools such as drawing and
talking, interactive and collective evaluations and video
recordings which are explained in Figure 6 in detail.

Flexible and Collaborative Program

The first-year design studio is already a collaborative and
creative setting aiming to make students familiar with
academic research requiring self-discovery, library research,
oral and visual representation skills. Moreover, adapting the
course program for an online platform under the Covid-19
pandemic restrictions required flexibility (Veletsianos &
Houlden, 2020). Despite being advised as a prime asset
of online education (Stone et al., 2019), flexibility and
adaptability are not new in university education (Selwyn,
2011). However, as Barnett (2014, 30) discusses, “flexibility
cannot be all things to all persons, interests or institutions”
In the sense of flexible and adaptable course programs,
Gordon (2014, 21) states, “the challenge is selecting how
much of this flexible offering to adopt ad provide” This
challenge brought out a particular type of flexible pedagogy
specific to our online design education: a “flexible” course
program. Focusing on the pedagogical flexibilities (Barnett,
2014) we followed a system of an incremental syllabus
that is open to updates in the assignment requirements
and deadlines but updates every three weeks after our
observations in the class. The incremental syllabus left room
for instructors to observe, evaluate the flow of the course, the
students’ responses, and monitor a possible increase in the
Covid-19 patients in the students or their families. The final
version of this new syllabus design highly differs from the
ones prepared in the previous studios by being incremental,
open to change in the course content, directly including
student perspectives and giving very detailed project briefs.
The flexible syllabus also meant listening to the students’
feedback and looking for ways to build empathy in the class.
For instance, we have decided to decrease the number of
weekly assignments and the structure of in-class exercises
after conducting a colloquium to review the first semester
with the students.

To build empathy in the class, we have studied instructor-
student communication to foster a more democratic and
equitablelearning environment in the online studio (Selwyn,
2011). For this, the course devoted one week entirely to the
students’ program called “student (syllabus) week” for the
first time in the department. It was a pedagogical response
after observing the weak bounds among the students to
compose a class. In face-to-face education, this feeling
and responsibility is easy to observe in students since they
share a shared space where they listen to the lectures, do
their assignments and socialise. The “student (syllabus)
week” was organised as an entire week of 12-course hours
to be designed by the students. We have asked them some

guiding questions: what would they like to discuss and
bring to the class’s attention? How would they organise
equal participation? Which topics would they highlight?
We explained that however they choose to coordinate this
week, their work will not be graded. Thus, they were free
to skip that week and take some holidays as well. Instead,
the students organised a meticulous class program with
posters, video announcements, presentations and quizzes
for the instructors. They have chosen to focus on their final
project theme “nature and design” to use their time wisely.
Firstly, they sent short videos and posters to announce this
work through the course’s social media platform. During
the course, they formed eight groups concentrating on
the topics such as sustainability, climate, everyday life
under the main theme “nature and design” and prepared
well-defined PowerPoint presentations. They have utilised
videos, hand sketches, photographs and collages to support
their ideas. There were two moderators selected from the
students during these classes controlling the entire class
by explaining the flow of the course, giving the floor to the
presenters, giving breaks and posing questions. Almost all
students took part in presentations, many engaged with
the course. They presented a plenty of research skills and
interest in the course. Furthermore, this student week
seemed to have positive results for the aim of building
empathy after this week as there were comments such as:
“We have seen how hard it is to prepare a class, to organize all
and keep up with time. We understood you more.”

Process-Based Design Teaching

In their recent study on design studios, Hettithanthri &
Hansen (2021) find out that conventional design studios
lead students to be more solution-driven rather than caring
about the creative process. Typically, the final product in a
design studio is printed on heavy paper with its colourful
and bold details, or a model is neatly cut and presented
for grade evaluation. The instructors acknowledge that
they are all an end product of weeks-long sketches and
ideas but this process is still expected to be embedded in
this final representation accompanied by a fluent project
presentation. Considering that the process or the person
is usually not included in the design products’ evaluation
(Uysal Urey, 2021), we aimed to follow a process-based
design teaching in our studio mainly for two reasons.
First, not all the students had the physical, social and
psychological setting to sustain an online design education.
Even though we had only a few students who mentioned
their lack of a proper workplace in their homes, we knew
that there is always uncertainty and sudden changes due to
the pandemic conditions. Secondly, there is an increasing
interest in process-oriented design pedagogies highlighting
critical thinking and experiential learning to prioritise
process-based teaching (Oztiirk & Tiirkkan, 2006). Figure
7 shows some of the critical examples of students’ works
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Figure 7. A selection of student works focusing on the design process where they explore the given task through various
mediums and media (by Selen Tiifek¢ioglu, Aysegill Avsar, Gizem Giirbiiz, Nihan Bagriagik).

indicating the process-based teaching model. Instead of
presenting an end product, the students were encouraged
to submit their conceptual maps, analytical geometrical
exploration, notes and time-lapse videos to show their
reasoning behind their final compositions.

The student feedback before the second semester showed
that the number and variety of assignments should be
lower. Hence, we prioritised evaluating design within a
learning process (Kolb, 1984, Demirbas & Demirkan, 2003)
by providing several lectures and tasks to the students that
incrementally lead to a more complex planning and design
problem. This approach in the second semester of online
design education enabled students to have experienced the
topics since we gave time for them to reflect and act on their
decisions which finally resulted in a concrete experience
for reflection (Kolb, 1984). Especially in the final project,
the students paid attention to their online studio and
design journey instead of solely asking for a final product.
The grading rubric given in the design brief for the final
assignment asked for a complete representation of their
process in different formats (videos, sketches, zoom crits) to
see an investigative work and a capacity of self-assessment
within the groups’ design journey (Lindstrém, 2006). The
project brief also highlighted the “design process” as follows:

“Process: The medium of presentation is up to you for the
design/plan process throughout your group discussions/ in-
class feedbacks. Just present your journey!”

Usually, the students work individually on their final project
at the end of the basic design studios. However, giving a
“co-design task with an emphasis on the importance of
process” (Fathallah, 2021) was necessary for students to
meet defying the feeling of solitude during the confinement
periods. Therefore, the students came together and worked
via online platforms, collaborative white boards, and one-
to-one online feedback from the instructors. Students’

feedback extensively indicated a sense of relief and ease
compared to the first semester’s assignments mentioning
the positive psychological impact of working in groups in
times of isolation. From the instructor’s perspective, this
approach enabled a collaborative working environment in
the studio which is not always prioritised in-physical studio
classes (Park, 2020). In the student reflection survey, some
comments reflect on the group work both in affirmative and
critical connotations:

Affirmative Comments:
“I have established excellent relations with the group work
given when I thought I could not make any friends.”

“My favorite class activity is a final group working for the
second semester.”

“No matter how difficult it was and the points we disagreed
on, as we got to know each other, it was an enjoyable and
useful process.”

Critical Comments:
“We were unlucky with group members.”

“Working in groups was nice, but it should not be the core as
we have to develop as individuals”

“Open studio”™: Guest Lecturers and the Use of Social
Media

The previous sections on the design teaching pedagogies
mostly showed adaptations of the formerly applied
techniques in the studio or the existing discussions in design
teaching for an online process. However, considering mental
health within the scope of these discussions can be one of
the most peculiar situations that the pandemic brought to
academia. Many students and instructors have experienced
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psychological and emotional distress (Pokhrel & Chhetri,
2021) at home due to the uncertainties of lockdown, long-
term social distancing, and a deadly virus (Carlson, 2020;
Amro, 2021). This idea of isolation and loneliness required
new ways to make the studio course a more encompassing
space. This attempt coincided with the compulsory increase
in digital technologies for distance education (Hettithanthri
& Hansen, 2021). The medium between the course and
the student was personal computers and mobile phones.
Utilising this necessity in our favour, we have worked on
a digital program to create an open studio, including some
strategies such as:

- Visual identity for the course

- Course website, are.na webpage, social media account
- Guest Lecturers and Jury Members

- Student Blogs

- Online Exhibition of Student Projects.

The first step of this so-called open studio was to prepare a
visual identity through logos, typefaces, and colour codes
to engage and inform visitors of the upcoming works.
Furthermore, a coherent visual identity could influence
the first-year basic design students by setting a subtle
exemplary visual design strategy focusing on continuity,
unity in variety, piece, and whole relationship (as in the
case of a single post and its relation to Instagram grid).
The second step was to publish a course webpage and
create a social media account. We aimed for the webpage
to be a long-lasting project to create an online archive of
studio projects and events. We pursued transparency
throughout the academic year by sharing a large selection
of student projects on this website. The Instagram features
of posts, stories, and polls were actively used almost daily.
The account showcases the visual guidelines in coherent
graphic language; most of the students’ projects, events, and
announcements were shared here.

These tools mainly target our students’ interests and
contribute to their learning process during off-class hours.
However, there were many feedbacks from the other
planning schools as our work was among the very few visible
and accessible to the general public. The Instagram page (IG)
created a lot of national and international interaction and
interest as well. Our students stated that once their projects
were posted, their peers were contacting them, and they
sometimes had an online idea exchange opportunity. About
95% of our students stated that they followed the course IG
account, and about half of these commented on the positive
sides of this by saying “the most important positive aspect of the
studio’s website and social media accounts was that it delivered
the work we did in the studio to people interested in this field.”,
“very effective for inspiration,” “motivated the students with
the homework shown during the semester”, “Easy to access
and open to all”. However, the other half of the students
were slightly critical of the use of social media. Despite our
prioritisation to include as many and diverse projects in the
feed, not all the projects or students were given place equally
due to its world of visual sophistication. Students reflected
on that by saying: ‘despite a few, some friends got ambitious
to be featured on the feed.”, “maybe not only the best projects
but also every project can be posted equally” Additionally, the
social media account was used to share some academic and
course-related information and projects such as the case of
our are.na website with course-related inspiration boards,
student blogs and an online final project exhibition.

The third strategy for an open studio included guest
lecturers and contributors working in architecture and
urbanism from Turkey and other countries such as Belgium,
The Netherlands, Australia, the USA, and Portugal. Online
platforms made it easy for the guest lecturers to contribute
to our course without traveling or sparing much time. Most
of these events require pre-and post-meeting with the guest
academics as they wanted to integrate their research issue
with the studio content. We had fourteen City Series talks

Figure 8. The logo of the studio, the guest lecturers’ posters from the second semester and the social media page.
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and three workshops throughout the year. The guests were
contacted according to their research interests as they fit
our course program. These talks focus on order, complexity,
climate change, public space, design, and nature. The
workshops were on urban sketching, coding, and collage-
making. All these events were organised to enrich our
students’ perspectives on the urban planning profession
and motivate them about the class. Following the talks, the
students worked in breakout rooms to share their thoughts
on the presentations and their relevance to studio topics.
Among the six options listed under the pedagogies of the
online studio, (final group project, are.na, student week,
office hours, breakout room exercises, and city series)
majority of the students (83%) have found the “City Series”
as the most useful one. These events helped students get
familiar with the ongoing urban issues, know the scope of
our profession, and made our studio “act as a bridge between
academic and professional communities” and collaborative
space (Brandt et al., 2011, 329; Park, 2020) (Figure 8).

LESSONS LEARNED AND CONCLUDING
REMARKS

The immediacy of adapting a conventional course to an
online system was apparent after the pandemic precautions
and distance education decision for the 2020-2021 academic
year. This study focused on the potential of an online design
studio from a critical point of view, to assess the theoretical
and pedagogical approaches while adapting the course to a
digital setting. Although the central question in this study
is how to prepare for an online design course, the answers
are noteworthy to evaluate from a wider perspective of
basic design education. Below, the main methods to build
an online studio are listed through comparisons with the
conventional course before the pandemic.

- Integrating conventional and digital tools

Duringthe online studio, the students were asked to combine
freehand and computer drawing techniques as well as videos
and photography. They have also followed a back-and-forth
approach in some assignments for which the students
revisited former tasks. Besides, the hybrid approaches were
instrumental in design critics as the instructors combined:
on-time sketch-making in adobe illustrator, recording
videos of the freehand sketch-making process, utilising
zoom annotation tools over students’ projects, creating 2D
and 3D models to explain a concept better for the students.
This hybridity of techniques was not tried in a conventional
studio where the main method was handmade projects and
models without much focus on digital tools. Hence, there
are some differences in the outcomes of these student works
between the pandemic traditional studio and the online
studios even when the assignments were similar. First of

all, the physical frame and scale of projects were smaller for
students to spend fewer resources on the material, to easily
use their private working spaces. Also, the online projects
incorporated supporting sketches and drawings into the
main submission which had stronger analytical qualities
than the previous projects.

- Flexible program

We have planned a flexible course program and made our
intentions open to the students at the beginning semester.
In conventional design studios, the syllabi usually were
shorter documents indicating some general course topics
and main submission deadlines. However, remote teaching
necessitated a detailed text clearly explaining the course
objectives, course flow and essential deadlines. Moreover,
the detailed daily programs and project design briefs,
including the guests, theoretical courses were given over
three-week periods, leaving room for instructors to adapt
and update according to the class’s interest and a possible
emergency due to pandemics. Another pedagogical
flexibility was the organisation of the student week, where
the students took over courses for a week and organised
a whole program with presentations, quizzes, posters.
This method helps to build trust and empathy among
the students and instructors. Giving responsibility to the
students was something rare in the previous studios and
despite many hardships, a digital environment made it
possible for a quicker and more meaningful organisation
among the students since they could meet easily and work
on shared documents.

- Process-based design teaching

The conventional design studio course mainly focused
on the quality of the final product. Despite the teaching
being based on the design feedback processes and in-
class discussions, these rarely are reflected in the final
evaluations. Considering the students’ limited working
conditions at home and the increasing interest to prioritise
process-based teaching (Oztirk & Tiirkkan, 2006),
this approach was one of the backbones of our studios
pedagogy. For this, each assignment allowed several
iterations through which students update their work after
getting feedback. Another technique we used was to grade
the students’” design processes (sketches, idea presentations,
flowcharts, etc.) help to decrease the anxiety regarding the
course grades which is one of the prominent challenges
in the conventional studio course. Process-based design
teaching seems to be an integral part of any design studio,
our example showed some tools to strengthen this approach
since this perspective should be employed as one of the first
strategies both for a conventional and online studio in the
future.
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- Open studio

The design studios are physical containers where students
can interact among themselves and with instructors while
learning abstract thinking, creative problem-solving
techniques (Corazzoa, 2019; Charters & Murphy, 2021).
Although the digital studio could not offer a fixed space
(Hettithanthri & Hansen, 2021), it creates a setting that is
open not only for students but also for interested parties
in a virtual public space with easy access (considering all
students had personal computers and internet connection).
With this in mind, we pursued transparency and ease of
access to our course content which is different from the
previous courses which were defined by the limits of the
studio space and participants. The courses produced a
virtual public space by efficiently using the course website,
are.na website, and a social media account. Besides, being
open meant including more people in our studio such
as guest jury members and guest lecturers for the events
we incorporated in the course, called: City Series (public
presentations with guest lecturers from the world) and Off-
Talks (workshops open only to the course participants).
These events helped students get to know other scholars
worldwide and enrich their contemporary knowledge of
cities. In some cases, we hosted the graduates from our
department to show the possible carrier paths for the
students. These events resonated very well among the
students not to mention the guest audience to the public
lectures. However intriguing, there are limitations to an
open studio. First, these platforms and activities needed
long hours of organisation, constant updates with graphics,
edited works and announcements with students’ projects,
photography, and academic notes. Second, both time and
space limitations forced a certain elimination of most of the
students’ work. Hence, the inclusivity of a greater amount of
student work into the social media and website must be of
utmost importance for an open design studio in the future.

To conclude, the limitations of the online design studio
brought along the potential for re-framing the conventional
design studios, which usually prioritise the final product
over the design process, self-discovery over guided discovery
and hand drawing skills over digital tools. As a result, the
course itineraries, student projects and their feedback, the
guest jury comments to the final jury showed that the online
studio somehow managed to foster self-regulated learning
(Greene etal., 2019), especially with the example of “student
syllabus week”. The participants of the class were engaged
in analytical research, in finding inventive solutions and
capacity for “self-assessment” (Lindstrom, 2006). Besides,
the pandemic conditions made the first-year students more
engaged with digital tools and provided ease of access to
university education. The design feedback used to be
mostly limited to pin-up sessions and table critiques in the
traditional design studios. Whereas the online environment
provided a more diverse and interactive feedback session as

the digital submissions of the students made it possible for
a pre-evaluation by the instructors before the class and each
assignment was evaluated according to their peculiarities
while preparing the feedback content.

However, the private rooms of the students and instructors
had to be public classrooms, the lack of computer literacy
of the first-year design students triggered some problems
and cause slow progress as all participants had to juggle
many new tools at once. Furthermore, as time passed in an
online studio with continuous confinement and unclarity
of the pandemic, even the meticulously studied methods
fell short. Various small-scale pedagogical methods had to
be injected into the course flow, especially for the mental
health dimension of online teaching. For instance, a fun
contest with a new year’s theme was organised where the
winner was chosen by the students and had a book award;
a Spotify music list to accompany the midterm project
process was created. Besides, observation of the studio
dynamics is harder in an online setting than in a physical
space. To succeed, feedback sessions and course evaluation
surveys are utilised for a similar approach in the digital
course. All these required an immense amount of working
and preparation time in and outside the class hours which
is a significant dimension to consider such reforms in a
conventional course setting. On top of these, the mental
health side of the process remains a challenging and
understudied topic that requires an interdisciplinary study
for future (online) design studios.

The students’ feedback both during the semester break and
at the end of the academic year indicates the potential of
the pedagogical tools we have used in the online course
setting. Giving more voice to the students (group works,
student-led courses), bringing prominent scholars as guest
lecturers, organising workshops and social media platforms
are highly praised by the students. However, some methods
failed to represent the entire spectrum of projects but
highlighted the more successful student works due to the
nature of graphics preferred in social media platforms.
Keeping these limitations and potentials in mind, this study
opens up new ways to adapt a conventional design course
into an online environment as well as methods to realise a
blended learning environment for future courses.
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INTRODUCTION

ABSTRACT

Topkap1 Palace’s kitchen complex consists of the cooking units (kitchens), dorms, masjids,
baths, storages, storerooms and cellars and is where the outer services (Birtin) served the inner
ones (Endertin). These units required water for drinking, cooking, cleaning and watering
purposes. The water was supplied from Halkal: and Kirkcesme. Water towers and wells then
transmitted that to the kitchens” fountains, alongside baths, ablutions and restrooms. If the
Halkali and Kirk¢esme water were insufficient, water from the city of Terkos was delivered
to the palace, as well. Channels disposed of wastewater into the Marmara Sea. It has been
determined that the findings obtained in the literature review do not review a holistic view
of the whole study area. In order to fill the gaps, the new documents were provided from
the Ottoman Archives of the Turkish Republic Presidency State Archives, archives from the
Institute of Ekrem Hakki Ayverdi, the National Library of France, and The Harvard Map
Collection. To prove the accuracy of some of the new documents and to establish spatial
relations, surface research and excavations are required within the study area. The aim of this
article is to try to search for a context for the whole water supply of the palace kitchens by
evaluating all available resources, spatial functions and connections.

Cite this article as: Uysal Engiidar E, Yergiin U. Water supply of the Topkapi Palace kitchen
complex: Review and interpretation based on new findings. Megaron 2022;17(4):602-616.

functional spaces being removed, while others were added.
Therefore, considering diversities and transformations,

Topkap: Palace was constructed during the Mehmed II
period (r.1451-1481) in Sarayburnu, Istanbul. Five hundred
years worth of classical, western, and Turkish republican
influences are reflected in the palace’s architecture. Its
kitchen complex consists of cooking units (kitchens), dorms,
masjids, baths, storages, storerooms, and cellars (the main
units), which are located in the second courtyard with
auxiliary buildings nearby (Eldem & Akozan, 1982). Over
time, the palace units had been expanded and repaired, non-
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water was provided for various purposes in different ways.
For instance; the water was supplied from Beylik Water of
Halkali via the water tower until the 17 century (Necipoglu,
2013), due to the repairs of the kitchens after the damage of
the fire in 1574 (Selaniki, 1999), afterwards, it was supplied
from Kirkgegme via a horse-drawn water wheel until the 19%
century (Tezcan, 1989). Eventually, the palace was supplied
with electricity (BOA, 1336) and coal gas (BOA, 1344), and
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the wheel was replaced with a water pump; the old haystack
and barn became redundant henceforth. In 1918, water supply
line from the city of Terkos city — in addition to Kirk¢esme
— was used by a French-run company, Dersaadet Su Sirketi
(Istanbul Water Company), at that point the use of the water
pump was temporarily suspended (BOA, 1344). Following a
slew of renovations, the wells, the water pump, and the water
supply lines were all used together (Oz, 1991). Meanwhile,
water was distributed to the water tank of the bath, restrooms
and fountains of the kitchen complex. Likewise, apart from
the restrooms and fountains found in situ (Eldem & Akozan,
1982), there were also fountains used for dish washing (BOA,
1285) and ablution (BOA, 1291). The wastewater from all of
these units was collected in an underground drainage channel
beneath the kitchen courtyard (Pouqueville, 1805), and
flowed out to sea (Komiirciyan, 1988). However, including
the unknown architectural elements, the literature and on-
site surveys only provide us with partial data about the water
system overall. We otherwise do not know fully about how
the water wheel worked, its water capacity, and why there
was an unused water tower (Necipoglu, 2013). Likewise,
we also know little about the areas used for washing the
dishes and ablution, how the water was discharged, or how
many fountains - or, for that matter, restrooms - there were

compared to the kitchen’s diversity. This study will set out
to answer all of these questions (and more) by analysing the
water distribution lines, thus filling in the gaps in the current
literature.

TOPKAPI PALACE KITCHEN COMPLEX

After the conquest of Istanbul in 1453, and after residing
at Blakharnai Palace for a while (Tezcan, 1989), Sultan
Mehmed II built himself a palace, the Old Palace, in the
heart of Istanbul - just north of Forum Tauri - consisting
of living, administrative, and harem units (Kuban, 1996).
However, it was so close to the city’s crowded residential
area that there was no way that it could be expanded
further. Hence, the Mehmed II began scouting out a new
administrative palace. He eventually erected the New
Palace (Topkap Palace) on the site of the ancient Byzantine
acropolis. It was surrounded by sea walls and land walls
which were connected to sea walls built in Mehmed II
period (r.1451-1481). By doing so, Topkapi Palace was
guarded against possible attacks. Topkap: became the
Sultan’s administrative office, whereas Old Palace served as
his home and harem (Sakaoglu, 2002).

Figure 1. Kitchen complex (mutfaklar) is located at the south west direction of the Topkap1 Palace
(marked in red rectangular). Remains from the Mehmed II period (r.1451-1481)? (Ayverdi, 1953)

are indicated in bold.

! According to Ottoman historian Gelibolulu Mustafa Ali (b.1541, d.1600), it would be inappropriate for the sultan to live in the city centre. After residing in the Old Palace
for 2 years, he moved to the Topkapi in 1462, which took 8 years to build (Ali, 1997). Ramazanzade Nisanci Mehmed Celebi points out that the Topkap1 was built in 1463
(Nisanci, 1983). Another Ottoman historian, Hezarfen, indicates that the palace was completed in 882 AH (1467/1468 CE), and that fortification walls were added the
same year; also noting that Fatih had declared this spot as a headquarters and centre administration (Hezarfen, 1998). Byzantine historian Kritovoulos (b.1410, d.1470)
states that the Topkap: was completed in 1459. Between 1459 and 1465, towers, wards for male and female staff, bedrooms, recreation rooms, passages, halls, doors,
porches, ovens, baths, and gardens filled with fruit trees and various animals to roam were added (Kritovoulos, 1954). In light of these findings, the year 1459 seems like
a ground-breaking date since the first courtyard was not mentioned until 1478. Kritovoulos gave us the earliest date (Necipoglu, 2007).

N

After the fire of 1574, two and a half ziras of space were added from the second yard onto kitchen sections during repairs made by Sinan the Architect (Selaniki, 1999).

The main wall of the kitchen’s portico (facing the second courtyard) should appear lighter in Ayverdi’s restitution plan.
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Figure 2. A revised design of Eldems restitution project circa. The beginning of the 20* century (Eldem & Akozan, 1982)
by Ece Uysal Engiidar. This drawing shows the units of the kitchen complex.

The palace was built over two phases.! In phase one (1459-
1468) the second and third courts were constructed. In
phase two (1470-1478) the land walls, outer gardens,
and kiosks were completed (Seckin, 1990). As such, we
estimate that the palace kitchens in the second court were
built during phase one as well. That said, even if the first
two units of the kitchens (Figure 1) are attributed to the
Mehmed II period (r.1451-1481) (Ayverdi, 1953), dating
them leaves us with question marks, and for two reasons.
Reason one is that there was no harem in the Mehmed II
period (r.1451-1481), even if one assumes that the palace
kitchen scheme should be similar to its predecessor, Edirne
Palace (Bozkurt, 2016), in other words, there was no need
for space or diversity. Reason two is that kitchens were
repaired and rebuilt multiple times due to two earthquakes
- 1509 (Celebi, 2003; Necipoglu, 2007), 1894 (Urekli, 1990)
- and two fires - 1574 (Selaniki, 1999), 1700 (Topal, 2001).
We only know that the architect behind the first two units
of the kitchens (15" century) is Ayas Aga (Bayrak, 1996).

Topkaprs kitchens took on their unique forms after a fire
had broken out in the Old Palace. Likewise, that is also

when the harem moved out of the New Palace as well. As
such, Topkapr Palace became where the sultan lived his
private life alongside conducting all of the state’s official
affairs (Sakaoglu, 2002). That move also evoked the palace’s
population to grow in the 16™ century. Although we do not
know what the kitchens’ original architectural plan would
have been like, we do know that one would have entered the
kitchen courtyard through a cellar door; the kitchen and
confectionery doors were located in the porticoes on the
right side of the second courtyard. Along these doorways,
there are a confectionery dorm, a bath, a place presumed
to be a tin house, cooks’ dorms and cellars. On the other
side, there are oil, sugar and rice warehouses/pantries, a
cooks’ masjid next to it, cooking areas, a confectionery, and
a confectionery masjid (Eldem & Akozan, 1982; Figure 2).

The increase in the palace population rendered the dorms
and storage areas insufficient; thus, the kitchen sub-units
overflowed from the second into the first courtyard. The
first courtyard contains dorms (Komiirciyan, 1988), cellars,
warehouses, a masjid (BOA, 1285) and a water wheel
(Tezcan, 1984), or dolap ocagi, in Turkish (Figure 3).

Figure 3. Units of the kitchen complex in the first courtyard from an
anonymous photo dated 1875 (Anonymous, 1875).
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The kitchen’s wooden dorms were repaired at different times
during both the Ottoman and in the Republican (Modern
Turkey) periods; however, they collapsed in the early 1900’
due to a lack of budget (Eldem & Akozan, 1982). Today,
only the kitchen’s cooking unit, the confectionery, the
cellar door, the kitchen door, the confectionery door, the
water tank, the bath, and the pump room (where the water
pump used to be) still stand. At different points in time,
unrelated buildings were erected in place of destroyed ones;
this makes it difficult to fully comprehend everything as a
whole. Nevertheless, certain documents allow us to make
inferences about the water supply lines, which is the main
focus of this article.

THE WATER WHEEL

Supplying water to Topkap:1 Palace was difficult in the
Ottoman period. Because it was built on a steep slope, and
hence rainwater flowed away before it could be collected.

So, water was supplied from the Halkali-based Beylik and
Kirkgesme water supply lines. Beylik water was closer to the
surface and was sent to the upper levels by water towers.
Conversely, the Kirkcesme water supply line was connected
to the lower levels of the palace and sent through the wells
(Ozkan Aygiin, 2014; Ozkan Aygiin, 2015). Document
TSMA D. 10137 found by Necipoglu shows the past repairs
made in the palace’s water supply lines. She predicts the
document’s date as just after the earthquake in 1509 (Celebi,
2003) which caused heavy damage to the whole system. She
illustrates the connections between water towers, partial
fountains, shadirvans, and cisterns; hence, we can infer that
the source of the water ought to be the Halkal1 water supply
line, indicating that “the existing system could be used”.
This suggests that the water towers were not new. Neither of
the two towers nearby the Bébiisselam fed the kitchen (1/2
liile) and the confectionary fountains (1/2 liile); exist today
(Figure 4). Necipoglu claims that the place of this water
tower should be the water tank (Figure 5) — which is next

Figure 4. A schema demonstrating the repair of the water supply of Topkap: Palace after the 1509 earth-
quake. Designed by Ece Uysal Engiidar on the basis of Necipoglu’s article (Necipoglu, 2013). Special thanks to

Gigdem Ozkan Aygiin (ITU) for advice.
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Figure 5. The water tank in kitchen complex, next to the
main wall of portico (Uysal Engiidar, 2021).

to the provisions gate today (Necipoglu, 2013). Next to that
gate are the wells that date back Byzantine era; they were
discovered and repaired by Sinan the Architect during the
Kantini period (1520-1566) to provide water for the palace
(Tezcan, 1989).

In 1574, a fire destroyed the cellar and confectionery. Sinan
repaired and rebuilt them adding two and a half ziras® of the
area from the second courtyard for the new kitchen units
(Selaniki, 1999). Given that the wells were already in use,
Sinan most likely had cancelled the water tower during the
expansion and then built a water tank instead. A document
from 1886 claims that, presumably after the expansion, four
liiles of water had been sent from the wells to the kitchens
(BOA, 1303), as the standard one liile of water was deemed
insufficient. Hereby, the water for the kitchens began to be
supplied from the Kirk¢esme water supply line.

There are three maps dated 1584 (Bilge, 1969), 1607 and
1748 indicating the Beylik water supply line. The part of
the 1584 map (about Topkap1 Palace) is ripped. The map of
1607 shows that the water arrived at the Bab-1 Hiimayun,
palace hospital, and water tower next to Bab-1 Himéyun
(all in the first courtyard) as well as to Bébiisselam, the
palace barn, the dorms of baltadjis, and the water tank in
the second courtyard. The 1748 map is more or less the
same as the 1607 map (Cecen & Kolay, 1997). All three
maps, however, do not comprise any of the wells where
Beylik water arrives at the upper level (Aygiin & Kagan,
2014; Ozkan Aygiin & Egilmez, 2015). There is no mention
about kitchens, which implies that between 1584 and 1748,
they used water supplied by water wheels. A report from

1886 addressed to the ministry (BOA, 1303) states that the
kitchen is having problems preparing meals because the
water pump is supplying one liile of Kirkcesme water supply
line rather than four liles.* Before that, the water from the
wells would have been retrieved by horse-drawn water
wheels. For instance, a document from 1907 (BOA, 1325)
indicates what the horses need: panniers, shovels, shackles,
halters, saddles, rope, horseshoes, barley, sackcloth, and
straw. Later on, the palace was supplied with electricity and
coal gas, the water wheel respectfully was converted into a
water pump. One source from 1925 (BOA, 1344) consists
of documents written on different dates (listed below in
chronological order; some abbreviated) about various
repair made in the palace’s water supply lines:

o July 4, 1905: From Hagia Sophia distribution line to
Dolap Ocagi at Topkap: Palace 597 m tile pipe lines are
not repaired, so more than half of the flowing water
perished. To prevent that, a sack of stones is in poured
every day, the stones remain in the pipes; however, the
water has become muddy over time, spoiled its taste,
and rendered it unhealthy.

« May 26, 1906: The water flowing into the palace has
been completely cut off for a while — even the wells
are empty; the kitchens in particular are having major
difficulties. The water supply line between the Hagia
Sophia distribution line and the Dolap Ocag: has
perished completely; only one-fifth of the water still
flows. Despite the Sultan’s orders, the water supply line
has yet to be repaired.

o July 16, 1910: Ten thousand kurus has been spent from
the treasury for the repair of the water pump and pumps.

o March 26, 1913: The tank of the water pump had
suffered burns, thus becoming unable to keep the water.
Excessive coal gas is fed into the pump to compensate
for the damage. The water tank needs to be repaired.

o October 10, 1918: Some reports claim that there is
no water left in any of the water supply lines flowing
to Topkap1 Palace. Guests and Endertin officials reside
in the palace. As such, there is a great need for water.
Unfortunately, no urgent measures have been taken
other than sending water from Terkos to the palace via
nearby sources.

o November 12, 1918: Water is supplied to the palace by
the Istanbul Water Company; the water pipes have been
laid along the existing coal gas pipeline. The gas fumes
from the pipes, mixes with the water, causing the water
to stink. Moreover, the joints of the gas pipes cannot

3 Zira, which is the Arabic word for Arsin is a unit of measurement that describes the length from the fingertip to the shoulder by marking the finger sections on materials
such as wood, steel and iron. In this unit of measure, which has different types, the architect’s zira (zird-i mimdari) corresponds to 75.8 cm (Sénmez, 1997). Thus, 2.5 ziras

is equivalent to 189.5 cm.

* As proof of that, the kitchens were expanded, ¥ liiles of water had been being transmitted to the kitchen and confectionary fountain (Necipoglu, 2013). According to a
document from 1886, the amount of the water had been increased to four liiles (BOA, 1303).
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withstand the pressure of the water and burst. Two
hundred and fifty meters of new pipes are required (but
cannot be found); however, water cannot be supplied
from them because the main pipe drips. As such, water
from the Terkos water supply line has been pumped into
to abandoned Halkali water supply line, which used to
flow to the palace and but is now interrupted. That said,
until now, there has been no need to lay an iron pipe
from the tap in Cemberlitas to the palace. Given that
it is possible to pump water to these pipes from the
main pipe, we request to authorise the Istanbul Water
Company to lay iron pipes laid from Cemberlitag and
pump water from Terkos through them.

o August 21, 1922: The accumulator in the electricity
storage in Dolap Ocag is transferred to Yildiz Palace.

o November 12, 1925: The General Directorate of
Antiquities and Museums in Istanbul reported to
the mayor that the Kirkgesme water supply line (that
normally flows to the Topkap1 Palace Museum) has
been cut-off a week due to the bad roads. In it, he also
stated that there is a great need for water, at least for 4-5
hours a day.

In Istanbul, the first urban lighting with electricity happened
in 1888 with the electricity produced at Golden Horn
shipyards (Engin & Giilsoy, 2016). The earliest document
relating to electricity that we can find in the Ottoman
Archives regarding Topkap: Palace is dated 1899, and show
us how much electricians were paid on a daily basis (BOA,
1316). There is also a document from 1918 regarding the
electrical operation of the water pump (BOA, 1336). Even
though we know that electricity was supplied to the palace
at the end of the 19" century, we cannot determine when
exactly the water wheel was converted into an electric water
pump. The Istanbul Water Company had been pumping
water to the city from Lake Terkos since 1873. It was
expropriated and transferred over to the Istanbul Water
Administration in 1933 in favour of the concessions given
by the Ottoman Empire (Yurdakul, 2010).

Coal gas, on the other hand, was obtained by distilling coal
from gasworks. This method led to coal gas being supplied
in Istanbul at the end of the 19" century, and coal gas was
used for heating and illumination (Mazak & Kon, 1999). A
document from 1894 demonstrates that coal gas came to
Topkapi Palace at the end of the 19" century (BOA, 1312).
According to a document from 1925 (BOA, 1344) water
used to be extracted by horse-drawn water wheels from wells
repaired by Sinan® before it was converted into a water pump
at the end of the 19" century, upon the supply of electricity
and coal gas. Since horses were no longer needed, the stables
where the water horses were fed and allowed to rest were

torn down. Even though there were officials still working
in the palace and given that the water supply lines were not
repaired, the amount of water pumped in was not sufficient
for the kitchens’ needs. Many considered Terkos water to
be an alternative; as such, water pipes were laid down along
the existing coal gas line by the Istanbul Water Company
in 1918. The document mentions that the water pump was
temporarily taken out of use and that during that time, the
Terkos water supply line worked in place of the Kirk¢esme
only (BOA, 1344). According to Tahsin Oz, Topkap Palace
Museum’s former director (1928-1952), Kirkgesme water
was pumped from the wells using a motor. Later on, both
Kirk¢esme and Terkos water supply lines would be used
together for the museum’s fire extinguishing system (Oz,
1991). The Dolap Ocag: — where wells and water wheels were
present — remained intact until 1979 (Tezcan, 1989).

FOUNTAINS

Today, there is one fountain inscription and three fountains
(still) in Topkapr’s kitchen. That inscription (dated 1603)
belongs to the Misirlh Osman Aga Fountain which is
not extant today and is located on the kitchen’s walls
(Tanigik, 1943). The first fountain is referred to as the hot
water fountain and connects to the water tank where the
cauldron of the cooks’ bath is located. One can make out an
inscription of the hot water fountain in a photograph dated
between 1940 and 1943 from the Archive of the Institute
of Ekrem Hakki Ayverdi alas, it no longer exists today.
The second one is the cooks’ bath and has a marble basin.
The fountains and baths were built in 1722 by Nevsehirli
Damat Ibrahim Pasha during the reign of Sultan Ahmet ITI
(Sakaoglu, 2002). Considering the architecture of a bath,
having more than one fountain is necessary. The water
from the wells should first reach the water tank; next, the
heated water in the furnace should then be transmitted to
the fountains of the bath. The third fountain (dated 1767)
is located at the entrance of the Confectionery on the right
side. The flower motifs in the vase at its basin reflect the
traces of Westernisation; neither of these motifs do not exist
(Figure 6). This fountain would have been added to the
confectionery after the 1766 earthquake (Gen¢ & Mazak,
2000). One more fountain is located in a dorm restroom,
next to the cooks bath, and was set for the museum
exhibition only.

However, there were more than four fountains in the
kitchen complex. Some were fed by the water towers and are
included in a document dated 1509 according to Necipoglu
(Necipoglu, 2013). Another document from 1825 shows how
the kitchen fountains are arranged; the floor in front of the
fountain was dilapidated, and later paved (BOA, 1240). Yet

* The water extracted from the wells was distributed without accumulating. However, the extracted water was gathered in a tank situated atop the Dolap Ocag1 gate (ac-
cording to a Topkapt Museum Guide dated 1933) (Topkap: Saray1r Miizesi Rehberi, 1933). As there is no entrance to the tank, it is impossible to research it further.
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Figure 6. Complete fountains of the kitchen complex on an anonymous plan (Anonymous, 1894-1912) shown by Ece
Uysal Engtidar. No 1: hot water fountain and its inscription (dated 1722); it no longer exists (EHAEA, 1940-1944). No
2: the fountain of the cooks’ bath dated 1722 (Uysal Engiidar, 2017). No 3: Misirli Osman Aga Fountain inscription,
dated 1603 (Uysal Engiidar, 2021). No 4: confectionery fountain and its inscription, dated 1767 (Altinbigak, 2012).

another document, this time from 1868, shows that the wall
side of the kitchen’s vegetable pantry was removed. Water
was carried by placing walls, using existing fountain faces
and faucets on the land-side, and laying lead pipes from the
old location of the fountains to the newly built area. On the
other side sits a covered sewer with walls on both sides, for
dirty dishwater to flow into. In that same document, the wall
side may, in fact, refer to the intermediate wall separating the
kitchen units, while the land side may refer to the courtyard
side (BOA, 1285). Likewise, another document refers to the
seaside walls of the kitchens facing the Marmara Sea (BOA,
1323). It is not clear which unit in the kitchen served as
the vegetable pantry at that time. That noted, the only part
that fits the description in a contemporary context seems
to be the fountain along the courtyard side, located next to
the Confectionery; of that, only the marble fountain face

remains (Figure 7). Three things show us that the number
of fountains had increased: (1) removing the old fountains
from their places in 1825, (2) transferring the water to a new
place, and (3) adding a fountain in 1868. The location of the
sewer cover on the other side cannot be determined because
there is no clear description; however, it must be connected
to the canal passing through the kitchen court (Figure 8).

Another fountain on the kitchen facade would have been
used for ablution. Since there is no shadirvan in the kitchen
complex, the kitchen staff would have performed their
ablution using the fountains scattered throughout the
courtyard. According to a document from 1874, a lead-
covered new porch eave was built with the wooden painted
ceiling above the ablution fountains of the confectionery
(BOA, 1291). During restoration work in the 1940s, there
was (still) a fountain on the court side of the confectionery
- just as the 1874 document mentions (Figure 9). The

Figure 7. Fountain face located at the kitchen unit, next to
the confectionary (Altinbigak, 2012).

Figure 8. Vaulted drainage underground channel at the
kitchen court (Ozbersan Ingaat ve Ticaret Ltd. Sti., 2013).
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Figure 9. The fountain assumed to be used for ablution on
the kitchen main wall (TSMA, 1940). Traces of the porch are
obvious.

Misitlh Osman Aga Fountain (dated 1603) might have
been used for the same purpose, due to its location as well.
Furthermore, Penzer also describes (1939) the presence of

ablution fountains (Penzer, 1967). Traces of the porch are
still visible today (Figure 10). The other probable fountains
must have existed in the restrooms of the dorms, which one
can detect from their plan that they date to the beginning of
the 20™ century (Figure 12).

RESTROOMS

There are two restrooms in the palace kitchens that can
still be identified today. The first one is located in the bath;
the wastewater from it would have been disposed of via a
tile drain to a vaulted underground channel beneath the
kitchen courtyard.® The second one facing the qibla’ is
located at the dorm next to the bath and would have been
built for decoration during 1940’s restorations (Figure 11 -
Restroom 2). On the other hand, the other restrooms were
located in the dorms where kitchen servants lived — at least,
according to the design. The space referred to as the control

Figure 10. Demonstration of the fountains on the kitchen main wall assumed to be used for ablution on the elevation of
Eldem’s restitution (Eldem & Akozan, 1982); 1 for the fountain which is currently not existing, 2 for the Misirli Osman Aga

fountain dated 1603 revised and edited by Ece Uysal Engiidar.

Figure 11. The cooks’ bath on the partial plan of TURES Turizm Planlama ve Restorasyon San. ve Tic. Ltd. $ti. revised and

edited by Ece Uysal Engiidar.
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Figure 12. The restrooms of the kitchen complex are demonstrated both on the elevation of Eldem’s restitution above (El-
dem & Akozan, 1982) and an anonymous design below (Anonymous, 1894-1912) revised and edited by Ece Uysal Engiidar.

tower - in a document from 1509 (Necipoglu, 2013) - was
converted into a water distribution centre. Half of it was used
as storage, while the other half was used as a restroom for
visitors at an unknown date. Referred to as Giimiis (Cegen
& Kolay, 1997), the second half was connected to the dorm.
This restroom sits next to the Confectionery Masjid, and
would also have been used for ablution purposes. Beyond
that, such a dual cellar-restroom feature placed next to the
Cooks’ Masjid is very unique - given that there were also
restrooms for each ward unit (Figure 12).

A document of repair costs from 1840 mentions the
repairs of the restrooms (BOA, 1255). Another document
from 1868 highlights repair work done on the roof of the
restrooms around the cooks” dorms; it involved removing
old tiles and panels, renewing the rafters and panels,
and replacing the old tiles with new ones (BOA, 1285).
According to a document from 1884, the rotten roof of the
confectionary dorm restrooms had collapsed. It was rebuilt
out of its own debris; repairs were also made inside using
plaster and white wash, marble paving stones were also laid
down, and the old door was refurbished (BOA, 1291). The
roof of the restrooms under the kitchen was also repaired
with French bricks; however, the kitchens lack a lower
floor. The stone pavement of the restrooms in the Kilerli
Masjid (in the first courtyard) no longer exists, as it was

eventually changed later on. Another document from 1884
(BOA, 1302) indicates that panels beneath the lead of the
restrooms of the Confectionery dorms were removed and
replaced as well.

DISPOSING WASTEWATER

Various sources tell us that the wastewater from the
kitchen and the palace would have been pumped under
the sea wall around the Sinan Pasha Kiosk.® A little further
onwards, palace rubbish was thrown into the sea through
a hole (Kdmiirciyan, 1988; Inciciyan, 1956). In that case,
the wastewater of the kitchen complex should have been
collected in a single centre and disposed of to the sea via
channels separate from the palace. Jean-Claude Flachat
stated (around 1740-1755) that the drainage channels
of the kitchen were easy to use and clean (Flachat, 1766).
French diplomat Pouqueville, upon describing the palace’s
gardens (1798-1800), wrote that the wastewater from the
palace kitchens accumulated in a sewer to be thrown into
the sea. He noted that the sewer started at the bottom of
a road connecting the hospital in the first courtyard with
the fortification walls, and ended at the western wall
(Pouqueville, 1805). The only available information we
have about the wastewater path from the kitchens is the

EN

Detected on-site during the restorations in 2017.

N

o

would have been transported on midden boats to an offshore dump (Pul, 2008).

In Ottoman architecture, restrooms do not face the gibla direction due to the requirements of Islam.

People used to parse the waste in the hope of finding gold, silver, precious stones, rings and earrings from the seaside; some even sold what they found. The parsed waste
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vaulted channel in the kitchen courtyard. Yet, where the
channel connected and continued to before it ended up
at the Marmara Sea still remains unknown; surveys and
excavations are needed to clarify this. Moreover, another
point to consider is the addition of Kennedy Street outside
the sea walls which complicates the research.

UNKNOWN ARCHITECTURAL ELEMENTS

All of the kitchen units are supported by a retaining wall
featuring buttresses, as there is an elevation difference between
the upper courtyard and the lower seaside gardens where they
are located. Similarly, there also are still traces of barbicans
that would have prevented the retaining wall from taking on

an additional load of rain water that may accumulate, and
that would have helped filter the water from the soil, without
being collected under the kitchen (Figure 13).

There is a photograph from the Archive of the Institute of
Ekrem Hakk: Ayverdi, which houses the personal works
of Ayverdi, the person in charge of the restorations of the
palace kitchens in the 1940’s. In the photograph, we can see
an architectural element of which only the top part is visible.
It could possibly be vaulted adjacent to the retaining wall,
and it extends towards the Cooks Masjid. Alternatively, it
might be a water tank or used as a warehouse due to its
proximity to the cellar. Whether it belongs to the Ottoman
or the Byzantine era is debatable, given that Topkap: was
built over Byzantine structures (Figure 14).

Figure 13. Left: general view of the kitchen complex’s retaining wall with buttresses facing the Marmara Sea.
Right: a barbican located on the retaining wall (Uysal Engiidar, 2021).

Figure 14. Left: the kitchen complex’s retaining wall facing the Marmara Sea where the unidentified vaulted
element is located. Right: a close-up view unidentified vault element (EHAEA, 1940-1944).



612

Megaron, Vol. 17, No. 4, pp. 602-616, December 2022

In another photograph from the Archive of Ayverdi, we see a
vault at the bottom of the retaining wall continuing towards
the palace bath next to the kitchen might and this may have
been used to dispose of wastewater from the palace bath.’
Despite that, similar channels do not exist on the same
level of the kitchen alignment (Figure 15). In that case, the
wastewater of the kitchens should have been collected in
a single channel extending towards the hospital, and then
extending out towards the sea, as Pouqueville suggested
(Pouqueville, 1805). As it stands, the slope direction of the
vaulted channel at the kitchen courtyard already extends
towards the palace hospital. The drainage channels of the
kitchens and palace bath should have been separate, as
Kémiirciyan (Kémiirciyan, 1988) and Inciciyan (Inciciyan,
1956) mentioned.

There is a masonry mass — presumably a water tank - in
the palace garden between the retaining wall and the sea
wall (Figure 16). However, it is overgrown with wild flora,
and thus not suitable for architectural examination at the

moment. The same point is also demonstrated in Rocque’s
map (dated 1752) (Figure 17); he, too, claimed that it is a
water tank supplying water to the entire palace (Rocque,
1752). However, this mass is located at least 15 m below
the kitchen’s level. Pumping water from a lower-level water
tank to upper-level buildings is not convenient; hence, this
water tank - if it, indeed, is one — may very well have been
used for irrigation.

Another water tank that is difficult for us to analyse is
located in the kitchen courtyard next to the main wall of the
portico. As has been mentioned above, one of Beylik water
supply line maps (1584) is ripped (Bilge, 1969) and there is
no information about kitchen sections on the maps from
1607 or 1748 (Cegen & Kolay, 1997). We can thus infer the
water should have been supplied from the Kirk¢esme water
supply lines via wells leading to the water tank. This water
tank is located on the ground floor of the wooden dorms
for kitchen staft (Eldem & Akozan, 1982) which no longer
exists. All units of the palace had a function; therefore,

Figure 15. Left: A presumed vaulted drainage channel under the bath’s retaining wall, facing the Marmara Sea, next to
the kitchens. Right: a close-up view of the channel (EHAEA, 1940-1944).

Figure 16. The remain assumed as a water tank is located at the palace garden behind the kitchens. The photo on the
left was taken by Ayverdi in 1940’s (EHAEA, 1940-1944). The photo on the right shows its current condition (Uysal

Engiidar, 2021).

° Topkapi Palace was built on Byzantine structures (Miiller-Wiener, 2001), hence, these canals could also be the continuation of another structure.
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Figure 17. Rocque, the Seraglio & Gardens of the Grand
Seignior, 1752 (Rocque, 1752). Number 10 is marked in red
square.

Figure 18. The brick arch on the kitchen’s wall during resto-
ration between 1940 and 1944 (EHAEA, 1940-1944).

this one, too, should have been used until the palace was

converted into a museum. Although there is no trace of an

exit point for liiles, there are some small niches presumably
for glasses (Figure 5). However, we have no information
about this water tank in any studies.

Another photo from Ayverdi Institute depicts a brick arch
located by the wall of the kitchen units that was partially
buried in the ground under the ashlar - it hailed from the
Mehmed II period (r.1451-1481) (Figure 18). This arch, too,
might be related to the water supply line. The wastewater
may have been disposed of from the arch to the vaulted
drainage channel in the kitchen courtyard.

CONCLUSIONS

The Topkap: Palace kitchens were located in the palace’s
second courtyard; but, their annexes overflow into the first
courtyard (Eldem & Akozan, 1982). In sum, the water was
used for drinking, cooking, and cleaning purposes.

The water had been pumped into kitchens from the Beylik
water supply line by a water tower (one liile) until the fire of
1574 (Necipoglu, 2013). Sinan the Architect added two and
a half ziras from the second courtyard into kitchens; at that
point, the water tower may have been removed, leaving the
water to come from wells instead — also repaired by Sinan
during the Kantini period (Tezcan, 1989) - fed from the
Kirkgesme water supply line (Cecen & Kolay, 1997). The
water tower might have been replaced with a possible water
tank located on the ground floor of the wooden dorms;
it too, no longer exists (Necipoglu, 2013). According to a
document from 1886, four liiles worth of water was supplied
from wells to the kitchen (BOA, 1303). The Dolap Ocag1
used to have a horse-drawn water wheel until the 1800’s;
it was converted into a water pump after the palace was
hooked up to electricity (BOA, 1336). Coal gas was partially
used to pull up the water from wells given that the perished
Kirk¢esme water supply line between Hagia Sophia and the

Figure 19. Complete water way elements of the kitchen complex on an anonymous plan (Anonymous, 1894-1912)

shown by Ece Uysal Engiidar.
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Dolap Ocag1 was left in disrepair around the beginning of
the 20th century. The ocak was taken out of order between
1918 and 1925 (Oz, 1991); during that time, Istanbul
Water Company pumped water to the palace from the
city of Terkos. After the water supply lines were eventually
repaired, the water pump was used again, feeding directly
from the Kirk¢esme water supply line (BOA, 1344). Back
when Tahsin Oz ran the museum, the system was reused
to extinguish fires and dually drew from the Terkos water
supply line as well via a pump (Oz, 1991).

The water supplied from wells was transferred to the cooks’
bath (on-site), alongside a hot water fountain, the inner
fountain, a water tank of the bath, and the inner fountain of
the kitchen. It also was pumped into the ablution fountains
outside the kitchen (BOA, 1291) and the inner fountains of
the kitchen dorms (Eldem & Akozan, 1982).

Wastewater from the kitchen units was disposed of via a
vaulted underground channel beneath the kitchen court
(Figure 19). It may have poured out into the sea from a
different channel via the palace hospital. The varied channel
ways are mentioned in multiple sources (Pouqueville, 1805).

The photos from the archives demonstrate that the
channels beneath the bath (adjacent to the kitchen
sections) do not continue under them. Additionally, we
have also identified an architectural element whose top
is visible only next to the retaining wall, a masonry mass
in the garden and a brick arch (EHAEA, 1940-1944). The
function of the architectural element is unknown but
may be a vault. The masonry mass is most likely a water
tank that might have been used for irrigation, instead of
supplying the water to the whole palace (Rocque, 1752).
It seems impossible to allocate the water towards up. As
we have mentioned already, it is unclear whether the mass
belongs to the Byzantine or Ottoman eras. Lastly, the brick
arch might have been built as a discharging arch to carry a
wall load, with a bare chance, or as an exit point for one of
the channels to dispose of wastewater.

Before arriving at any conclusion in the evaluation, one
should keep in mind that Topkap: Palace was founded
in a Byzantine region (Miiller-Wiener, 2001); moreover,
the palace has been repaired multiple times throughout
its life (Eldem & Akozan, 1982), and restoration work
still continues to this very day. This study can only offer
inferences upon compiling the findings. Excavations and
surface surveys still need to be carried out in the working
area. Likewise, more research needs to be done to study how
each of the underground spaces were related to another,
as well as to analyse when they would have been built, in
order to offer any straightforward conclusion. The palace
has undergone multiple changes. As such, even if we do not
expect to arrive at a clear result, future fieldwork will help
us confirm our data/findings, or even propose a different —
possibly contrary — hypothesis altogether.
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INTRODUCTION

ABSTRACT

Instrument sound directivity is of great importance when defining the sound source for
research in architectural acoustics. When it comes to the topic of instrument directivity,
whereas there are various studies on Western music instruments, only a few studies could be
found on the directivity information of Eastern music instruments. For this reason, during
architectural acoustic design processes in concert halls, rehearsal rooms, music studios and
other Turkish music performance areas, there may be insufficient approaches in terms of
defining the sound source. Directivity measurements of the qanun, oud, tanbur and clarinet,
which are important instruments of Turkish music, were carried out within the scope of
the study. These measurements for all octave band regions were carried out by designing a
measurement setup with 20 microphone measurement points in the hemispherical area created
in the semi-anechoic room at TUBITAK UME. The effect of the tonal spread characteristics
of the instruments on the directivity was taken into account and a total of 143 measurements
were carried out for all the note regions in the octave ranges of the relevant instruments. The
directivity differences among the instruments and the acoustic propagation characteristics of
different octave bands for each instrument are interpreted at the end of the study. The obtained
values and results will make an important contribution to source modelling in architectural
acoustic simulations of concert halls and concert hall stages; and in relation to this, in musician
stage arrangements and all the other musical acoustics research.

Cite this article as: Ozgencil Y, Yiigritk Akdag N. An important parameter in concert hall
design: determination of directivity for instruments. Megaron 2022;17(4):617-628.

acoustic setting than predicted. Therefore, it is necessary to
define the directivity information of sound sources as data

The directivity of performers and musical instruments
in music halls such as concert halls, operas, recording
studios, etc. is an important topic that needs to be taken
into consideration for both performers and listeners when
designing such halls. In halls where the directivity of sound
sources is not evaluated, there may be a much different
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in the acoustic design of halls and in simulation programs
created with the aim of obtaining much more accurate
results. An acoustic approach that correctly establishes
the relationship between the sound source, volume and
receiver will make it easier for the architectural area to be
designed to serve its purpose (Sabine, 1964; Benade, 1976).
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Therefore, the designs and approaches to be created in the
field of musical architectural acoustics cannot be considered
separately from instruments with musical sound sources.

There are many studies in the literature that musical
instruments are reviewed from different perspectives.
(Meyer, 1993; Causse, Derogis & Waresful, 1995; Fletcher &
Rossing, 1997; Rossing, Moore & Wheeler, 2002). However,
the research on instrument directivity is quite little. It is
obvious that the directivity of the symphony orchestra has
been taken into consideration in the studies dating back to
the 1970s and performed by Meyer (1978). Although these
studies provide insights about instrument directivity, they
do not provide detailed information about the measurement
methods. In the later years, it could be seen that Fletcher
and Rossing (1997) conducted extensive research on the
acoustics of musical instruments. However, these studies
do not provide a detailed methodology and results about
instrument directivity (Rossing, Moore & Wheeleri, 2002).
Although sound propagation of musical instruments has
received more attention recently, most of the published
research has still concentrated on the physical properties
of instruments, and instrument performances have been
carried out with mechanical setups (Patynen & Lokki, 2010).
Although this approach is correct, it ignores the human
factor (Wang & Vigeant, 2004). Later on, research taking into
account the musician factor started to be carried out, and
instead of using a mechanical device, instruments have been
performed by musicians. Studies of directivity measurements
with the help of microphones positioned horizontally in the
middle plane have contributed to the literature (Otondo
& Rindel, 2004). Examples of vocal or wind orchestral
instruments are seen in this two-dimensional approach,
and these studies include a directivity research approach
based on different tones. However, it is observed that most
studies focus on average values during performances and
fall short in focusing on relevant frequency regions that
are important during performances (Causse, Derogis &
Waresful, 1995). Although it can be observed that different
frequency regions of instruments show different directivity
patterns in these studies since measurements are performed
only on a horizontal plane, the approaches within the scope
of research may be insufficient (e.g., resource descriptions
in concert hall simulations). In later research, different
studies were conducted that evolved to three-dimensional
measurements in the form of a sphere with increasing
microphone numbers and placement points that varied
between 22 and 64 (Patynen & Lokki, 2010). Cook and
Truman (1998) used 12 microphones in an icosahedron
experiment setup for the directional impulse response of
string instruments. Conducting research on symphony
orchestra instruments, Patynen (2010) designed a study
in which he examined different octave bands by creating
a spherical measuring instrument with 22 microphones.
This study is an elaborate resource for understanding how

directivity changes for different instruments and how the
same instrument acts for different octave bands. The values
obtained as a result of directivity research taking musician
factors into consideration can be simulated within a concert
hall or similar buildings. In research in this field, the
variability of the directivity of instruments in room acoustic
simulations and auditory simulations can significantly
affect the “perceived sound” associated with the acoustic
quality in the room (Dalenback, Kleiner & Svensson, 1993;
Vigeant, Wang & Rindel, 2007). Studies have shown the
effect of incorporating the directivity of the sound source
into computer models both in terms of the objective values
in the acoustic parameters and the subjective values of
the auralizations (L. M. Wang, M. C. Vigeant). Musical
instruments owe part of their acoustic characters to
differences in tone varying in different directions. (Pollow,
Behler & Masiero, 2009). This confirms the effect of source
type and performance type on acoustics (Weinreich, 1997).
In addition, recent studies have shown that the movements
of the musicians during the performance affects the spread
of the sound in the medium (Ackermann, B6hm, Brinkman
& Weinzierl, 2018). Last research has also shown this allows
computerised testing of the resource and space relationship
at the design stage for purpose-oriented architectural
structures. It is clear that these studies give more reliable
results in sources defined by accurate instrument acoustic
properties and directivity information. It is seen that the
studies carried out in the literature so far have been mainly
focused on Western music instruments (Martin, 1942; Berg &
Stork, 2005). On the directivity of the instruments of Eastern
music, there is no detailed study in which the musician factor
is also taken into account. Studies in the literature mostly
consist of mechanically designed measuring devices and
investigate instrument vibration modes and propagation
motion in the instrument body (Erkut, Tolonen, Karjalainen
& Valimaki, 1999; Degirmenli, 2017).

This study aims to find out the directivity characteristics of
qanun, oud, tanbur and clarinet which are Turkish music
instruments with different characteristics. Measurements
were performed in an accredited laboratory and results were
evaluated in accordance with the relevant standard. First
of all, a semi-anechoic chamber, microphones, calibration
and methods related to measurements are designed.
Within the scope of the study, directivity measurements
were performed for Turkish music instruments of qanun,
oud, tanbur and clarinet, and the results were evaluated.
These measurements were made in the semi-anechoic
chamber in line with the relevant measurement standard.
The measuring device designed as a hemisphere has
20 measuring points consisting of the same types of
microphones. Measurements for all instruments were
carried out using the same microphones. The musicians
who performed were professional.
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METHODOLOGY
The steps listed below were followed in the study.
- Selection of Turkish music instruments whose

directivity would be found out,

- Directivity measurements in an accredited laboratory
environment,

- Demonstration of measurement results in tables and
graphs,

- Comparative evaluation of the results.

Selection of Turkish Music Instruments

The differences between Turkish music and Western music
are quite a few. Basically, both music styles have 8 notes.
However; in Western music, these 8 notes are divided into 12
equal parts, while in Turkish music they are divided into 24
unequal parts. Whereas 1 note is divided into 2 equal parts
in Western music, 1 whole note is divided into 9 separate
parts called “comma” in Turkish music (A¢in, 1998). The
genres and modes of the two styles vary because of all these
differences. For this reason, there are also differences in the
instruments used to perform these music styles. Both music
style approaches have their own instruments. Within the
scope of the project, 4 different instruments were selected,
which are respectively qanun, clarinet, tanbur and clarinet.
To select these instruments, Turkish music performance
examples were examined and experts with conservatory
education on the subject were consulted. The acoustic
characteristics and octave ranges of these four instruments

are different from each other, and this difference provides
diversity when comparing the sources (Figure 1).

Directivity Measures

The directionality measurements of musical instruments
were carried out in a semi-anechoic room at TUBITAK
UME (The Scientific and Technological Research Council
of Turkey National Metrology Institute) in accordance
with the relevant standard (ISO Standard 3745:2003,
2003). The semi-anechoic room is 7.6 m in length,
9.8 m in width and 10.3 m in height. For directivity
measurements, a hemispherical area with a radius of 2.7
m was created, meeting the relevant standard. The person
playing the musical instrument was placed in the center
of the hemisphere with the instrument. Measurements
were performed by placing microphones at 20 points on
the hemispherical surface. Microphones were positioned
at angles of 22.5 degrees, 45 degrees, 67.5 degrees and 90
degrees from the center in the vertical direction and 60
degrees from the center in the horizontal plane, respectively
(Figure 2).

The G.R.A.S. 40AF type capacitive microphones and Briiel
& Kjaer type 3560 D Pulse multichannel analyser system
were used for directivity measurements. Sound pressure
level measurements were carried out at 1/3 octave band
centre frequencies in the frequency range of 31.5-16000
Hz. Carried out as 2 sets by using 20 microphones,
the measurements were repeated twice. In sets of 10
microphones, measurements at each microphone position
were made simultaneously. The measurement system was

Figure 1. Selected instruments (Oud, Tanbur, Clarinet, Qanun, respectively).
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Figure 2. Microphone array of full non-anechoic room recordings.

checked with a Briiel & Kjaer type 4231 Acoustic Calibrator
before and after the measurements. The system used in
the measurements meets the requirements of the IEC
61672 standard, type 1 and the sound calibrator meets the
requirements of the IEC 60942 standard, class 1. Figure 3
shows the equipment used in the measurements.

All musicians were positioned in the centre of the
hemisphere and performed in the same position (Figure
4). At this stage, all note regions between the lowest sound
and the highest sound according to the octave range of
the instruments were analysed for tonal directivity. Thus,
a detailed frequency analysis according to octave band
ranges could be carried out. For example, for the clarinet
instrument, the 3rd octave B note (246.94 Hz) was taken as
the centre for the 250 Hz octave band region, but the tonal
spreads of the 3rd octave B flat (233.08 Hz) and 4th octave
C note (261.63 Hz) were also taken into consideration for
the average values. Sample measurement value results are
shown in Table 1. As in the example, results for all octave
bands were obtained for all notes.

As seen in Table 1, when making a tonal measurement,
the data for sound pressure levels in all octave bands were
obtained and the propagation information within the
hemisphere was obtained numerically. In order to focus on
frequency regions tonally, according to the sample table, the
250 Hz region was taken into consideration to proceed. To
reach the directivity distribution data of the 250 Hz region,
one lower and one upper-frequency note was also taken
into consideration and their data were analysed. Table 2
shows the data of 3 notes in the relevant frequency region
tonally. This table was created by examining all octave band
values for the related notes and taking 250 Hz values into
account in the related note measurement.

Examining the Table, we can see the 3rd octave B flat (233.08
Hz), 3rd octave C note (246.94 Hz) and 4th octave C note
(261.63 Hz) measurement data for the clarinet instrument
for all microphone points. After this phase, the directivity
data of the clarinet in the hemisphere in the 250 Hz region
is obtained by averaging these values.

Within the scope of this study, these procedures were
carried out for all instruments and octave bands. In brief,
reduced values were created by taking the average of the
tonal region measurements for the relevant octave bands
into account. Aspiring to obtain the measurement results
of all octave bands, the tables are averaged out according to
the relevant frequency regions as in the example narrative.
Table 3 shows the average measurement results for all
octave bands of the clarinet.

Figure 3. TUBITAK’s full non-anechoic room recording
equipment.
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Figure 4. Directivity measurements of instruments.

Table 1. Effect of energy consumption on the LCC

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points M1 M2 M3 M4 M5 M6 M7 M8 M9 M10
31.5 18.9 20.7 21.8 22.8 20.8 21.0 21.5 24.1 25.6 15.5
63 14.0 15.6 15.1 14.7 14.5 15.4 16.1 22.4 23.7 15.1
125 11.6 13.4 13.3 13.2 12.0 12.3 10.9 19.9 20.4 10.6
250 71.8 69.6 71.3 75.7 68.0 71.4 76.3 69.7 68.3 75.5
500 50.1 49.1 42.5 39.9 424 52.1 41.6 49.7 46.1 38.6
1000 53.6 59.7 51.1 62.5 63.0 58.0 61.0 59.9 60.8 61.9
2000 61.0 59.2 56.2 54.9 60.0 55.6 54.4 57.5 60.7 59.3
4000 52.0 49.6 52.7 44.2 54.7 57.3 53.2 58.4 55.5 46.5
8000 30.3 30.8 30.3 34.5 34.1 37.4 35.6 35.1 324 35.0
16000 25.0 25.5 26.9 31.5 26.5 30.4 30.0 30.2 29.9 31.3
A 73.7 71.6 71.7 79.1 74.4 78.6 80.0 77.0 734 75.3
L 75.4 73.2 74.2 80.1 74.9 79.1 81.0 77.4 74.1 77.8

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points M11 M12 M13 M14 M15 M16 M17 M18 M19 M20
315 17.1 18.8 19.0 19.4 19.8 20.0 21.6 324 43.2 15.4
63 18.1 19.2 19.9 20.3 18.4 18.2 18.8 30.1 37.9 15.8
125 12.4 13.7 12.2 14.9 13.3 11.4 12.7 26.6 36.2 13.3
250 73.1 71.3 67.7 70.7 69.7 65.8 72.0 70.2 68.2 74.7
500 51.9 52.1 50.4 42.2 51.3 49.2 38.7 51.1 52.3 43.5
1000 55.7 55.8 57.6 63.0 55.2 59.0 59.1 59.6 62.6 63.2
2000 60.2 53.9 53.6 55.5 52.7 48.1 50.1 55.1 57.7 57.8
4000 43.7 39.6 39.6 28.4 389 36.7 30.2 43.6 442 34.5
8000 25.9 24.9 20.3 14.0 24.6 17.7 8.9 21.3 22.8 21.9
16000 19.2 17.6 15.5 10.3 16.7 12.2 7.0 17.4 19.1 16.9
A 72.3 70.0 69.2 69.4 70.6 65.0 67.3 69.2 71.2 73.2
L 75.5 73.6 71.5 72.7 73.4 68.0 72.9 72.7 73.2 76.5
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Table 2. Measurement results of the relevant tonal regions of the clarinet instrument

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points M1 M2 M3 M4 M5 Mé6 M7 Ms8 M9 M10
250 69.9 68.1 70.1 74.1 67.5 71.1 74.8 69.5 67.3 74.6
250 71.8 69.6 75.7 75.7 68.0 71.4 76.3 69.7 68.3 75.5
250 73.5 72.4 77.9 77.9 72.1 71.8 78.5 72.4 71.1 78.3

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points ~ M11 M12 M13 M14 M15 Mile6 M17 M18 M19 M20
250 72.2 68.8 68.2 71.3 68.8 67.6 73.1 71.4 68.4 74.0
250 73.1 71.3 67.7 70.7 69.7 65.8 72.0 70.2 68.2 75.7
250 71.3 70.4 67.5 72.1 71.3 71.3 72.1 69.0 70.3 74.4

Table 3. Average directivity sound pressure level measurement results for all octave bands of the clarinet instrument

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points M1 M2 M3 M4 M5 Mé6 M7 M8 M9 M10
125 72.1 72.4 72.1 71.6 73.4 73.6 73.5 73.6 73.1 73.3
250 71.4 69.6 71.3 75.7 68.0 71.4 76.3 69.7 68.3 75.5
500 79.0 75.5 63.6 74.5 75.6 78.5 80.4 77.8 76.6 78.0
1000 74.2 85.1 77.5 88.3 90.4 86.1 93.3 88.3 86.6 90.9
2000 85.4 83.6 82.5 78.9 82.4 82.8 77.6 82.7 85.7 85.7
4000 73.7 66.6 71.3 61.8 78.2 80.5 69.1 78.8 78.6 75.3
8000 60.5 56.4 55.6 58.9 62.3 61.2 59.5 61.5 56.9 60.4

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa

Microphone Points Mi11 Mi12 M13 M14 M15 M16 M17 M18 M19 M20
125 71.6 71.1 70.2 69.1 70.8 69.8 69.2 70.1 71.1 68.6
250 73.1 71.3 67.7 70.7 69.7 65.8 72.0 70.2 68.2 74.7
500 79.2 77.0 68.4 75.5 76.8 71.1 73.5 62.9 75.4 77.0
1000 61.5 77.7 83.7 88.5 73.1 77.3 80.7 82.8 83.5 86.3
2000 83.4 73.6 61.6 75.9 65.3 65.5 71.4 73.3 81.8 78.2
4000 69.0 61.7 65.6 60.1 61.2 61.8 54.5 66.7 62.4 63.2
8000 53.1 43.8 43.1 41.7 42.1 34.8 30.2 46.2 42.7 46.2

RESULTS AND DISCUSSION

Average Sound Pressure Levels According to Frequency
of Directivity Measurements of Instruments

Considering the octave ranges of the instruments, a total
of 143 measurements (43 for the qanun, 40 for the clarinet,
25 for the tanbur and 38 for the oud) were performed from
20 different points. For the qanun, the lowest note is “C”
in the first octave, while the highest note is “G sharp” in
the fourth octave; for the clarinet, the lowest note is “B” in
the second octave and the highest note is “Re” in the sixth
octave; for the tanbur, the lowest note is “A” in the second
octave and the highest note is “A” in the fourth octave; for
the oud, the lowest note is “C sharp” in the second octave
and the highest note is “D” in the fifth octave. The average

sound pressure level values of 20 different points obtained
from the averages for the sample octave band (246.94 Hz)
are shown in Table 4 and the schematic representations of
the directivity of all results obtained according to octave
bands are shown in Figures 5-9, respectively.

When the measurement results are evaluated;

« The gqanun generally demonstrates an inhomogeneous
directivity characteristic, as seen in the measurement
results. For the 2000 and 4000 Hz octave bands,
the instrument reaches the highest sound pressure
levels, and the directivity is more prominent at these
frequencies.

o For the clarinet, the highest sound pressure values are
observed in the 1000 Hz and 2000 Hz octave bands. It
shows a more homogeneous and unclear propagation of
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Table 4. Average directivity sound pressure level measurement results for all octave bands of the instruments

Frequency (Hz) Sound Pressure Level, dB Ref. 20 uPa
Microphone Points Ml M2 M3 M4 M5 M6 M7 M8 M9 M10
125 36.9 38.8 42.6 46.0 36.5 40.5 46.0 33.7 38.6 442
250 61.0 58.5 53.7 58.8 59.3 54.2 57.0 59.4 53.6 57.3
g 500 62.2 59.7 57.8 54.2 55.5 53.5 49.8 58.5 60.3 55.2
g 1000 61.6 58.5 58.0 48.3 57.7 56.1 47.4 54.5 53.2 52.7
o 2000 64.5 62.4 62.8 56.8 58.2 59.6 60.1 63.0 59.8 52.4
4000 61.6 62.3 60.4 57.2 61.0 59.4 58.8 58.7 55.9 49.2
8000 45.2 42.0 429 354 45.1 41.4 33.2 42.2 39.9 33.6
125 72.1 72.4 72.1 71.6 73.4 73.6 73.5 73.6 73.1 73.3
250 71.8 69.6 71.3 75.7 68.0 71.4 76.3 69.7 68.3 75.5
g 500 79.0 75.5 63.6 74.5 75.6 78.5 80.4 77.8 76.6 78.0
g 1000 74.2 85.1 77.5 88.3 90.4 86.1 93.3 88.3 86.6 90.9
O 2000 85.4 83.6 82.5 78.9 82.4 82.8 77.6 82.7 85.7 85.7
4000 73.7 66.6 71.3 61.8 78.2 80.5 69.1 78.8 78.6 75.3
8000 60.5 56.4 55.6 58.9 62.3 61.2 59.5 61.5 56.9 60.4
125 31.7 28.8 26.3 26.2 32.0 334 33.5 32.1 31.2 27.3
250 48.8 49.6 425 50.8 49.1 434 52.3 48.9 44.5 48.9
5 500 59.6 57.1 54.5 47.0 57.7 49.0 50.7 60.9 56.5 49.9
= 1000 55.9 57.0 58.5 54.1 56.4 61.6 53.8 57.7 60.0 56.2
= 2000 30.4 26.6 28.8 28.8 31.9 31.7 28.3 34.9 27.5 31.5
4000 27.1 25.7 24.8 26.0 27.1 27.0 26.6 25.2 24.6 17.1
8000 24.2 25.2 28.6 27.7 28.1 29.5 28.1 27.1 27.6 27.6
125 57.3 579 59.1 58.9 59.1 60.6 60.9 59.5 60.9 61.5
250 55.5 56.2 61.2 62.8 59.7 64.8 66.3 61.7 64.2 68.3
- 500 60.6 58.7 50.3 48.0 61.1 54.6 59.2 62.5 57.8 61.3
8 1000 51.5 49.8 38.8 33.8 53.3 52.2 45.3 53.3 48.1 50.6
2000 32.2 27.7 34.2 30.1 31.2 28.8 34.7 31.1 35.7 36.4
4000 27.8 26.5 28.4 233 28.0 25.0 20.6 24.9 23.3 28.8
8000 26.0 26.9 27.6 29.3 26.9 23.7 27.3 27.4 23.7 25.8
Microphone Points Ml11 M12 M13 M14 M15 M16 M17 M18 M19 M20
125 26.6 30.6 37.5 40.0 28.8 34.7 40.5 28.6 28.5 39.8
250 58.0 55.3 48.0 52.0 55.6 49.6 52.6 56.2 51.4 56.5
g 500 57.6 57.7 55.5 49.3 58.0 52.9 45.1 56.7 47.8 39.9
=] 1000 58.7 56.7 53.2 47.7 54.2 50.3 46.8 52.0 53.0 43.3
o 2000 64.7 59.9 58.1 59.7 59.0 53.8 59.4 60.9 51.5 52.8
4000 59.1 56.8 50.9 50.5 48.8 51.6 48.8 54.2 55.0 48.9
8000 44.2 38.6 37.0 36.6 42.1 40.4 34.6 42.3 44.1 42.3
125 72.1 72.4 72.1 71.6 73.4 73.6 73.5 73.6 73.1 73.3
250 71.8 69.6 71.3 75.7 68.0 71.4 76.3 69.7 68.3 75.5
é 500 79.0 75.5 63.6 74.5 75.6 78.5 80.4 77.8 76.6 78.0
g 1000 74.2 85.1 77.5 88.3 90.4 86.1 93.3 88.3 86.6 90.9
O 2000 85.4 83.6 82.5 78.9 82.4 82.8 77.6 82.7 85.7 85.7
4000 73.7 66.6 71.3 61.8 78.2 80.5 69.1 78.8 78.6 75.3
8000 60.5 56.4 55.6 58.9 62.3 61.2 59.5 61.5 56.9 60.4
125 31.9 31.6 34.1 37.1 36.7 41.2 43.8 35.3 37.6 39.2
250 52.1 53.0 46.2 49.7 45.2 39.5 41.2 48.2 45.6 45.4
5 500 61.8 60.7 57.2 52.3 61.0 55.0 51.7 62.9 59.2 44.7
= 1000 58.0 55.1 56.0 44.6 53.0 56.6 56.0 55.7 55.8 52.2
= 2000 38.5 31.7 26.4 28.7 34.6 38.7 32.5 36.3 44.6 32.5
4000 14.2 14.5 13.2 18.1 17.2 16.7 19.5 16.1 19.7 15.8
8000 14.2 13.1 119 12.3 10.3 9.7 10.7 14.1 14.2 15.8
125 54.3 54.2 54.8 55.7 55.1 56.6 57.5 57.7 56.2 57.9
250 53.7 55.4 57.9 61.4 56.9 58.8 64.3 62.6 58.1 67.2
- 500 56.9 52.4 50.3 42.6 52.3 43.7 39.9 53.2 56.0 50.5
O: 1000 44.9 38.3 30.6 40.5 41.4 44.1 43.8 45.8 47.4 46.4
2000 24.1 25.6 21.8 22.1 24.6 20.9 222 23.0 27.3 28.1
4000 24.2 19.7 17.0 18.6 19.1 17.9 22.7 22.4 23.8 21.5
8000 21.3 20.1 19.6 21.6 14.9 18.4 19.4 25.8 21.5 224
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Figure 5. Measurement results for the ganun at each measurement point and octave band.

directivity at low frequencies, while at high-frequencies
there is a more prominent directivity as expected.

The most obvious directivity information for the tanbur
is observed at 4000 Hz and 8000 Hz although it has
low sound pressure levels. This makes a difference as
against other instruments. The highest sound pressure
level values are around 500 Hz and 1000 Hz, and the
propagations in this octave band are homogeneous.

Figure 6. Measurement results for the clarinet at each measurement point and octave band.

The oud reaches the highest sound pressure levels in
low-frequency bands, while it creates a lower sound
pressure level at high-frequencies. For all octave bands,
it could be observed that there is ambiguous and similar
directivity information.

When the the
instruments according to octave bands, the ganun shows

examining differences between

a non-homogenous propagation at 125 Hz, while other
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Figure 7. Measurement results for the tanbur at each measurement point and octave band.

instruments show a propagation close to homogeneous.
The oud has the highest sound pressure level of around
125 Hz.

The frequency zone in which the oud characteristically
reaches the highest sound pressure levels is 250 Hz.
The clarinet demonstrates a fairly homogeneous
propagation. The qanun and tanbur have similar
directivity compared to other instruments.

Figure 8. Measurement results for the oud at each measurement point and octave band.

The frequency region where the tanbur reaches the
highest sound pressure values is 500 Hz, and it shows a
propagation close to homogeneous. Other instruments
reflect more prominent information of directivity
and could be stated to be demonstrating similar
characteristics.

They are frequency regions where the clarinet and
tanbur reach the highest sound pressure levels. While
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Figure 9. Measurement results for all instruments at each measurement point and octave band (All scales are separate
for each instruments).
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directivity information for tanbur is homogeneous,
regional concentrations are observed in other
instruments. For example, it is possible to refer to a
prominent propagation in the direction of view for the
oud.

o There is a significant decrease in sound pressure levels
for the tanbur and oud compared to other low-frequency
regions. The clarinet shows a prominent sound
propagation characteristic towards the point of view at
this frequency. The oud also shows similar propagation
characteristics as the clarinet. The qanun has reached
the highest sound pressure level in frequency zone
measurements within itself.

o DPropagation characteristics for all instruments have
been sharper than for lower frequencies. Although the
sound pressure levels of oud and tanbur decrease to
lower and medium frequencies, the propagation zones
are clearly visible. Clarinet and qanun demonstrate
sharp propagations but in different directions.

The propagation characteristics of clarinet and tanbur are
quite similar. The ganun has a homogeneous propagation,
although it demonstrates a high-frequency zone that does
not have propagating characteristics. Although the oud
shows characteristics close to homogeneous, it is possible
to demonstrate a distinct area for the propagation zone.

CONCLUSION

For the acoustic performance of the halls, it is extremely
important to consider the directivity characteristics of
the sound sources during the stage and orchestra design.
This topic which has been studied for most Western music
instruments has unfortunately not been discussed in detail
for Turkish music instruments until today. In the study,
the directivity information of four different Turkish music
instruments has been obtained. According to the findings,
it has been determined that instruments with different
acoustic properties show different directivity behaviours. In
addition, the directivity behaviour of the same instrument
also varies in different octave bands. Considering the
musician factor, whether the low-, medium- and high-
frequencies have similar or different general behaviours for
different instruments can be interpreted within the scope of
the study. With this approach, it is obvious that instrument
type, positioning and placement are very important for
acoustic performance places with different purposes. It
can be said that instrument directivity is a very important
parameter especially in designing concert halls. In
addition, this study aims to contribute to the development
of measurement approaches required for directivity
research of Eastern music instruments. With future studies,
determining the directivity characteristics of other Turkish
music instruments that are not discussed within the scope

of the study is important in terms of the contribution to the
literature.
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INTRODUCTION

ABSTRACT

Environmental colours can affect users in terms of performance, aesthetics, emotion,
etc., and can play a role in their actions. Previous studies have shown that environmental
colours are effective on user perception. This research aims to find out how wall colours can
impact students in the learning environment by manipulating their attention, emotion, and
behavioural reactions. An experiment was conducted with students aged 8-9 years in a real
classroom painted in twelve colours. The students have taken the courses within a classroom
having different wall colours (red, yellow, green, blue, purple, orange, green-yellow, blue-
green, purple-blue, red-violet, white and grey) for twelve consecutive weeks during the
experiment. In this process, various measurements and evaluations were conducted for each
different colours regarding attention, emotion, and behaviours. The results show that learners’
attention notably increased in the red-purple and yellow wall colours and decreased in the
orange, purple, red, and blue wall colours. The students mostly preferred green-yellow, blue-
green, orange, purple, and blue wall colours, and the least preferred ones were grey, yellow,
and red-purple colours. The red, orange, green, green-yellow, blue-green, blue, and purple
wall colours were perceived as positive by students. From behavioural point of view, they were
more active in red, orange, yellow, and blue-green, whereas they were calmer in purple, red-
purple blue, and green. In the grey wall colour environment, students were observed as bored
and distracted, and there was a slight decrease in their attention in the course.

Cite this article as: Duyan E Unver FR. The influence of learning space colours on students
within attention, emotional and behavioural. Megaron 2022;17(4):629-643.

was no difference in the responses of warm and cold colours
on the autonomic nervous system, whereas luminance

There are various studies about colour effects on users
regarding attention, emotional and behavioural, in the
literature. Studies on the effects of environmental colour
have developed in parallel with the effects of space and
environmental evaluations on users. Pressey found that there

*Corresponding author
*E-mail adres: faziladuyan@gmail.com

increased performance speed (Pressley, 1921). Birren
focused on the psychological and emotional areas of colour,
especially on the tangible benefits of colour and lighting in
interior spaces requiring performance (Birren, 1973).

In the literature, interior colour studies were carried out

Published by Yildiz Technical University Press, Istanbul, Turkey
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for different functions such as living room, office and
classroom. The studies for the effects of the interior colours
on the users can be exemplified as follows.

Ainsworth et al. assessed the work performance and the
responses of the subjects (18-24-years-old) to anxiety,
depression and arousal in red, blue-green and white-
coloured experimental settings organised as office spaces.
It was concluded that there was no difference between
the rooms painted in different colours in terms of both
performance and affective reactions (Ainsworth et al., 1993).
Kwallek et al. investigated the effects of office wall colours on
people’s colour preferences, mood, and work performance
(Kwallek et al., 1996). Although there was no significant
relationship found between mood and office colours in
the study, participants were more satisfied with working in
rooms with low-value and high-saturation colours. Subjects
made more mistakes in the white room than in the red and
blue room, and in terms of work performance, subjects
made high-scores in rooms with high-saturated wall colour
room than in rooms with low saturated walls.

Kiiller et al. conducted three different experiments to assess
the affective and neurophysiological effects of office colours
on users aged 17-54 years. In the first experiment, a visually
complex room with colours and patterns was created and in
the second and third experiments, a red room and a blue
room were compared. The results showed that saturated
colours and complexity, red and similarly coloured rooms
activated the brain whereas the blue room have a calming
effect. In terms of colour effects on performance, the results
of the experiment show that for the subjects who had inward
and negatively oriented personalities, the red colour had an
enhancing effect on performance. According to the results
of all three experiments, it was concluded that individuals
with a high-level of attention performed better in the red
office, and adult individuals with lower attention capacity
performed better in the blue room (Kiiller et al., 2009). In
the study realised by Manav et al,, the emotional effects
of colour and lighting on adult individuals who created
office spaces in a lab were investigated. The results of the
study, in which both high-and low-saturation of blue and
yellow wall colours were evaluated under different lighting
scenarios, confirm that space colour perception is closely
related to quantitative and qualitative properties of light.
Besides, it has been found that even when the colour hue
remains constant, environmental evaluations change as the
saturation of the same hue changes (Manav et al., 2009).

In another study performed by Yildirim et al., two separate
living room images visualised on the computer were shown
to the adult subjects on a projection screen. On the walls
of the living rooms, which were furnished in two different
ways, three different colours were applied: red, blue and grey
(monochromatic). The participants aged 18-24 years found
the warm (red) hue as “highly stimulating” and “exciting’,

» o«

and the cold (blue) hue as “spacious’, “relaxing” and
“peaceful”. Grey space was generally defined with adjectives
that resulted in the colour being negatively characterised
(Yildirim et al.,, 2011). Park’s study examined the living
room colour preferences of children aged between 7 and
11 years and the relationship between these preferences
and colour components via the 1:12 scale room model.
Forty-five colours were applied to the walls of the model,
and were asked to the children, and which one they prefer
most. Children preferred the red colour in medium value
and saturation, the yellow colour in high-value and medium
saturation, the green colour in medium value and saturation,
and the blue colour, respectively. In terms of gender, it was
found that girls preferred red and purple colours more in
terms of hues whereas boys preferred less saturated colours
within both red and purple hues (Park, 2013).

Al-Ayash et al’s one of studies on the colour effect in learning
environments assessed the moods and performances of the
subjects aged between 20 and 38 years using high-saturation
and high-value versions of blue, yellow and red colours and
low saturation and high-value versions of the same hues in
an experiment room. The results of the study showed that
blue colours had a relaxing effect, whereas high-saturated
hues significantly increased the performance scores (Al-
Ayash et al., 2016). Tikkanen, on the other hand, studied the
effects of changes in colour and lighting on emotions around
the school environment with students aged 16 years. The
students associated warm with pleasantness and cold with
unpleasantness for both light and colour (Tikkanen, 1976).
In a study conducted at an architectural studio of a university
by Baytin et al., the wall with the blackboard was painted with
thirty-four different colours each week. The effects of wall
colours on the undergraduate students’ tastes and moods as
well as their performance were evaluated during this period.
Purple and green-blue were the most preferred colour types,
which the students stated as having soft, positive and relaxing
effects. The colours which increased the students’ attention
in terms of academic efficiency were orange and purple, and
the colours that decreased attention the most were yellow
and yellow—-green wall colours (Baytin et al., 2005).

The purpose of Wang and Russ’s study was to investigate the
relationship between computer lab wall colour preferences
and undergraduate students’ personality types. In the study,
a classroom with computers was visualised and the wall
with the blackboard was painted with 15 different colours.
Purple, blue and blue-purple were the most preferred
colours by undergraduate students (Wang and Russ, 2008).
Yildirim et al. evaluated students” perceptual performance
by showing university students the images of a digitally
visualised classroom with walls painted with high-value
yellow (cream), blue and pink colours. According to the
results, it was found that blue-coloured classrooms were
perceived more positively than yellow and pink-coloured
classrooms (Yildirim et al., 2015).
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Learning spaces in other words classrooms within which
students spend a large part of their lives from early
childhood to adolescence play an important role in their
physiological, social, and cognitive development of them.
Functionally expectations from these spaces are to provide
suitable and efficient studying conditions for students. In a
classroom, that has form and size are generally defined by
standards and physical environment properties (materials,
textures, patterns, lighting features, surface colours, etc.)
can have an impact on students throughout their education.
One of the physical components that affect students as
environmental stimuli is wall colours that occupy a large
part of the classroom surfaces. Students take courses under
the effect of the colour stimuli reflected from the walls. These
colour stimuli can influence students by manipulating their
attention on the lesson, emotional or behavioural outputs.

In this context, this research was planned to find out
how wall colours can impact students in the learning
environment by manipulating their attention, emotion,
and behavioural reactions. The research was conducted
with students aged 8-9 years in a real classroom painted
in twelve colours throughout the academic term and the
students continued their courses under red, yellow, green,
blue, purple, orange, green-yellow, blue-green, purple-
blue, red-violet, white, and grey wall colours during the
experiment. In this process, various measurements and
evaluations were realised for each different colour within
the scope of attention, emotional effects, and behaviours.

The majority of predecessor studies carried out on colour
effects are mainly focused on adult users, and they have been
conducted through visualisations and laboratory experiments.
The most significant aspect that distinguishes our research
from similar studies is that the experiment takes place in a
real classroom environment throughout the academic term
with children. The main purpose of this study is to determine
the environmental colour conditions that should be
supported learning in classrooms and to reach useful results
in the colour design of the learning environment. On the way
to this goal, the research has been planned in line with the
fact that each different wall colour can create different effects,
and the effects of these colours on students are evaluated in
three attitudes such as attention, emotional, and behavioural
response. Details of the in-site experimental research are
given below as materials, methods, and results.

MATERIALS AND METHODS

The research was planned to determine the attention,
affective and behavioural effects of the colours on the walls
of a primary school classroom on students. The stages of the
study are as follows;

o Determination of classroom wall colours,
« Arranging the classroom as an experimental space,

o Determination of methods of attention, affective and
behavioural response to environmental wall colour,
o Evaluation of results.

PARTICIPANTS

Jean Piaget who has described learning according to the
“theory of individual’s mental development” and has accepted
it as an age-related process, has described the period of 7-11
years as the period of concrete processing in which individuals
can bring logical solutions to problems. So, the reason for
concrete models and their reactions to environmental stimuli
would be in this direction (Brainerd, 1978). The learning
speed of individuals in the cognitive concrete operational
thinking period is very high between 7 and 11-years-old. In
parallel, the emotional and behavioural responses of students
in this age group to the environment differ from adults. For
this reason, students from the 8-9-year-old age group, who
are within the period of concrete operational thinking were
preferred for the study as subjects. A total of 35 students (22
females, and 13 males) participated in the study.

DETERMINATION OF WALL COLOURS

Twelve wall colours, using the Munsell Colour System were
determined in the experiment. The chromatic colours are
ten hues with equal perceiving steps (red, orange, yellow,
green-yellow, green, blue-green, blue, purple-blue, purple,
red—purple) and achromatic colours are white and grey.
Every hue has the same value (7) and saturation (8) in order
to create a similar perception for all colour hues. Table 1
demonstrates Munsell Colour System symbols for wall
colours chosen for the study. Figure 1 shows equal steps of
hues (Value: 7, Chroma: 8) of the Munsell Colour System
(Munsell, 1971; Munsell, 2016; Luke, 1996). The ceilings

Table 1. Notations of Munsell colour system for wall colours

WALLS Hue Value/ Color Sample
Saturation
RED 5R 7/8
ORANGE 5YR 7/8
YELLOW 5Y 7/8
GREEN-YELLOW  5GY 718
GREEN 5G 7/8
BLUE-GREEN 5BG 7/8
BLUE 5B 7/8
PURPLE-BLUE 5PB 7/8
PURPLE 5p 7/8
RED-PURPLE 5RP 7/8
WHITE N 9/o
GREY N 7/o
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Figure 1. Ten chromatic colours determined from Munsell
colour system in equal step (Value: 7, Chroma: 8) (Munsell,
2016).

of the experimental class were painted white (N 9/0). All
furniture in the classroom was converted into grey in order
to not decrease to wall colour effect. The students took their
courses during the experiment.

MEASUREMENTS AND PROCEDURES

Colour Blindness: “Ishihara Colour Vision Test” was applied
to all subjects to check their colour vision prior to the
experiment. As a result of this control, it was determined
that subjects had no colour vision defect (Ishihara, 1990).

Measurement of Attention Response: Within the scope of
attention response, the “attention test” method was used to
determine the extent to which classroom wall colour affects
students’ attention levels. The age and cognitive levels of the
students were taken into consideration, it was picked a test
they could comprehend easily and that would not take too
long. Eventually, the letter form of the Bourdon Attention Test
was found suitable for this study (Brickenkamp et al., 1975).
The Bourdon Letter Test, which consists of 3 blocks and 660
letters was used as 2 blocks and 440 letters considering the
age of the subjects. The 3-minute period given to the subjects
in the three-block application was shortened to 2 minutes in
this two-block application. Within 2 minutes, subjects were
asked to find and mark the letters “a, b, d, g"

Measurement of Emotional Response: In order to evaluate
the students’ responses to classroom wall colours in terms of
emotional effects, the “Environmental Colour Assessment
(ECA)” form was prepared by using attitude scales which
consist of two parts. In the first part of the form, on how
the students perceive the classroom wall colour, the
“Semantic Differential Scale (SDC)” consists of five levels
and ten adjective pairs. In the second part, to determine
the students’ level of satisfaction with the classroom wall

colours, “Likert Scale (LS)” with ten levels was prepared
(Adams and Osgood, 1973; Kiiller, 1972; Kiiller, 1973;
Osgood et al.,, 1957; Anderson, 1988; Groat and Wang,
2013; Joshi, 2015). The ECA test was applied to the students
every week for each wall colour.

Measurement of Behavioural Response: The “Teacher
Observation Form (TOF)” was prepared to determine the
effects of classroom wall colours on students’ behaviour.
During the 12-week experiment period, the class teacher
evaluated students’ behaviour including class participation,
concentration periods, students’ mobility, talking, etc. in
general throughout the week for each wall colour. In the first
part of the Teacher Observation Form, which consists of two
parts, the teacher evaluates her observations on students’
behaviours according to a five-level scale and the second part
includes her evaluation including written comments.

Experimental Settings

The study was carried out in a classroom with the dimensions
of 7.15m x 7.20 x 3.10 m as seen in Figure 2. On one wall
of the classroom space, there are four windows directed to
the Northwest. The current classroom layout was converted
into the experiment space by making some arrangements.

Desks and panels on the walls were covered with medium
grey fabrics, cabinets were covered with medium grey
cardboards. Since the colour of the floor and curtain
materials have high-value and low saturation, no new
arrangements had been made. The white ceiling surface
again was painted in white colour. The visual and written
materials on the walls, which had the intensity to decrease
the effect of the wall colour, had been reduced to the
minimum number required for education.

Improvements have been made in the artificial lighting
system to provide the values in the relevant standards. The
lamp types changed while maintaining the positions of the
luminaires. In this context, 36 W fluorescent lamps with

Figure 2. Classroom plan.
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colour rendering index 1A (Ra> 80), colour temperature
(Tc) 4000 K and light flux 3200 Im were used. By this way,
the artificial illuminance realised on the desks had been
minimum 300 Im/m? and it was made sure that all lamps
were working properly.

There was no change in the natural lighting system, curtains
were kept open, and both natural and artificial light was
used together during the experiment. Since the windows
were facing Northwest and the students were in class during

the morning, the classroom was illuminated by sky light
and artificial light.

The chosen wall surface colours were produced by a paint
company in accordance with the specified Munsell Colour
System and were applied after checking the accuracy of
the colour properties. Class walls were painted during the
weekend holidays. Education continued throughout the
five weekdays with the wall colour applied for that week
(Figures 3-6).

Figure 3. Red (5R 7/8), orange (5YR 7/8) and yellow (5Y 7/8) coloured wall class photos.

Figure 4. Green-yellow (5GY 7/8), green (5G 7/8) and blue-green (5BG 7/8) coloured wall class photos.

Figure 5. Blue (5B 7/8), purple-blue (5PB 7/8) and purple (5P 7/8) coloured wall class photos.

Figure 6. Red-purple (5RP 7/8), grey (N 7/0) and white (N 9/0) coloured wall class photos.
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RESULTS

Attention Results

SPSS 10 (Statistical Program for Social Sciences) statistical
program was used to analyse and evaluate attention results
obtained by the Bourdon Attention Test (BAT) data.
Furthermore, to control the reliability of the data, the “Test-
retest reliability method” was used.

To find out whether there is a statistically significant
difference between the first wall colour and the twelfth wall
colour, two pre-tests and one post-test was applied. Thus,
the experiments in the study continued for 15 weeks. The
arithmetic mean results of the Bourdon Attention Test
and the graphical representation are shown in Table 2 and
Figure 7.

As the weeks progressed, attention test scores increased
positively (Figure 8, Table 2). This positive rise in the scores
revealed that “repeat-based learning” affects test scores,

Figure 7. Bourdon attention test results graphic.

Table 2. Arithmetic average of Bourdon attention test results

even though the order of letters in the attention test was
changed every week. This is due to individuals’ learning
processes being based on repetition. No matter how
influential the independent variables affecting attention are,
the individual’s test scores will increase by a certain amount
each time when similar tests are applied. This situation is
based on the repetition effect theory in the literature (Hebb,
1961; Szmalec et al., 2009; Johnson et al., 2017). Thus, it
is important to obtain realistic results by subtracting the
learning effect in order to assess correctly the effect of
environmental stimuli on attention. Hereby, in this study, a
method that eliminates the effect of repeat-based learning
has been developed to accurately measure the effect of wall
colour on attention. Accordingly, within the scope of the
study, the procedure begins firstly with “determining the
increase in students’ scores learning due to repetition”, in
other words, determining the learning styles of the students.
Then the assessment procedure is followed by subtracting
these determined results from the Bourdon Attention Test
values.

Each person or group has a way of learning and a function
that demonstrates it (Carlson, 1973; Jaber and Guiffrida,
2004; Jaber, 2011; Pusic et al., 2015, 2016). In order to
determine the increase in attention points in repeat-based
learning, it is necessary to determine the function type of
the students’ learning styles. For this reason, the primary
aim was to find out the “functional learning structure”
of “Bourdon Attention Test scores obtained via repeat-
based” for each student. An investigation was carried out
to indicate which of the 10 functions “Linear, Logarithmic,
Inverse, Quadratic, Cubic, Compound, Power, S, Growth,

Week Wall Colour Wall Colours (Munsell colour system; Hue value/Chroma) Bourdon Test Result
Number (Average)
15 Week Pre-test 1 (yellow-3Y 8/2) 29.26
27 Week Pre-test 2 (yellow-3Y 8/2) 47.91
34 Week 1 Red (5R 7/8) 51.85
4" Week 2 Yellow (Y 7/8) 62.27
5% Week 3 Green (5G 7/8) 68.86
6" Week 4 Blue (5B 7/8) 68.13
7™ Week 5 Green-Yellow (5GY 7/8) 72.65
8 Week 6 Purple (5P 7/8) 70.70
9t Week 7 Red-Purple (5RP 7/8) 79.30
10t Week 8 Blue-Green (5BG 7/8) 77.71
11" Week 9 Purple-Blue (5PB 7/8) 78.24
12t Week 10 Grey (5N 7/0) 81.31
13" Week 11 White (9N 0/0) 82.46
14" Week 12 Orange (5YR 7/8) 75.15
15% Week Last test (Orange - 5YR 7/8) 85.40
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and Exponential” were suitable for the functional structure
of Bourdon Test scores. The best learning function was
determined Cubic function as a result of the investigation by
using the “Curve Estimation” module in the SPSS program.
In the other words, the students’ repeat-based Bourdon test
scores are mostly in accordance with the “Cubic Function”
The “deviations” within this function were assumed as
“the effect of classroom wall colours on attention” and the
evaluation was performed accordingly.

Bourdon Attention Test scores (raw scores) of students
as shown in Table 2 were modelled according to “Cubic
function” by regression analysis and colour effect data
representing the differentiation of real values from
theoretical values were prepared. Equivalence of the average
effect of each colour on students to “0” was tested using the
“One Sample T-Test”. Since the number of samples was
over 30, a non-parametric test was not used. Assuming
that “each deviation” in the resulting cubic functions was
“the wall colour effect on attention’, it has been evaluated
with the logic of “the wall colour with a greater standard
deviation, had affected the attention more”.

The Elimination of the Learning Effect (ELE Method)

With the elimination of the learning effect (ELE) method,
the rise in attention scores due to repeat-based learning
was eliminated from the test results via the cubic function.
ELE was calculated by subtracting the theoretical values
expected from the learning function from the estimated

values. In other words, the mean of deviations in the
learning function was tested to see if they were significant.

The “p” values of the significance level obtained from the
“One Sample T-test” results were evaluated when the values
were p<0.01 (99% significant), p <0.05 (95% significant),
and p<0.1 (90% significant). It was determined that the
average effect score obtained from the wall colours having
“p” values satisfying these conditions had a positive
(increasing points) or negative (decreasing points) effect
according to the value. Table 3 shows the results of “one
sample T-test with eliminated repeat-based learning effect
(no learning effect)” for all students.

The numerical values showing the relationship between the
twelve wall colours applied to the classroom walls and their

Figure 8. Average wall colours effect for attention (without
learning effect).

Table 3. The results of “One Sample T-Test” with eliminated repeat-based learning effect

Colours Test Value = 0
t Df Significant Average 95% Confidence Interval of Effect Size
(2-tailed) Effect the Difference
Lower Upper

Pre-test 1 -2.662 33 0.012** -2.08630 -3.6810 -0.4916 2.55
Pre-test 2 3.930 33 0.000*** +3.67195 1.7710 5.5730 3.93
Red -1.985 33 0.056* -2.35473 -4.7685 0.0590 1.98
Yellow 1.871 33 0.070* +1.88568 -0.1653 3.9367 1.87
Green 1.444 33 0.158 +1.84021 -0.7521 4.4325 1.44
Blue -2.366 33 0.024** -2.58352 -4.8048 -0.3623 2.37
Green-Yellow -0.362 33 0.720 -0.49289 -3.2650 2.2792 0.36
Purple -3.678 33 0.001*** -4.03176 -6.2619 -1.8016 3.68
Red-Purple 2.942 33 0.006*** +3.39955 1.0482 5.7509 2.94
Green-Blue 1.029 33 0.311 +1.23101 -1.2040 3.6661 1.03
Blue-Purple 0.189 33 0.852 +0.16465 -1.6112 1.9405 0.19
Grey 0.076 33 0.940 +0.07867 -2.0307 2.1881 0.08
White -1.121 33 0.271 -0.72255 -2.0342 0.5892 1.12
Orange -6.429 32 0.000*** -14.00910 -18.4476 -9.5706 6.43
Last test -3.359 29 0.002*** -13.32443 -21.4384 -5.2105 3.36

It displays significance at *90%, **%95, ***99% confidence level.
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Table 4. Ranking of Bourdon Attention test arithmetic
average results (Raw Scores-with learning effect)

Table 5. Ranking of Bourdon Attention test results after
ELE method (Reliable Scores-without learning effect)

Week Bourdon Test Colour Bourdon Test
Ranking According To Raw  Results (Raw
Scores score)
11t Week 1 White (11) 82.46
10t Week 2nd Grey (10) 81.31
7™ Week 3th Red-purple (7) 79.30
9t Week 4th Purple-blue (9) 78.24
8™ Week 5th Blue-green (8) 77.71
12" Week 6t Orange (12) 75.15
5% Week 7h Green-yellow 72.65
(5)
6" Week gth Purple (6) 70.70
34 Week 9th Green (3) 68.86
4™ Week 0% Blue (4) 68.13
2" Week 1™ Yellow (2) 62.27
1* Week 12t R'ed (1) 51.85

Week Colour ranking independent Average
from time effect effect scores
(Clear
Scores)
7% Week I Red-purple 3.399%**
2m Week 2nd Yellow 1.885%
3 Week 3t Green 1.840
8™ Week 4t Blue-green 1.231
9* Week 5t Purple-blue 0.164
10™ Week 6h Grey 0.078
5% Week 7t Green-yellow -0.492
11 Week 8t White -0.722
1 Week 9t Red -2.354%
4™ Week 10* Blue -2.583**
6 Week 1t Purple -4.031%%*
12 Week 12% Orange -14.009***

effects on attention are presented in Table 3. According
to these values, six colours (red, yellow, blue, purple, red-
purple and orange) among the applied colours showed a
significant effect (p<0.1). Among these six colours, yellow
and red-purple had a significantly increasing average
attention effect, while red, blue, purple, and orange wall
colours had a decreasing average attention effect. The other
six colours (green, green—yellow, blue-green, purple-blue,
grey, and white) were ineffective, i.e. had greater values as
“p>0.1" In this case, it can be stated that “six colours did not
have a statistically significant effect”

Asseen in Tables 4 and 5, the values in the Bourdon Attention
Test obtained by application of the ELE method give only the
results of the effects of wall colours on attention regardless of
the repeat-based learning effect. After the application of ELE
method, the highest score was reached with “red-purple”
wall colour (p<0.01). In other words, the red—purple colour
has had the significant most positive effect on students’
attention. This colour is followed by “yellow” colour with an
increase of 1.885 points (statistically p<0.1). On the other
hand, the “green” wall colour, which shows a very close score
similar to the yellow colour with an increase of 1.84 points,
does not give a statistically significant (p>0.1) result. After
application of the ELE method, red, blue, purple, and orange
colours have had negative values in terms of average effect
without learning effect (reliable scores). These wall colours
can be identified as colours that negatively affect student
attention (Figure 8).

EMOTIONAL RESULTS

The students’ responses to classroom wall colours in

It displays significance at *%90 (p<0.1), **%95 (p<0.05), ***%99 (p<0.01)
confidence level.

terms of emotional effects were determined by the
“Environmental Colour Assessment (ECA)” form. It has
“Semantic Differential Scale (SDS)” for adjectives and
“Likert Scale (LS)” for preference of wall colours. Findings
of the emotional response are given in Tables 6 and 7, as an
arithmetic mean and standard deviation values in terms of
SDS and LS.

Semantic Differential Scale findings: The data on the
Semantic Differential Scale (SDS) were evaluated by the
arithmetic mean method on all subjects ignoring the gender
difference. The result of semantic profiles of twelve colours
was divided into three graphics for clearer perception. The
first graphic involves the main five colours (red, yellow, blue,
green, and purple), the latter graphic involves five mid-
colours (Orange, Green—Yellow, Blue-Green, Purple-Blue,
Red-Purple) and the third graphic involves two achromatic
colours (white and grey).

According to the arithmetic means of the Semantic
Differential Scale (SDS), users semantic responses to
variables for each wall colour are shown in Figure 9a (red,
yellow, green, blue, purple), Figure 9b (orange, green-
yellow, blue-green, blue-purple, red—purple) and Figure 9¢
(grey, white). In this scale, where each variable is evaluated
with two opposing adjectives and five intervals, the adjective
pairs are graded from -2 to +2. The areas below the “0” axis
define the negative references given by the users about the
wall colour for each adjective and the areas above the “0”
axis define the positive references.

The red, orange, green, green-yellow, blue-green, blue,
and purple wall colours were perceived as “positive” for all
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Table 6. Mean (M) and standard deviation (SD) values of semantic differential scale (SDS)

Adjectives / SDS
COLOURS Ugly/ Boring/  Unpleasant/ Dark/ Lifeless/ Passive/ Sour/ Cold/ Heavy/ Dirty/
Beautiful Interesting  Pleasant  Light  Alive Active  Sweet Hot  Light Clean
Red M 1.29 0.71 1.29 1.15 1.38 1.35 0.91 1.06 0.76 0.71
SD 1.09 1.38 0.94 1.18 1.02 1.04 1.36 1.28 1.33 1.57
Yellow M 0.59 0 0.71 0.88 0.56 0.56 0.41 -0.18 -0.44 -0.21
SD 1.35 1.44 1.4 1.41 1.58 1.48 1.44 1.53 1.48 1.57
Green M 1.18 0.56 1.06 0.68 0.85 0.97 1.18 0.65 0.35 1.06
SD 1.27 1.42 1.28 1.34 1.48 1.14 1.14 1.39 1.5 1.35
Blue M 1.38 0.91 1.12 1.38 1.35 1.03 1.24 0.85 0.59 1.06
SD 0.99 1.31 1.2 1.1 1.1 1.19 1.16 1.26 1.54 1.28
Purple M 1.09 0.82 0.97 1.09 0.91 0.76 1.24 0.74 0.74 0.52
SD 1.44 1.47 1.49 1.31 1.4 1.37 1.28 1.48 1.48 1.58
Orange M 1.22 0.91 1.01 0.88 1.15 0.69 1.01 0.58 0.54 1.27
SD 1.13 1.16 1.26 1.3 1.26 1.41 1.3 1.48 1.42 1.15
Green-yellow M 1.29 1.06 0.93 1.1 1.17 0.8 1.09 0.51 0.75 0.97
SD 1.04 1.08 1.18 1.19 1.24 1.33 1.2 1.36 1.28 1.34
Blue-green M 1.22 0.86 1.14 0.91 1.01 0.81 1.06 0.59 0.78 0.87
SD 1.06 1.3 1.1 1.26 1.38 1.37 1.15 1.45 1.43 1.84
Purple-blue M 0.78 0.22 0.51 0.09 0.22 0.21 0.35 -0.04 0.31 0.31
SD 1.3 1.49 1.32 1.54 1.63 1.41 1.53 1.34 1.51 1.54
Red-purple M 0.42 0.18 0.29 0.11 0.21 0.03 0.58 0.12 0.39 0.33
SD 1.41 1.52 1.61 1.62 1.67 1.51 1.5 1.49 1.63 1.54
Grey M -0.15 -0.39 -0.45 -0.52 -0.7 -0.61 -0.64 -064 -0.61 -0.97
SD 1.7 1.77 1.7 1.7 1.61 1.66 1.67 1.6 1.52 1.43
White M 0.18 -0.18 0.13 0.22 0.21 0.09 -0.01 -0.19 0.06 0
SD 1.47 1.51 1.58 1.56 1.73 1.49 1.58 1.56 1.4 1.78
Total M 0.87 0.49 0.71 0.63 0.69 0.52 0.7 0.32 0.4 0.54
SD 1.34 1.46 1.42 1.47 1.54 1.46 1.45 1.49 1.5 1.61
Table 7. Arithmetic mean (M) and standard deviation (SD) values of Likert scale (LS)
Red Yellow Green Blue Purple Orange Green- Blue- Purple- Red- Grey White Total
yellow  green blue purple
Satisfaction ~Mean 7.82 6.47 8.12 7.91 7.91 7.7 7.86 9.43 6.06 6.3 4.72 5.43 7.16
(LC) SD 2.94 3.52 2.65 2.52 3.07 2.76 2.65 12.38 2.98 3.02 3.77 3.29 5.17

adjectives. While purple-blue and red—purple wall colours
were also perceived as “positive”, they were not as much as
the others. The yellow (5Y 7/8) wall colour was perceived
as bright, vivid, and energetic but in contrast, it was also
perceived as dirty by the students.

The students characterised the white (N 9/0) colour around
the zero axis and did not give a clear definition for it.
Students” approach to this wall colour was slight as light,
alive and active, but can be overall described as “indecisive”
or “neutral” (Figure 9c). As seen from the graph in Figure

9¢, the students found the grey (N 7/0) wall colour negative
for each adjective and evaluated it to be particularly lifeless
and dirty.

Likert Scale Findings: According to the arithmetic average
results of the Likert scale given in Table 8, the student’s
favourite colour was the green-yellow (5GY 7/8) wall
colour (90.88 points). The blue-green (5BG 7/8) wall colour
followed as the second (89.41 points) and the orange (5YR
7/8) wall colour (84.55 points) came next. Students’ least
favourite colour for the classroom wall was medium grey
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Figure 9. (a) Results of semantic differential scale (SDS) of red, yellow, green, blue,
purple colours. (b) Results of semantic differential scale (SDS) of orange, green-
yellow, blue-green purple-blue, red—purple colours. (c) Results of semantic differ-
ential scale (SDS) of achromatic (grey and white) colours.
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Table 8. Likert scale satisfaction levels (%) of wall colours

Wall Colour Satisfaction Level (%)
1¢ Green-yellow (5GY 7/8) 90.88
2nd Blue-green (5BG 7/8) 89.41
3t Orange (5YR 7/8) 84.55
4t Green (5G 7/8) 81.18
5t Purple (5P 7/8) 82.35
6 Blue 5B 7/8) 80.88
7t Red (5R 7/8) 76.47
gh White (N 9/0) 67.00
gt Purple-blue (5PB 7/8) 65.00
10® Red-purple (5RP 7/8) 66.18
11 Yellow (5Y 7/8) 64.41
12t Grey (N 7/0) 47.27

Figure 10. Likert scale satisfaction level (%) result as graphic.

(N 7/0) colour with 47.27 points. The scores were graded
out of 100. A graphical representation of the Likert scale
findings according to colour is presented in Figure 10.

BEHAVIOURAL RESULTS

Behavioural responses were evaluated according to the
class teacher observation forms. This investigation is a
qualitative assessment and was carried out to support the
research. The evaluation of the information in the Teacher
Observation Form can be summarised as follows:

Red (5R 7/8) Wall Colour: In the red wall environment,
substantial fidgetiness was observed among the students. The
students had been stimulated, their movements were more
intense and disturbing than ever. They had trouble focusing
on lectures and practices and talked among themselves
without raising their hands. As a result, the teacher had
difficulty in establishing discipline and the students were
adversely affected by this classroom wall colour.

Yellow (5Y7/8) Wall Colour: The review of the teacher for
the yellow wall colour was that this colour energised and

cheered the students but also caused an increase in their
attention to the lessons.

Green (5G 7/8 Wall Colour: For this wall colour, the teacher
stated that the students were calmer when compared to their
behaviours for the red and yellow wall colours, and their
transition from an energetic activity to a more focused one
was fast and they were surprisingly quick in adapting to the
lesson. The teacher also underlined the observation of the
students’ noticeable calmness in this colour environment.

Blue (5B 7/8 Wall Colour): In the blue environment, the
students were more compliant with the classroom and
school rules. They took the warnings into consideration
more quickly and they did their work efficiently.

Purple (5P 7/8) Wall Colour: The teacher stated that the
students were stagnant, especially when they needed to study
alone, but they generally talked alot. In the blue environment,
the course contents of the students were moderate.

Orange (5YR 7/8) Wall Colour: The orange wall colour
made the students’ energies surge in a positive way, they
were cheerful and loving, and they participated in the
lesson more.

Green-yellow (5GY 7/8) Wall Colour: In the green-yellow
wall colour environment, the focus of students on the lesson
increased, their complaints were reduced, they looked
peaceful and the noise they made even while studying on
their own was reduced, but the female students specifically
were a little restless.

Blue-Green (5BG 7/8) Wall Colour: For the blue-green
wall colour, the teacher stated that there was chaos in the
classroom and it turned into a noisy environment in a very
short time. In addition, the complaints and fights within the
classroom had increased and she defined these observations
as puzzling.

Purple-Blue (5PB 7/8) Wall Colour: The teacher stated that
the overall processes and the courses were run as normal in
the classroom. The usual changes were observed, there was
no significant behavioural difference and there was no shift
to the extremes in either a positive or a negative sense when
compared with other wall colours.

Red-Purple (5RP 7/8) Wall Colour: In the week in which the
red—purple wall colour was painted, a lot of activities had
taken place in parallel with the children’s day celebrations.
The teacher reported that the students could concentrate on
the subjects and activities very much and did not make any
noise while studying on their own. After the completion of
the experimental research, the teacher emphasised that she
was most satisfied with the red—purple wall colour in terms
of students” behaviour and attention.

Grey (5N 7/0) Wall Colour: The teacher noticed that, with
the grey colour, the students were looking a bit numb and
bored, their perception had slowed down, they did not



640

Megaron, Vol. 17, No. 4, pp. 629-643, December 2022

Table 9. General evaluation of responses towards wall colours

Attention

Emotional

Behavioural

Bourdon Attention Test

Semantic Differential Scale Likert Scale

Teacher Observation

Students’ attention level scores
(p<0.1, significant) decreased

Red wall colour was found Ranked 7th out of
pleasant, lively, bright, active 12 by 74.47 scores

The students stimulated and were fidgety, their
movements have become more uncontrolled

E} by an average of 2.3547 and warm, and “effective” and intense than ever, and have had difficulty in

P focusing, the teacher has had difficulty in discipline
Attention N Emotional / Behavioural N\

= Students’ attention level scores Students described the colour Ranked 11st out of The students have elicited active and cheerful be-

o) (p<0.1, significant) increased yellow light, lively and alive, but 12 by 64.41 scores  haviour and their attention to the lessons increased

5 by an average of 1.8856 also somewhat dirty

> Attention / Emotional \ Behavioural /

z Students attention level scores Green colour is described as Ranked 5th out of Students were calm and focused swiftly to the les-

% (p>0.1, p=0.158) increased by “positive” for all adjectives 12 by 81.18 scores  son

© an average of 1.8402 Attention - Emotional / Behavioural »

. Students” attention level scores Blue colour is described as Ranked 6th out of They were calm, disciplined and have done their

2 (p<0.05, significant) declined “positive” for all adjectives 12 by 80.88 scores  work efficiently

M

by an average of 2.5835 Attention N Emotional / Behavioural 7
~ Students’ attention level scores Purple colour is described as Ranked 4th out of Students were stagnant, but generally talked a lot.
= (p<0.01, significant) declined “positive” for all adjectives 12 by 82.35 scores  The course contents of the students were moderate
j)
~ by an average of 4.03176 Attention N Emotional / Behavioural N
m Students” attention level scores Orange colour is defined as Ranked 3th out of Students’ energies have surged in a positive way,
LZD (p<0.01, significant) declined clear, beautiful and positive for 12 by 84.55 scores  they were cheerful and loving, and they participat-
é by an average of 14.0091 other adjectives ed in the lesson more
c Attention N Emotional / Behavioural /

Students’ attention level scores Green-yellow colour is called as Ranked Ist out of The focus of students on the lesson increased, their
> Z  (p>0.1) decreased by an average “positive” for all adjectives 12 by 90.88 scores  complaints were reduced, they looked peaceful and
= % of 0.4928 calmer, but also the female students specifically
5 m were a little restless

>~
Attention /* Emotional / Behavioural \

Students’ attention level scores Blue-green colour is described Ranked 2nd out of There was chaos in the classroom, the complaints
o E (p>0.1) surged by an average of as “positive” for all adjectives 12 by 89.41 scores  and fights within the classroom have had increased
28 12310 as puzzling
SR

Attention / -- Emotional \ Behavioural /
| Students” attention level scores The colour is found to be “less Ranked 10th out of The overall processes and the courses were run as
E g (p>0.1, p=0.852) surged by an positive” at close values for each 12 by 65 scores normal in the classroom. There was a balanced sit-
% = average of 0.1646 adjective uation in the classroom
A Attention \ -- Emotional \ Behavioural -- /
. Students’ attention level scores The colour is found to be “less Ranked 9th out of The students could concentrate on the subjects and
D‘ = (p<0.01, significant) increased positive” at close values for each 12 by 66.18 scores  activities very much and did not make any noise
Ej % by an average of 3.3995 adjective while studying on their own
(=%}
Attention / Emotional N Behavioural 7

Students’  attention  scores Grey colour is described as Ranked 12th outof The students were looking a bit numb and bored,
> (p>0.1, p=0.94) increased on “negative” for all adjectives 12 by 66.18 scores  their perception have had slowed down, not make
§ average 0.0786, meaningless alot of noise, and their communication capabilities
V) and insignificant have decreased

Attention \ -- Emotional \ Behavioural \

Students’  attention  scores White colour is described as Ranked 8th out of The students have not behaved consistently, they
E (p>0.1, p=0.271) decreased on neither negative nor positive 12 by 67 scores could focus studying on their own, but also even
5 average 0.7225 for all adjectives a small event that developed could suddenly has
= pushed the students into uncontrolled behaviours

Attention \ -- Emotional \ Behavioural \

make a lot of noise, and their communication capabilities

decreased.

White (5N 9/0) Wall Colour: The teacher stated that the most

remarkable point about the students was that they did not
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behave consistently, they were focused even while studying
on their own, and even a small event that developed could
suddenly eliminate all the calmness and control, and
pushed the students into uncontrolled behaviours. The
teacher also stated that during the first few days with the
white wall colour, while the students were concerned about
the cleanness of the wall, they were not stable about keeping
the wall clean, yet the wall remained less dirty than normal.

COMPARATIVE EVALUATION OF RESPONSES
TOWARDS WALL COLOURS

The results of the study show that the effects of each wall
colour on students occur differently in terms of attention,
emotional and behavioural. In this sense, the responses of
three different attitudes given by students to twelve different
colours were evaluated collectively and comparatively
summarised in Table 9.

DISCUSSION

In this study, in a primary school classroom painted in
twelve different colours, one each week, students completed
attention tests and environmental colour assessments
throughout twelve weeks. In this process, the classroom
teacher made evaluations by observing the behaviours of
the students. Many significant results were obtained from
the study in terms of attention, emotional and behavioural
response. These outcomes have exposed similar but
sometimes contradictory results to the other literature
studies.

According to the environmental colour studies in the
literature is that cold colours having shorter wavelengths
such as blue and purple have a calming effect on people,
while warm colours having longer wavelengths such as
red, orange, and yellow have a stimulating effect on people
(Thones, 2018). The behavioural results of this study also
show that the red wall colour stimulated the students and
negatively affected their classroom behaviours. Similarly,
the calming effect of the blue colour in the literature was
also observed in this colour environment during the
experimental process.

Al Ayashi et al. found that the performance of subjects
increased in the red, blue and yellow environments (Al
Ayashi et al., 2016). However, for our study, the participants’
attention decreased in red and blue colour but increased
with yellow colour. In contrast to the study of Kiiller, in
our study, performance in the red environment decreased
(Kuller, 2009). Contrary to our research, in the study by
Baytin et al. in the week when the yellow and green-yellow
wall colour was applied, a decrease in the level of attention
of the subjects/students was observed (Baytin et al., 2005).

The results of our research showed that the blue wall colour

was satisfied by the students but this colour environment
significantly reduced their attention. On the other hand,
Kwallek et al. found that the blue colour decreased the
attention, but in the study by Kiiller et al. on offices and
in Al-Ayashi et al’s experimental studies, it was observed
that the subjects became calmer but their performance had
increased in the blue wall-coloured environment (Kwallek
et al., 1996; Kiiller et al., 2009; Al-Ayashi et al., 2016).

In contrast to the results of this study, subjects preferred
orange wall colour as the least favourite colour in the
studies of Kwallek and Wang. However, the preference for
the orange wall colour as one of the most admired colours
for the design studio by students in Baytin is parallel with
this study (Kwallek et al., 1996; Wang, 2008). As in Yildirim’s
study, grey was the least admired, boring and cold wall
colour in this study, as well. Purple wall colour, which is one
of the favourite colours, was the most admired wall colour
for the class in Baytin’s study (Baytin et al., 2005; Yildirim
et al., 2007).

According to the study realised by Kwallek, the result that
purple environment colour reduces attention is parallel
with our study. In the study by Baytin et al., it was concluded
that the students preferred the purple wall colour the most,
and also there was an increase in the attention level of the
students during the week when the purple, and orange wall
colour was applied. In terms of attention, this study does
not give the same result as Baytin’s study (Kwallek et al.,
1996; Baytin et al., 2005).

Evaluation of the behavioural attitude towards classroom
colours was limited only to the observation of the classroom
teacher. This evaluation was qualitative and it could not
possible to analyse the result statistically. In addition,
behavioural responses may change depending on the
mood of the subjects during the observation period. In this
context, the reason for including this evaluation in the study
was to gather more detailed information and to support the
overall study. The results of the qualitative assessment in
this study may also help to form the hypotheses of other
studies.

While determining the effects of wall colour on students’
attention, the results of the study could be tested with a
control group. In this case, the learning function of the
control group should also be determined and its suitability
with the learning function of the experiment group should
be compared. It was not possible to test the results with an
experimental group in this study.

CONCLUSIONS

The results of our study showed that come forward red-
purple is the most positive colour within the scope of
attention and behavioural response, and this wall colour
has produced the highest increase in attention scores in
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the relevant age group. In this wall colour environment, it
was seen that there was a positive and parallel relationship
between the attention and behaviours of the students. After
the experiment was completed, the class teacher emphasised
that she was most satisfied with the red—purple wall colour
in terms of classroom behaviour and attention. Despite all
these positive results in terms of cognitive (attention) and
behavioural aspects, students were not satisfied with this
colour in terms of the affective aspect.

The most negative colour in terms of impact on attention is
the “orange (5YR 7/8)” wall colour, which has the lowest result
in attention test scores. On the other hand, this wall colour
was highly appreciated by the students and their behavioural
attitudes also increased positively. The results of the study
indicate that the most negative wall colour effective in both
affective and behavioural contexts is grey (N 7/0). For the
grey wall colour, the affective effects shifted slightly to a more
negative area, as the students did not like the wall colour,
they also became numb and silent, and their communication
skills declined. This wall colour’s results show that it was the
least preferred colour in terms of affective aspects, it received
negative responses for all the adjectives in the semantic
assessment, and in terms of behavioural aspects, the students
were tired, distressed, and had difficulty focusing.

The repetition of the Bourdon Attention Test, which was
administered many times including the pre- and post-test,
hasled to positive increasing test score results. Since the main
purpose of measuring the attention effect in the experiment
was to assess the effect of the wall colour only, the “increasing
scores due to repeat-based learning” were subtracted from
these scores and obtained more reliable scores. For this
purpose, the ELE (Elimination of the Learning Effect)
method which was specifically developed for this study
was used by utilising the existing statistical methods. This
approach may guide other studies to obtain more accurate
results in eliminating the repeat-based learning effect while
measuring the effects of multiple dependent variables on
attention, especially if there is no control group.

Within the scope of the effects of space colours on
individuals, a study-specific method was applied in this
field experiment research on the effect of classroom wall
colour on 8-9-year-old students. In the context of the
effects of classroom wall colour in educational spaces, this
study was conducted to determine student attitudes that
will support learning positively and it is aimed to contribute
to the education sector. Apart from this research in which
classroom wall colours and 8-9-year-old students were
taken into consideration, planning of studies for different
age groups, different socio-cultural levels and interiors with
different functions will contribute to architectural colour
science in terms of determining the indoor surface colours.

This article is based on the PhD Dissertation entitled
[lkdgretim Okullarinda Sinif Duvar Renginin Ogrencilerin

Duyussal, Biligsel ve Davranigsal Tepkilerine Etkisinin
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supervision of Prof. Dr. Rengin Unver at Yildiz Technical
University, Department of Architecture in 2016.
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INTRODUCTION

ABSTRACT

A high degree of transparency is customary in modern building design, and horizontal or/
and vertical fins are often employed for shading the building envelope. This study proposes
a method to limit horizontal and vertical fin ranges according to current visual and thermal
comfort standards. The study was carried out considering a module office room, which is
assumed to be located in an office building, and one long wall is transparent. The minimum
and maximum fit ranges were determined for four glazing types and seven directions the
transparent wall faces (a total of 112 cases). The criteria suggested in the standard EN 17037
have been considered for visual comfort. In the first stage of providing thermal comfort, solar
control was implemented to limit the fin range, that is, the annual shading need and solar
gain were identified depending on the direction. Afterward, the adaptive comfort method
recommended for naturally ventilated spaces in the ASHRAE 55-2017 standard was applied
to evaluate the comfort conditions of the fit ranges. The detailed analysis revealed that the
optimum direction regarding thermal and visual comfort is south, and the fin type in this
direction is horizontal. Vertical fins in the west, east, northwest, and northeast directions
provide positive outcomes. The performance of the horizontal and vertical fins is close to each
other in the southwest and southeast directions. The results for the module office room can be
used to take principle decisions for fit design.

Cite this article as: Siit G, Dokuzer Oztiirk L. Determining the impact of horizontal and
vertical fins of office facades on visual and thermal comfort. Megaron 2022;17(4):644-657.

criteria provides a great deal of convenience to the designer.
Solar control, in other words, benefiting from the sun and/

The design of a comfortable building consuming energy
at a minimal level is a complex process involving a large
number of interdependent variables. In a complex system
consisting of criteria that often contradict each other, it is
essential to make an integrated design. Determining the
limitations that meet the minimum conditions of comfort

*Corresponding author
*E-mail adres: g.gulcinsut@gmail.com

or avoiding the sun depending on the conditions, is a passive
design strategy that directly affects thermal and visual
comfort. Solar radiation affects the illuminance generated
by natural light, and therefore the energy to be consumed
in electric lighting. In addition, depending on climatic
and seasonal conditions, it also affects the heating and/or
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cooling load. The main parameters affecting the heating
and cooling loads are the transparency ratio and shading
property of the building envelope. In recent years, a high
transparency ratio is quite common in modern building
design. Transparent areas in the building envelope are
the most sensitive element of the structure and create the
greatest effect on the heat flow balance (Olgyay & Olgyay,
1957). Increasing the transparency ratio in the building
envelope increases the daylight illuminance level and solar
gain indoors, while it may also cause unwanted solar gains
and glare. One of the most effective ways to reduce the solar
load in transparent areas is to block direct incoming solar
radiations before they reach the glazing (ASHRAE, 2013).
However, in the design of shading elements, it is important
to establish a balance between “benefiting from daylight
and solar energy” and “unwanted solar gain and glare
control”. For this reason, building energy consumption can
be reduced with an effective passive solar design approach
which will be used at the early design stage and will benefit
from solar energy and daylight while avoiding their negative
effects (DeKay & Brown, 2013).

The most up-to-date standard for the assessment of visual
comfort in interiors is “EN 17037: Daylight in Buildings”
In the standard, the criteria for the assessment of daylight
are listed as ‘daylight provision, protection from glare,
exposure to sunlight, and view out (i.e., visual connection
with the external environment)” (European Committee for
Standardization, 2018, 2022). The studies carried out within
the scope of this standard basically cover the assessment of
sample spaces based on daylight criteria (Paule et al., 2018;
Yilmaz, 2019). As a different approach, in his study, Schouws
(2022) investigated how much influence the European
standard in question had on the energy consumption
of a typical office building and whether BREEAM and
LEED requirements could still be met (Schouws, 2022).
Rasmussen and Pedersen (2019), on the other hand, showed
the difficulties that designers face when trying to simulate
building performance by taking into account daylight,
indoor climate, and landscape.

There are many standards for indoor thermal comfort such
as ISO 7730, ASHRAE 55, EN 15251, and CIBSE (ASHRAE,
2013; CIBSE, 2006; EN 15251, 2007; ISO, 2005). In these
standards predicted mean votes (PMV) thermal comfort
model and adaptive comfort model are included. Based on
the temperature of the indoor environment, air movement
speed, average radiative temperature, relative humidity,
activity level of people, and clothing insulation values,
Fanger created the PMV model in which he transferred the
satisfaction states of individuals to numerical data (Fanger,
1970). The PMV thermal comfort model, created with a
limited number of users in an air-conditioned laboratory
environment, was designed for use in buildings that
do not have natural ventilation. Therefore, in buildings
with different climate types or natural ventilation, it

can determine the level of thermal comfort as colder or
warmer than it is (Nicol, 2004; Rijal et al., 2017; Wu et al.,
2017). On the other hand, the Adaptive Comfort model
proposed by Dear and Brager was created by making 21000
measurements in 160 buildings, most of which are offices. In
this model, indoor temperatures or acceptable temperature
ranges are associated with outdoor meteorological or
climatic parameters. This method defines acceptable
thermal environments for areas that are naturally ventilated
only by user control and do not have any mechanical
cooling and heating systems operating (de Dear and Brager,
1998). Since there is no mechanical heating and cooling
system, passive climate-based design approaches are more
applicable (Nicol et al., 2012; Parkinson et al., 2020). Passive
design approaches can be carried out using traditional
design tools or climate-based computer programs. “Solar
Path Diagrams” and “Shading Masks”, which are among the
traditional design tools, have created a framework in terms
of passive design strategies, analysis, and calculations for
shading elements in buildings and minimising overheating
(Olgyay & Olgyay, 1957; Mazria, 1979). Thanks to the
development of technology, climate-based software can
combine climate data with traditional design tools and
translate them into meaningful graphics.

In recent years, different design approaches have been
developed, especially regarding shading and shaping fins
for facade aesthetics (Kuhn, 2017). The most common
method used for evaluating the fins made for shading
purposes in terms of different criteria is the genetic
algorithm. Genetic algorithms are the most advanced
improvement method that works using mechanisms
similar to evolutionary mechanisms observed in nature
(Zitzler, 1999). Design alternatives are calculated based on
different criteria and offer the most appropriate solution
from a large number of options. The optimisation studies
carried out in this direction have been usually limited to
a single space (Manzan, 2014; Manzan & Padovan, 2015;
Khoroshiltseva et al., 2016; Settino et al., 2020; Mangkuto et
al., 2021; Luca et al., 2022; Noorzai et al., 2022). However,
since the exposure to sunlight states of rooms facing in
different directions are also different, the solution sets that
meet the requirements for various criteria will also differ.
Examining the literature, a study that takes into account all
the criteria in the EN 17034 daylight standard along with
thermal comfort was not found.

In this study, an approach was developed to determine the
optimum fin range, providing visual and thermal comfort
for offices facing in different directions. In this context, by
taking into account also facade alignment, horizontal and
vertical fins were considered separately in the rooms that
receive light from one facade and two facades. The effect of
obstacles outside the building was excluded from the scope
of the study. In this article, the results obtained related to the
rooms that receive light from only one facade are presented.
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VISUAL AND THERMAL COMFORT CRITERIA

In the study, in terms of visual comfort criteria, it benefited
from the European Standard “TS EN 17037” In the
standard, the criteria for using daylight are specified as
daylight provision, protection from glare, exposure to
sunlight, and assessment for view out. The minimum,
medium and high levels recommended in the standard for
these four criteria are given in Table 1. It is important to
meet the requirements for these criteria when determining
the ranges of fins.

In this standard, the minimum requirement in terms of
daylight illuminance is recommended as > 300 Ix. For
spaces with vertical windows, it is expected that > 300 Ix
illuminance will be provided at 250% of the reference plane
of the room and that an illuminance of 100 Ix will occur in
95% of the same plane. It is stated that these illuminances
should be provided at 250% of daylight hours throughout
the year. For the three levels of protection from glare, the
recommended daylight glare probability (DGP) values are
shown in Table 1. The criterion of exposure to sunlight is
expressed by the number of hours the space receives direct
sunlight on a cloudless reference day to be selected between
February 1st and March 21%. The assessment of view out is
performed based on the horizontal sight angle, the distance
of external obstacles from the building, and the number
of seen layers. The recommended values for these three
magnitudes must be provided in at least 75% of the used
area of the room.

In the study, two different methods were used to ensure
thermal comfort. The first method is to conduct a solar
control in order to limit the horizontal and vertical fin
ranges; that is, the first method focuses on determining
and limiting the annual need for shading and solar gain of
the rooms under consideration. The second method used
to assess the comfort conditions of fin ranges is adaptive
comfort, which is recommended for naturally ventilated
spaces in the ASHRAE 55-2017 standard. This method,
which defines acceptable thermal environments for user-
controlled naturally ventilated areas, includes the following
restrictions:

Table 1. Assessment of daylight in interiors

Any mechanical cooling or heating system is not
working.

o The metabolic rate is between 1.0 and 1.3.

+ The clothing insulation values are at least 0.5 clo and at
most 1.0 clo.

o The average outdoor temperature should be at least
10°C (50°F) and no more than 33.5°C (92.3°F).

METHOD

There are many factors that determine the thermal and
visual comfort of the interiors. In this study, the factors
affecting visual and thermal comfort were grouped into
two groups: constant and variable. The number of variable
factors was limited in order to obtain interpretable and
meaningful results. The approach followed in the study was
to determine which values related to variable factors would
be considered and to perform optimisation by determining
the fin ranges that meet the requirements for thermal
and visual comfort criteria. The decisions taken and the
examinations carried out within the scope of the steps listed
below the approach are explained in the following sections:

o Assumptions related to constant factors
o Assumptions related to variable factors
» Determination of the calculation method

o Process of conducting calculations

Assumptions Related to Constant Factors

The space considered within the scope of the study was
designed as a module room for 24 people as a result of the
examination of sample office rooms and design sources
(Neufert& Neufert, 2012) (Figure 1). The assumptions
made for the constant factors are listed below.

Constant factors related to the room:
o Location: Istanbul-Turkey
o Number of employees in the office: 24

« Length, width and ceiling height of the room: 15.00 m,
7.50 m, 3.00 m

Criteria for the assessment of daylight

Level of recommendation

Minimum Medium High

Daylight provision Target illuminance 2300 Ix =500 Ix 2750 Ix

Minimum target illuminance =100 Ix >300 Ix >500 1x
Protection from glare 0.40<DGP<0.45 0.35<DGP<0.40 DGP<0.35
Exposure to sunlight 1.5h 3h 4h
Assessment for view out  Horizontal sight angle >14° >28° >54°

Outside distance of the view >6 m >20 m >50 m

Number of layers to be seen 1 layer 2 layers 3 layers
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Figure 1. Module office room of 24 people.

+ Window area: One long wall of the room

« Joinery dimensions and axle ranges in the window: 0.05
m x 0.15m and 1.25m

o Location of the joinery within the wall section: Outside
the section

« Reflectance of wall, ceiling and floor of the room: 70%,
80%, 40%

« Days and times of the use of the room: five days a week,
from 08:00 to 18:00

« The size, thickness and reflectance of the horizontal and
vertical fins: 0.30 m, 0.025 m and 60%

Constant factors related to the light:

o Reference plane for illuminance calculations: Horizontal
plane at a distance of 0.77 m from the floor and 0.50 m
from the walls (table height: 0.75 m)

« Calculation points for horizontal viewing angle and
glare: Eye-level at a distance of 1.20 m from the floor, at
the middle level of the work table, and 10 cm from the
table (Figures 2 and 4)

« Points considered related to exposure to sunlight: The
closest point of the fins to the window glass (Figure 4)

Constant factors related to the heat:

Table 2. Types of glazing

+ U value of the aluminium joinery: 3.3 W/m2K
o Number of people per area: 0.47 ppl/m2

o Metabolic rate: 1.0-1.3 met

o Occupants’ clothing insulation: 0.5-1.0 clo

o Air speed: 0.2 m/s

o Natural ventilation settings: Minimum and maximum
outdoor temperatures: 10°C and 33.5°C. Minimum and
maximum indoor temperatures: 22°C and 24°C

Assumptions Related to the Variable Factors

In the study, the process was performed for four different
types of window glazing and for the cases in which the
window wall faces in seven different directions.

« The direction which the window wall is facing: South,
east, west, southeast, southwest, northeast, northwest

o Glass type: 4 different glazing types (Table 2)

Determination of the Calculation Method

Various simulation programs were used to be able to
provide optimisation between visual and thermal comfort
criteria. The programs used and the path followed in the
calculation are summarised below for light and heat.

#  Glazing type Visible Solar heat gain Thermal transmittance
transmittance (%) coefficient (W/mZ?K)

1 4 mm Low-E + 16 mm + 4 mm 79 0.64 1.3

2 4 mm Low-E + 16 mm + 4 mm 71 0.51 1.3

3 6 mm Solar Low-E + 16 mm + 6 mm 69 0.42 1.3

4 6 mm Solar Low-E + 16 mm + 6 mm 58 0.37 1.3
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Figure 2. Change of camera position by directions in the glare calculation.

Simulation Programs Used for Light and the Assumptions
For the simulation analyses for daylight illuminance and
glare analysis, Rhino 3D modeling tool, Grasshopper
visual coding program, Honeybee, Ladybug plug-in
programs, and Daysim and Radiance simulation engines
were used. The assumptions within the scope of the study
were processed into the program and the analysis of
the fin ranges was performed. Climate data for Istanbul
province was transferred from the EnergyPlus website by
using the Ladybug plug-in program (https://energyplus.
net/weather). Calculations of daylight illuminances were
made at 10 cm interval points determined on the reference
plane and the annual calculation results were analysed with
daylight autonomy (DA) values. Daylight autonomy refers
to the ratio of the time during which the targeted daylight
illuminance is provided (or exceeded) at a certain point of
the space to the duration of use of the space throughout the
year in percentage terms (Illuminating Engineering Society,
2013).

In the EN 17037 standard, the daylight glare probability
thresholds are allowed to exceed the referenced space by 5%
of the annual period of use. Therefore, when performing

glare analyses, it was taken into account that the degree of
targeted daylight glare probability (DGP) could be exceeded
by 130 hours per year (2600x0.05=130). The position of the
person who would be most exposed to glare in the module
office room was investigated, and the DGP was calculated
for the person who would be most affected by the glare.
The directions in which the person could turn his head to
avoid glare depending on the conditions were accepted as
+45° with the direction of view. The change of the camera
position based on the directions is shown in Figure 2.

To calculate the time for exposure to sunlight, the minimum
altitude angle (ys, min) for the city of Istanbul and the day
of March 21 was first investigated, and it was determined as
18.80° (EN 17037, 2018; Darula and Malikova, 2017). Then,
using the SunCalc simulation program, the hours when the
ys, min angle is in question for March 21 were determined as
8.51 and 17.33 (https://www.suncalc.org/). In more specific
terms, the exposure to sunlight occurs between 8:51 and
17.33 hours on March 21. Taking the minimum altitude
angle as a reference, horizontal and vertical fin ranges
providing minimal, medium, and high degrees of sunlight
exposure for seven different directions were determined.

Figure 3. Horizontal and vertical fin ranges providing minimum, medium, and high level sunlight

exposure.
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These determined values were used in the optimisation
related to visual and thermal comfort criteria. Horizontal
fin ranges that provide minimal, medium, and high levels of
sunlight exposure are shown as an example for the southern
facade and vertical fin ranges are shown as an example for
the western facade in Figure 3. In the southern direction,
the horizontal fin ranges, which provide minimum (1.5
hours), medium (3 hours), and high (4.5 hours) exposures
to sunlight, are 18 cm, 23 cm, and 27 cm, respectively. In the
western direction, on the other hand, the vertical fin ranges,
which provide minimal and medium sunlight exposures,
are 23.5 cm and 56 cm, respectively; however, a high level
of sunlight exposure can only be achieved without a fin.

Since obstacles outside the building were excluded from the
scope of the study, only a horizontal viewing angle study
was performed for the “view out” criterion. For each of the
24 users of the space, ranges that provided the minimum,
medium and maximum level of horizontal viewing angle
in the use of vertical fin were studied. Since the horizontal
fins did not restrict the horizontal viewing angle, they were
not considered. The observer’s visual field was assumed
to be a maximum of 124° horizontally (Panero & Zelnik,
1979). It was assumed that in rooms that receive light from
a single facade where the line of sight was parallel to the
window wall, the person will turn his head 90° towards the
window to establish a visual connection with the external
environment. Tangent rays were drawn from each observer’s
position to the vertical fins, and the horizontal viewing
angle was determined by summing all the fin range angles
located within the observer’s visual field of 124° (+62°). The
vertical fin ranges, which provided the minimum, medium,
and high horizontal viewing angles at all observer points,
were 12.5 cm, 23.44 cm, and 68.18 cm, respectively (Figure
4). These measures were used as data in determining the
optimisation of visual and thermal comfort criteria.

Simulation Programs Used for Heat and Assumptions

For thermal comfort simulation studies, the Rhino 3D
modeling tool, Grasshopper visual coding program,
Honeybee, and Ladybug plug-in programs were used.
The limitations of the adaptive comfort method and the
assumptions determined for the office room were processed
in the program and the analysis of the fin ranges was

carried out. The climate data for the province of Istanbul
were transferred from the EnergyPlus website by using the
Ladybug plug-in program (https://energyplus.net/weather).
By assuming that the module room is located in an office
building, it was assumed that there was no heat exchange
from the wall, floor, and ceiling components. These surfaces
were defined as Adiabatic to the program. In accordance
with the adaptive comfort approach, it was assumed that
there was no heating, cooling, and mechanical ventilation
system in the room.

In terms of solar control, in other words, for shading and
solar gain, the Sun Shading Chart in the Climate Consultant
program was used (https://www.sbse.org/resources/
climate-consultant). In the program where Istanbul
climate data was used and the adaptive comfort model was
selected, the comfortable temperature range was expressed
as 20°C-24°C. Based on this, the hours when it is >24°C
throughout the year were evaluated as shading needs, and
the hours when it is <20°C were evaluated as solar gain
needs. In this context, the need for annual shading and
utilisation of solar energy for each direction was obtained
in hours. It is stated that when the dry thermometer
temperature rises above 24°C degrees, thermal stress begins
in the person (Matzarakis et al., 1999). By collecting the
data in the winter-spring and summer-fall charts, which
show the annual comfort conditions, the proportion of
shading and solar gain for the direction and fin range was
determined (Figures 5 and 6).

In order to determine and limit the annual shading needs
and solar gains of the discussed rooms, a number of
assumptions had to be made. The following assumptions,
which vary by the sunlight exposure that depends on
the direction and fin type, constituted data in terms of
determining the optimal fin range.

o The minimum horizontal fin range is the range that
provides maximum shading and allows maximum solar
gain based on the sunlight exposure conditions of the
building facade.

o The minimum vertical fin range is the range that allows
solar gain at least at a rate of 50% (25% in the northwest
and northeast directions).

Figure 4. Vertical fin ranges providing minimum, medium and high level horizontal viewing angle.
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Figure 5. An example of solar control analysis with Sun Shading Chart: The situation of sunlight exposure without fin on

the

south facade.

Figure 6. An example of solar control analysis with Sun Shading Chart: The situation of sunlight exposure on the southern
facade as a result of the addition of horizontal fins with 37.5 cm ranges.

The maximum horizontal/vertical fin range is the range
that provides minimum shading and maximum solar
gain depending on sunlight exposure conditions of the
building facade and solar control performances of fin

types.

Process of Conducting Calculations

Calculations related to visual and thermal comfort criteria
were performed by following the steps given below,
respectively. It was based on dividing the fin ranges by the
ceiling height and the width of the facade as integers.

1.

The fin ranges were first determined for the G1 glazing,
which has the highest light transmittance and solar heat
gain coefficient.

2. Fin ranges that provided the minimum level of daylight

criteria for horizontal and vertical fins were identified.
Since horizontal fins did not restrict the horizontal
viewing angle, this criterion was considered only for
vertical fins. Since the minimum level of sunlight
exposure criterion could not be achieved in the northeast
and northwest directions, it was taken into account that
the minimum level of the other three daylight criteria
should be achieved in these directions.

. The appropriateness of the fin ranges, determined

in accordance with daylight criteria, in terms of
solar control was investigated. In this context, it
was ensured that the solar gain rates of minimum
horizontal and vertical fin ranges were as parallel to
each other as possible based on the directions. For
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the minimum fin ranges, the solar gain was targeted
to be 25% in the northeast and northwest directions
and 50% in the other directions. In the determination
of the minimum horizontal fin range, ensuring >300
Ix daylight in the east, west, northeast, and northwest
directions where the facade has less sunlight exposure
and providing solar control (solar gain and shading)
in the south, southeast, and southwest were effective.
In the solar control studies, the appropriateness of
fin ranges was checked by taking advantage of the
sun’s horizontal and vertical orbits that change by
the seasons. The largest altitude angle of the sun for
the horizontal fin in the southern direction and the
direction of the sunlight at sunset for the vertical fin in
the western direction are shown as examples in Figure
7. The fin ranges determined in the second step had
to be revised according to the solar control studies.
Which level the revised fin ranges provide for each of
the daylight criteria was recalculated.

A decrease in the number of fins, that is, an increase
in the fin range, increases the need for mechanical

cooling in hot weather conditions, and therefore
energy consumption. For this reason, it was aimed to
provide minimum shading and maximum solar gain in
determining the maximum horizontal and vertical fin
ranges. For this purpose, shading and solar gain rates
were investigated by systematically changing the fin
numbers. For the maximum fin ranges, the fact that
solar gain rates showed similarity by the directions was
taken into account. It was calculated which level the
determined fin ranges provide for each of the daylight
criteria. It was checked whether the minimum level
of protection from glare was achieved or not. It was
planned to revise the fin ranges to achieve the minimum
level for this criterion in the case that the minimum
degree could not be achieved. However, there was no
need to revise the fin range in terms of glare in spaces
that received light from a single facade.

By referencing the minimum and maximum fin ranges
determined for G1 glazing without solar control
features, the minimum and maximum fin ranges
were calculated for the other three glazing types. The

Figure 7. The minimum and maximum fin ranges determined for the horizontal fin in the south direction

and vertical fin in the west direction.

Table 3. Determination of fin ranges for glazing type G2: South direction

Glazing type Horizontal range (cm) Vertical range (cm)
Minimum Maximum Minimum Maximum
Gl 37.5 (h/8) 60 (h/5) 37.5 (a/40) 50 (a/30)
G2 37.5x1.25=46.88 60x1.25=75 37.50x1.25=46.88 50%1.25=62.5
300/46.88=6.4=6 300/75=4 1500/46.88=32 1500/62.5=24

300/6=50; h/6 300/4=75; h/4 1500/32=46.88;a/32  1500/24=62.5; a/24
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Table 4. Shading and solar utilisation rates of the minimum and maximum fin ranges for G1 glazing

Annual shade Minimum and maximum ranges of horizontal fin Minimum and maximum ranges of vertical fin

need and sun Min

Annual Max Annual Min Annual Max Annual
need (hour) Shading and Shading and Shading and Shading and
Solar Gain (%) Solar Gain (%) Solar Gain (%) Solar Gain (%)
Direction  Shade  Sun h/n S SG h/n S SG a/n S SG a/n S SG
need  need
South 828 2247 h/8 97 73 h/5 76 85 a/46 62 52 a/30 51 71
East 334 1278 h/6 47 80 h/4 30 94 a/62 37 53 a/36 20 71
West 572 1092 h/6 30 79 h/4 18 93 a/60 25 50 a/34 12 69
Southeast 552 1962 h/8 76 70 h/5 47 84 a/66 53 50 a/30 22 71
Southwest 778 1788 h/8 56 68 h/5 34 86 a/70 62 50 a/34 25 69
Northeast 228 800 h/5 64 74 h/4 38 80 a/46 85 27 a/24 46 51
Northwest 454 624 h/5 40 73 h/4 24 78 a/40 55 25 a/20 27 50

S: Shading, SG: Solar gain, h/n: Room height/number of fins, a/n: Facade width/number of fins.

minimum and maximum fin ranges for G2, G3 and
G4 glazing types were determined by increasing the
fin range of G1 in a way that they would be inversely
proportional to the shading coefficient of G1 glazing.
For this, the number of fins, in which the ceiling
height can be divided as an integer, was also taken into
account, as was considered with the G1 glazing. That
is, in the case when the fin number turns out to be a
decimal number, it is rounded to the nearest integer.
For example, the ratio of the shading coefficient
between G1 and G1 glazing is 1.25 (0.64/0.51). The
horizontal and vertical fin ranges determined for the
G2 glazing in the southern direction are presented in
Table 3 as an example. In the table, the expressions in
parentheses indicate the number of fins. For example,
(h/8) means that there are 8 horizontal fins in a room
with a ceiling height (h) of 300 cm, and (a/40) means
that there are 40 vertical fins in a room with a width (a)
0f 1500 cm. By the described calculation, it was checked
whether the ranges determined for all windows meet
the minimum degree for daylight illuminance and the
other daylight criteria. It was verified that the optimum
ranges defined for glazing G1, G2, G3, and G4 met
the minimum (or medium/high) value of all daylight
criteria.

The comfortable time percentages related to thermal
comfort were calculated for the minimum and
maximum fin ranges determined for all glazing types.

CALCULATION RESULTS

The shading and solar gain ratios for the minimum and
maximum horizontal/vertical fin numbers and ranges
determined in relation to the seven directions faced by
the long wall of the office room are given in Table 4. The
table shows the hours when there is a need for the annual

shading and solar gain for G1 glazing, as well as the annual
shading and solar gain ratios (%) calculated depending
on these hours. For example, as shown in Figure 5, the
annual need for shading in the southern direction is 828
hours, and the need for solar gain is 2247 hours. When
the fins with a range of 37.5 cm are designated to the
south, the need for shading decreases to 21 hours, and
the need for solar gain decreases to 1638 hours (Figure 6).
In this case, the shading and the solar gain rates become
97% (807/828=0.97) and 73% (1638/2247), respectively.
The parallelism in solar gain rates between directions is
clearly visible, except for the use of vertical fins in the
northeast and northwest directions. This is due to the fact
that in the simulations of the two directions mentioned,
solar gain is allowed by 25%, different from the other
directions (50%).

The number of horizontal (H) and vertical (V) fins, the
thermal and visual comfort criteria of the minimum
and maximum ranges between the fins, and the changes
depending on the glazing type (G1, G2, G3, G4) and
directions are presented in Figure 8. In the table, thermal
comfort statistics are considered under the headings
Hot (Ht), Neutral (Nt), and Cold (Cd). The levels that
the criteria of the view out (VO), exposure to sunlight
(ES), daylight provision (DP), and protection from glare
(PG) provide in terms of visual comfort are expressed
in colours (red: minimum, yellow: medium, green:
high). The criterion for which even the minimum degree
could not be achieved is indicated in grey. For each case
considered, the table shows the ratio of the ceiling height
to the number of horizontal fins (h/n), the ratio of the
facade width to the number of vertical fins (a/n), and the
ratio of the distance between the fins to the size of the fin

(b/c).
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Visual-thermal comfort criteria values for min. fin | Visual-thermal comfort criteria values for max. fin
= 2 Minimum Comfort Visual comfort Maximum Comfort Visual comfort
£ 2 | & | range of statistics criteria range  of statistics criteria
] 2| g [fin fin
i S| £ | hn h/n
a =) Q a/n b/e Ht | Nt | Cd a/n b/c Ht | Nt | Cd
Gl | h/8 125152 145 |3 h/5 2.00 159 |39 (2
H G2 | h/6 1.66 | 47 | 48 | 5 h/4 250 |54 143 |3
G3 | h/5 2.00 |43 [ 51 | 6 h/3 333149 [ 47 | 4
S G4 | h/5 2.00 | 40 |53 |7 h/3 333147 |48 |5
Gl | a/46 | 1.09 | 57 [ 40 | 3 a/30 | 1.66 | 63 | 35 |2
v G2 | a/36 | 1.38 | 51 | 45 | 4 a/24 | 2.08 | 56 | 41 | 3
G3 [ a/30 | 1.66 | 46 | 49 | 5 a/20 | 250 | 51 |45 | 4
G4 | 226 1192 |45 149 |6 a/l8 [ 250 |49 |47 | 4
Gl | h/6 1.66 | 53 [ 43 | 4 h/4 250 | 56 [ 41 [ 3
H G2 | h/5 [ 200 |48 | 46 | 6 h/3 1333149 |45 |6
G3 | h/4 250 | 40 | 52 | 8 h/3 333142 |50 (8
w G4 | No fin 46 | 47 | 7 No fin 46 | 47 | 7
Gl | a/60 | 0.83 | 50 | 50 | 8 a/34 | 147 |50 |45 |5
v G2 | /48 | 1.04 | 52 | 52 | 11 a/28 | 1.78 | 44 |49 | 7
G3 | a/40 | 1.25 | 53 | 53 | 13 a/22 | 227 |40 | 51 |9
G4 | a/34 | 147 | 53 [ 53 | 13 a/20 | 2.50 | 38 | 52 | 10
Gl | h/6 1.66 | 49 | 47 | 4 h/4 2.5 53 144 |3
H G2 | h/5 [ 200 |40 |53 |7 h/3 1333145 |49 |6
G3 | h/4 250 | 36 [ 5519 h/3 333 138 |54 |8
E G4 | No fin 42 [ 51 |7 No fin 42 |51 |7
Gl | a/62 | 0.8 3815319 a/36 | 139 | 46 | 48 | 6
v G2 | a/50 | 1.00 | 33 | 56 | 11 a/28 | 1.79 1 40 | 52 | 8
G3 | a/40 | 1.25 [ 31 | 56 | 13 a/24 | 2.08 | 36 | 54 | 10
G4 | a/36 | 1.39 | 30 | 57 | 13 a/20 | 2.50 | 35 | 55 | 10
Gl | h/8 125151 |45 | 4 h/5 2.00 | 61 |36 |3
H G2 | h/6 1.66 | 47 |47 | 6 h/4 250 | 54 |42 | 4
G3 | h/5 2.00 | 43 [ 50 | 7 h/3 333150 (45 (5
SW G4 | h/5 200 |40 |53 |7 h/3 333147 |47 |6
Gl | a/70 | 0.71 | 48 | 46 | 6 a/34 | 147 | 61 |36 |3
v G2 | a/56 | 0.89 | 43 | 50 | 7 a/28 | 1.78 | 55 | 41 | 4
G3 | a/46 | 1.08 | 39 | 53 | 8 al22 | 272 | 50 |45 | 5
G4 | 240 | 1.24 | 39 | 53 | 8 a/20 | 2.50 | 48 | 46 | 6
Gl | h/8 125150 | 46 | 4 h/5 2.00 (591392
H G2 | h/6 1.66 |45 |49 | 6 h/4 250 |52 |44 | 4
G3 | h/5 2.00 | 41 [ 5217 h/3 333147 |48 |5
SE G4 | h/5 2.00 | 38 | 54 |8 h/3 333145149 | 6
Gl | a/66 | 0.73 |49 |46 | 5 a/30 | 1.66 | 61 | 37 |2
v G2 | a/52 1096 |43 |50 |7 a/24 | 2.08 | 54 |42 | 4
G3 | a44 | 113 139 | 53 | 8 a/20 | 2.50 | 48 |47 | 5
G4 | a/38 | 132 |38 |54 |8 a/l8 | 2.78 | 47 |48 | 5
Gl | h/5 200 |42 |52 |6 h/4 250 44150 | 6
H G2 | h/4 250 |35 (5619 h/3 333 137 |55 (8
G3 | h3 333 131 |57 ]12 h/2 5.00 | 33 | 56 | 11
NW G4 | No fin 34 155 |11 No fin 34 |55 ] 11
Gl | a/40 | 12536 | 56 | 8 a/20 | 250 [ 44 |51 |5
v G2 | a/32 | 156 [ 31 |59 | 10 a/l6 | 3.57 | 36 | 56 | 8
G3 | a26 | 192 127 | 60| 13 a/l4 | 357 | 31 |57 | 12
G4 | a/24 | 2.08 [ 26 | 60 | 14 a/l2 | 416 | 30 | 58 | 12
Gl | h/5 2.00 | 40 |53 ]| 7 h/4 250 142153 |5
H G2 | h/4 2.50 | 33 | 57 | 10 h/3 333 13556 (9
G3 | h3 33312915912 h/2 5.00 | 31 | 58 | 11
NE G4 | No fin 32 157 |11 No fin 32 |57 11
Gl | a/46 | 1.08 | 34 | 58 | 8 a/24 | 208 |40 | 54 | 6
v G2 | a/36 | 1.38 [ 28 | 60 | 12 a/20 | 2.50 | 33 | 57 [ 10
G3 | a/30 | 1.66 | 24 | 61 | 15 a/l6 | 3.12 | 29 | 59 | 12
G4 | a26 1 1.92 124 | 60 | 16 a/l4 | 3.57 | 28 | 59 | 13
H: horizontal, V: vertical, Ht: hot, Nt: neutral, Cd: cold, VO: view out, ES: exposure to sunlight, DP: daylight provision, PG: protection from glare, h/n: room
height/number of fins, a/n: facade width/number of fins, b/c: distance between fins/fin size.
Level of visual comfort criteria: Minimum Medium [ High I Unavailable

Figure 8. Change of the comfort criteria of horizontal and vertical fin ranges depending on glazing types and

directions.
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ASSESSMENT OF THE RESULTS

The study results summarised in Figure 8 can be assessed
as follows:

o The sunlight exposure of the building facade is the
main determinant of the fin ranges. In directions with
high sunlight exposure rates (south, southwest, and
southeast), the horizontal and vertical fin ranges (b)
are narrower compared to the directions with lower
sunlight exposure rates (west, east, northwest, and
northeast).

« When the minimum and maximum horizontal/vertical
fin ranges determined for all directions were examined,
it was found that the vertical fin ranges were generally
narrower.

+ Due to the low transmittance of G4 glazing in the west,
east, northwest, and northeast directions, the minimum
degree of daylight illuminance is provided only in the
non-fin state. Accordingly, for the case where the G4
glazing type was applied without a fin, other daylight
criteria and comfortable time percentages were
calculated.

o Vertical fins provide more positive results in terms of
ensuring the illuminance, while horizontal fins provide
more positive results in terms of protection from glare.

o Vertical fins prevent solar gain more compared to
horizontal fins. In parallel, the criterion of exposure
to sunlight related to visual comfort provided higher
degrees in horizontal fins.

o As the shading coefficient of glazing types decreases
(i.e., the shading property increases),

o the neutral time percentages become higher despite
the fact that distance between the fins increases,

o the difference between the neutral time percentages
of the minimum and maximum fin ranges decreases.

o Horizontal fins in the southern direction are more
successful than vertical fins in terms of shading and
solar gain. In parallel, their neutral time percentages are
also higher than that of vertical fins. Horizontal fins also
gave more positive results than vertical fins in terms of
protection from glare, exposure to sunlight, and view
out.

« The solar control performances in the east and west
directions are lower compared to the other directions.
In these directions, as the shading coefficient of glazing
types decreases, the difference between the neutral
time percentages of horizontal and vertical fins also
decreases. The vertical fins in the east and west direction
have quite narrow ranges. In these directions, the glare
protection performances of vertical fins are higher than
horizontal fins.

o The solar control performance in the southwest and
southeast directions is lower compared to the south
direction. The thermal comfort and visual comfort
performances of the horizontal/vertical fins in these
directions are parallel.

« Since the neutral time percentages are higher for
vertical fins in the northwest and northeast directions,
it can be said that they give a more positive result in
terms of shading than horizontal fins. However, in
these directions, even the minimum level of exposure
to sunlight, cannot be ensured. In parallel with this,
vertical fins also greatly prevent solar gain.

o While the directions that provide the highest neutral
comfortable time percentage are northwest and
northeast, the directions that provide the highest warm
time percentage are south, southeast, and southwest.

o Since the horizontal viewing angle is not restricted
in horizontal fins, a high degree is provided in all fin
ranges.

o Higher degrees of the exposure to sunlight criterion
are provided in the south, southwest, and southeast
directions. In addition, in these directions, horizontal
fins are more advantageous in terms of exposure to
sunlight.

« The medium level of daylight illuminance was provided
at the minimum and maximum vertical fin range, which
was determined for the glazings G1 in the southern
direction. In addition, the medium level of daylight
illuminance was provided at the maximum vertical fin
range, which was determined for the glazings G2 in
the southern direction. In all other directions and fin
ranges, the minimum degree was able to be achieved in
the illuminance.

o Inthe north-western and north-eastern directions, high
degrees were provided in terms of protection from glare
in all ranges designated for horizontal/vertical fins.

DISCUSSION

This study proposes a method for limiting horizontal and
vertical fin ranges based on the current visual and thermal
comfort standards. Appropriate fin ranges were determined
by using climate-based data and analysing visual and
thermal comfort criteria. The study was conducted in a
module office room, which was assumed to locate in an
office building. Itis obvious that in rooms with different sizes
and different transparency ratios considered in the study,
the results may differ. Though with the method proposed
in this study, thermal and visual comfort conditions can be
determined for each office room, or the office room that can
provide targeted comfort conditions can be designed. The
study determined the minimum and maximum fin ranges
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for spaces in different directions. The optimum range can
be considered to be close to the middle of the minimum
and maximum fin ranges.

Fin types and exposure to sunlight according to the
directions significantly affect the performance of thermal
and visual comfort criteria. For example, vertical fins affect
the illuminance less compared to horizontal fins. This
finding is in parallel with other studies (Lee et al., 2017).
In addition, the shading performances of fin types show
differences depending on the exposure to sunlight which
is in accordance with the literature (Kirimtat et al., 2016;
Yusoff et al., 2022). The finding that the horizontal fins in
the southern direction are the most efficient fins in terms
of shading and sun gaining confirms the relevant literature
(Olgyay & Olgyay, 1957; Mangkuto et al.,, 2021). In this
direction, the glazing type with high shading properties
and the horizontal fin provided a high neutral time
percentage and low cold time percentage. Horizontal fins
in the southern direction are also positive in terms of visual
comfort. Due to the movement of the sun, the potential
of the southern building facade to be exposed to sunlight
and provide the required illuminance is higher than in
other directions. Furthermore, the finding that horizontal
fins significantly prevent glare in this direction confirms
the study by De Luca (De Luca et al., 2022). Therefore, in
terms of thermal and visual comfort, the optimal direction
is south and the type of fin is horizontal. The finding that
vertical fins outperform horizontal fins in the east and
west directions parallels O’Brien’s work (O’Brian et al,
2013). The performance of solar control in the east and
west directions is lower compared to other directions. In
some studies, unlike horizontal and vertical fins, diagonal
(i.e. angled) and adaptive shading elements have performed
better in these two directions (Freewan, 2014; Mangkuto et
al., 2021). Unlike the literature, in this current study, the
neutral time percentages in horizontal and vertical fins
approached each other much, especially with the increase
in the shading properties of glasses in the eastern and
western directions. This research showed that vertical
fins also give positive results in northwest and northeast
directions, consistent with Lee’s study (Lee et al., 2017). In
this present study, the neutral time percentage of vertical
fins in these directions was higher compared to horizontal
fins. Horizontal and vertical fins in the south-western and
south-eastern directions gave close results to each other.
Therefore, it can be said that horizontal+vertical fins show
high performance in this direction (Kim et al., 2015).

The daylight and solar energy transmittance of glazing
types directly affect thermal and visual comfort. Glazing
types of lower shading coefficient (G3 and G4) showed
more positive results in terms of thermal comfort which
is in accordance with the literature (Ascione et al., 2020).
The same glass types were also more effective in protecting
from glare. However, G1 and G2 glasses gave more positive

results in terms of daylight illuminance which confirms the
literature (Rasmussen & Pedersen, 2019).

In modern building design, horizontal and vertical fins
contribute to facade aesthetics as well as solar control.
In terms of facade integrity, fins with the same range are
usually designed in all directions. In this study, it was tried
to seek an answer to the question ‘Is there an optimal fin
range for rooms facing different directions”. For this reason,
the common fin ranges for the rooms facing the cardinal
and ordinal (intercardinal) directions were determined.
For example, for the G1 glazing, the horizontal fin ranges
common in the cardinal directions (south, west, and east)
were 50 cm (h/5) and 60 cm (h/6). The common vertical
fin range for G1 glazing was between 37.5 cm (a/40) and
41.66 cm (a/36) in these directions. On the other hand, in
the ordinal directions (southwest, southeast, northwest, and
northeast), the common horizontal fin range for G1 glazing
was 60 cm (h/5). In these directions, the common vertical
fin ranges for the same glazing (G1) were between 37.5 cm
(a/40) and 44.12 cm (a/34). However, the ranges that were
common to the cardinal/ordinal directions did not offer the
optimal solution for all directions. Indeed, the horizontal fin
range of 60 cm, which was common for ordinal directions,
was the minimum range determined for the northwest and
northeast directions. Similarly, the horizontal fin range
of 60 cm was the maximum range determined for the
southeast and southwest directions. The thermal and visual
comfort effects of the common (60 cm) horizontal fin range
in 4 different directions were also different. Therefore,
considering the sunlight exposure relative to the directions
is important in terms of holistic facade design and energy
consumption. Beyond the horizontal/vertical fin, kinetic
facade, biomimicry, and parametric facade designs suitable
for the sunlight exposure of spaces are also being made
today (Mahmoud & Elghazi, 2016).

CONCLUSION

Large glass surfaces are often used in modern office
structures. The increase in the transparency ratio in the
building envelope leads to the glare problem and causes
excessive heat gain or heat loss depending on the season.
This phenomenon makes it mandatory to carry out solar
control with shading elements. The size, shape, number,
and location of these elements also affect the architectural
shaping of the building. In this context, as well as providing
a comfortable physical environment for office workers, it
is also important that the building acquire the character
of a contemporary work of art. The formation of the
physical environment depends on the control of elements
such as heat, light, and sound. In this study, by taking
into account only heat and light among these elements, a
method was developed that can be used in the design of
horizontal/vertical shading elements that provide thermal
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and visual comfort conditions. It should also be noted that
for a complete indoor environment, the requirements for
auditory comfort should also be taken into account.

The method proposed in the study is aimed at limiting
horizontal or vertical fin ranges. The minimum and
maximum fin ranges that could meet the minimum
conditions of all visual and thermal comfort criteria were
determined on a sample of a module office room. The
effects of minimum and maximum fin ranges on comfort
criteria were revealed, and thereby, designers were allowed
to choose depending on their priorities. The results of
this study in which the change of fin ranges by directions
was also examined can also be used to make basic design
decisions. The calculation of the initial construction
and maintenance costs of the fins was excluded from the
scope of this study. In future studies, by analysing the
initial construction and maintenance costs of horizontal
and vertical fins, their appropriateness depending on the
directions can also be investigated from an economic
point of view. In addition, the study can be improved by
investigating the effect of shading and solar gain rates of
fins on total energy consumption.

o This article is based on the ongoing PhD Dissertation
entitled as Optimization of horizontal and vertical
fins on building facades in terms of visual and thermal
comfort by Giilgin Siit under the supervision of Prof. Dr.
Leyla Dokuzer Oztiirk at Yildiz Technical University,
Department of Architecture.
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INTRODUCTION

ABSTRACT

The research presents a multi-criteria decision-making method that focuses on evaluating
spatial performance by considering all areas without roads or structural elements as “urban
surfaces” In this context, the Seyyid Omer neighbourhood in Istanbul’s Fatih district, as the
study area, was discussed in detail in terms of physical, ecological, and social criteria and
their sub-criteria. While the physical criteria include the size of each area and enclosure;
the ecological criteria were studied with permeability rates and the normalised difference
vegetation index (NDVI) value, which measures unit area through the amount of chlorophyll.
In addition, the type of property and land use in the urban context, which are the main factors
for citizens’ interaction with open spaces, were included as sub-criteria under the main social
criterion. The relationships between the identified criteria and the open space typologies in the
neighbourhood were converted into an index using the analytical network process (ANP) to
measure the urban surface performance. The developed index indicated that some urban voids
stand out even more than the important ones and have greater potential than urban parks such
as Cukur Bostan in terms of social and vegetation qualities. As a result of the research, a map
of the importance level was created to illustrate the potential areas for improving the urban
ecological performance. Then, various pocket parks such as Selaleli Park and Skate Park and
urban voids regarding their physical, ecological and social values were extracted as potential
urban open spaces. With this structure, the research proposes a multi-criteria index that can
be used to evaluate the potential of urban surfaces by putting them on a multi-dimensional
and computable scale.
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interaction. Although a limited part of the world consists
of built surfaces, a significant proportion of the human

Cities are hOliStiC structures Of hybrld ecosystems that population is Concentrated in these areas (Albertl et al‘,
change and transform with human and environmental 2003). The cumulative effect of human action and the built
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environment in the near future is predicted to increase
the number of people living in metropolitan areas and
account for 70% of the world’s population (Lin & Grimm,
2015). This situation also corresponds to the land use and
environmental problems that increase and intensify over
time with the centralisation of population, production
and movement. Therefore, cities leave a huge ecological
footprint on the world (Alberti et al., 2003, p.1170). The
increasing horizontal and vertical urban growth causes
the open and green areas to decrease both in quality and
quantity. The atmospheric temperature has increased by
about 1°C since the Industrial Revolution, which is an
important aspect in the destruction of natural areas and
the formation of the greenhouse effect. The prediction is
that should this trend continue in this way, the temperature
difference will reach 1.5°C in 2040 (IPCC, 2018, 2021, p.1).
However, today, increasing environmental awareness in the
context of climate change, with the effect of fundamental
environmental problems such as urban heat islands and
drought, compels cities to focus on both problems and
potentials. Therefore, research on the ecological qualities
of urban surfaces and the importance of their use in urban
life is gaining more importance (Kazmierczak & James,
2007; La Rosa, 2014; Niemeld, 2014; Dyson et al., 2019).
In addition to ecological features such as the distribution
and quality of green areas are the main factors that directly
shape and determine the quality of life and stage of the
world population (Reid et al., 2005, pp. 71-84).

In the current literature, importance is placed on studies
focusing on various specialised subjects such as the
ecological qualities of green spaces in the urban fabric
through vegetation (Firozjaei et al., 2020), examining their
potential according to property typologies (Dyson et al.,
2019), and focusing on the urban accessibility relationship
of open spaces (Liang et al., 2021). However, it can be said
that there are still gaps in examining the interactions of
people with urban open spaces and in revealing the property,
usage typologies, and green space qualities provided by
these surfaces from a holistic perspective. Therefore, the
theoretical infrastructure of urban ecology can be applied
in order to deepen the potential of urban surfaces to
create physical space in terms of providing social benefits.
Although urban open spaces have become the focus of
ecology-based design approaches, it should not be ignored
that urban ecology, an approach that integrates natural
science and social sciences, and a frontier profession that
has not yet been widely evaluated. In particular, the attitude
of ecological studies that ignored built environments until
the second half of the twentieth century played a significant
role in the emergence of this situation (Grimm et al., 2008).
Today, while considerable progress has been made on
urban ecology (Mcdonnel, 2011, p.756), research on the use
and environmental qualities of urban landscapes is still not
at the same level as research on natural landscapes. At this

point, many research topics have been suggested, aiming to
link the theory and practice of urban ecology with its socio-
demographic, ecological, and technological dimensions,
and focusing on the benefits they provide to the citizens
of the city (James et al., 2009; Niemel4, 2014; Verma et al.,
2020).

The conceptual framework offered by urban ecology is
based on socio-ecological systems which are put at the
centre of ecosystem services. This framework is based on
the integration of the social structure in which humans exist
into the ecological structure (Niemeld et al., 2011, p. 1-4).
As the keystone of urban ecological systems, urban areas
come to the fore as urban spaces which have vegetation
cover but no structure (Dunnet, et all., 2007, p. 8), that
citizens benefit from directly or indirectly (Baycan-Levent
etal.,, 2002), and that provides an environment for different
activities and experiences depending on the spatial pattern
of the urban fabric (Van Herzele and Wiedemann, 2003, p.
110). These spaces also typically include valuable landscape
remains with respect to biodiversity carrying the traces
of cultural life (Barthel et al,, 2007) in terms of being a
cumulative result of users, objects, or actions in and around
them (Madanipour, 1996). In this situation, landscape
elements form “Novel Ecosystems” (Hobbs et al., 2006, p. 2)
reflecting both the social and ecological qualities of the city.

Another feature that has a key place in the formation of this
originality and in the basis of urban life is that these spaces
are physical stages that allow for the accidental intersections
of social life. The systematic structure of these areas, which
define the interaction area of the society and reveal the
character of the settlement they built, is shaped by urban
fiction (Erdonmez & Aki, 2005). It would be appropriate
to focus on the smallest hierarchical unit, the urban space,
where the ecological effects and social equivalents of this
spatial limitation can be observed. The subject of examining
the relations it establishes with its environmental context
in terms of the fact that the neighbourhood scale hosts
many different open space constructions and usage (Rouse
& Bunster-Ossa, 2013) has been considered as a limiting
factor within the scope of the research.

The objective of this study is to determine the performance
of urban areas by examining their spatial qualities along
with social and ecological dimensions. For this purpose,
a selected urban district, suitable as a benchmark for the
evaluation of socio-ecological characteristics, was analysed
using weighted multi-criteria based on city plans. In this
regard, the multi-criteria decision-making (MCDM)
method (Triantaphyllou, 2000) was selected for its
convenience in analysing the complex relationships of the
open space typologies. To this end, the importance levels of
the criteria were determined using the analytical network
process (ANP), which stands out as a superior method for
creating a cyclic and interactive network relationship among
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the criteria (Saaty, 2002). Spatial analysis and performance
maps were then generated for the neighbourhood pattern
based on the study area. As a result, an index for assessing
the performance of the urban surface was developed.

METHOD

Various methods have been utilised in the literature in
order to understand the complex structures of cities and
ecological processes. The leading of these methods is
numerical grading, in which indexes and indicators are
used as comparison tools. While indicators represent the
attributesand functions of a system (Gallopin, 2005), indexes
represent more complex values consisting of weighted sub-
elements of many different indexes or indicators (Wu & Wu,
2012). Therefore, indexes are important tools for analysing
the multi-factor relational structures of dynamic urban
systems and making self-evaluations about their current
status (Huang et al., 2015). Although indexes have an
important place in measuring sustainability, the accuracy of
the results they provide cannot always be guaranteed. The
value of an index rather than its conformity to reality can
be measured by its explanatory-interpretive representation
capacity and functionality (Machado, 2004, p. 100). The
most common indicators used to measure the ecological
qualities of urban open spaces are the size of green areas

per capita, the ratio of green areas, and the extent of green
areas. If taken on a larger scale, the next most common
indicators are conceptual evaluation schemes from upper
scales to lower scales approaches (Raymond et al., 2017)
to evaluating ecosystem services with sustainable urban
ecology (Olalla-Tarraga, 2006; Larondelle & Haase,
2013), and closer to residential areas, suitability analyses
and evaluation indexes. These indexes include landscape
metrics such as landscape structure indicators (Cook,
2002), landscape network connectivity indexes (Saura et al.,
2011), open area indexes, habitable area indexes (Bolen et
al,, 2011) or vegetation surface width, distribution density
(Liu et al., 2016), and weighted fractal indexes (Zhao et al.,
2014). In addition to these, it is seen that indicators such
as public space quality indexes (Siregar, 2014), visibility
analyses, visual impact assessments (Saeidi et al., 2018), and
urban landscape quality indexes (Gavrilidis et al., 2016) are
used in examining the relations between public uses and
their physical components. However, it can be said that
these approaches focus on a singular main criterion and its
sub-criteria clusters. From this point of view, the research
aimed at a holistic analysis of the focus of three main, based
on the fact that cities are unique ecosystems shaped by
human influence. To highlight the problems and potentials
of the physical, ecological, and social characteristics, the
methodology of this study was built as a holistic evaluation

Figure 1. Methodology flow.
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through sub-categorisation, sub-criteria mapping and
weighting, overlapping of the maps weighted sum, and
evaluation (Figure 1). While the first step emerged from
the literature review, the weighting of the selected sub-
criteria was elaborated using the analytical network process
(ANP) method in SuperDecisions Software (Saaty, 2002).
With the aim of analysing the characteristics of the routers
of each spatial unit under the mechanism of multi-criteria
decision-making (MCDM), all criteria related to the urban
open space typologies were weighted with binary and
multiple comparisons to obtain the important values and
criteria weights. Subsequently, the urban surface index was
obtained by mapping each sub-criterion and combining
it with each weight in ArcGIS (Esri, 2020). As a result,
the urban surface performances of all open areas in the
study area were measured and compared with the current
situation.

Criteria and Weighting

Research on open space is diverse, as it is a component
of visual perception (Cullen, 2012), the image of the city
(Lynch, 1960), a social interaction environment, and the
infrastructure system in relation to the impact of green space
(Benedict & McMahon, 2012). The spatial functionality of
the areas within the structured texture varies according
to the characteristics, settlements, and typologies of
environmental uses (Walzer, 1986, p. 470). Therefore, this
functionality is directly related to the size and accessibility
of urban surfaces. Also, vegetation quality and density are
diminished in commercial functions such as squares with
high levels of spatial movement and access, they improve
as one descends toward the city park and private spaces.
In order to evaluate urban surfaces quantitatively, unit
areas were divided into two sub-criteria under the physical,
ecological, and social main criteria, and their sub-criteria
evaluations were shown in Table 1. The physical criteria
were unfolded into the land size and enclosure values.

Land dimensions reflect the value of all unit areas (Ai) in
m? in the neighbourhood, excluding roads, pavements, and
structural elements. The enclosure value is the ratio of the
accessible boundary length (Pxi) to the entire boundary
length (Pi) of the area, where all open areas are not blocked
by any structural element.

Ecological criteria expanded into permeability and
vegetation qualitybased on orthographic photo information.
Permeability of the surface is defined as the ratio of each
unit area (Ai) to its impermeable surfaces (Axi). Vegetation
quality was obtained with the normalised difference
vegetation index (NDVI) which is calculated through
orthographic photographs throughout the neighbourhood.
NDVI is a numerical notation that measures the quality
of green areas with the amount of chlorophyll and is a
method used by many natural resource researchers for
many years (Takacs et al., 2014). Its value is measured by
the difference and amount of radiation intensity reflected
by plants between the near-infrared (NIR) and visible red
(VIR) regions (Carlson & Ripley, 1997). Even though the
index does not distinguish the typology of vegetation, such
as trees, shrubs, or land cover, the value of the spectrum
expresses the knowledge of the relative comparison between
them. The index outputs values in the range of —1.0 to
+1.0. Values between —1.0 and 0.0 indicate that there is
no vegetation, while values between 0.0 and +0.5 indicate
that there is very little vegetation like groundcovers, shrubs
or small trees; and above +0.5 means rich vegetation like
broad canopy tree-dominated areas (Bakay, 2012, p. 11).

The social criteria were defined as publicness types of
zoning status and land-use characteristics. The parks,
playgrounds, and neighbourhood gardens were considered
as public spaces; parking lots were considered semi-public
areas. Also, urban voids between building blocks were
included in the study as private open spaces. Land-use
types were examined as the accessibility of all residential,

Table 1. Criterion list with sub-criteria and their evaluation units

Main-criteria Sub-criteria Evaluation
Physical Land size Aj
Enclosure PXi/Pi
Ecological Permeability AXiAi
Vegetation index (NDVI) (NIR - VIR) / (NIR + VIR)
Social Property types Public, semi-public, private
Land use types Residential, commercial, religious, education

Table 2. COpen space typologies

Open Space Typologies
Urban squares Pocket parks Playgrounds Neighbourhood parks
Market squares Courtyards Shortcuts
Urban parks Urban voids Private gardens Traffic islands
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commercial, religious, and educational buildings within
the boundaries of the neighbourhood within the 500 m
walkable zone and were mapped for each. Within the
scope of this research, the characteristics of the open space
typologies at the neighbourhood scale in the context of the
urban environment were taken into consideration in terms
of evaluating the social relations of the citizens with their
surroundings. These typologies are listed in Table 2. After
establishing the criteria and open space typologies, the
weighting stage was initiated. At this stage, the objective
was to evaluate the open space typologies that could be
included in the neighbourhood scale using the established
criteria and to make numerical comparisons between
them. Thus, the importance levels of the selected criteria
were determined, as well as the importance levels of the
open area typologies. The ecological, social, and physical
characteristics of open spaces were developed using the
multi-criteria decision-making (MCDM) model during
this process. MCDM follows a flow in which multiple active
criteria are considered and the most appropriate option is
determined as a result (Yildiz, 2014).

Analytic Network Process

The analytical network process (ANP) stands out in an
associative with analytic hierarchy process (AHP) which
is one of the most commonly used mathematical methods
and the most robust decision measurement theory in
solving complex problems involving more than one variable
(Kou & Ergu, 2016). The focus of both methods includes
breaking down a complex problem into sub-problems and
combining the solutions corresponding to each of them
with expert opinions (Saaty, 2002). In this way, it serves as a
tool that assists the designer make decisions by determining
the relative importance of the given criteria in order to
select the most appropriate outcome from the listed pool of
alternatives. Through its hierarchical structure, the criteria
integrated into the system are evaluated independently.
At this point, the ANP method becomes prominent as
a superior method because it establishes a cyclical and
interactive network relationship between the criteria and

Table 3. Saaty’s importance scale of 1-9 (Saaty, 2002)

the alternatives. Thanks to this reciprocal system, a holistic
priority matrix is created by using the pairwise comparisons
of each node for the goal with Saaty’s importance scale of
1-9 (Table 3).

Therefore, within the holistic approach of this study, ANP
was used as the main decision-making system, due to its
compatibility with the analysis of not only quantitative but
also implicit factors. From this point of view, the criteria
identified from the literature were evaluated using the
SuperDecisions Software (Saaty, 2002). SuperDecisions
is a free educational software developed by Saaty and his
team. Thanks to its strong link to theory, and suitability,
it is widely used by decision-makers and academics (Mu
& Pereyra-Rojas, 2016; Ruano, 2018; Mirzaei & Nowzari,
2021). The software works with a cyclical, systematic model
to achieve the goal. Each criterion should be compared for
all alternatives in terms of their priorities by specialists. In
order to obtain the priority values of the criteria based on
the selected open space typologies at the neighbourhood
scale, each criterion was evaluated in pairs in a comparison
model (Figure 2). This model consisted of three modules: the
objective for determining priority values, the alternatives
for the typologies, and the sub-criteria that included all the
main physical, ecological, and social criteria. In this cyclical
model, the pairwise comparisons of each sub-criterion
were scored between 1 and 9 in relation to the alternatives
(Figure 3). This resulted in the priority list (Table 4) for each
sub-criterion and the values for the main criteria based on
this list in a range between 0.0 and 1.0.

Asaresult, all priority distributions of open space typologies
were obtained for each sub-criterion for relative criteria.
Not only the ranking of priorities but also the weighting
of sub-criteria for each alternative was elaborated. In this
sense, urban parks, neighbourhood parks, private gardens,
and courtyards are the most important open space types;
social and ecological main criteria are more important
rather than physical ones. As a total result of comparisons,
all sub-criteria with respective weights were illustrated in
Figure 4.

Intensity of  Definition Explanation

Importance

1 Equal importance Two activities contribute equally to the objective

3 Moderate importance Experience and judgment slightly favour one activity over another

5 Strong importance Experience and judgment strongly favour one activity over another

7 Very strong or demonstrated importance ~ An activity is favoured very strongly over another; its dominance
demonstrated in practice

9 Extreme importance The evidence favouring one activity over another is of the highest possi-
ble order of affirmation

2,4,6,8 For compromise between the above values Sometimes one needs to interpolate a compromise judgment numerical-

ly because there is no good word to describe it
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Figure 2. ANP network of relationships from SuperDecisions Software (Creative Deci-
sions Foundation, 2021).

Figure 3. Pairwise comparison questionnaire for vegetation index from SuperDecisions
program (Creative Decisions Foundation, 2021). Each criterion was compared for all al-
ternatives as binary evaluation.

Figure 4. Sub-criteria weights and ratios for each criteria group.
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Table 4. Priority table for each open space typology based on related sub-criteria weights

Criteria Weight Distribution Priority
Values
Ecological Physical Social
8 g (Normalized
& g% Property Types Land use Types by Cluster)
i » Qo
g g7 2 & =
£ L& £, Z g g o B s B g g 3
o= 55 = 2 % = 2 ] S g= g 8
S g =) = = i = b S < g
2 £ 3 % E : i 3§ £ § ¢
- & = - 3 | %3
1 Urban 0.5 0.5 0.333  0.667 0.18 0.136 0.108 0.094 0.151 0.196 0.135 0.15456
parks
2 Neigh- 0.667 0333 0.667 0.333 0.177 0.134 0.107 0.124 0.184 0.13 0.144 0.13141
bourhood
parks
3 Private 0.667 0.333 0.333  0.667 0.11 0.138 0.184 0.135 0.135 0.199 0.099 0.11488
gardens
4 Court- 0.5 0.5 0.25 0.75 0.185 0.138 0.11 0.154 0.113 0.188 0.113 0.10161
yards
5 Play- 0.667  0.333 0.25 0.75 0.169 0.139 0.114 0.098 0.213 0.149 0.119 0.08673
grounds
6 Urban 0.8 0.2 0.667 0.333 0.214 0.136 0.095 0.156 0.119 0.092 0.189 0.08131
squares
7 Pocket 0.75 0.25 0.75 025 0.179 0.135 0.108 0.114 0.089 0.157 0.219 0.08078
parks
8 Market 0.667 0.333 0.667 0.333 0.178 0.134 0.107 0.139 0.114 0.092 0.235 0.07229
squares
9 Shortcuts  0.667 0.333 0.80 020 0.136 0.165 0.112 0.142 0.132 0.089 0.223 0.06869
10 Urban 0.667  0.333 0.667 0.333 0.178 0.134 0.107 0.086 0.171 0.126 0.199 0.05809
voids
11 Traffic 0.5 0.5 0.333  0.667 0.169 0.135 0.124 0.148 0.097 0.118 0.21 0.04964
islands

As shown in Figure 4, while the social and ecological criteria
were equally rated at 0.4, the physical criteria achieved a value
of 0.2. Accordingly, the ecological criterion of the vegetation
index gained importance in its own group with a value of
0.67, surpassing the surface permeability (0.33). While this
value represented the highest percentage of the total criteria
pool at 0.27%, it was followed by surface permeability with
a value of 0.13. Within the physical criteria, both land
size (0.5) and enclosure (0.5) had equal weight as a 0.1
normalised relative value. Social criteria were divided into
several sub-headings; property types (0.15) have 3, and land
use types (0.25) have 4 sub-headings. While commercial had
the highest value (0.2) among property typologies, public
spaces (0.2) ranked first among land use typologies.

STUDY AREA

After weighing the criteria, the study area was selected
considering the neighbourhood layout. The main
selection parameters were specified as long-standing

neighbourhoods, which have traditionally built textures to
test existing ecological and social values regarding vitality
and open space interactions. For this purpose, Seyyid
Omer neighbourhood, one of the oldest neighbourhoods
of Istanbul, located in the historical peninsula of Fatih
district, was selected as the study area. It is located within
the coordinates 41°01'21, N°28'56 and is surrounded by the
Byzantine walls, the Golden Horn and the Marmara coast.

Aside from its dissolved neighbourhood texture, an area
that draws attention is Findikzade Cukur Bostan which
gained the function of a garden by having vegetables and
fruits planted by its fertile lands after the dysfunctionality of
the open-air cisterns from the Byzantine period (istanbul.
net.tr, n.d.). It can be argued that this type of function has
an increasing effect on the vicinity, and creates a common
memory of open space usage. Due to its fragmented but
adequately preserved open space system and cultural
background, the area promises a valuable neighbourhood
pattern in the heart of the Historical Peninsula (Figure
5). The current map of the neighbourhood’s orthophotos,
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Figure 5. The location of Seyyid Omer Neighbourhood in the Historical Peninsula and Istanbul Fatih District

(Fatih Municipality, n.d.).

which are accessible online, and the 2012 development plan
(Fatih Municipality) was used as the main data sources.

URBAN SURFACE INDEX EVALUATION

Based on the weights of the criteria and sub-criteria
evaluations from ANP method, importance values were
integrated into the index formula for urban surface
performance measurement. The primary objective was
to develop a measurement mechanism that enabled the
identification of problems and potentials within the built
texture by treating open spaces as holistic surfaces. From
this point of view, the urban surface index was calculated by
the weighted sums of the spatial values of the areas within
the built texture per unit surface (Equation 1). Accordingly,
when UXi is the urban surface index, a corresponds to
the relative importance weight of the j criterion, and (i
corresponds to the scaled spatial value of all surfaces.
When the number of all urban surfaces is expressed with
n, the sum of the values of each area gives the UXi. In this
direction, the outputs of the multiple decision-making
model were combined with their spatial values using the

ArcGIS program and the urban surface index values of
alternative open spaces were revealed.

(1)

Evaluation of the urban surface index was conducted on
the study area in four main steps: First, the boundary of
the computable index area was extracted. Then, all sub-
criteria maps were created and rescaled in ArcGIS, after
that overlapped by their weights to create each main
criteria map. Last but not least, all main criteria maps,
ecological, physical, and physical criteria, were overlapped
with weights to obtain the final urban surface index value
(Figure 6). First, the spatial boundary of the open areas to
be included in the calculation within the study area was
determined. Considering accessibility and connectivity,
a 150m convergence limit to existing public green spaces
and main access lines was defined, based on the location
of public green spaces within a maximum of 5 minutes
walking distance from public buildings and commercial
areas (Bayer & Bell, 1998). Issues such as the spatial bond
of urban green surfaces with users and how environmental

Figure 6. The flow diagram of computation of urban surface index.
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functions support them diversify and strengthen the public
use of that urban surface (Haq, 2015). In addition to these,
the calculation area was determined by leaving roads and
sidewalks outside the space boundary. All sub-criteria maps
were generated based on this boundary determination.
Since there are different sub-criteria and parameters, all
maps were reclassified to bring all maps into the same unit
based on Saaty’s importance table (Saaty, 2002). With this
classification, the aim was to combine the criteria consisting
of different units (m? m, quality, etc.) into one raster data
unit. Three distinct data sets were visualised while creating
the criteria maps (Figure 7).

Quantitative values such as area dimensions, enclosure
values, and surface permeability were converted into
raster data by scaling from 1 to 9 by using the “reclassify”
method. In addition, the values obtained from the analysis
of raster data, such as vegetation quality, were also scaled
on a scale of 1-9 with the same method. According to this
value range, the analysis result with the lowest score is
represented by 1, while the analysis result with the highest
score is shown with 9. Since each of the produced maps
displays different outputs, this unit of measure is shown
in separate legends for the colours used in each map. The
weights obtained from the decision support model were

Figure 7. Sub-criteria maps for all main criteria groups.

Figure 8. Weighted physical criteria map.
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used in order to quantify the social characteristics of the
areas and to compare them with other criteria. In the
context of urban open spaces, the importance weights for
public, semi-public, and private space types were 0.2, 0.13,
and 0.06, respectively. The values were then converted to a
scale of 1-9 for the land use type raster map, with public use
assigned a value of 9, semi-public space 6, and private space
3. Also, property types were integrated into the mapping
of impact areas within the research’s accessible distances.
After the sub-criteria maps were obtained, the “weighted
sum” method was used in the ArcGIS program, which gave
a superimposed result by evaluating the spatial attributes
according to their importance. This method is used to

calculate multiple functions in a multi-criteria decision-
making process (Yang, 2014). By overlapping the spatial
values of all criteria with weights, this method generates
new spatial quantitative results.

The function of the urban surface index was calculated
within the scope of the research by combining the sub-
criteria from top to bottom. In order to obtain a weighted
physical criteria map, land size, and enclosure maps were
combined with their relative importance values according
to the main criteria follows as evenly (Figure 8). By this
method, the surface permeability and NDVI maps were
combined with 0.33 and 0.67 weights for the ecological
criteria map (Figure 9). And the land-use and property type

Figure 9. Weighted ecological criteria map.

Figure 10. Weighted social criteria map.
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Figure 11. Urban surface index.

mappings were superimposed according to the 0.61 and
0.39 values for the social criteria map (Figure 10). Then,
the maps indicating the weights between each of the three
main criteria, the social and the ecological values share
both 0.4 and physical 0.2, were once again calculated with
the “weighted sum” method. At the end of this process, the
urban surface index values of the study area were obtained
(Figure 11).

RESULTS

The map of weighted physical criteria (Figure 8) shows
that Cukur Bostan (L1) receives the highest rating. Other
highly rated areas are some urban voids between blocks of
buildings, the Skate and Bike Park (L7) and the Seyyid Omer
Mosque (L4). It can be inferred that these areas were rated
based on their enclosure values rather than land size. The
other moderately evaluated areas are mostly small pocket
parks such as Uzun Yusuf Park (L5) and Selaleli Park (L2)
in terms of their land sizes. In the elaboration of the map
with the weighted ecological criteria (Figure 9), the highest
rated areas are mainly non-functional urban voids (L3) and
some neighbourhood parks such as Tutya Park (L6) and
Kamil Bagaran Park (L8) with their surroundings. On the
other hand, Cukur Bostan (L1) and Selaleli Park (L2) were
rated moderately despite their physical importance. These
contradictions become clear by comparing the maps with
the main criteria. However, the weighted social map (Figure
10) shows some parallel results for both main criteria.
While Cukur Bostan (L1) receives the highest value similar
to other criteria groups, some areas that receive a high value
from physical or ecological criteria stand out, such as Skate
and Bike Park (L7) and Kamil Basaran Park (L8). Also,
some areas such as Uzun Yusuf Park (L5) and Selaleli Park

(L2) distinguished despite their low physical and ecological
values.

When all maps are evaluated together, building blocks with
different zoning types and wide openings stand out in terms
of supporting urban ecological values. In fact, it is seen that
the ecological criteria of Cukur Bostan (L1) district park,
which has the largest surface area in the neighbourhood,
is lower than the values of the private or public areas
between some building blocks. However, open spaces in the
immediate vicinity of the main streets, where commercial
use is concentrated, have the potential to establish a spatial
relationship to form a network system. When compared
with the current zoning status, it can be said that increasing
the ecological values of urban surfaces such as schoolyards
or parking lots, which have semi-public use characteristics,
has an important potential to increase the quality of life. It
can be deduced that the open areas in the neighbourhood
are predominantly used areas with different zoning
typologies under 4 Ha. The areas that stand out with the
greatest potential are Cukur Bostan (L1), which is currently
used as a public space, and the surrounding educational
and religious buildings. In addition to these, it is seen that
large building blocks containing some residential buildings
have physical potential. On the other hand, the physical
qualities of the blocks, which were completely surrounded
by structures, received a low response.

As can be seen, Cukur Bostan (L1), whose green features
draw the most attention in terms of structural texture,
has an average score in terms of ecological criteria, while
it increases the urban surface index with its social and
physical values. On the other hand, Tutya Park (L6) and
Kamil Basaran Park (L8) also receive a high overall index
score despite their lower scores on some criteria. Therefore,
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Figure 12. Importance degrees of the surfaces.

inferences can be made about expanding the size or usage
patterns of existing surfaces or improving their potential
within their existing borders. At this point, it would be useful
to evaluate the alternative open space typologies obtained
during the determination of the criterion weights together
with the index results. This would be important in terms
of developing the existing areas and revealing the potential
surfaces that can be brought to the city. As mentioned above,
the limit of open areas, which have the highest weights in
terms of ecological, social, and physical criteria, can be
considered to be 6 points. Thus, the ecological, social, and
physical characteristics of surfaces are classified into three
categories according to the benefits they provide to cities
(Figure 12). A degree of “Very Important” describes the
surfaces on the 8-9 scale, “Important” represents the 6-8
scale, and “Least Important” is the 1-6 scale. The purpose
of a triple classification is to establish a framework for
designing strategies. By defining the action range on a 6-9
scale, it is possible to develop strategies for improvement
and/or renewal in these areas, as well as strategies for
transformation and/or re-functioning.

DISCUSSION AND CONCLUSIONS

The study of urban ecology has resulted in the development
of a paradigm that places a calculable premium on the
sustainability of cities (Wu, 2014). Computable criteria can
be viewed as indicators and indexes used in quantitative
evaluations in the literature. In this respect, it can be said
that this research will contribute to the reflection of the
theoretical studies and modelling approaches, especially at
the landscape scale, into practice, based on the context of
urban ecology, which still has gaps in the literature. With

this structure, the “Urban surface index”, developed within
the scope of this research, provides outputs that can direct
planning and design by placing the qualities of open spaces
on a calculable scale. By considering cities with a complex
and multi-dimensional systems approach, this index can
examine the ecological, social, and physical indicators of
open space in a multi-dimensional way. Nevertheless, most
of the literature examines the indicators in a homogeneous
and uni-dimensional way. As such, the majority of this
research assesses cities as a whole using large-scale remote
sensing methods (Patel & Mukherjee, 2015; Mourya et al.,
2021). Some urban ecology studies focus on more specific
areas; however, their objectives are usually about on one
or a few indicators such as biodiversity (Deslauriers et
al., 2018), climate comfort (Gémez et al., 2018) or rarely
on socio-ecological interactions like population density
and vegetation cover (Grove et al,, 2014). As can be seen,
research that focuses on indices or indexes based on urban
ecology usually overlooks the interdependent and complex
relationships through uniform indicators.

In this study, the Seyyid Omer neighbourhood in Istanbul’s
Fatih district was analysed in terms of physical, ecological,
and social criteria and their sub-criteria. By applying a
multi-criteria decision-making method, ANP was used
to determine an index for elaborating urban open space
performances. The index indicated that some urban voids
stand out even more than the important ones and have
greater potential than urban parks in terms of social and
vegetation qualities. As a result of the research, a map of
the importance level (Figure 12) was created to illustrate
the potential areas for improving the urban ecological
performance. In summary, neighbourhood and urban
parks such as Cukur Bostan (L1), Kamil Bagaran Park (L8)



670

Megaron, Vol. 17, No. 4, pp. 658-672, December 2022

and pocket parks like Tutya Park (L6) with some urban
voids nearby the religious buildings gained the highest
importance. On the other hand, various functional open
spaces with some neighbourhood parks such as Selaleli
Park (L2), Skate and Bike Park (L7) and Uzun Yusuf Park
(L5) show potential through the urban surface index.
Using this index, these areas were identified as open spaces
that need improvement and can contribute to the urban
ecological value of the neighbourhood. In this respect,
research represents a point that combines theory and
practice. Research shows detailed comparisons based on
neighbourhood scale by considering the existing qualities
of urban open spaces under sub-categories. In addition, it
also reveals under which main criteria the existing urban
surfaces should be improved. The research is unique in
that it focuses on both the scale of a neighbourhood and a
multi-dimensional analysis perspective of urban structure.
Given the emphasis of contemporary urban ecology theory
on socio-ecological relationships, the research has great
potential to provide a guide for the redesign of urban open
spaces in densely built cities, particularly in Istanbul.

In the present study, the primary criteria relationships
were highlighted by limiting the criteria (e.g., land size,
enclosure) for the characteristics of urban surfaces. For
this reason, it can be said that the measurement units are
few in number. For future studies, the sub-criteria for site-
specific assessments such as air, water, or sound pollution
can be. In particular, in an approach that aims to study the
city in different dimensions, the relationship of social life
to space should be addressed through field observations.
Considering these conclusions, it can be said that the index
revealed by this particular research will provide important
data for the analysis of the factors that determine the
performance of the urban surface and spatial design.
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EXTENDED ABSTRACT

Erzurum’s historical urban texture has lost its layered structure over time, and its integrated
structure with the city has deteriorated.

The present study aims to determine the physical characteristics of Erzurum’s historical city
centre and their influence on pedestrian movements in order to quantify spatial legibility.
The present study employs the Space Syntax technique. Developed by Hiller & Hanson (1984),
this method serves as an approach for analysing the complex structure of cities, and it has been
applied in a variety of disciplines.

All types of maps and aerial photographs, related publications, theses, the conservation plan
dated 6.8.1986, and the open-source software DepthmapX were used as primary materials in
the present study. Field observations, expert evaluations, and field and numerical data were
used as secondary materials.

The present study focuses on Erzurumss historical city centre, which is protected as a first and
third-degree archaeological site. The study area was divided into four regions for examination.
Region I involves the Erzurum Castle and its surroundings; Region II involves the Twin Min-
aret Madrasa and its surroundings; Region III involves the Yakutiye Municipality building and
its surroundings; Region IV involves the Yakutiye Madrasa and its surroundings.

The Photoshop program was used to visualise the suggestions presented at the conclusion
stage. The present study can be categorised as applied research because of this characteristic.
Over time, historical cities evolve and develop a layered structure. The relevance of historical
textures is recognised in planned cities, and the historical texture is conserved. The city of Er-
zurum, which was selected as the study area, is one of the cities where the historical urban envi-
ronment and street texture could not be preserved. The historical city centre, which is a first- and
third-degree protected area connected to the city’s busiest street, has become isolated over time,
the area has become run-down with the gradual withdrawal of the historical city’s inhabitants,
and the lack of responsibility and abandonment has resulted in security issues. The relationship
between spatial accessibility and this scenario was investigated in the present study. The findings
of the analysis and methodology are represented graphically. An axial map of the study area
was first constructed, followed by a spatial legibility graph. According to the graphic results,
the accessibility value in Regions I and IV are better as a result of the arrangements made in the
form of city squares, whereas the accessibility value in Regions II and III is rather low. In order
for the space to achieve a permeable structure, access points are defined and depicted on maps.
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In the conclusion section of the present study, the beneficial aspects of the relationship between accessibility and landscaping as
found in the field studies were analysed, and field suggestions were included. The historical street texture of Erzurum has almost
completely vanished in the area, according to investigations. In terms of legibility, it has been decided that the urban landscape
studies conducted in Regions I and IV are more applicable. The historical urban texture of Regions II and III has been assessed to
be complex, lacking a substantial level of comfort, and also insufficient in terms of security due to the isolation brought on by this
turmoil, resulting in poor walkability.

The importance of accessibility in historical urban textures, as well as its implications for spatial use, have been evaluated in the pres-
ent study. The use of digital software is critical in the planning of historical urban textures, which are becoming more relevant around
the world and in our country. The present study, which was conducted in Erzurumss historical city centre, is unique in regional terms.
In terms of urban memory, historical urban textures are extremely important. The approaches that represent the spirit of the space,
integrate with the traditional texture and respect the urban stratification, as well as the aesthetic value they offer to the city, emerge as
the unifying element of city squares. The feasibility of recent urban transformation works in and around Erzurum Castle within the
context of the layered structure was assessed in the present study. This distinguishes the study in regional terms.

Point proposals that have been expanded in terms of the coherence of the study area, which has a significant resource value in terms
of preserving the remaining pieces of history, make the study distinctive in another respect.

0z

Zaman igerisinde degiserek giiniimiize gelen tarihi kentlerin sahip oldugu sosyal, mimari ve ticari doku kentsel mirasin en 6nemli bi-
lesenleridir. Giiniimiizde hizla degisen kentlerin ¢ogu, tarihi kimligini koruyamamus ve tarihi doku 6nemini yitirmistir. Kentsel mi-
rasin siirdiriilebilirliginin saglanmasi kiiltiir aktarimi agisindan da oldukga 6nemlidir ve korunmasi zorunludur. Bu amagla pek ¢ok
planlama kararlarinin alindigini ancak bu kararlarin her zaman yeterli olmadig: ve bilimsel temellere dayanmadig goriilmektedir.
Cok katmanl yapiya ve oldukga zengin kiiltiirel birikime sahip olan Erzurum Tarihi kent ¢ekirdeginin ne yazik ki son 10 yil i¢inde
hizli yok olmasi oldukga tiziictidiir. C6ziim olarak kent merkezinde bulunan ancak kentten soyutlanarak kent yasamindan uzaklas-
mus olan bolgelerin kent yasamina yeniden katilmasi ve kent ile bitiinliigiiniin saglanmasi 6nerilmektedir. Bu arastirma Erzurum
kenti tarihi dokusunu olugturan i¢ kale ve gevresini i¢ine alan 1. derece ve 3. derece kentsel sit alan1 ve ¢evresini kapsamaktadir.
Calismanin ana amaci, Erzurum tarihi kent ¢ekirdeginin fiziksel 6zellikleri ve bu 6zelliklerin yaya hareketlerine olan etkisinin belir-
lenerek mekan okunabilirliginin 6l¢iilmesidir. Bu amagla 2019 yilinda uygulanmaya baslanan, ilk etab: bitmis olan koruma amagl
imar plani kararlari incelenerek tarihi kent ¢ekirdeginin kent ile biitiinlesme yollar: arastirilmistir. Tarihi kent ¢ekirdegi mekan dizim
analizi yontemi ile alan erisilebilirligi, alan biitiinlesmesi ve sokak okunabilirligi analiz edilmistir. Analiz sonucunda, Erzurum tarihi
kent ¢ekirdeginin erisilebilirlik ve biitiinlesme agisindan iyiye yakin oldugu, ancak tarihi sokak dokusunun 6zgiinliigiinii yitirmis
oldugu gorillmiistiir. Analiz sonuglar1 degerlendirilerek Erzurum tarihi kent ¢ekirdeginin kent ile yeniden biitiinlesmesi, erisilebilir-
liginin ve mekansal okunabilirliginin artmas i¢in bazi kriterler ortaya konulmustur.

Atif icin yazim sekli: Turgut H. Space and accessibility analysis of Erzurum historical urban zone. Megaron 2022;17(4):673-683.
[Article in Turkish]

GiRiS

Kentlerde tarihi dokunun korunmasi ve kiiltiire] mirasin
stirdiirtilebilirligi konular1 2863 sayili Kiiltiir ve Tabiat Var-
liklarin1 Koruma Kanunu kapsamindadir. Cok katmanli
kent merkezlerinde kiiltiirel mirasin yonetimi konularinda
kanunun 6. maddesinde yer alan kentsel arkeolojik sit kav-
ramina uygun ciddi ¢aligmalarin gliniimiize kadar yeterin-
ce yapilmadig1 vurgulanmalidir. Ayrica tarihi kent merkez-
lerinin bitinliginin korunamadig: alanlarda 3. Derece
Arkeolojik Sit Alani ilanlarinin ¢6ziim olmadig da goral-
mektedir (Belge, 2004). Tarihi ortak miraslarin korunmasi
caligmalar1 kanunlara dayandigi kadar bilimsel temellere
de dayanmalidir. Diinya kentlerinin basarili 6rnekleri in-
celendiginde, basarilarinin ¢ok yonlii aragtirma caligmala-
rinin sonucu oldugu ortaya ¢ikmaktadir. Tarihi gevrelerin,
yagayan mekénlar olarak planlanmasinin da koruma ¢alis-
malarinda basar1 oranini artirdig1 pek ¢ok ornekte goriil-

mektedir. Ornek bir ¢alisma ile 2006-2007 yillar1 arasinda
Erzurum tarihi kent dokusunun %12 oraninda tahrip oldu-
gu, tahribatin daha ¢ok terk edilmis binalarda gozlemlendi-
¢i ortaya konulmustur (Atabeyoglu ve ark., 2011). Koruma-
nin en 6nemli katkusy, tarihi gevreyi siirdiiriilebilirligi iin
uygun kararlar ve uygulamalar ile yeniden yasanabilir hale
getirebilmektir (Arabacioglu ve Aydemir 2007; Mehanna
ve Mehanna, 2019). Artan niifusun getirdigi sorunlar tari-
hi kent dokusunda etkisini daha da artirmaktadir. Kentsel
planlamalar ile tarihi dokunun {izerindeki baskilar azaltila-
bilir. Giiniimiizde pek ¢ok bilgisayar programinin planlama
¢alismalarinda kullanilmast ile analitik yaklagimlar yapila-
bilmektedir. Bu tiir analitik yaklasimlar tarihi kent dokula-
rinin stirdiiriilebilirligi agisindan 6nemlidir.

Kentsel dontisiim ¢aligmalarinda; tarihi kent dokusunun
azami ol¢ilerde korunabilmesi esas olmalidir. Harap du-
rumdaki bazi binalarin yikilarak kaldirilmasi geleneksel
sokak dokusunun kaybolmasina yol agmaktadir. Yikilmasi
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zorunlu olan binalar tarihi dokuya uygun olarak yeniden
inga edilmeli ve yeniden insa siirecinde de tarihi kent do-
kusunun fiziksel, sosyal ve kiiltiirel 6zelliklerinin korun-
mast amaglanmalidir. Boylelikle kentsel doniisiim ¢aligma-
lar1 tarihi dokunun modern kentle birlikte ve modern kent
iginde stirdiiriilebilmesi i¢in 6nemli bir firsat haline gele-
cektir. Unutmamaliyiz ki sokak aglarinin mekansal doku
ve mekan dizimi ile iligkisi sehir formunu, dolayisiyla da
kentsel stirdiiriilebilirligi etkileyen 6nemli parametreler-
dendir (Omer ve Kaplan, 2017; Alalouch ve ark., 2019).
Tarihi kentlerin katmanli yapis1 mekéan diziminin sekillen-
mesinde etkili olmaktadir (Bibri ve Krogstie, 2017). 1970’li
yillarin sonunda gelistirilen mekén dizimi (Space Syntax)
(Hillier ve Hanson, 1984), farkli alanlarda uygulanan ve
gelistirilen tekniklerle de pek ¢cok ¢aligmaya konu olmustur
(Coop ve Thomas, 2007; Malek, 2015; Fladd, 2017; Leben-
diger ve Lerman 2019; Baumanova, 2020). Mekan dizimi
(Space Syntax) alan morfolojisi ile iligkili oldugu kadar
insan ve ¢evre etkilesimini de ortaya koymaya ¢alisan bir
yontem olarak karsimiza ¢ikmaktadir (Battistin, 2019).
Mekan dizimi (Space Syntax) analizinde kent sokak agla-
rini incelerken; eksenel analiz, segment analiz, okunabilir-
lik, erisilebilirlik ve goriiniirliik analizleri kullanilmaktadir
(Dalton ve Dalton, 2001; Dag, 2005; Giindogdu, 2014; Ma-
lek, 2015). Mekan dizimi analizi ¢aligmalarinda iki boyutlu
haritalarla DepthmapX ve son zamanlarda QuantumGIS
eklentisi olarak kullanilabilen Space Syntax Toolkit prog-
ramlar1 kullanilmaktadir (Oztiirk, 2018). Mekin dizimi
(Space Syntax) teknigi ile sokak aglarinin mekénsal yapisi
arasindaki iligki, grafikler ile ortaya konulmaktadir. Boyle-
ce parcadan biitiine dogru kentsel sistemin iliski durumu
degerlendirilmekte ve gelecek planlamalar i¢in ipugclar:
vermektedir (Hillier, 1999; Onder ve Gigi 2010; Valipour,
ve ark., 2019; Lebendiger ve Lerman, 2019). Mekéin ana-
liz kavramlari; konfiglirasyon yani yapilandirilmis mekén
kavrami, dogal hareketlilik kavrami, enforme edilmis grid
kavrami, grafik kavrami ve analizi, derinlik kavrami, en-
tegrasyon yani biitiinlesme kavrami olarak siralanabilir
(Narvaez ve ark., 2012).

MATERYAL VE YONTEM

Materyal

Arkeolojik bulgularla varliginin yontma tas devrine kadar
dayandig tespit edilen Erzurum kenti bugiinkii yerine bir
kale sehir olarak besinci yiizyillda ve Dogu Romalilar tara-
findan taginmustir. Kentte 1080 yilinda bagslayan Tiirk haki-
miyeti (Solmaz, 1999) kisa siireli baz1 kesintilere ugramis
olmakla birlikte asirlar boyu devam etmis ve Mustafa Ke-
mal Pasa 6nderligindeki milli miicadele ile kesinlik kazan-
mustir. Cografi konumundan kaynaklanan stratejik degeri
ve ipek yolu dahil ticaret yollar1 {izerinde bulunmasindan
kaynaklanan ticaret merkezi olma 6zelligi kenti askeri ve ti-
cari yonden her dénem 6nemli kilmigtir. Kentin ekonomik

ve stratejik 6nemi kentin ¢ok katmanl kiiltiirel yapiya sahip
olmasini saglamistir (Solmaz, 1999; Sutay, 2020).

Tarih kaynaklarinda; ge¢miste kentin ii¢ kat surlar ile ¢ev-
rili oldugu ifade edilmektedir (Solmaz, 1999). Bugiin kent
tarihi dokusu; i¢ kale ve ¢evresinin bulundugu 1. derece ve
3. derece kentsel sit alany; Erzurum Kiltiir Tabiat Varlik-
lar1 Koruma Kurulu'nun 17.12.1993 giin ve 601 sayil ka-
rar1 ile korunmaya alinmigtir. Kiltiir Varliklarini Koruma
Bolge Kurulunun 25.09.2013 tarih ve 892 sayili karari ile
Erzurum Kalesi, 1. Derecede Arkeolojik Sit, Kale Cevresi
3. Derecede Arkeoloji Sit, I¢ kale surlarinin iginde kalan
béliimler kentsel sit alani ve bu alan disinda kalan ve tari-
hi dokuyu yansitan yakin boliimler ise etkileme gecis ala-
ni olarak ilan edilmistir. Erzurum Biiyiiksehir Belediyesi
tarafindan tarihi dokunun korunmasi ve gelecek nesillere
saglikli bir sekilde aktarilmasi amaciyla 15 Ocak 2016 tari-
hinde Koruma Amagl Imar Plan1 yapilmugtir. Bu imar pla-
n1 dogrultusunda sehrin Kiiltiir Varliklarini Koruma Bolge
Kurulu tarafindan belirlenen sit sinirlar1 ve etkileme gegis
alani sinirlari iginde kalan boliimleri i¢in yeniden yapilas-
ma sartlar1 olugturulmugstur (Altundag, 2019). Yeniden ya-
pilanmanin etkiledigi; 1. derece ve 3. derece arkeolojik sit
alanini kapsayan; Erzurum Kalesi ve ¢evresi, Cifte Minareli
Medrese, Ulu Camii, Sair Nefi Ortaokulu, Tas Ambarlar ve
cevresi, Yakutiye Ilce Belediye Binasi ve gevresi, Yakutiye
Medresesi, Lalapasa Camii ve ¢evresi ¢alisma alani kapsa-
minda degerlendirilecektir (Sekil 1).

Caligma alani i¢in olusturulan hipotez; kentten ayrigmig
alanlarin kent ile biitiinlesmesinin tarihi mekanlarda ziya-
ret¢i sayisinin ve alan kullanim potansiyelinin artacagi ve
sonug olarak da kullanilmamaktan kaynaklanan kéhneles-
me ve yok olmanin geciktirilerek, stirdiiriilebilir alan kul-
lanimina katki saglayacag: diisiincesi iizerine kurulmustur.
Atabeyoglu ve ark. (2011), tarafindan yapilan ¢aligmada
vurgulandigr gibi, tarihi kent dokulari issizlastik¢a, gii-
venlik sorunlar1 artmakta, kullanilmayan tarihi dokularin
gerek bilingsizlik gerekse iklimsel etkenler ile tahribine ve
tarihi dokunun giderek yok olmasina yol agmaktadir.

Yontem

Caligma alaninin mevcut durumdaki fiziksel 6zelliklerini
ve bu 6zelliklerin yaya hareketlerine olan etkisini belirle-
mek i¢in mekan dizimi (Space Syntax) yontemi kullanil-
mugtir. Hillier ve Hanson tarafindan gelistirilen ve kentlerin
karmagik yapisini analiz etmek i¢in kullanilan yontem (Hil-
lier ve ark., 1987, 1993; Hillier, 1996) halen peyzaj mimar-
lig1, mimarlik, sehir planlama ve cografya gibi farkli bilim
dallarinda kullanilmaktadir (Oztiirk, 2018).

Calismanin yiritilmesinde; ilgili yaymlardan, tezlerden,
6.8.1986 tarihli koruma amach imar planindan faydalanil-
mis ve acik kaynak yazilimi olan DepthMapX yazilimindan
istifade ile her tiirlii haritalar ve hava fotograflar1 kullanil-
mustir. Alan degerleri A. Turner ve UCL (London's Global
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Sekil 1. Caligma alan1 konumu, bélgeleri ve bélgelere ait genel goriintimleri.

University) tarafindan gelistirilen DepthmapX 0.8 yazilim1
ile hesaplanmistir (Pinelo ve Turner, 2010).

Calismanin ilk asamasinda alanin daha iyi tanimlanabilme-
si icin zihinsel haritalar olusturulmustur. Tolman tarafin-
dan 1948 yilinda kullanilan zihinsel harita terimi Lynch'in
1960 yilinda yaptigi calisma ile tanimlanmustir. Lynche gore
kentsel doku insan zihninde olusturdugu imaj ile algilanir.
Calisma alaninda zihinsel haritalarin olusturulmas: goz-
lemlere dayanmaktadir. Avcioglu ve Akin (2017) galigma-
sinda mekansal bilginin 6znenin bilissel siireci ile iligkisini
vurgulamaktadir. Once duyumsal olarak algilanan mekan,
kisinin mekanda gecirdigi zaman icinde zihinsel olarak da
algilanir. Caligma alaninin zihinsel haritas, ¢caliyma alanin-
da yapilan gozlemlerden sonra yerlesim diizenleri, sokak
dokulari, mekénlarin bigimsel ozellikleri, bosluklar, alan
kullanim yogunluklari, yaya hareketliligi, altyapi, yonlen-
dirme tabelalar1 ve imaj noktalar: incelenerek olusturul-
mustur.

Calismanin ikinci agamasinda; alana ait imar plani ve hava
fotograflar1 kullanilarak ¢aligma alaninin AutoCad ¢izimi

yapilmus, gizilen altlik DepthMapX 0.8 programina aktari-
larak ¢alisma alaninin baglantililik (connectivity), biitiin-
lesme (integration) ve okunabilirlik (intelligibility) durum-
lar1 incelenmistir.

Oncelikle bu tiir haritalar1 otomatik olarak olusturan Dep-
thMapX 0.8 programu ile caligma alaninin aksiyel haritalar
olusturulmugtur. Eksenel haritalar olarak da ifade edilen
aksiyel haritalar karsilikli kesisen en az sayidaki en uzun
akslarin ¢izilmesi ile olusturulur ve mekan cizgiler ile ifade
edilir (Yildirim ve Cagdas, 2018; Sikoglu ve Arslan 2015).

Sonraki asamada; caligma alani biitiiniinde yaya hareketle-
rinin analiz edilebilmesi i¢in olusturulan eksenel haritalar
tizerinden biitiinlesme degerleri belirlenmeye calisilmigtir.
Biitiinlesme erisilebilirlik olgiisii olarak ifade edilmekte-
dir (Giindogdu ve Dinger, 2020). Insanlarin yogun olarak
kullandig1 ve karsilasma ihtimallerinin oldugu mekénlar
biitiinlesik (integrated) mekanlardir. I¢inden gok gegilen
mekénlar bitiinlesik; icinden az gecilen mekanlar ise ya-
litilmig veya ayrigsmis (segregated) mekanlar olarak tanim-
lanir.
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Mekanlar global biitlinlesik [Radius n (Rn)] mekénlar ve
lokal biitiinlesik [Radius 3 (R3 veya farkli rakamlar kulla-
nilabilir)] mekanlar olacak sekilde de simiflandirilir. Alani
stirekli kullananlar ile icinden gegenlerin dikkate alindig:
durumda global biitiinlesik; yalnizca mekan: devaml kul-
lananlarin dikkate alindig1 durumda lokal biitiinlesik de-
gerinden bahsedilir. Diger ifade ile Radius n kente makro
Olgekten bakarak merkeziyeti belirlerken, Radius 3 kenti
bolgesel dlcekte tanimlar (Sitkoglu ve Arslan, 2015). Dort
bolgeye ayrilarak incelenen ¢aligma alaninda kent ile bii-
tiinlesen ve kentten soyutlanmis alanlar tespit edilmistir.

Mekan dizimi yontemi ile yapilan bir diger analiz, alan
okunabilirligidir. Alan okunabilirligini Lynch; bir mekanin
kolayca fark edilmesi, anlagilabilirligi olarak tanimlamak-
tadir (Erem ve Erkman, 2003; Gigi, 2009). Lynche gore;
imaj noktalari, kentsel bolgeler, sinirlar ve diigiim noktala-
r1 kentin okunabilirligi acisindan 6nemlidir (Lynch, 2010).
Lynch ¢alismalarinda yaya sirkiilasyonunda stireklilik,
baglangi¢ ve bitis noktalarinin olmasi, goriilebilirligin yiik-
sek olmasi gibi kriterlerin yiiriime yolunun kalitesini et-
kiledigini ifade etmektedir (Mehanna ve Mehanna, 2019).
Kent mekanlar1 arasinda olusturulan akslarda gorsel bii-
tinligiin saglanmas: 6nemlidir (Turgut, 2011). Hayta
(2011) yaptig1 calismada, global biitiinlesme (Rn) ve lokal
biitiinlesme (R3) degerlerinin X ve Y grafigine aktarilmasi
ile mekén okunabilirliginin belirlenebilecegini ifade et-
mistir. Tiirk ve Oral (2022), Agael ve Ozer (2017), Nag ve
ark. (2019) yaptiklar: calismalarda okunabilirlik degerinin
biitiinlesme ve baglantililik arasindaki korelasyon ile be-
lirlenecegini ifade etmislerdir. Bu ¢alismada okunabilirlik,
global biitiinlesme ve baglantililik haritalarinin grafige ak-
tarilmast ile elde edilmistir.

Caligma alani i¢in elde edilen analiz sonuglar1 ve zihinsel
haritalardan elde edilen veriler 1s18inda sokak dokulari,
mekanlar arasindaki gegisler, fiziksel ¢evrenin durumu igin
yorumlar yapilmis ve nerilerde bulunulmustur. Bu 6neri-
ler photoshop programi yardimu ile grafikler halinde gor-
sellestirilmistir.

BULGULAR

Caligma alani 1. derecede sit alani ve 3. derecede sit alanini
i¢ine alan iki ana yol aksinin kesigtigi dortli sistem icerisin-
de yer almaktadir.

Birinci bolgede; Erzurum Kalesi, tarihi Hanim Hamamy,
Cimcime Hatun Tiirbesi, Caferiye Camisi ve geleneksel
konut mimari Ornekleri yer almaktadir. Gecekondularin
ve yikilmig tahrip olmus tarihi konutlarin yogun oldugu
bolgede, 2019 yilinda restorasyon ve temizleme ¢alismalar:
baslatilmigtir. Bu ¢alismalar sonucu kale ¢evresi agilmis ve
rekreasyon faaliyetlerine elverisli yesil alan haline gelmis-
tir. Alan icinde oturma yerleri, ¢ocuk oyun alani, gezinti
yollari, su yiizeyi vb. etkinlik alanlar1 yer almaktadir. Tkinci

bolge; Cifte Minareli Medrese, Ulu Camii, tarihi Sair Nefi
Ortaokulu, geleneksel konut 6rnekleri, Tag Ambarlar, tari-
hi niteligi olan Bolge Idari Mahkemesi'ne kadar olan kism1
kapsamaktadir. Ugiincii bélgede; tarihi Yakutiye Belediye
Binasy, tarihi niteligi olan Giines Egitim Kurumu, 4. bolge-
de; Yakutiye Medresesi Miizesi, Tarihi Murat Paga Camisi
bulunmaktadir. Kentin 6nemli imaj noktalarinin yer aldig:
harita Sekil 2'de verilmistir.

Oncelikle ¢alisma alanina ait aksiyel haritalar olugturul-
mugtur ($ekil 3). DepthMapX 0.8.0 programi kullanilarak
olusturulan aksiyel haritalar 3205 akstan olusmaktadir. Ak-
siyel analizin ana hedefi yaya hareketini tahmin etmektir.
Hareket dogrusaldir. Her bir hattin ¢evresindeki hatlara
nasil baglandigina bagl olarak bir baglant: grafigi olus-
turur. Analizin sonucunda, her bir indeksin kirmizidan
(yani maksimum deger) maviye (yani minimum deger) bir
renkle temsil edildigi renk spektrumu haritas: olusturulur.
Haritada ¢ok kullanilan akslar kirmizi, az kullanilan akslar
mavi renkte gosterilmektedir (Jiang 2009; Montello, 1991;
Klarqvist, 1993; Penn, 2003; Giindogdu, 2014; Sikoglu ve
Aslan, 2015; Glinaydin ve Yiicekaya, 2020).

Calisma alanina ait analizler sonucunda, biitiinlesme, glo-
bal baglantililik, yerel baglantililik, okunabilirlik ve sinerji
degerlerine ait minimum deger, maksimum deger ve ortala-

Sekil 2. Caligma alani imaj noktalar1.

Sekil 3. Calisma alanina ait eksenel harita.
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Tablo 1. Caligma alan1 analiz sonuglar1

Minimum deger Maksimum deger Ortalama deger
Global biitiinlesme (integration Rn) 0,94 1,22 2,33
Yerel biitiinlesme (Tintegration R3) 0,544 0,632 0,850
Yerel biitiinlesme (integration R5) 1 1,45 2,51
Baglantililik (connectivity) 1 30 4,93
Baglanti sayis1 3205
Okunabilirlik (entegrasyon/ baglantililik) 0,633
Sinerji (yerel biitiinlesme/global biitiinlesme) 0,731

Sekil 4. a) Global biitiinlesme, b) Lokal biitiinlesme R3, ¢) Lokal biitiinlesme R5.

ma degerler ile baglant: sayilar1 en uzun ve en kisa baglant
verileri Tablo 1'de verilmistir.

Calisma alani toplaminda belirlenen 3205 aks analizleri
i¢in Rn (global biitiinlesme) ve R3, R5 (yerel biitiinlesme)
haritalar1 olugturulmustur.

Biitiinlesme erisilebilirlik ile iliskilidir, birimi adimdir. Glo-
bal biitiinlesme; diigiim noktalarina gére hesaplanmaktadir.
Bir aksa olan erisimdeki n derinlik degeri olarak ifade edil-
mektedir. Yerel biitiinlesme degerleri ise R3, R5 vb. ile ifade
edilir (Sikoglu ve Arslan, 2015). Calisma alaninda Rn bii-
tiinlesme degeri ortalamasi 2,33 olarak hesaplanmistir. Yerel
biitiinlesme degeri igin R3 ve R5 degerleri hesaplanmigtir.
R3 ortalama degeri 0,850, R5 ise 2,51dir (Tablo 1, Sekil 4).

En yiiksek biitiinlesme degeri 1. bolgede olurken, en diisiik
biitiinlesme degeri 2. bolgede goriilmektedir.

Alan gozlemleri ile de gikan sonuglar desteklenmektedir.
Birinci bélgenin genis rekreasyon alanina sahip olmasi ve
ticaret noktalarina yakin olmast yogun kullanima olanak
vermektedir. Ancak ana caddeye yakin kisimlarin arka-
sinda kalan yeniden onarilarak ortaya ¢ikarilan geleneksel
konut dokularinin ve ¢evresinin daha az kullanildig1 goz-
lemlenmistir. Alan gozlemleri sonucu 2. bolgenin kullani-
minda gorece bir heterojenlik oldugu, i¢ kesimlerinin daha
az kullanildigy, disa yakin kisimlarda hareketliligin biraz
daha arttig1 saptanmistir. Ozellikle geleneksel konutlarin
kafe ve restoran olarak kullanildig yerler disinda hareketli-
ligin az oldugu gozlemlenmistir.

Baglantililik (connectivity) analizleri akslarin birbiri ile
olan baglantilarini verir. Baglantililik degeri yiiksek olan
alanlar kolay ulasilabilen alanlaridir. Calisma alani 302 bag-
lantidan olugmaktadir (Sekil 5).

Haritada yiiksek baglantilar kirmizi, diisiik baglantilar mavi
ile gosterilmistir. Yitksek baglantililiga sahip olan hatlarin
daha uzun hatlar oldugu gézlemlenmektedir. Bolgeler agi-
sindan degerlendirme yapildiginda 1. bélgenin diger alan-

Sekil 5. Calisma alani baglantililik haritas.
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Sekil 6. Calisma alan1 okunabilirlik grafigi.

lara gore baglantisinin daha yiiksek oldugu 2. bélgenin i¢
kesimlerinin baglantililik degerinin daha zayif oldugu go-
riilmektedir. Baglantililik i¢in elde edilen maksimum deger
30, ortalama deger ise 4,93 olarak belirlenmistir.

Caligma alaninda yapilan bir diger analiz okunabilirlik
(intelligibility) analizidir. Kisinin mekanmn biitiiniinii al-
gilamasi, hareketin yonii ve biitiinlesme degerine baglidir.
Biitiinlesme ve baglantililik degeri arasindaki iligki ile oku-
nabilirlik degeri belirlenir (Sekil 6).

X ve Y degerleri 45 dereceye ne kadar yakin ise mekénin
okunabilirligi o kadar yiiksektir. Caligma alani i¢in yapilan
degerlendirmede alan okunabilirliginin iyiye yakin oldugu
goriilmektedir (R=0,633).

Kale ve gevresini i¢ine alan 1. bolgenin biitiinlesme orani
diger bolgelere gore yiiksektir. Ancak 2. ve 3. bolgelerin
biitiinlesme orani diigitktiir ve bu durum okunabilirlik de-
gerini de etkilemektedir. Bir mekén biitiinlesmisse yayalar
tarafindan yogun olarak kullanilmaktadir ve okunabilirligi
yiiksektir (Semerci, 2015). Ikinci ve 3. bolgelerde baglanti-
liligin ve okunabilirligin zayif olmasi bu bolgelerin kent ile
ayristigini gostermektedir.

Dérdiincii bolge; Yakutiye Medresesi ve Lala Pagsa Camisini
de i¢ine alan kent meydani niteliginde olan bdlgedir. Analiz
ve gozlem sonuglarina gore alan okunabilirliginin ve bii-
tinléiginin 2. ve 3. bolgelerden daha iyi oldugu, yaya aki-
sinin bu bolgelere gore daha yogun oldugu goriilmektedir.

Yaya hareketliligi; cevre kalitesini ve giivenligini artirmanin
yanu sira sosyallesmeyi, erisilebilirligi ve aktivite ¢esitliligini
artirarak kent yasamina katki saglar. Caligma alaninda yaya
akisinin saglanarak tarihi dokunun canlandirilmas ve ye-
niden kentin 6nemli bir par¢asi olabilmesi i¢in, zihinsel ha-
ritalardan ve analiz sonuglarindan elde edilen verilere gore
agagida yer alan Oneriler yapilmigtir.

1. Geleneksel caddelerin yenilenerek, A noktalarinda bag-
lantilarin giiglendirilmesi gerekir. Bunun igin aks genislik-

leri ve agilar diizenlenmeli, yaya akis1 yonlendirilmeli ve
hareket kolaylastirilmalidir.

a) Kale ve ¢evresi DepthMapX analizlerinde kent ile en iyi
biitiinlesmeyi saglamis bolge olarak karsimiza ¢iksa da bu
bolge icin gerekli iyilestirilmeler yapilmalidir. Bu amag-
la Sekil 7 (a)da 1. bélge i¢in oneriler verilmigtir. Oneriler
kentle ve diger bolgelerle olan biitiinlesmeyi saglamay:
amaglamaktadir.

Ozellikle bolgeler arasinda énemli baglanti olan A noktasi
baglantilar1 net izlenebilir bir rota olusturulmas ve alan bii-
tiinlesmesi agisindan 6nemlidir.

Ikinci bélge; biitiinlesme analizinde en zayif baglantila-
rin oldugu boélge olarak belirlenmistir. Geleneksel konut
dokularinin yer aldig1 ana cadde {izerinde ticaret merkez-
lerinin bulundugu i¢ bolgede ise karmagik sokak doku-
sunun oldugu goriilmektedir. Geleneksel konutlarin pek
¢ogu yok olmus, kalanlar ise terk edilmistir. Sekil 7 (b)de
2. bolgenin kent ile biitiinlesmesi i¢in yapilan 6neriler go-
rilmektedir.

A noktalari izleme koridorlari olusturulmasinda énemlidir.
Akslarin iyilestirilmesi ile okunabilirlik artirilmalidir. B6l-
genin en onemli sorunlarindan birisi karmasadir. Potansi-
yel baglantilar ve yar1 saydam gegisler ile etkilesim ve alan
biitiinligii saglanacaktir.

Uglincii bélge tarihi niteligini oldukca kaybetmistir. Bii-
tiinlesmenin saglanabilmesi i¢in ana aksa olan baglantinin
gliclendirilmesi gerekmektedir. Dordiincii bolge ise 6nemli
imaj noktalarini icine alan peyzaj ¢alismalar: ile kent mey-
dani niteligini tagimaktadir. Biitiinlesme analizinde alan
okunabilirliginin iyi diizeyde oldugu gérilmugtiir. Sekil 7
(c)de 3. ve 4. bolgeler i¢in yapilan 6neriler gorilmektedir.

Dordiincti bolge kent meydani niteligindedir. B noktasin-

daki kot farkinin ¢oziilmesi baglantililig: giiclendirecektir.

1. Bolgeler arasinda iligkilerin giiglendirilmesi i¢in peyzaj
tasarim ¢alismalar1 yapilmalidir. Ozellikle Cifte Minare-
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(a)

(©)

Sekil 7. (a) Caligma alani 1. bolge alan 6nerileri. (b) Calisma alani 2. bolge alan
oOnerileri. (c) Caligma alani 3. ve 4. bolgeler i¢in yapilan alan onerileri.
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li Medrese ve Ulu Camii birlestirilerek tek bir meydan
tasarimu ile alan bitiinlestirilmelidir.

2. Yol baglantilar1 basit ve temiz olmali ve yan baglantilar
daha az kavisli ve a¢ili olmalidir. Turner (2001)’in yap-
t1g1 calismada, yayalarin hi¢ doniis yapmamayi veya dik
acilari tercih ettikleri ifade edilmektedir. Kavisler ve d6-
niigler arttikca karmagiklik artar. fkinci bélgede karma-
sikligin giderilmesi i¢in ¢ikmaz yollarin ve baglantilarin
iyilestirilmesi gerekmektedir

3. Tarihi ¢ekirdek dokuda ziyaretgi sayisinin artmasi kent
sirkillasyonunun esit dagiliminin saglanabilmesi i¢in
tescilli mimari 6rneklerinden olusan imaj noktalarinin
birbirleri ile iligkilendirilerek kesintisiz bir giizergah
olusturulmasi gerekmektedir. Giizergah tizerinde bulu-
nan terk edilmis tarihi niteligi olan yapilarin onarilarak
yeniden islevlendirilmesi kiiltiirel mirasin siirdiiriilebi-
lirligi agisindan 6nemlidir.

4. Kilttirel peyzajin stirdiiriilebilirliginin saglanmasi icin
tarihi sokak dokularinin yeniden canlandirilmasi, do-
kuya uyum saglamayan bolgelerin kaldirilmasi veya
dokuya uygun hale getirilmesi, kiiltiirel dokuya uygun
pansiyon, sanat evi vb. gibi islevlerin yer almasi, bu sa-
yede mahalle halkinin ekonomik kazang saglamasi ve
toplumsal hafizanin geri kazandirilmas: saglanmalidir.
Sokak dokusunun geri kazandirilmasi kentin peyzaj de-
gerini de artiracaktir.

5. Trafigin olumsuz etkisinin en aza indirilmesi, erisilebi-
lirligin saglanmasi i¢in yapilan diizenlemelerin tiim yas
gruplarin gore olmasi ve engelsiz ulasimi igerir nitelikte
olmasi gerekmektedir. Calisma alani tarihi dokusunda
goriilen en biiylik sorunlardan biri, yol kenarlarinin
ara¢ parki olarak kullanilmasidir. Yaya sirkiilasyonunu
olumsuz etkileyen bu durumun ortadan kalkmasi igin
uygun mesafelerde ara¢ park alanlar1 olusturulmalidir.

6. Yol akslarinin iyilestirilmesinde iklimsel 6geler dikkate
alinarak bitkisel tasarimda, kullanilan kent donatilarin-
da ve kaplamali yiizeylerde gerekli 6nlemlerin alinmasi
gerekmektedir. Kisin yagan karin, yazin giinesin olum-
suz etkileri dikkate alinmalidir.

SONUC

Erzurum tarihi kent dokusunun gegen yillar i¢cinde énemli
oranda tahribata ugradig: ve bu tahribatta mekanlarin kul-
lanilmamasinin etkisinin de oldugu disiincesinden yola
¢ikilarak tarihi dokunun; siirdiiriilebilirliginin saglanabil-
mesi i¢in aktif kullanilan, yasanilabilir, canli ve hareketli
ortama doniistiiriilmesi gerekmektedir. Alan ¢alismasindan
elde edilen veriler sonucu alanin kent merkezinde olmasina
ragmen kentten soyutlanmis oldugu, bunun da tahrip olma
ve giivenlik sorunlar1 bagta olmak tizere pek ¢ok sorunu be-
raberinde getirdigi goriillmiistiir.

Yapilan bu ¢aligma ile tarihi kent dokusunun kent ile olan
iligkilerinin belirlenmesi amaglanmistir. Bu amag dogrul-
tusunda, Erzurum tarihi kent ¢ekirdeginin mekénsal eri-
silebilirligi ve okunabilirligi sayisal olarak belirlenmeye
calistlmustir. Alan kullanimlari mekanlarin kent ile olan
iligkisini giiglendirmektedir. Tarihi kent merkezinde hizli
yok olmanin 6nlenmesi i¢in soyutlanmig tarihi dokunun
kent yasantisina dahil olmasi gerekmektedir. Kiiltiiriin yani
ortak deneyimlerin yasatilmasi, kentlerin gengclestirilmesi
acisindan 6nemlidir.

Sonug olarak; ¢alisma alaninin yaya sirkiilasyonunun ke-
sintiye ugramamasi, alanin biitiinlesmesi agisindan dnem-
lidir. Ancak kentin bityiik bir bolimiinii birbirine baglayan
ana caddeler, tarihi dokunun birbirleri ile baglantisini ko-
parmaktadir. Ayrica trafikten kaynaklanan egzoz, giiriilti
vb. etkenler tarihi dokuya zarar vermektedir. Arag yaya sir-
kiilasyonunun ayrilmasi, yaya kullanim alanlarimin artiril-
masl, sirkiilasyon yollarinda ¢ekiciligin artirilmasi, sanat-
sal zenginlik saglanmasi, ticaret noktalarinin i¢ kesimlere
taginmasi, sokak dokularinin iyilestirilmesi, yesil alanlarin
artirilmasi, caligma alani yaya akisinin dengeli dagilimini
saglayarak erigilebilirligi ve mekanin okunabilirligini arti-
racaktir.
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