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SEARCHING FOR A SUCCESSFUL ORGANIZATION FOR 
HISTORICAL ENVIRONMENT: SULTANAHMET SQUARE-

ISTANBUL

Hande Sanem ÇINAR1,  Nilüfer KART AKTAŞ2

ABSTRACT 

Squares that are the most common and used field of daily life are important 
public places which are used for all sorts of social, cultural, political, commercial 
and recreational purposes. These places have been an important part of the urban 
culture and urban image as the basic element of the city from the ancient period to 
the early periods of the Republic. Squares have changed in terms of form, structure 
and uses form past to present. The only thing that has not changed throughout 
history is the importance of squares in urban life. Especially urban spaces where 
the concept of history is at the forefront, the quality that is shaped according to 
their needs is being analyzed and directed correctly, and the cultural heritage 
are important issues in terms of moving to future generations. Urban space is a 
concept that made up of structures, perceived by urban people and associated 
with all urban events. The urban space organization gains importance in order 
to provide better living conditions for people and to organize human activities in 
urban areas. The space organization is a work that allows people to realize their 
needs and activities in the best conditions, taking into account everything from the 
space limiter surfaces that make up the geometry of the space to the qualities of the 
fittings in the space. For this reason, in order to be able to talk about a successful 
urban space organization, it is necessary for the person to have a good perception 
of the space, as well as the dimensions of the urban space, to be compatible with the 
actions and activities to be taken place.

In this study, Sultanahmet Square was selected as the sample area in the Istanbul 
Metropolis, which is located in important historic settlements on the European 
side and constitutes the city core. Various photographs were taken from the area 
and questions were asked about the perception of the place and the spatial usage in 
the field. As a result of the study, it was evaluated whether Sultanahmet Square has 
high or successful quality urban living space in terms of spatial organization or not.

Keywords: Urban landscape, Space organization, Spatial Analysis, Sultanahmet 
Square
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1. INTRODUCTION 

People prefer to be in certain environments rather than others. While 
certain areas, or structures, make sense for them, some areas appear 
dangerous. Appraisal of the environment involves individual impression, 
identification, and evaluation, judgment of beauty, emotional response, 
significance, risk and security and is influenced by all of them. 

The answers to the question “What makes a place or space successful or 
quality?” can vary. People can describe a place that they like as safe, fun and 
attractive. The measurable physical properties of a space and the feelings 
and thoughts of the people who experience it can intertwine in a complex 
way. The measurable physical properties of a space and the feelings and 
thoughts of the people who experience the physical characteristics of the 
space can intertwine in a complex way. Users perceive and interpret the 
environment they are in, with the help of their specific characteristics, 
judgments, experiences and values. According to Maslow, the need at 
the upper level cannot be met without the need at the lower level when 
considering the need of people in a society (Erdönmez, 2005). Perception 
occurs only on conditions that meet physical and security needs (Figure 1).

Figure 1: Maslow’s Hierarchy of Needs (Url 1)
In the context of a person’s basic needs in society, urban spaces and 

urban open spaces have interacted with user since the physiological needs 
of the users have been exhausted. Being easily recognizable and identifiable 
for a space can give the user a sense of security together with easy learning 
and knowing. Spaces that are safe for users are adopted and their usage 
intensity increases. The suitability for the purpose of an urban space can be 
measured by its comfortable and effective use (Erkan, 2002).

1.1. SPACE PERCEPTION-SPATIAL LIFE QUALITY 
The reading of an environment is a process that requires to get spatial 

information and to use appropriately. Two components play an important 
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role in the process of acquiring spatial information. These are the 
characteristics of the space and the characteristics of the individual or the 
observer. 

Spatial characteristics influence individuals from many directions, so 
that the individual is influenced by the space in many directions. Spaces 
are integrated with the individual by making sense of the place where 
the individual is (Turgay, 2009). It can be expressed that the individual 
perceives space, acquires knowledge about space, design space in mind and 
puts actions related to spatial awareness (Köşker, 2012).

To perceive the features of the space in the view of observer or individual 
occurs at the end of the spatial-psychological processes in people’s mind. 
These processes are influenced by the personal characteristics of the 
observer (Köseoğlu & Erinsel Önder, 2010). Each individual perceives or 
embraces space, environment, or even the world in different forms and 
in many different dimensions. There are many factors that influence this 
differentiation. In addition to physical or mental differences such as age, 
gender and intelligence, the characteristics of the space, the experiences and 
interactions with the space, the communication, traditions and customs 
that the individual establishes with the space, the memories and the value 
judgments of the environment influence the different perceptions of space 
(Özak & Gökmen, 2009, Köşker, 2012, Tunçel, 2002, Turgay, 2009, Akengin 
& Ayaydın, 2017). 

In urban open spaces, the sense of sight and hearing in the perception 
of the space, human relations and social activities performed by users are 
mode pronounced than other senses. The proportions of human senses in 
spatial sense are distributed as 60% visual, 30% auditory, 10% contact and 
smell related senses, and the total ratio of visual and auditory senses to 
spatial perception is as high as 90% (Erdönmez, 2005, Kürkçüoğlu, 2009).

The visible and distinguishable elements of the space are extremely 
important for the user to perceive the place from the visual point of view 
or to associate the same / similar forms in the direction of previous spatial 
experiences (Gehl, 1987). The ability to recognize space in perception is not 
only about “attention”, but also about “seeing” things that can be noticed 
(Gezer, 2012). This will reveal the difference between looking and seeing.

Depending on the physical, mental and social characteristics of the 
individual, it is possible to explain the processes of spatial perception and 
behavior development in three stages.

• Perception: To be clear about the necessity of establishing relations 
in the context of human, human-human and human-physical 
environment relations;
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• Comprehension and perceptual reaction (image). The physical 
environment is able to respond to human spatial expectations in the 
context of human scale;

• Behavioral response (action): It is necessary that the environment 
must be diversity and attractive in terms of the possibility of activity. 

The feelings (satisfaction, dissatisfaction, passion, happiness, 
unhappiness, expectation, etc.) obtained by the perception of a space are 
among the important indicators of the quality of life measurements, which 
is a subject that has been studied extensively in recent years. 

According to the UN’s “Our Common Future” report published in 1987, 
the development that meets today’s needs without removing the necessities 
of future generations is called as “sustainable development”; and the degree 
of benefiting from the greatest opportunities in a life is called as “quality 
of life” (Karadağ, 2009). In other words, quality includes the improvement 
of the physical and social values in the cities according to the changing 
conditions of the day (Karakurt Tosun, 2010). It is also an important 
factor to measure the quality of the building when the quality is measured 
(Çakmaklı, 1992) (Table 1).

Table 1. Spatial Structure Quality

SPATIAL STRUCTURE QUALITY

ENVELOPMENT 
LEVEL

Soft Space Hard Space

Closeness to the nature
Perception of the season

Protection/hiding
Discipline

FEATURES OF 
SORROUNDING 
ELEMENTS

Open Space Closed Space

Uncertainity in Perception
Wide perspective

Certainty in perception
Easy control

FORM CHARACTER

Negative Space Positive Space

Functional Discomfort
Visual Discomfort

Integrity
Sense of siege

FUNCTIONAL 
SUITABILITY 
ACTIVITY 
CHARACTER

Stable Space Dynamic Space
Sitting
Rest
Integrity

Circulation
Vitality
Novelty
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There is no single criterion that determines the level of living in any 
urban space because the quality of life of a residential area cannot be 
measured only with objective data; the bond, feelings, point of view and 
expectations of the people who live in this area are as important as the most 
objective data in determining the quality of the life of a place (Karakurt 
Tosun, 2010). 

2. MATERIAL AND METHOD

2.1. MATERIAL 
Sultanahmet Region has been chosen as research area which is a privileged 

urban texture with physical and functional change and transformation that 
it has experienced in addition to its architectural and social texture, trade 
and tourism center identity, which has thousands of years of history and 
traces of different civilizations and cultures.

Sultanahmet is one of the most important squares in the Byzantine 
period that continues its historical significance. During the Byzantine 
period, it hosted many events such as horse racing as Hippodrome; during 
the Ottoman period, it had a role as Hippodrome for the events such as 
bloody riot, javelin games and revolting; during the Republic period, it has 
seen as Sultanahmet Square where meetings, entertainments take place. 
Many works that belong to their own events and periods have continued to 
exist in Sultanahmet Square (Yıldız, 2007). 

During the Republic period, the square has been rearranged and 
it has come to an end. This region was constructed as a park after the 
first university building was burnt in 1993, replacing the neighborhood 
between Hangia Sophia and Topkapi Palace (Aslantaş, 1998). The use of 
Hagia Sophia as a museum in 1934, the arrangement of Haghia Sophia and 
Sultanahmet Square and the opening of the Yerebatan Cistern for visiting 
made Sultanahmet Square a tourist district (Turgut, 1999). It is also shown 
as a resting area where the buildings with historical accumulation around 
Sultanahmet Square are characterized by the cultural and architectural 
significance of the square, as well as being a tourist district and being away 
from traffic and having a green area. For this reason, it is used intensely by 
tourists and city dwellers. 

The reasons for preference the square are that it dominates the area, it 
has a past and protects all buildings. 

2.2. METHOD 
By establishing perceptibility, compatibility and identity; it will be 

examined that how the relationship between physical form and use, the 
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harmony of the relationship between modern and traditional textures, 
the important physical elements and familiarity of the environment, the 
similarity, difference or comprehensibility of spatial forms are perceived by 
the visitors. 

Survey method was used in order to examine the space-time usage, 
preferences, satisfaction, likes and desires and perceptions of visitors in 
Sultanahmet Square. Surveys conducted by face-to-face interview and 
random sampling were applied to 50 visitors as both domestic and foreign. 
Statistical Package for the Social Sciences (SPSS) program was used to 
evaluate the data obtained as a result of the surveys. In the survey; Semantic 
Differential Scale Technique was used in order to determine the favor 
criteria of the users. During the survey, the subjects are asked to make an 
assessment by marking the appropriate value for each alternative. According 
to these criteria; the responses to different values (between values of + 2 + 
1) are positive, while the responses to (-) values are negative (-1, -2). The 
samples were presented in groups that consisted of three persons and the 
subjects were asked to examine the samples carefully and then to review 
and evaluate them according to the questions. In the study, the response 
time of each subject lasted at least 5 minutes and at most 15 minutes.

3. FINDINGS 

3.1. SPACE ANALYSIS 
Sultanahmet Square consists of four different places. The first one is the 

pool area between Sultanahmet Complex and Hagia Sophia.

The second is the old hippodrome area where the German Fountain and 
Obelisks take place. The third is the area near the Sultanahmet Complex. In 
this area, there are benches for the audience to follow the sound and light 
displays.

Fourth is between the Courthouse and Firuz Aga Mosque. In the middle 
of the park, there are the remains of a palace dating from the Byzantine 
period.

In the analysis method on which the user is based, the urban space value 
has been measured with Spatial Structure Quality criteria that belongs to 
Çakmaklı (1992) and satisfaction analysis, then visual impact data have 
been analyzed. 

The ratios are an important point for the square. This situation 
corresponds to the concept that we call closeness. The space is the distance 
between the heights of the constructions that determine the area or the 
constellation. The square cannot be perceived as a whole because it has 
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a large area, it consists of different parts, the absence of limiters and the 
surrounding structures do not knit themselves like a wall. Even though 
the buildings in the square are not in human scale, the paths, squares, the 
presence of vegetative and structural elements around them are emphasized 
and perceived to the top level.

3.1.1. USER SATISFACTION ANALYSIS 
In the survey; 31% of the visitors come to the square first time; 23% 

come rarely (in a few year); 18% come every day; 12% come a few times in 
a month; 8% come a few times in a year; 4% come a few times in a week; 
3% come once a week. According to this; the square is used by the visitors 
who visit the square for the first time. At least, the square is preferred once 
a week (Figure 2).

Figure 2: Visiting frequency

Satisfaction from the general situation. 62% of the visitors who joined the 
survey are satisfied with the general situation of the area, but 38% are not 
satisfied with the general situation (Figure 3). According to this; it is clear 
that the satisfaction from the general situation is more. 
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Figure 3:Satisfaction from general situation

Points of entry: 58% of the visitors found the points of entry as sufficient 
and easily perceptible, but 42% found as insufficient and imperceptible. It is 
seen that the difference between the two results is less (Figure 4).

Figure 4. Views on points 

Visited days: 38% of the visitors visit in variable days, 22% visit at 
weekends, 17% visit in weekdays and 13% visit every day. According to 
this; it seems that the days that they prefer to visit are mostly changed. The 
number of people who always come to the area is the lowest (Figure 5).



Architectural Studies 17

Figure 5: Visiting days of entry to the areas

3.1.2. SPATIAL STRUCTURE QUALITY ANALYSIS

3.1.2.1. LEVEL OF ENVELOPMENT
Users were asked whether it was important to limit the square to the 

building mass, and 64% of the users were emphasized that it was important 
(Figure 6). When asked about the adequacy of building blocks in the study 
area, 56% of the users were moderately satisfied (Figure 7). In addition 
to the building mass, the users were asked about the possibility of plant 
material as limiting element, and 48% of the users gave the answer as 
sometimes (Figure 8).

  
   Figure 6. The importance level           Figure 7. Limiting competence of 

                 limitation of the square    square
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Figure 8: The possibility of plant material as limiting element

When asked about the size of the square to the users, 52% of them 
answered as large, 36% answered as very large (Figure 9). When asked 
whether the building and the square measures were compatible, 44% of 
the users answered as incompatible and 40% answered as less compatible 
(Figure 10).

  
            Figure 9. The size of square             Figure 10. The compatibility between                        
           building and square heights

3.1.2.2. Material quality – square relation 
When users were asked whether the materials available in the field 

affected the quality of the square, 64% of the users answered as very 
influential and 28% answered as much more influential (Figure 11). When 
asked about the quality of the material used, 48% of them said that they are 
a little qualified and 48% said that they are moderately qualified (Figure 
12).
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 Figure 11. The effect of the          Figure 12. The quality of the   
   material on the square   material

When users were asked the compatibility of the square with buildings, 
55% of the users answered as moderate compatible, 45% answered as less 
compatible and 40% answered as compatible (Figure 13). When asked 
about the value added to the square, 66% of the users answered as more, 
40% answered as moderate (Figure 14).

 
Figure 13. Compability between         Figure 14: The value of the

      square and buildings  objects on the square

3.1.2.3. FUNCTIONAL SUITABILITY ACTIVITY CHARACTER 

When the first three preferences of the reasons for preferring the space of 
the users are examined, it is preferred that the space is historical and touristy 
with a ratio of 46.30% for the 1st preference. The reason for choosing the 
place is mostly determined as historical tourist value, closeness, presence of 
religious sites and functions (Figure 15).
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Figure 15: The preference rates of the space

3.1.3. PERCEPTION MEASUREMENTS OF THE USERS ON 
SQUARE

When evaluated according to Sultanahmet Square’s perception 
criteria, the square was active with 27.31%, beautiful with 21.19%, peaceful 
with 20.57%, welcoming with 16.47%, complicated with 31%, very popular 
with 26%, very historic and traditional with 24.29, positive with 22% and 
magnificent with 51.97%. The users were undecided about functional, 
quality, safe, well-maintained and various adjective pairs (Table 2).
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Table 2: Perception Measurements of the Users on Square*
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The squares are referred to as a function or a name (such as Pazar 
Square, Mimarlik Square, Çeşme Square) when it has a particular function, 
a special activity or a construction. But sometimes a square can involve 
all of the other types. Every historic square is also an architectural square 
(Çınar Altınçekiç, 2000). As a result of the obtained data; Sultanahmet 
Square is defined as 56% architectural square and 44% historical square.

4. RESULT AND RECOMMENDATION 

Sultanahmet Square in Metropolitan Istanbul and the Historical 
Peninsula is an important focus point that tries to protect urban identity 
by taking into consideration Sultanahmet Mosque, Hagia Sophia Mosque, 
Hippodrome, Archaeological remains. As a large part of Sultanahmet 
Square is pedestrianized and the present order is resolved to prevent the 
circulation of pedestrians, it is an urban open green area that best protects 
the square.

The successful of spatial organization should meet the satisfaction of 
the visitors and bring solution urgently in terms of Socio-Psychological 
Factors, Physical Factors and Aesthetic Factors. 

Socio-Psychological Factors: Sultanahmet Square is an area that is 
used by domestic and foreign visitors from all over the world. It should be 
developed in a functional way, preserving the values that it has to serve the 
users.

Physical Factors
Continuity of Boundaries: There are no limiters to describe the area. 

The disconnection of the parts should be removed by limiters. 

Spatial Closure: spatial structures cannot be perceived as a whole 
because the structures around the square do not knit themselves like a wall. 
Spatial closure must be provided using field limiters. 

Ratio and Scale: Although the buildings in the square are not in human 
scale, they do not cause any problems in their perception.

Pedestrian Circulation: Due to its historical, cultural, religious, 
commercial and touristic center, it has transportation problems.

Accessories
Hard Buildings, Floor Coverings: The square is covered with granite 

paving stone, concrete, asphalt, granite cubes and locked paving stone. In 
the square, upholstery should be used that is compatible with each other 
and that conforms to the historical identity.
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Sitting units: Sitting units in the square cannot meet the needs for resting 
and sitting. It is necessary to create sitting and resting areas appropriate to 
the concept of the square. 

Lighting Elements: Special illuminations should be placed to emphasize 
the important points and structures of the square. There are various 
accessorizes in the square. The fact that the garbage cans in the square are 
plastic and not fixed does not match the identity of the area and is not 
functional.

Artistic Objects: Sultanahmet mosque, obelisks, Hagia Sophia museum 
are the artistic objects of the area. Cultural and artistic values in the square 
are needed to be preserved and kept alive.

Water Element: There is a circular fountain pool in Sultanahmet Park. 
It is required to do their care, and seating units should be designed around 
them. 

Plant Elements: A design must be applied to attract attention in the 
four seasons in the square, but it should be avoided from the trees which 
make the large crown because the emphasis of the structures is lost.

The main components of the space are its massive features, the activities 
of the structures and the external spaces, and the ability to respond to the 
quality of life needs of the person. Any wrong intervention in the historical 
environment, which is accepted as a common heritage of the world societies, 
will damage the past and humanity. While making the right orientations 
requires interdisciplinary work, there is no doubt that the greatest task here 
is for landscape architects.
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SOCIAL BEHAVIOR IN URBAN OPEN SPACES: A 
CONCEPTUAL APPROACH

Elif Merve ALPAK1,  Sema MUMCU2,  Tuğba DÜZENLİ3

ABSTRACT 

One of the most significant problems in the new age is the increasing number 
of individuals who are disconnected, unable to communicate and dependent on 
computers and phones. However, it was stated that “if every individual has healthy 
and sincere relationships in a society, that society can prove to be healthy”. Thus, 
attention should be paid to the ability of individuals to establish communications 
with each other.

Urban open ‘spaces’, which are frequently used on a daily basis, are important 
‘places’ for individuals to engage with one another and conduct social behavior. 
Because, these spaces help shape the attitudes of the society, provide sustainability 
in time, fulfill daily needs, formation of social identity, improving affiliation among 
individuals, acquisition of social values and meanings and thus, formation of the 
social behavior. Therefore, initially the correlation between urban open space and 
social behavior should be comprehended.

Keywords: Social behavior, Urban Open space, Kinds of relationships

The Importance of Urban Outdoor Spaces in Terms of Social 
Behavior

Each society needs a core that symbolizes its existence or subsistence. 
Urban open spaces can be such a symbol, allowing for various functions with 
their environmental properties (Alexander et al., 1977). Urban open spaces are 
the most important urban sections (Abdulkarim & Nasar, 2014), because they 
fulfill a variety of requirements such as improving individuals’ quality of life, 
belongingness, social culture, emotional and physical health and socialization 
(Wooley, 2003; Amin, 2008; Madanipour, 2010; Aelbrecht, 2016).

However, most studies defined urban spaces as socialization spaces 
(Simpson, 2011) where people gather (Gehl, 1987, Semenza & Manch, 
2009), they meet individuals that belong to different social groups, other 
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than their family or close social circle (Ruppert, 2006), and differences are 
overcame via interaction (Massey & Rose, 2003; Laurier & Philo, 2006). 
Knack (2000) stated that individuals spend most of their time in urban 
open spaces to meet and engage with other people (Farida, 2013). In other 
words, urban open spaces mostly take on the function of meeting the 
socialization needs of individuals and development of social life.

These “spaces,” where high levels of social interaction are established 
among individuals become “places” that are preferred and used for a longer 
period of time by individuals. Since the users do not utilize these places to 
conduct compulsory activities such as transportation, commuting to work, 
waiting for buses, but for social activities like resting, viewing and meeting. 
Social activities such as seeing, hearing and meeting each other are the 
starting point and the background for other modes of communication. 
Over time, with the establishment of initial communication, these spaces 
turn into a place where various activities are conducted, masses of people 
are present and events and stimulations occur and urban open spaces allow 
for social interaction among individuals (Gehl, 1987). This is one of the 
most important factors that increase the success and quality of that space 
(Whyte, 1980; PPS, 2000).

Conversely, in urban open spaces where the level of social interaction 
is low, it can be expected that the inter-personal relationships would be 
adversely affected and the common understanding and trust would be 
impaired (Bourdieu 1986; Coleman 1988; Putnam 1995; Semenza & March, 
2009). Within the present living conditions, individuals’ communications 
with each other and with their environment could come to a halt as a result. 
Thus, urban planning and design research emphasizes the need for urban 
open spaces to improve social behavior and public life experiences (Mehta, 
2007).

Therefore, the questions that need to be asked are;

• What is social behavior? 

• How it should be addressed in urban open spaces?

Social Behavior 
Maslow (1943) defined social behavior as a fundamental human need. 

That is, since individuals are defined as social beings, the communication 
among individuals has been considered as the most fundamental human 
need (Doxiadēs & Douglass, 1965; Hernandez, 1986).

Social behavior can be defined as the diversity of interpersonal 
relationships (Mehta, 2013). While certain researchers argued that the 
diversity of relationships in open urban spaces is cursory in supporting 
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social interaction, urban design studies demonstrated that the interaction 
that occurs in open public spaces affects social behavior positively (Whyte, 
1980; Kleinhans et al., 2007; Mehta, 2009; Gehl, 2010; Peters et al., 2010).

Thus, in open urban spaces, in order to understand the nature of social 
behavior, it is first necessary to comprehend the variety of interpersonal 
contacts that occur in these spaces. In sociology, primary and secondary 
contacts are defined among individuals. Those among relatives, 
acquaintances and friends are the primary contacts, and those with less 
familiar individuals and strangers are the secondary contacts. Lofland 
(1998) questioned this approach and argued that the presence of social 
contact diversity in urban spaces would prevent us from observing certain 
facts (Mehta, 2013).

As a result, certain authors primarily identified and categorized the 
diversity of contacts among people in order to render the social behavior 
measurable in open spaces and to provide a conceptual background (Gehl, 
1987; Lofland, 1998; Mehta, 2013; Aelbrecht, 2016) (Table 1).

The classifications conducted by abovementioned authors demonstrated 
that all generally grouped the diversity of contacts among individuals as 
passive, fleeting and enduring contacts. While passive and fleeting contacts 
are used to describe short-term and low-intensity contacts, enduring 
contacts are used to describe long-term and high-intensity relationships. 
These categories are discussed below in detail:

Table 1. Kinds of relationships that form social behavior (Alpak, 2017)
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• Passive Contact: These are low intensity or short-term interactions. 
Most of these are superficial contacts among people, who do not 
recognize each other, that occur while they are waiting for someone, 
sitting alone, traveling or resting in the for of watching, listening 
to and meet each other. However, these limited social activities 
are more attractive and appealing to people (Gehl, 1987). Because 
these short-term, low-intensity contacts have a significant effect as 
a starting point or background for higher intensity and long-term 
social interactions (Jacobs, 1961; Gehl, 1987; Mehta, 2007; Shaftoe, 
2008; Peters et al., 2010).

Figure 1. Passive contact visuals

ACTIVITIES

Sitting, Watching
Talking on the phone
Resting
Eating bagels  

Low-intensity 
Passive Contact 

Sitting, Watching
Resting, Chatting 

Waiting, watching,
resposing, resting
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•   Fleeting Contact: It is often used to describe the type of contact that 
occurs randomly and for a short period of time. Fleeting contacts 
are emotional associations that involve unacquainted  individuals 
or those who are familiar but met randomly in the form of greeting 
each other, asking the time, conversation among individuals who 
walk their dogs or watch street artists together (Gehl, 1987; Lofland, 
1998; Mehta, 2013; Aelbrecht, 2016).

Listening to 
street musicians, 
watching artists 
Taking pictures
Shopping

ACTIVITIES

Listening to 
street musicians, 
watching artists 
Taking pictures
Shopping

Meeting
Greeting
Chatting

Low-intensity flee-
ting contact

 

Figure 2. Fleeting Contact Visuals



Architectural Studies 33

• Enduring Contact: It is used to define the long-term contacts 
among close friends, lovers or relatives. The contact among these 
individuals, who know each other well, is in the form of making 
rendezvous and meeting each other, dining, chatting, playing games, 
spending time together, promenading and sitting in a planned 
manner. These planned activities are the most comprehensive form 
of social contact (Gehl, 1987; Lofland, 1998; Mehta, 2013; Aelbrecht, 
2016).

Figure 3. Enduring Contact Visuals

In line with the definitions obtained as a result of the literature review, 
social behavior in urban open spaces is presented as a diversity of passive-
fleeting-enduring contacts (Figure 4). Thus, social behavior is explained as 
clear theoretical concepts, not only as an abstraction, that could be utilized 
in future research.
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Figure 4. Social behavior indicators in urban open spaces (Alpak, 2017)

Discussion and Conclusion
Scientists who studied interpersonal relationships defined the squares, 

parks and streets as open public spaces where public life could be organized, 
facilitated and social interaction could be promoted (Alexander et al., 1977; 
Whyte, 1980; Lynch, 1984; Gehl, 1987; Carr et al. 1992; Cooper-Marcus & 
Francis, 1998; Mehta, 2007; 2009; Farida, 2013; Abdulkarim & Nasar, 2014). 
While parks and squares avail social interaction as deliberate and volunteer 
resting/gathering spaces within the noise and intricacies of the urban life 
(Hernandez, 1986; Peters et al., 2010), shopping streets contribute to social 
interaction as a part of the daily routine and through random use (Gehl, 
1987; Mehta, 2007; 2009; Samadi et al., 2012).
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The social behavior structure revealed in the present study demonstrated 
that both squares and parks that are visited voluntarily and shopping streets 
that are utilized as a part of the daily routine become spaces where strong 
social interactions are established when they enable passive-fleeting-
enduring contact diversity. In other words, establishment of strong social 
interactions is not expected in open spaces where only passive or fleeting or 
enduring contacts are formed. The spaces in which these three relationships 
can be realized among people enable the formation of places of social 
behavior and strong relations are established among people. In this way, the 
dimension of the social feature of the environment or space is strengthened. 
The designer can create a space that is both successful in terms of physics 
and a place that is successful in terms of social characteristics by promoting 
the diversity of relationships among people.

Various researchers have argued that a space can become a living space 
when it is designed and approached with its physical characteristics (comfort, 
security, accessibility, aesthetics, etc.) and the social characteristics of people 
with their behavior, activities and uses. Therefore, the properties of the 
environment define the components of it as each other, the components as 
the relationships between people and people. Thus, the environment is not 
only a space with physical features that have borders for human activities, 
but also a space with social characteristics that is an important part of the 
behavior model (Baker, 1987; Lang, 1987; Rapoport, 1990).  Proshansky et 
al. (1983) and Canter (1983) stated that the environment is as social as it is 
physically, so we have to say that these two properties should be considered 
as a whole in environmental-behavioral researches.

The diversity of relationships (passive-fleeting-enduring) among people 
revealed in this study also constitutes the social characteristics of the space. 
Consequently, urban open “spaces,” where various users (of different ages, 
gender, income groups, profession, etc.) can conduct different activities 
concurrently, enabling the abovementioned three contact types and could 
be transformed into “social behavior spaces,” should be designed. This 
would contribute to the formation of a social identity, social attitudes and 
a sense of community.
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EVALUATION OF ADMINISTRATIVE AND CLASSROOM 
BLOCKS OF SELÇUK UNIVERSITY FACULTY OF 

AGRICULTURE ACCORDING TO PHYSICALLY DISABLED 
DESIGN STANDARDS

Sertaç GÜNGÖR1,  Murat ATASOY2, Nurgül ARISOY3

ABSTRACT

Approximately 15% of the world’s population is handicapped. In Turkey, this 
rate is 12.29%. In today’s conditions, the risk of disability is quite high. Physically 
handicapped individuals should have the right to move easily and comfortably in 
the faculties where they are trained, like other individuals in the community. For 
this reason, it is necessary to plan, design and implement the disabled individuals 
as they are able to reach an unhindered lifestyle, such as all the individuals, that 
is to say, the disabled person without any need for assistance, easily and safely 
in the educational institution and for the disabled to feel like they are different 
from other individuals in the educational institution. Our research was carried 
out in and around Konya Selçuk University Faculty of Agriculture administrative 
and classroom blocks. Entrance-exit doors, walkways, ramps, disability toilets, 
washbasins, toilets, lifts and wheelchair lifting platform for the disabled have 
been reviewed according to disabled design criteria. As a result, the positive and 
negative factors detected in the administrative and classroom blocks of the Faculty 
of Agriculture of Selçuk University were reported and suggestions on design were 
introduced.

Keywords: Handicapped people, disabled design, accessibility

INTRODUCTION

Cities that have become unplanned by rapidly growing with 
industrialization movements are increasingly making people’s community 
life difficult. The fact that faulty urban designs lead to serious loss of 
productivity even in people who do not have any disability from a physical 
aspect draws more attention to the problems of people with temporary and 
permanent disability. The conditions of individuals with disabilities and 
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their families are at the forefront of the main problems in our country, as 
well as in the world. Since disabled people who are the integral parts of the 
society are considered as consumers and people in need of care, they often 
face obstacles in social life. This situation makes disabled individuals more 
exhausted than shortcomings caused by their physical disabilities (Bekci, 
2012). 

When the principle of equality between individuals, which is the 
foundation of modernity, is considered, a modern state has to provide all 
its citizens with opportunities to live humanly without any discrimination. 
For this reason, the problems of disabled people who are the integral parts 
of the social life should be addressed realistically, and they should be 
integrated with the society (Özcan & Sirel 2008). There are many obstacles 
to the integration of disabled people with social life. Poverty, transportation, 
and the fact that the physical environment has not been designed for 
disabled people are the most important ones among these obstacles. Along 
with changes in social life, there has also been a need for new definitions 
related to disability. The concept of disability has been restructured by 
the World Health Organization (WHO), the United Nations (UN) and 
the International Labor Organization (ILO), and it has been classified as 
impairment, handicap and accessibility according to the severity of the 
disease (Sürmen, 1988).

The World Health Organization indicates that over 500 million people 
in the world are disabled and represent 10% of the total population (Bekci, 
2012); according to the results of the 1st Council of Disabled People in 
the last months of 2003, it is stated that 12% ratio of disability in Turkey 
is equal to 8 million 431 thousand 937 of the population (Orakcı, 2010). 
In addition to individuals with a permanent disability, each person may 
experience temporary disability in a certain period of his/her life. Even a 
healthy person can become disabled for some reasons such as insomnia 
and attention deficit. The quality of life of the city is also quite important for 
children, the elderly, and mothers who use a baby carriage. In this context, 
the arrangement of physical environmental conditions in a way to facilitate 
the life of disabled people will be solved by the responsive behaviors of 
responsible persons and organizations. Therefore, many studies have been 
carried out to attract the attention of people and organizations on this issue 
(Bekci, 2012) .

They have determined that the use of park areas cause serious problems 
for physically-disabled people by evaluating the criteria such as the 
accessibility, adequacy (usability), transportation, safety and equipment 
of parks for the use of open green spaces for physically-disabled people, 
and they offered solution proposals. In their study, (Altinok & Kars 2010) 
also developed wet floor solutions by emphasizing that physically disabled 
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individuals have very limited freedom of movement in open green spaces. 
(Bekci, 2012) determined the design criteria by identifying the priorities for 
visually impaired people in spaces belonging to institutions by developing 
a design and evaluation model for a space for visually impaired people, 
and they developed a design and evaluation model prepared in line with 
this purpose. While (Bekci, 2012) created designs for disabled people by 
determining the accident risks faced by disabled people in urban spaces, 
(Mülayim, 2009) emphasized the design deficiencies faced by disabled 
individuals in outer spaces, and (Eşkil, 2011) conducted a study for disabled 
people and contributed to the unintellectuality of public spaces and parks 
by determining the outdoor design principles and standards. In this study, 
the easiest transportation alternatives from the city center of Bartın to 
the waterfront park area that was found suitable for the use of disabled 
people were investigated. Eight alternative roads from the city center to 
the waterfront park area were proposed for users, the relationships of all 
proposed roads with sidewalks, stairs, floor coverings, sign and lighting 
Anonymouss, and junction points, and the inclination of the floor and 
proximity to houses were examined, and the most appropriate one of these 
routes for physically disabled users was determined. (Bekci, 2012)

THE CONCEPT OF THE DISABLED AND ITS 
CLASSIFICATION

The Concept of The Disabled 
Disability is a condition in which a person is unable to perform normal 

functions due to differences in the body structure. Disabilities originating 
from the body of a person are emphasized in the definition of disability of 
the World Health Organization (WHO) (Ören, 2015).

“It is the limitation or non-fulfillment of the roles expected from a 
person due to an impairment or handicap depending on age, gender, social 
and cultural factors” (WHO, 1980).

Disability is defined in Article 1 of the United Nations Convention on the 
Rights of Persons with Disabilities. In this definition, unlike the definition 
of the WHO, the source of disability is not restricted with limitations caused 
by an impairment or handicap and the presence of various disabilities is 
mentioned (Ören, 2015).

“People with disabilities are people with long-term physical, mental, 
psychological, and sensory handicaps that prevent them from joining 
society fully and effectively under equal conditions with the others.” (Ören, 
2015).
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The expressions “disabled” and “handicapped” in the definitions of 
disability should be explained to understand the concept of disabled better. 
The expressions of disabled and handicapped have different meanings 
although they are used interchangeably. The concept of disabled is defined in 
the Disability Law No. 5378 as follows; (Ören, 2015)

“The person who has difficulty in adapting to social life and meeting 
daily needs because of losing his physical, mental, psychological, sensory 
and social skills at varying degrees for congenital or subsequent reasons and 
who needs protection, care, rehabilitation, counseling and support services.” 
(Ören, 2015). 

In the Turkey Disabled People Research Report of the State Institute of 
Statistics (SIS) by the Prime Ministry Department of the Administration of 
The Disabled (ÖZİDA), disability is defined shorter as follows; (Ören, 2015)

“People who has lost their physical, mental, psychological, emotional and 
social skills at varying degrees because of a congenital or subsequent disease 
or accident and who cannot meet the requirements of normal life (Akbaba 
et all. 2012).

1981 International Year of the Disabled, Turkey Coordination Anonymous 
Subcommittee defines handicap as follows;

“The condition of being unable to meet the requirements of normal life as 
a result of the lack or dysfunction of an organ causing the loss of function 
at a certain ratio and continuously in physical, mental and psychological 
characteristics, and the person with this condition is called handicapped” 
(Ören, 2015).

A temporary loss of ability and dysfunctions in the body are also called a 
handicap. Handicap is different from disability because of being temporary. 
However, disability is also a concept that includes disability. The concept of 
disability also includes social barriers such as exclusion from the society, 
along with impairment restrictions. This matter is defined as “When 
limitations that occur due to disability limit the social life, the person does 
not only become handicapped but also becomes “disabled”, in the TS 12576: 
20122 Standard. Since the disabled is the most comprehensive definition, 
“disabled” is used in the study (Ören, 2015).

Classification of The Disabled
Disabled people can be divided into two classes, due to a defect in the 

body and other reasons. Disability falling within the first group can be 
examined under six headings according to the ÖZİDA (2002) Research;

• Orthopedic (physically) disabled people
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• Visually impaired people

• Hearing impaired people 

• Language and speech impaired people

• Mentally disabled people

• Patients with chronic disabilities (Akbaba et all. 2012).

Physically disabled and visually impaired people also have accessibility 
barriers in the face of physical barriers. Except for disabled groups, those 
with the limitation of movement and accessibility barriers can be classified 
as follows; (Ören, 2015).

• The elderly and children

• Too long or too short people

• Overweight people

• Temporarily disabled people (pregnant women, those injured, patients)

• Those with a baby carriage and those carrying a load (Ören, 2015).

Orthopedic (physically) disabled people
Orthopedic disabled people are physically disabled individuals who 

cannot have normal human mobility as a result of insufficiency, deficiency 
and loss of function in the musculoskeletal system for reasons such as 
shortness, deficiency, excessiveness and absence in hands, arms, feet, 
legs, fingers and backbone, and who can move with auxiliary devices and 
tools due to the limitation of movement, malformation, muscle weakness 
and loss of function in the movement organs or the structures that form 
the individual’s body. In particular, those with a musculoskeletal system 
disability, those with backbone disorders, muscle weakness, brain and 
spinal cord disorders, bone diseases, paralysis, cerebral palsy, spina bifida 
poliomyelitis, and spastic disorder, in other words, those with characteristics 
that limit movement are included in this group. (Özdingiş, 2007). Disabled 
people with the limitation of movement due to a physical disability are 
divided into two classes.

• Disabled people who can walk: divided into three;

- Those who can walk without help

- Those who can walk using a walking stick

- Disabled people with a crutch or a more advanced apparatus

• Disabled people with a wheelchair: divided into three;

- Those who are wheelchair-bound but who can occasionally walk
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- Disabled people who use the upper part of the body

- Disabled people with a wheelchair who are never able to use this body

Visually Impaired People
People who have a binocular vision of less than 10% and do not have an 

opportunity to use their vision in normal life and work are called “blind”. 
Those who have a binocular vision of less than 30% in total and cannot 
use their vision in normal life and work without using special tools and 
methods are called “those with low vision” (Artar & Karabacakoğlu 2003). 
This is caused by the structural and/or tissue disorders of the components 
involved in the vision function. This group is also divided into two.

• Congenital visually impaired people

• Subsequent visually impaired people

Hearing Impaired People
People who cannot communicate at the normal level are defined as hearing 

impaired people in society. In humans, a hearing disorder occurs with the 
dysfunction of organs of hearing due to reasons such as noise and accidents 
encountered before, during and after the birth and throughout life or senility. 
If the hearing loss is between 21-35 decibels (dB), between 36 – 70 dB, and 
between 71 -90 dB, the person is defined as the mildly hearing impaired, 
the moderately hearing impaired and the severely hearing impaired person, 
respectively. The hearing loss of 90 dB and above is a very severe hearing loss, 
and the person is defined as deaf (Özdingiş, 2007).

Speech Impaired People
They are people who are unable to speak for any reason or who have 

an impairment in the speed, fluency and expression of their speech and 
vocal disorder. Those who are unable to speak although they hear, those 
without a larynx, those who use an apparatus to talk, those who stammer, 
those with aphasia, impairment in the tongue-lip palate jaw structure are 
included in this group (Akbaba et all. 2012).

Mentally Disabled People
Mental disability is a condition in which people have aging, discontinuation 

and retardation in their development and functions for different reasons 
before birth, during birth or during the development process, and thus, have 
continuous retardation and deficiency in their behaviors (Atala, 1996).

Chronic Diseases
These are diseases that lead to the inhibition of the person’s working 

capacity and functions and that require continuous care and treatment. 



Architectural Studies 45

These are blood diseases, cardiovascular diseases, respiratory system 
diseases, digestive system diseases, urinary tract and reproductive system 
diseases, dermatological diseases, cancer, endocrine and metabolic diseases, 
psychological behavioral disorders, nervous system diseases, and sensory 
diseases (Akbaba et all. 2012).

INTERIOR DESIGN FACTORS

Ramps (Ramps on the sidewalk route) 
Width of the ramps 

- The net width of the ramps to be constructed on the sidewalk route 
and other pedestrian ways (outside the curbside and building entrance 
ramps) should be at least 90 cm. 

- At the beginning and end of the ramps to be constructed on the 
sidewalk route, there should be an area of at least 150 cm x 150 cm where the 
wheelchair can maneuver. If the ramp changes its direction on the landing, 
the landing area required for the maneuvering of the disabled people with 
a wheelchair should also be at least 150 cm x 150 cm. 

- A rest area of at least 150 cm should be provided on ramps that are 
longer than 9 m or in places where there is an access from a ramp to a 
second ramp. There should be 2.5 m-rest areas every 30 m on the ramps 
that are divided by a landing every 9 m but have a length of more than 30 
m, and benches should be placed in these areas so as not to prevent passage. 

Inclination on the Ramps 
- The inclinations on ramps should be as lowest as possible considering 

that wheelchair users, people with difficulty in walking, people using a baby 
carriage, and visually impaired people will also use them. The inclination of 
the ramp should be at most 5%. 

- The inclination of ramps longer than 9 m should never exceed 5%. 

- For visually impaired people, stimulating perceivable surfaces with a 
depth of 60 cm should be applied at the beginning and end of ramps (Aksoy 
& Öztürk 2012). 

- Alternative transportation methods should be used in cases when the 
construction of ramps is not possible (Platform lift, hydraulic lift, etc.) 

Surface Coating on the Ramps 
- The surfaces of ramps should be coated with a flat, stable, durable and 

non-slip (wet-dry) material. 
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Security on the Ramps 
- There should be handrails at two separate heights, 90 cm height at the 

first level and 70 cm height at the second level, on both sides of ramps that 
exceed the elevation difference of more than 20 cm. For security, handrails 
should be 30 cm longer after the beginning and end of a ramp. The edge of 
these extensions on handrails should be rounded to prevent any accident. 

- On ramps wider than 300 cm, in addition to railings on both sides of 
the ramp, a third railing should be constructed between 90 cm and 140 cm 
in width. 

- For the security of disabled people using a wheelchair, a protection 
border or iron with a height of at least 5 cm should be constructed on both 
sides of ramps  (Aksoy & Öztürk 2012)). 

Stairs  
- A suitable ramp or elevator should be built next to the stair. There 

should be an accessible alternative route if there are the stairs that cannot 
be resolved by a ramp, lift or elevator. 

- The top of the stairs providing access to a closed or semi-closed space 
(underpass and overpass, station entrance, etc.) should be covered against 
atmospheric effects (Aksoy & Öztürk 2012). 

Sizes of the stairs 
- Necessary measures should be taken for the evacuation of water on 

the stairs. 

- Step width and height; 

Calculated using the formula:

“2h+b= 60-64 cm” 

h = Step height (cm)  

b = Step width (cm)

- The step height should be 12-15 cm, and the step width should be at 
least 30 cm. Furthermore, on the step groups on the stair, there should be 
no height difference between the steps, and all steps should be of equal 
height. 

- Additional railings should be constructed in the middle of the stairs 
wider than 300 cm. 

- On roads with the stairs going in the same direction, there should be a 
landing every 8-10 steps. 
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Surface Coating on the Stairs 
- Stimulating perceivable surface materials should be applied for visually 

impaired people to find and perceive the stairs. A stimulating surface with a 
depth of 60 cm and a width of the stair should be used 30 cm ahead of the 
ascent or descent step of the stair. 

- The stairs should be coated with a flat, stable, durable and non-slip 
(wet-dry) material (Aksoy & Öztürk 2012)

Security on the stairs 
- There should be guardrails on both sides of the stairs, and a handrail 

should be constructed if there is a wall on the sides of the stair. 

- Handrails should be extended 30 cm beyond the first and last steps at 
the beginning and end of the stair. 

- The edge of these extensions on handrails should be rounded to 
prevent any accident. 

- There should be handrails at two separate heights, 90 cm height at the 
first level and 70 cm height at the second level, on the stair. 

- Handrails should be coated with an anti-slip material resistant to heat 
and cold. 

- The guardrails should be securely attached to the floor or wall so that 
they can withstand the body mass of a leaning person. 

- Step design with open and ribbed ends should be avoided to reduce the 
danger of falling. Risers should be closed.

- For pedestrians to be able to use the stairs easily and securely, the stairs 
should be well lightened at the opposite side (at a higher level than road 
lighting, if possible) so that there will be no shadow on the steps. 

- The lower part of the stair should be closed up to 220 cm height to 
protect visually impaired people (Aksoy & Öztürk 2012).

Open and Green Areas 
- Planting should be done after achieving 150 cm net passage width on 

sidewalks for pedestrians. 

- As far as possible, thorny plants should be avoided during planting on 
a pedestrian route. 

- During planting to be applied on pedestrian ways and next to a ramp/
stair, plants that will not make the surface slippery and do not bear fruits 
should be selected. 
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- Planting with an allergic effect (such as poplar tree) should not be 
applied. 

- Trees that do not branch below (not less than 220 cm from the ground) 
should be used in roadside planting. 

- Poisonous and thorny planting should not be applied especially 
in hospitals such as Children’s Hospitals, Mental Health and Disorders 
Hospitals, and AMATEM. 

- Recreation areas for the use of patients should be planned in the 
landscaping projects of healthcare facilities. Recreation areas should be 
planned especially in newly constructed facilities, and necessary revisions 
should be made in the old ones. These areas should be organized as the areas 
that provide patients with an opportunity to walk around and do exercise, 
etc. Such uses are important especially in hospitals such as Physical Therapy 
and Rehabilitation Hospitals, Mental Health and Disorders Hospitals, and 
AMATEM. 

- Children’s playgroups from which children with disabilities can also 
benefit should be included in children’s playgrounds in children’s hospitals, 
and other measures should be taken (Aksoy & Öztürk 2012)

Basic Rules for Signs and Signalizations 
The signs and signalizations used for disabled people must comply with 

TS 9111 and TS 12576. 

- In areas such as sidewalks, crossing, ramps and stairs, parking areas, bus 
stop, drop-off and pick-up areas, there should be signs and signalizations 
horizontally or vertically for information, guidance and warning purposes 
where necessary. 

- These signs should be simple, legible, visible from a distance, and 
adequately illuminated. 

- They should meet the needs of visually impaired and hearing impaired 
people. 

- Signposts and sign Anonymouss should not prevent the movements of 
pedestrians, and the signs on posts should be visible and directive. 

- Signalizations should have a contrasting color with the environment 
color. 

- Signs should be placed at a height between 120 – 160 cm above the 
floor or ground surface, and they should be legible from a short distance 
when they are approached. 

- Signs should be at least 220 cm above the ground in places where signs 
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may pose an obstacle, such as crowded places. This height also applies to 
signs mounted on the ceiling or wall. 

- For the visual angle, the font sizes should be 25 cm, 40 cm and 75 cm 
when reading distances are 10 m, 20 m and 50 m, respectively (Aksoy & 
Öztürk 2012). 

Information signs and systems 
Information signs and systems are the texts, symbols and systems used 

in giving information through seeing, hearing or touching. These signs 
should be located so that they will not cause knocking in the field of vision. 

Perceivable Information Signs and Symbols 
At the main entrance of the faculty, a “faculty campus relief map” should 

be located in a place where visually impaired people can easily reach it. 
Directing with a perceivable surface should be applied on this map. 

- Only important information (“Now you are here” point, route 
information on guide tracks, information on the building location, use and 
entrances, etc.) should be included in the faculty campus relief map. 

- The map should not be placed on a horizontal plane and should be 
mounted in a way to form an angle between 20° - 30° for the ease of reading. 

- The illumination should not dazzle the eyes. 

- The legend of the map should be leaned against left and should be 
placed on the lower part of the map. 

- Since it is difficult for visually impaired people to use visible 
information, information signs should be in contrasting colors for those 
with low vision and should be understandable or perceivable by touching 
for the blind. 

- These information signs should include relief letters and numbers, and 
voice notification at the required level for hearing impaired people. 

- Information should be visible for hearing impaired people (Aksoy & 
Öztürk 2012).

Rest Areas/Benches 
- Resting benches should be placed every 50 m at most. 

- In rest areas, at least 120 cm space should be left next to sitting benches 
so that a wheelchair can approach them.

- The sitting part of a resting bench should be 45 cm above the ground, 
and its armrest should be 70 cm above the ground. 
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- For wheelchair users, tables should be made high between 75 cm and 
86 cm. 

- For wheelchair users, there should be knee spaces of 90 cm wide and 
49 cm deep under the table (Aksoy & Öztürk 2012). 

Trash Cans 

- Trash cans should be selected from materials that will not cause injury 
and should be used with one hand. 

- Their height above the ground should be a maximum of 120 cm. 

- They should be placed at a distance that can be reached from the 
walking route. 

INTERIOR ACCESSIBILITY STANDARDS

Building Entrances and Exits 
At least one entrance of buildings should be provided with a reachable 

access and entrance. All accessible route points should be at least 100 cm 
in width, and the inclination of ramps should not be more than 1:12 (8%). 
Guardrails should be arranged on both sides of ramps that are higher than 
15 cm. The guardrails should be 70 cm and 90 cm high from the ramp 
surface at two stages. The edge protections should be considered at least 5 
cm high at the edges of ramps (Anonymous, 2004). 

If alternative accessible entrances are to be used, these entrances should 
be marked and directed on the accessible routes with signs. There should 
be a sufficient maneuvering area in front of this accessible entrance door, 
and it should be in accordance with the door accessibility arrangements. 
In particular, there should not be a lighting element with a height of less 
than 220 cm or any equipment such as hanging sign Anonymous on 
entrance ways to be used by visually impaired people or people with low 
vision. Guardrail arrangements should not be neglected on the stairs that 
cause an elevation difference. The width of ramps should be at least 100 cm 
(Anonymous, 2004).

With respect to the entrances of buildings, the following arrangements 
have been given regarding the fact that building entrances are level crossing. 

• If the construction limit of the building is bordered by a pedestrian way 
in the direct entrance from a sidewalk to the building, stepless entrances 
are recommended. The inclination of the sidewalk should be towards the 
traffic way. 

• On the sidewalk at the main entrance of the building, a separate floor 
covering with a size of 150 cm x 150 cm that can be perceived by visually 
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impaired people, apart from the floor covering of the pedestrian way, 
should be used. 

• In the garden at the main entrance of the building, a floor covering 
with a size of at least 150 cm x 150 cm and a different texture from the road 
floor covering should be used for disabled people in front of the garden 
entrance and the main entrance to the building. Furthermore, a 50 cm-
wide walking lane should be made on the access road to the garden for 
visually impaired people. 

• In places where sidewalks coincide with the garage entrance of 
buildings, the traffic way should be lowered from the side lane to be at least 
3 cm above it.

The main entrances of all commercial, administrative and public 
buildings and residential buildings should be accessible from the sidewalk. 
There should be a large entrance landing in front of the building entrance. 
The building entrance should be made of non-slippery hard materials and 
should be well illuminated. At least one main entrance should be used for 
people with disabilities. If public and commercial building entrances have 
the stairs, a ramp should be constructed at an inclination that can be used 
by disabled people. There should be a landing with a separate texture at the 
beginning and end of ramps. The entrances and exits to be used by disabled 
people at the entrances of public buildings and commercial buildings 
should be indicated by appropriate signs or symbols (Adanır & Öge 2015).

Difference of Levels 
No special roadside arrangement is required for the difference of levels 

up to 0.6 cm. The difference of levels between 0.6 cm-1.3 cm can be arranged 
with an inclination that is not greater than 1:2. It is necessary to properly 
construct ramps for the differences of levels more than 1.3 cm. 

If a carpet or a type of carpet covering is used on the ground or floor 
surface, they should be securely fixed to the ground. The height of the 
carpet wool should not exceed 1.3 cm. If there are grids on the walking 
route, their spaces in a direction should not exceed 1.3 cm. Grids should be 
placed so that the long side is perpendicular to the main access direction 
(Adanır & Öge 2015).

Horizontal Circulation 

Measures to Take Into Account in Indoor Horizontal Circulation 

An accessible route width should be necessarily provided in corridors, 
rooms and indoor elevation differences, and ramp arrangements should 
be made. Appropriate arrangements should be made for all users who 
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use the building. A wheelchair space of at least 100 cm should be left, and 
on the route that reaches it, horizontal and vertical circulation should be 
provided with a maneuvering area that provides a return of at least 150 cm 
in diameter and a bidirectional access of 165 cm (Anonymous, 2004). 

A width of at least 122 cm is required for a person, who is able to walk, 
can walk side by side with a person who is unable to walk or partially walk  
(TSE, 1991).

The width required for a 180° turn of the wheelchair is at least 150 cm. 
The net floor or covering area required for a standing or moving wheelchair 
is 76 cm x 122 cm  (TSE, 1991)

If the net floor area (area of usage) is limited within a niche, or in other 
words, if it limits a wheelchair on three sides in a way to include it completely 
or partially, niche sizes should be large enough to allow a healthy maneuver. 

Frequent different arrangements should not be made in indoor access, 
and equipment should be kept fixed. Unnecessary niches and offsets should 
be avoided. The corners of compulsory niches and offsets (columns, etc.) 
should be rounded.

Barriers above the head should be placed at least 220 cm above the 
ground. The wheelchair turning (maneuvering) distances shown in the 
corridor widths should be taken into account. In circulation areas, there 
should be wall-mounted holding bars with a suitable height. For radiators 
to be used in circulation areas, narrow-edge cast iron or steel panel radiators 
should be selected. 

If the net width of an accessible route is less than 150 cm, 150 cm x 150 
cm transitional spaces should be located at suitable intervals that do not 
exceed 30 meters for wheelchairs. Two way or T-junction of the corridor is 
an acceptable transition area. There are measures that are required in the 
design in the immediate vicinity and inside of the building and that are 
needed by people, who use different auxiliary tools and have different traits, 
for passage (TSE, 1991).

The stairs  
Since the stairs obstruct the mobility of disabled people, the connection of 

different grades to each other by a ramp is important to ensure accessibility. 
They are used as the alternatives of ramps that are steeper than 1:20. In this 
context, stair detailing and dimensioning are of great importance in terms 
of disabled people. If a stair is compulsorily constructed, a handrail should 
be placed on both sides. The stair should be marked with a perceivable 
surface coating of 120 cm length at the beginning and end of the stair. 
The perceivable surface should start just before the first step and should 
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be located after a space that is as large as the stair width at the end of the 
stair. The perceivable surface should be at least 40 cm wide and should be 
different and sensible in terms of color and texture. Climbing should be 
interrupted with a landing of at least 200 cm in length after a walking flight 
of the stairs reaches a height of over 180 cm, and an area of 180 cm x 180 cm 
in size should be left if there is a change of direction in the landings (Adanır 
& Öge 2015).

Rough, anti-slip coating should be used on the walking surfaces of the 
stairs. The handrails on both sides of the stairs and the perceivable surfaces 
at the beginning and end of the stairs are important for the security of all 
users. If the stair is wider than 300 cm, a railing should be placed in the 
middle part so that each interval would be between 90 cm and 140 cm. 
Moreover, it should be ensured that texture differentiation on handrails and 
the beginning and end of the stairs are sensed. The steps and risers should 
be displayed in a separate color. There should be a protective anti-slip strip 
with a width of 4 cm at the edge of the step, and the protective material 
should be mounted so that it will prevent tripping and falling, it will not 
stick out, and it will be flat with the step surface. On the existing stairs, 
an anti-slip strip can be applied as an alternative solution in cases when 
the shape of the edge of the step cannot be changed. The anti-slip strip 
should be 4 cm wide, and the wall thickness should not be more than 0.01 
cm above the step. The color of the strip should be opposite to the step to 
guide people with vision problems. An appropriate perceivable stimulating 
surface should be applied on landings. If the coating cannot be changed 
in existing buildings, a rectangular marked surface with crosslinks can 
be applied as an alternative solution with the anti-slip strip used for steps 
(Adanır & Öge 2015).

Elevators 

Outside the cabin 
Sufficient space should be provided in front of the elevator cabin in 

accordance with the intended purpose (For example, an area of at least 150 
cm x 150 cm is sufficient in front of an elevator for 8 people). 

The elevator door should be automatic or photoelectric, and the net 
clearance should not be less than 90 cm. The automatic turn on-turn off 
device should be arranged to take action against a barrier passing through 
the door, between a height of 12 cm and 73 cm. This device should remain 
active for at least 10-20 seconds. The middle point of calling buttons should 
be 1 m above the ground. The minimum size of calling buttons should be 
at least 1.5 cm (TSE). The button indicative of going up should be at the 
top. A visible and audible signal indicating which cabin responds to calling 
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should be placed at the entrance of each elevator cabin. The audio signal 
should sound once upwardly and twice downwardly. The middle point of 
the signals indicative of descent-ascent should be at least 180 cm above the 
ground. The minimum size of the vision elements should be at least 6.5 cm. 
Signals should be visible near the calling buttons (Adanır & Öge 2015).

Inside the cabin
The internal part of the cabin should allow for maneuvering to access 

control with suitable sizes for the entry of a wheelchair. The sizes inside 
the cabin should be net 120 cm x 150 cm or 95 cm x 140 cm. When the 
elevator door is opened, the access distance should be at least 90 cm, and the 
difference between the floor level and elevator floor should be a maximum 
of 0.6 cm. Inside the cabin, there should be holding bars of 85 cm - 90 cm 
above the ground (Adanır & Öge 2015).

Platform Stair Lift 
In places when there is a ramp, or elevator placement is difficult 

or impossible, platform and stair lifts can provide access to the existing 
buildings. The sloping-moving stair lifts are generally used to provide 
a connection between one or more floors or inclined planes in existing 
buildings. The internal and exterior stairs and landings to be used for a 
stair lift should be located on an accessible route, should be indicated by 
appropriate signs and should be able to serve without getting help. The 
floor measures of the platform lift should not be less than 90 cm x 150 cm 
(Adanır & Öge 2015).

Interior Doors 

The door and its frame should have different colors from the adjacent 
wall so that people with visual impairments can see the doors. The doors 
made of glass or glazed doors should be marked with a colored strip or 
frame slightly below the eye level. Relief letters or numbers that are above 
the ground at the door handle level should be used above the door to make 
it easier for visually impaired people to recognize the rooms (TSE, 1991). 
When the door is opened 90°, the net width of the door should not be less 
than 90 cm in interior doors and less than 1 m in the doors of single spaces. 
The net height of the door should be at least 220 cm.

It is recommended that a door sill should not be built at the doors. 
The adjustment of the beveled level difference and the inclination of floor 
covering should be preferred instead of the door sill. In cases when the 
door sill is required, the height of the door sill should not be higher than 
1.3 cm. For wheelchair users, door sills should be fixed well and should be 
beveled, and rubber door sills should be preferred. 
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The door handle, locks, keys and other door components should be used 
with one hand and should function without gripping for those who cannot 
use their hands (Adanır & Öge 2015).

Toilets 
For at most 25 people in buildings such as office block, bureau, bazaar, 

passage and store and in hotels and equivalents, and for at most 50 people 
in public buildings such as educational buildings, cinemas and theaters; 
toilets, pissoir and washbasins consisting of at least 1 for female, 1 for male 
or 1 for female should be built in accordance with the standards for disabled 
people. Toilets should be located on an accessible route. On condition that 
the door is opened outwardly, a minimum net floor surface width and depth 
should be 122 m x 170 cm in the frontal access (for a flat transfer), 122 cm 
x 140 cm in the right-sided access (for a diagonal transfer) and 150 cm x 
140 cm both in frontal and left-sided access (for a side transfer). The closet 
should be placed so that the distance of the center axle from the side wall 
would be at least 50 cm and the total net width of the area where the closet 
is placed would be at least 95 cm. Measures have been provided for toilets 
with different plans. Closets should be used in toilets (Adanır & Öge, 2015).

Floor Covering
The covering of toilets should be adjusted without a level difference 

so that it will not prevent the movement of a wheelchair. If there is a 
level difference at the entrance, it should not be more than 0.6 cm. Level 
differences between 0.6 cm and 1.3 cm should be connected with an 
inclination of not more than 1/2. Bathroom and toilet drains should be 
designed to prevent water accumulation in front of the door. The floor and 
covering surfaces should be anti-slippery (wet/dry) (Adanır & Öge 2015). 

Doors 
Hinged doors should be opened at least 90 degrees. The net door 

opening should be at least 90 cm.

Toilet Cabins 
Toilet cabins should be located on an accessible route. The net depth of 

a standard toilet cabinet with a width of at least 150 cm should not be less 
than 140 cm if the closet wall is mounted on the wall and should not be 
less than 150 cm if it is mounted on the ground. The light control buttons 
should be inside the toilet cabins, or the light should automatically turn 
on when someone enters. The sizes of toilet cabins, according to access 
and transfer direction, should be determined according to the minimum 
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net floor surface area needed to be provided in front of the closet. An 
emergency call apparatus should be available in publicly available disabled 
toilets. (Adanır & Öge 2015). 

Closets  
The height of the toilet seat above the ground should be between 43 cm 

and 48 cm. The closet should be placed in a way to allow transfer from a 
wheelchair to the closet (Adanır & Öge 2015).

Water control 
Although it is recommended that the handle of the syphon should 

be photoelectric, it can also be hand-operated or automatic. The syphon 
handle should be at least 110 cm above the ground. Cleanliness taps should 
be easily handled with one hand and at an accessible distance (Adanır & 
Öge 2015).

Toilet Paper Holder  
The toilet paper holder should be at an easily accessible height and 

position, in accordance with (Figure 21 b). For a closet mounted to the rear 
wall, the distance of the toilet paper holder from the rear wall should not 
exceed 90 cm (Adanır & Öge 2015)

Washbasins  
Pedestal washbasins should not be used, and a cupAnonymous should 

not be placed under the washbasin. Washbasins should not have angular 
lines, and they should be round edged since they will provide access from 
all directions with a wheelchair. An empty ground surface in front of the 
washbasin and a knee space under the washbasin should be provided for 
the use of the washbasin. The depth of the washbasin (the distance from the 
rear wall of the front face) must be at least 43 cm and at most 49 cm. In the 
frontal access, 76 cm x122 cm net floor opening should be available in front 
of the washbasin. Up to 49 cm of this net floor surface can be extended to 
the bottom of the washbasin. The height from the top of the floor to the 
pipe section under the washbasin should be at least 68.5 cm for a knee 
space. This minimum height should be provided with a depth of at least 
20.5 cm from the front face of the washbasin to the inside. The net height of 
the washbasin should be at least 75 cm up to the bottom of the washbasin 
and at most 86 cm up to the front upper face of the washbasin (Adanır & 
Öge 2015).
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Mirrors 
The lower edge of mirrors should be at least 90 cm above the floor, and 

the upper edge should be at most 1.9 m. The eye level of the wheelchair user 
is 110 cm - 130 cm high above the ground. Adjustable mirrors that can be 
lowered and raised should be preferred for wheelchair users, and mirrors 
beveled 10°-15° toward the front should be preferred if the mirror is fixed 
(Adanır & Öge 2015).

MATERIAL AND METHOD
Material
The administrative and classroom blocks of Selçuk University Faculty of 

Agriculture located in Selçuklu District of Konya Province and their outer 
spaces constituted the research material. Literature reviews on the field and 
subject were performed, and on-site photographs and measurements of the 
present landscape project of the faculty were used. 

Method
The study method generally consists of 3 stages. These stages are as 

follows:

1) Literature  research and data collection: At this stage, data on the 
building design criteria of Selçuk University Faculty of Agriculture within 
the scope of our research subject were collected.

2) Determination of the existing situation in the research area (Findings): 
The photographs related to the relevant disability design were taken in 
the administrative and classroom space of Selçuk University Faculty of 
Agriculture.

3) General evaluation - recommendation: According to the landscape 
architecture disability design criteria, conclusions and recommendations 
suitable for the Faculty of Agriculture building and its surrounding were 
put forward. The calculation of the inclination was performed according to 
the Pythagorean relation method, and distances and measurements were 
taken by means of a 10 m tape measure. 

RESEARCH AND FINDINGS

Entrances and exits of administrative and classroom blocks
The faculty of agriculture consists of five main entrances, and these 

entrances are located in different places of the faculty. One of a total of 
five main entrances is for students, the others are, particularly Dean’s 
office, Block A main entrance for students, Blocks B and C entrance for 
Instructors, Block D entrance for workers and personnel, respectively.
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- The entrance of Dean’s office: This entrance is only for faculty members 
and civil servants. The sidewalk height of the ramp, which is located in 
front of this entrance, is 12 cm, its width is between 400 cm and 500 cm, 
the length of the ramp is 127 cm, the inclination of the ramp is 9%, and the 
entrance door is 85 cm (Figure 1).

 
Figure 1. Entrance of Dean’s office

- Entrance for Students: Students studying at different departments of 
the faculty enter through the door, and the width of the door is 180 cm.  The 
sizes of the ramp in front of the door are as follows: sidewalk height is 13 
cm, its width is 91 cm, the length of the ramp is 122 cm, and the inclination 
of the ramp is 10%. The entrance of the door works with the student card, 
and the width of the entrance on the left side is 87 cm (Figure 2).

 
Figure 2. Entrance of students

- Block B Entrance for Instructors: This entrance is only for faculty 
members and civil servants, this entrance consists of two doors, and 
the widths of the exterior door and interior door are 85 cm and 87 cm, 
respectively. The sizes of the ramp right in front of this entrance are as 
follows: sidewalk height is 62 cm, its width is 91cm, the length of the ramp 
is 266 cm, and the inclination of the ramp is 23.3% (Figure 3).
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Figure 3. Block B Entrance for academic stuff

- Block C Entrance for Instructors: This entrance is also only for faculty 
members and civil servants, and there is no ramp in front of this door 
although there is a ramp after entering the building (Figure 4).

  
Figure 4. Block D: This entrance is only for faculty members and employees 

working in the building, and it is rarely used, and there is no ramp in front of it.

 
Figure 5. Ramps
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There are two different ramps at the right corner after entering through 
the students’ door. The first ramp is located in front of the canteen, and the 
width of the ramp is 83 cm, its length is 224 cm, and the inclination of the 
ramp is 13.3% (Figure 5). The second ramp is just before the photocopy 
center. The width, length and inclination of this ramp are 77 cm, 273 cm 
and 17.5%, respectively.

 
Figure 6. Classroom ramps

The other ramp is located just on the right corner of the canteen. This 
ramp (D) is used to go to classrooms and disabled toilets. The width, length 
and inclination of this ramp are 80 cm, 315 cm and 15%, respectively 
(Figure 6).

This ramp is located at the right corner after the immediate entrance 
of block c. This ramp is used to go to classrooms on the 1st floor (m1 - 
m9). The distance between the ramp and the entrance door is 94 cm. The 
width, length and inclination of the ramp are 87 cm, 393 cm and 21.8%, 
respectively (Figure 7).

 
This ramp is used to go to the landscape architecture and plant protection 

department opposite the second canteen. The width, length and inclination 
of this ramp are 85 cm, 410 cm and 21%, respectively (Figure 8).
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These two ramps are located on the first floor, the first (M9 - M16) one is 
used to go to classrooms. The width, length and inclination of the ramp are 
87 cm, 352 cm and 23%, respectively. The second ramp (D5 - D8) is used to 
go to classrooms, and the width, length and inclination of this ramp are 87 
cm, 347 cm and 23.1%, respectively.

Classroom Doors
When all classroom doors within the faculty are considered, the door 

width and the door handle height of the classrooms are 84 cm and 102 
cm, respectively. However, there is not a special place for wheelchairs in all 
classrooms.

Exterior Toilet Doors 
The width of the toilet doors in different parts of the faculty is 71 cm, 

and the door handle height is 98 cm. One of every three toilets has been 
allocated for disabled people. These toilets consist of two doors, the first 
one is the exterior door, and the second one is the interior door. The width 
of the exterior door is 71 cm, and there are signs for disabled people on 
these doors (Figure 34).  

Interior Toilet Doors
These doors have different sizes. Disabled toilet doors, unlike other 

doors, are wider and easily opened. The width and door handle of some 
doors are 93 cm and 102 cm, respectively, while the width and door handle 
of some doors are 53 cm and 102 cm.
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Toilets
Disabled toilets were designed differently from normal toilets. While 

the interior distance area size of some toilets is (197 x 144 cm2), it is ( 110 
x 120 cm2 ) in some of them. 

 
Figure 9. Toilets

Closet
The height of the toilet seat above the ground is 45 cm, the distance 

between the two bars is 70 cm, and the height above the ground is 75 cm. 
The height of the tap above the ground is 50 cm. The distance between toilet 
papers and handlebars is 25 cm, and the height of the toilet papers above 
the ground is 70 cm.

Explanation: 

A – 70 cm between the handlebars

B - The height of the closets above the ground is 45 cm

C - The height of the tap above the ground is 50 cm

D - 25 cm between the handlebar and toilet paper

F - The height of the toilet papers above the ground is 55 cm

Washbasins  
Washbasins are located outside the toilets. Disabled washbasins are a 

little bit shorter than other normal washbasins, their taps are designed in 
an easy-to-use format, and there is a knee space under the washbasin. The 
washbasin’s depth (the distance from its front face to the rear wall is 45 cm), 
the height of the washbasin above the ground is 65 cm, the height of the 
soap dispenser is 100 cm, and the height of the mirror is 140 cm. 

Elevators and Lifting platform 
These elevators are located in different places of the faculty, and there 

are two different types of elevators: these elevators are located in two 
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different places of the faculty. The first one of these is just to the left of the 
entrance door of the Dean’s office, and the second one is just opposite the 
block C entrance for instructors. This elevator goes to classroom M1 - M9. 
The width of the first elevator is 107 cm, its length is 142 cm, and the height 
of the calling button above the ground is 90 cm. The width of the second 
elevator is 95 cm, its length is 134 cm, and the height of the calling button 
above the ground is 102 cm (Figure 10).

 
Figure 10. Elevators and Lifting platform

Normal elevator 
This elevator is located next to the washbasins in the right corridor of 

the landscape architecture inside the faculty. This elevator goes from the 
first floor up to the last floor of the faculty. The door width of this elevator 
is 80 cm, and the height of the calling button is 140 cm. The size of the 
internal part of the elevator is (98 x 146 cm2) (Figure 11). 
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Figure 11. Elevator measurements

CONCLUSION AND RECOMMENDATIONS

Faculty members and students in the faculty enter and exit every day 
except weekends. There could be different disabled people among faculty 
members and students. The building, entrance and exit doors, sidewalks, 
elevators, ramps, toilets and washbasins should be designed easily and in 
accordance with the standard conditions of disabled people.

While the inclination of some ramps at the entrance doors of the 
faculty is in compliance with the standard measurements, some of them 
are dangerous and not suitable. Same problems are experienced within the 
building. The width of the ramps is made with little difference, not exactly 
to the standard conditions. The inclination of the ramp has emerged with 
a great difference, it is impossible for wheelchair users alone to go up the 
ramp inside the building, and the inclination of some ramps is 23% due to 
high inclination, and the length of the ramp is 352 cm. It is necessary to 
extend the length of the ramps to resolve this problem. According to Aksoy 
and Öztürk (2012); the width of ramps should be at least 90 cm, and the 
inclination of a ramp should not exceed 5%.

Classroom doors in the faculty are easily used by people with disabilities. 
The outward opening and width of the door and the height of the door 
handle above the ground are in accordance with the standards. The door 
width of the toilet is designed in different sizes. Some of them are suitable 
while some of them do not comply with the standard conditions. The net 
width of doors should be at least 90 cm to comply with the rules. 
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There are elevators in the building. Two of these elevators are an 
elevating platform designed for physically disabled people, these elevators 
are used to go upstairs, and the story height should be less than 3 meters. 
The other one is the normal elevator. The door width and interior space of 
this elevator are small in size, the calling button is high above the ground, 
it can be difficult to use by wheelchair users and does not comply with the 
appropriate standard conditions. According to Adanır and Öge (2015); the 
elevator size should be 150x150 cm, the door width should be at least 90 
cm, and the calling button should be between 100 - 110 cm.

There are 3 normal and 1 disabled toilet in the faculty. This toilet is used 
by wheelchair users, some of the toilets were designed in compliance with 
the standard conditions while some of them do not comply with the size 
and door width requirements. The doors of the toilets should be opened 
outwardly. According to Adanır and Öge (2015), the interior area of the 
toilet should be 122x168 cm2, the door width should be at least 90 cm, and 
a trash can should be available in the toilet.

There should be an area of 150 x 150 cm next to the desks in classrooms 
for students with disabilities who use wheelchairs, and a room should be 
allocated for students with disabilities in each faculty. There should be 40 
cm-wide perceivable guides on the floor for visually impaired people.
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DRAWING A PLANTING PLAN IN THE PROCESS OF THE 
ENVIRONMENTAL DESIGN PROJECT 

Emine TARAKCİ EREN1,   Serap YILMAZ2,   Tuğba DÜZENLİ3

ABSTRACT

Environmental design; designing and organizing spaces where people live in 
the external environment. This process requires, besides the ability of the landscape 
architect, to be able to conduct research, gather necessary information, and have a 
vast knowledge base. It is also very important that the collected information can be 
evaluated in the right place and time. Because the environmental design project is 
composed of many stages. These; field survey and analysis, planting plans, function 
diagrams, conceptual plans, area uses, main design decisions, preliminary design, 
details, sections and views. All stages are very important. No one can go to the next 
stage without completion and without being absorbed by the designer. If you are 
not sensitive to these steps, the resulting product design will not be enough.

The planting project is examined in all stages of the design process from the 
concept plan through the process of preparing the environmental design project. 
In the preliminary design, it is considered simultaneously in both the form layout 
and the space layout and is elaborated at later stages of the design. After the hard 
floor-soft floor project is completed, it is now completely switched to the planting 
project. However, the planting project itself has sub-stages. Because the material 
here is living things. Static or rigid elements are not. They change over time.

Planting project; ecological, aesthetic and functional effects in the best way 
that integrates landscape design. There are various design and editing styles; these 
styles can be generally classified as formal style and naturalistic style. The essential 
qualification of the planting pattern on the formal style is to emphasize and design 
a strong artificial aesthetic as a continuation of the architectural elements. In the 
naturalistic style, the planting design has completely different characteristics. 
Natural beauty is important in this design.

In this study, the stages of planting design and project preparation processes 
are carried out for the environmental regulations to be realized within the scope of 
landscape architecture.

Keywords: Environmental Design Projects, Planting Design, Drawing Planting 
Plan 
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INTRODUCTİON

The plant is a priority element in describing the place in the landscape. 
Planting design is the specialty of the landscape architecture discipline. 
Plants can be used and maintained as structural elements to create space. 
In this case, the visual characteristics of the plants are also important (Dee, 
2012). Forms, texture, color and scale and plants are considered as the most 
effective components of the landscape. The plants and design in a landscape 
are determined according to certain criteria (Yılmaz et al., 2018). Planting 
design; is a tributary of art born between nature, man, and the society in 
which he lives (Walker, 1991). The main purpose of the planting design is to 
provide visual satisfaction by meeting the user requirements and increasing 
the functional and aesthetic properties of the landscape (Robinson, 2004; 
Yilmaz et al., 2018).

The combination of form, dimension, texture, color and most active 
actors of landscaping, together with plants, serve a number of purposes 
as determined by a number of criteria (Düzenli et al., 2017). The first 
aim of the planting design; to contribute functionally and aesthetically 
to the space so that it can respond to the wishes of the users and create 
satisfaction (Robinson, 2004; Tarakci Eren & Var, 2017). The other purpose 
of the planting design is; to recognize the natural plant communities and 
to help restore the balance between nature and man by creating a suitable 
habitat for wildlife (Dee, 2001). In summary, the planting design is strongly 
associated with functional, ecological and aesthetic properties. (Dee, 
2012; Robinson, 2004). The aesthetic appearance of the landscape directly 
affects the planting design. For this reason, the aesthetic appearance of 
the landscape has recently become an important component of landscape 
planning and management strategies. (Daniel, 2001; Scott, 2002). Because 
aesthetic pleasure taken from landscapes with good aesthetic qualities and 
landscape beauty directly affects the preference, usability and user’s positive 
perception of that landscape. Therefore, aesthetic satisfaction, planting is 
an important goal in design. Planting offers delightful sensory experiences 
and creative opportunities for art and design. With landscape and planting 
design, it is aimed to create an environment that can help people lead a 
satisfying and enjoyable life (Robinson, 2004).

Plants can make a real difference in landscape aesthetics when they are 
dealt with artificially by plants’ visual characteristics (shape, color, texture) 
and basic design principles (harmony, contrast, rhythm etc.) in planting 
design applications (Yılmaz et al., 2018; Tarakci Eren & Var, 2016). For this 
reason, it is very important how the planting design is done in a landscape 
project, and how to design especially the students side by side with the 
plants.
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Drawing plant design project 
In the education of landscape architecture, the students bring together 

the plants in different sizes, shapes, textures and colors, taking into account 
the ecological characteristics of the plants; learn to define space.

Specification of species:

In planting design; the lecturer determining the plant species in three steps 
so that students can use the correct plant pattern in the right place (Table 1):

Table 1. Specification stage 

1. Ecological requirements of plants
Determination of species according to soil 
structure, wind direction, appearance, climate 
conditions and location of project area

2. Determination of plant species 
according to the functions of the place

Identification of appropriate plant species for 
activities (children’s playground, sunbath etc.)

3. Aesthetic satisfaction of plants
Determination of plant species in appropriate 
size, form and color to provide “unity” in 
compositions that will be formed by plants

Representation of plant species in the drawing:
After identifying the species for planting design, consider how they 

are to be expressed graphically: the plant representations used are drawn 
according to differences in shape, texture, and size resulting from the 
botanical characteristics of the plants.

Table 2. Representation stage 

1. Plant representations

The representations of the selected plant 
species are plotted according to the differences 
in shape, texture and size resulting from the 
botanical properties of the plants (Figure 1).

2. Expression of plant species
The Latin names of each plant and the number 
of the plants are specified in detail.

3. Legendary preparation of 
plants

For legibility of the plan, a list of all plants 
used in the planting plan is prepared. This 
list should include scientific and local names 
of plants, abbreviations of plant names, total 
plant amounts, planting height (cm), trunk 
circumference (cm), other features (branching 
height, pot size, plant root status, flower leaf 
body characteristics) Figure 2).
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Angiospermae 
plants Gymnospermae 

plants 

Figure 1. Plant representations

 

 LEGEND 

Short 
name 

Scientific name Common name Number Height     Canopy size 

Figure 2. Legend representation

How to make a planting design?
Plants for the designer are like green building stones that connect 

different uses as living-changing items in the landscape. The designer 
limits and defines the place with plants. This allows the space to serve 
both functional and aesthetic purposes (Robinson, 2004). In planting 
design, design must be based on “similarity principle” in order to speak 
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esthetically. There can be many kinds of plants in the plant composition, 
similarity in terms of form, color or texture should be provided between 
the plants in these different species so that unity and legibility are formed. 
The unity is provided only with the groups formed by the overlapping 
elements, which are closely connected with each other. In planting design, 
plant compositions should not inhibit movement and sighting to mention 
functionality; plants should establish links between related sites; it must 
distinguish unrelated spaces from each other; to provide an uninterrupted 
visibility when necessary, but to prevent movement; horizontal and vertical 
planes, and close unwanted images. For this reason, the planting design is a 
process that needs to be carefully developed and consists of decisions made 
about the plant material.

The lecturor informs the students in every step of the process, supervises 
the design decisions regarding the design of the plant and the design 
product it presents. The planting design project consists of the following 
processes (Figure 3):

 Concept/functional plan 

Plant Selection  

Preliminary planting plan 

Design massing plants 

Final planting plan  

By taking the appearance from 
various angles, mass-space 
balance is provided. When 
necessary, the preliminary 
planting plan is revised and 
the spatial dispersions is 
oversighted. 

Figure 3. Process of planting design

1. Step; concept or functional plan 
The first step in planting design is to develop a conceptual plan. 

Conceptual plan; spatial analysis and activities dependent on the needs of 
the people using the space. The areas where the plants are to be brought 
into existence and / or design and environment related to the soil, structure, 
climatic data, edaphic and ecological factors in accordance with the special 
conditions of the activity areas and the area determined by the student 
are drawn on the project area in the form of spots. This plan is the basic 
of the planting design plan. Decisions and ideas on planting this plan are 
expressed in amorphous smudges. From the input, circulation between 
locations, landscape, wind, sun, rain, noise, unwanted views, dominant 
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landscape, direction and other things are taken into consideration. These 
plans, to which the planting is to be made, are generally sketches that reflect 
the characteristics of the planting design. Functional plans are related to 
each other, jeans, borders and topography and boundaries are examined. 
Carefuly about not to leave undefined places. The stain plan is developed by 
the student in the direction of criticism of the lecturers during three lessons 
at least two times. In this way new, creative and interesting solutions can 
be obtained. This plan is a product of intensive thought and examination 
(Walker, 1991).

Enclosure 
and Screen 

Hide 
utilities 

Hide 
utilities Enclosure 

and Screen 

Open for viewing 
Focal points  

Draw plant beds 

Draw plant beds 

Focal points 
and circulation 

Open for 
viewing 

Draw plant beds 

 

Figure 4. Concept plan

2. Step; Plant Selection
After the concept or fuctional plans of the planting project have been 

prepared in the previous phase, plant lists are established according to these 
determined concepts. The selected species are determined in appropriate 
locations to provide a “color effect” of four seasons based on the stain plan 
in order to meet the required functions. When selecting a plant, plants 
should be separated into groups. However, this separation should be based 
on the nature of the design, not the botanical properties of the plants. These 
are described in three chapters (Robinson, 2004):

• Functional and spatial characteristics.

• Visual and other sensory characteristics.
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• Plant growth habit and cultural requirements.

The most important thing to note when creating these lists is; what 
geographical region the project area is in and what climate it is under 
influence. Appropriate species should be selected according to the region-
specific soil type, light, temperature, wind and humidity conditions. At the 
same time, choices are made by taking care of horticultural characteristics. 
So plants; their size, appearance, forms, habitats, flowers, fruits and seeds, 
colors, textures, tall, greenish, gymno or angio.

3. Step: Preliminary planting plan
At this stage, plants begins to be layered into the designated stains in the 

concept plan. The stains on the areas to be planted in the prepared plan have 
been determined to meet the needs-activity-space relations and aesthetic 
needs. At this stage, species selection from the plant lists created in these 
stains is started and preliminary design of the planting plan in layers is 
started. In the first layer in the stains, the lonely and solitary plants are 
decided. These plants are symbolically expressed in circles on the plan. The 
exact locations of the plants to be used in the design of these plank masses 
are determined and plotted according to their spacing and approximate 
dimensions.

• First Layer; is the layer of groundcover plants. The groundcovers are 
often expressed by graphic expression techniques that are continuous. 
Because of the design of the groundcovers and limiting the activity areas; 
limiting and directing circulation; highlighting the focal points.

• Second Layer; In the pre-planting design, the solitary plants that form 
the basic of the design form the top layer in the plane of the plan. Solitary 
plants to be used here are used like plastic objects used in environmental 
design projects. In order to avoid a mixed design solution at this stage, care 
must be taken to ensure harmony between color, form and measurements. 
This ensures visual integrity.

• Third Layer; shrub and shrub groups. Here shrubs or shrubs are drawn 
in groups to form triangular spacings according to the parallel spacing. 
Visual integrity is tried to be provided in this way and the relationship 
between the groups should be taken into account.
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Drawing plant beds: boundering activity areas 

Drawing plant beds: highlight the focal point 

Drawing plant beds: boundering of circulation 

Figure 5.  Drawing of groundcovers

 

Drawing of Soliter plants 

Drawing of trees and schrubs 

Figure 6. Determination of plant locations

4.Step: Design massing plants
At this stage, various aspects of the preliminary planting plan are 

taken and the mass-space relation is questioned. Unity of planting design 
is ensured by controlling the side-by-side arrival of plants with various 
tissues, colors and form. Thus (Fig. 7);

•  In the plant composition, plants of the same kind are made side by 
side and visual unity is created in the whole area.

• In order to disrupt the monotony in the plant composition, contrast 
is obtained by adding this texture to different composition, size and color.
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 Figure 7. Examples of plant compositions

5. Step: Final planting plan 
At this stage, the preliminary decisions given are converted into definite 

forms and the drawings are finalized. Plan expressions of plants are drawn 
with graphic expression techniques. The graphic form of expression 
mentioned; are graphical symbols representing plants’ top crown 
projections. These symbols are; It differs according to plant species. It is 
possible to distinguish the plant species used on this plan on the plan. In 
this plan, except for plants, all constructions, floor coverings and contour 
lines are drawn but the plants are drawn “dominant” (Figure 8).

For a better understanding of the planting plan, a list of all the plants 
on the planet, ie the legend, is created. This list includes scientific and 
local names, plant nicknames, graphical representation of the plant, total 
plant amount used in the project, plant size to be used in the project, 
circumference or top crown, repikage, pot size etc. should take place.
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Figure 8. Final planting plan

RESULTS

This research aimed to helping the plant design process with a functional, 
but at the same time aesthetic and sustainable landscape applications for 
the creation of living materials as a “design tool”. It is necessary to consider 
the design principles in order to regulate the relationships of the structural 
and vegetative other materials in the places where the plants are used 
(Tarakçı Eren et al., 2018). While designer make designs with plants, it 
is actually designing with nature. Variations in the maturation process of 
plants, seasonal changes, variations in shapes, and changes in the resulting 
visual characters are important natural phenomena that must be taken into 
consideration(Tarakci Eren & Var, 2017; Tarakci Eren & Düzenli, 2017) . 
This is the scientific part of plant design.

In the planting design, if the visual characteristics of plants (line, form, 
texture and color) are designed in accordance with the design criteria, a 
composition with high aesthetic satisfaction, readable and order can be 
created (Karaşah & Var, 2012; Yılmaz, 2015; Bekçi et.al., 2013; Düzenli et 
al., 2016). The unity that exists in the context of aesthetically successful 
planting design; if it is functionally successful, the existence of appropriate 
types of space description and activities. For this reason, students should be 
taught how to draw the planting project in landscape architecture education 
and with all the details of how the composition will form with the plants. 
This allows the design of plant composition to evolve and graphically 
express the intended thought in the best possible way.
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MEASURING THE SATISFACTION LEVEL OF THE 
CIRCULATION ELEMENTS IN NURSING HOME GARDENS 

Emine TARAKCİ EREN1, Mustafa VAR2,  Sema MUMCU3

ABSTRACT

Nursing homes are social service organizations that protect, care and meet 
the physical, social and psychological needs of elderly people aged 60 and over 
in a peaceful environment and operate under the Republic of Turkey Ministry of 
Family and Social Policies. Institutional care services are provided to protect and 
maintain the physical and mental health of the elderly individuals, to make these 
individuals comfortable, to improve their social relations and to facilitate a healthy, 
peaceful and safe life for them. According to the provisions of the Regulation, 
institutional care is aimed to provide care for the elderly aged 60 and over, who 
are not confined to bed, who do not require continuous medical treatment and for 
those who are able to meet their daily needs on their own (SSCPA, Social Services 
and Child Protection Agency, 1985). The most critical approach in nursing homes 
designed for the elderly is to provide elderly individuals the feeling of being “at 
home” and to establish healthy indoor and outdoor environments that meet the 
physiological, psychological and socio-economic needs of the elderly individuals. 
Besides all the landscape elements in the gardens, the circulation elements should 
therefore take into account the physiological and psychological needs of the elderly 
individuals, so that these elements could be used comfortably. In this study, it was 
aimed to determine the level of satisfaction of the residents of the seven nursing 
homes in the Eastern Black Sea Region regarding the circulation elements in the 
nursing home gardens.

Keywords: Nursing Home, Nursing Home Gardens, Circulation Elements, 
Level of Satisfaction
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INTRODUCTION

Elderly individuals are those who have limited independent mobility 
and therefore they need special physical arrangements for all spatial 
elements in open and closed areas that facilitate their self-sufficient actions 
(Tarakci Eren, 2016). Therefore, pathways, stairs, ramps in the nursing 
home gardens should be designed according to the needs of the elderly 
individuals. The physical adequacy of the outdoor environments in the 
nursing homes would facilitate both the participation to social life and 
the socializing with each other for the elderly individuals. The promenade 
pathways that connect the different activity areas in the garden are also 
areas that orientate, show around, relax and help exercise the individual 
that passes along. These pathways should be built with standard widths and 
ramp gradients (max. 5%), which facilitate the up and down movement 
of wheeled or automatic chairs in the sloped areas of the pathway route, 
for the ease of use of elderly individuals. Stairs in the gardens could be 
an obstacle for the elderly individuals. Therefore, it is important to utilize 
ramps instead of stairs as much as possible. However, in cases that building a 
staircase is inevitable, the height and width of the steps should comply with 
the standards. Pathways, ramps and stairs should facilitate strolling around 
and should be used safely under all weather conditions. As for the surface 
coating, it is necessary to choose rough, non-slip materials with respect to 
the density of use and the climatic conditions of the particular area. These 
materials could be selected among thermoplastic polyurethanes, textured 
surfaces produced from aluminum and stainless steel, concrete cladding 
units-granite-basalt cladding units, wood, and gravel. Any irregularities 
that may be dangerous along the pathways should be avoided and there 
should be sufficient lighting elements in all pathways (Çelik et al., 2015).

In nursing home gardens, the circulation elements, which allow 
connection and passage between the spaces and are composed of stairs, 
ramps and pathways, should not be designed in excessive lengths not to 
make the elderly individuals to feel tired and in straits while using these 
elements. Access to each circulation element in the garden is important for 
the elderly individual (Tarakci Eren et al, 2017). It is reported that limiting 
the circulation areas in the exterior spaces is appropriate to provide the ease 
of access. The decline that occurs in the aging process causes confusion 
due to reduced perception of space. It is advised to use different colors 
in different spaces to decrease the confusion elderly individuals would 
experience regarding these spaces (Pakdil, 1992). 

Health problems and deteriorated susceptibility in five senses, physical 
weakness, and a reduction in expectations for the future in senility affect the 
level of satisfaction from the institution, the institution’s garden and from 
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the elements in the garden. Satisfaction is a phenomenon that occurs within 
the context of object-subject interaction involving the physical characteristics 
of the environment or the elements of that environment and the responses 
of the individuals to that environment (Pikora et al., 2003, Tekel and Özalp, 
2016). It is possible to measure an individual’s perception regarding the 
environment or any aspect of that environment, with respect to the subjective 
evaluation of that individual (Bonnes and Bonaiuto, 1995, Ibem & Aduwo 
2013). The level of satisfaction is affected by the accordance between the 
current physical conditions and the individual (Elder et al., 2003; Canter, 
1999; Preiser and Vischer, 2005; Humphreys, 2005; Amerigo and Aragones, 
1997; Manzo and Perkins, 2006; Schaefer-McDaniel, 2009; Spokane et 
al., 2007; Adriaanse, 2007; Bonaiuto et al., 1999; Galster and Hesser, 1981; 
Handal et al., 1981; Kelly et al., 2007). In this context, the present study was 
intended to determine the satisfaction levels of elderly individuals regarding 
the circulation elements in the gardens of the nursing homes. 

2. METHOD 

2.1. Field Study 
The present study, intended to determine the satisfaction levels of 

elderly individuals regarding the circulation elements in the gardens of the 
nursing homes, was conducted in the nursing homes located in the Eastern 
Black Sea region. The prerequisite in selecting the nursing homes for the 
present study was that the nursing homes were affiliated to the General 
Directorate of Disabled and Elderly Services of the Ministry of Family and 
Social Policies. The reason for such a prerequisite stemmed from the fact 
that the General Directorate of Disabled and Elderly Services was the most 
influential authority regarding elderly care institutions and incorporates the 
largest number of nursing homes, thus the largest number of users. There 
exist seven rest homes in the Eastern Black Sea Region affiliated to the 
Ministry with a total capacity of 596 people. The nursing homes included 
in the survey were presented with codes attributed in Table 1.

Table 1. Nursing homes studied in the scope of the present study 
Code Province Name of the Nursing Home
1 Artvin Artvin Naime-Ismail Yilmaz Nursing Home 
2 Artvin Artvin Murgul Nursing Home
3 Giresun Giresun Nursing Home, Elderly Care and Rehabilitation Center
4 Ordu Ordu Ahmet Cemal Mağden Nursing Home
5 Rize Findikli Nursing Home, Elderly Care and Rehabilitation Center 
6 Trabzon Trabzon Nursing Home, Elderly Care and Rehabilitation Center
7 Trabzon Trabzon Köşk Nursing Home
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2.2. Sample Size 
In determining the sample size, the following formula was used, and the 

total sample size was calculated (Can, 2016).

N: Total nursing home capacity 596 (from the data obtained from the 
institutions on September 20th, 2017).

Z: Level of confidence (99% confidence = 2.58) 

P: Probability of occurrence (0.5)

Q: Probability of non-occurrence (1 - 0.5 = 0.5)

D: Accepted margin of error (10% margin of error = 0.1) 

n: Number of samples 

n =

The sample size regarding each nursing home was determined by the 
following formula based on the nursing home capacities obtained from the 
data of the institutions on September 20th, 2017 (Table 2).

N: Total nursing home capacity (596)

n: Number of samples (130)

N province: Total nursing home capacity in the province

n province: Number of samples in the province 

Table 2. Sample size per province
Il CAPACITY N        (Z=%99, D=%10)
Artvin 72 15
Giresun 72 15
Ordu 157 35
Rize 52 12
Trabzon 243 53
Total Number of 
Nursing Homes: 7                     596 130

=130
Z2 ×   N × P × Q

(N-1) × D2  + Z2 × P × Q

n il =   n × N il

N
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Since there existed more than one nursing home in some provinces 
(Trabzon and Artvin), a total number was determined and elderly 
individuals with physical and mental health problems, with addiction, high 
dementia, communication problems, hearing problems and those who 
did not want to participate in the survey were eliminated from this total 
number. Accordingly, Table 3 presents the number of elderly individuals 
who attended from each nursing home. 

2.3. Questionnaire form 
In the questionnaire form, the participants were asked what they mostly 

used to go from one point to another in the nursing home garden, whether 
there was a situation that disturbed the elderly individuals about the stairs 
from the circulation elements in the garden, the reasons why they were 
uncomfortable with the circulation elements, and finally whether they were 
satisfied with the circulation elements.  

3. FINDINGS

Findings about the responses to the question on what the elderly 
individuals mostly used to go from one point to another in the nursing 
home garden are presented in Figure 1. According to these outcomes, 100% 
of the elderly residents of the Şavşat, Giresun and Ordu Nursing Homes 
stated that they used the pathways for access within the garden. 62.5% of 
the residents of Murgul Nursing Home stated that they used the ramp and 
the rest responded that they used the pathways. 25% of the residents of Rize 
Nursing Home stated that they used the stairs, 8.3% used the ramps and 
66.7% used the pathways. 8.3% of the residents of Trabzon Çamlık Nursing 
Home stated that they used the stairs, 16.7% used the ramps and 75% used 
the pathways. 14.6% of residents of Trabzon Köşk Nursing Home stated that 
they used the stairs, 19.5% used the ramps and 65.9% used the pathways.
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Figure 1. Findings about the responses to the question on what the elderly 
individuals mostly used to go from one point to another in the nursing home garden

The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the stairs from the circulation 
elements in the garden are presented in Figure 2. Accordingly, those who 
are disturbed by problems regarding the stairs are 42,9% in Şavşat Nursing 
Home, 50% in Murgul Nursing Home, 26,7% in Giresun Nursing Home, 
40% in Ordu Nursing Home, 25% in Rize Nursing Home, 8,3% in Çamlık 
Nursing Home, and 14,6% in Köşk Nursing Home. Those who thought 
there were no problems regarding the stairs were 40% in Giresun Nursing 
Home, 25,7% in Ordu Nursing Home, 58,3% in Rize Nursing Home, 50% 
in Çamlık Nursing Home, 35,7% in Köşk Nursing Home and those who 
found the stairs partly problematic were 57,1% in Şavşat Nursing Home, 
50% in Murgul Nursing Home, 33,3% in Giresun Nursing Home, 34,3% 
in Ordu Nursing Home, 58,3% in Rize Nursing Home, 50% in Çamlık 
Nursing Home, and 35,7% in Köşk Nursing Home.
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Figure 2. The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the stairs from the circulation elements in 
the garden

The participants who responded the question whether there was a 
situation that disturbed the elderly individuals about the stairs from the 
circulation elements in the garden with yes were asked to state a reason. 
The findings regarding the stated reasons are presented in Table 4. 
Accordingly, those who stated that the stairs “obstructed their movement” 
were 14,3% in Şavşat Nursing Home, 50% in Murgul Nursing Home, 40% 
in Giresun Nursing Home, 11,4% in Ordu Nursing Home, 25% in Rize and 
Çamlık Nursing Homes, and 21,4% in Trabzon Köşk Nursing Home. The 
participants who stated their reason for discomfort by saying “there is no 
place to rest while using the stairs” were 28,6% in Şavşat Nursing Home, 
13,3% in Giresun Nursing Home, 8,3% in Rize Nursing Home, 16,7% in 
Çamlık Nursing Home, and 7,1% in Köşk Nursing Home. Those who stated 
that “the surfaces of the stairs are uneven or slippery” were 28,6% in Şavşat 
Nursing Home, 25% in Murgul Nursing Home, 33,3% in Giresun Nursing 
Home, 5,7% in Ordu Nursing Home, 8,3% in Rize Nursing Home, 41,7% 
in Çamlık Nursing Home and 16,7% in Ordu Nursing Home. Those who 
found the stairs “very gradient and steep” were 25% in Murgul Nursing 
Home, 6,7% in Giresun Nursing Home, 48,6% in Ordu Nursing Home, 
33,3% in Rize Nursing Home, 16,7% in Çamlık Nursing Home and 19% 
in Ordu Nursing Home. Those who found the “number of stairs too much” 
were 6,7% in Giresun Nursing Home, 11,4% in Ordu Nursing Home, 16,7% 
in Rize Nursing Home, and 11,9% in Köşk Nursing Home. 7,1% of the 
residents of the Köşk Nursing Home found the stairs too narrow. 17,1% 
of the residents of the Ordu Nursing Home, 8,3% of the residents of the 
Rize Nursing Home and the 7,1% of the residents of Trabzon Köşk Nursing 
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Home found the stairs too long. 2,4% of the residents of Trabzon Köşk 
Nursing Home found the stairs dark. Those who were disturbed by the lack 
of handles while using the stairs were 14,3% in Şavşat Nursing Home, 5,7% 
in Ordu Nursing Home, and 4,8% of the Köşk Nursing Home. 

Table 4. Findings regarding the participants’ statements of problems with the 
stairs

1 2 3 4 5 6 7
N % N % N % N % N % N % N %

a 1 14,3 4 50 6 40 4 11,4 3 25 3 25 9 21,4
b 2 28,6 0 0 2 13,3 0 0 1 8,3 2 16,7 3 7,1
c 2 28,6 2 25 5 33,3 2 5,7 1 8,3 5 41,7 7 16,7
d 0 0 2 25 1 6,7 17 48,6 4 33,3 2 16,7 8 19
e 0 0 0 0 1 6,7 4 11,4 2 16,7 0 0 5 11,9
f 0 0 0 0 0 0 0 0 0 0 0 0 3 7,1
g 0 0 0 0 0 0 6 17,1 1 8,3 0 0 3 7,1
h 0 0 0 0 0 0 0 0 0 0 0 0 1 2,4
j 1 14,3 0 0 0 0 2 5,7 0 0 0 0 2 4,8

a: obstructs my movement, b: lack of resting place while using the stairs, c: the 
surfaces of the stairs are uneven or slippery, d: very gradient and steep, e: too much 
stairs, f: too narrow, g: too long, h: dark, j: lack of handles while using the stairs 

The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the ramps from the circulation 
elements in the garden are presented in Figure 3. Accordingly, those who 
were disturbed by the problems regarding the ramps were 87,5% in Murgul 
Nursing Home, 20% in Giresun Nursing Home, 20% in Ordu Nursing 
Home, 25% in Rize Nursing Home, 25% in Çamlık Nursing Home and 
9,8% in Köşk Nursing Home. The residents who considered no problems 
with the ramps were found to be 57,1% in Şavşat Nursing Home, 12,5% in 
Murgul Nursing Home, 26,7% in Giresun Nursing Home, 25,7% in Ordu 
Nursing Home, 25% in Rize Nursing Home, 41,7 % in Çamlık Nursing 
Home, and 48,8% in the Köşk Nursing Home. Those who find the ramps 
partly problematic were 42,9% in Şavşat Nursing Home, 53,3% in Giresun 
Nursing Home, 54,3% in Ordu Nursing Home, 50% in Rize Nursing Home, 
33,3% in Çamlık Nursing Home and 41,5% in Köşk Nursing Home.
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Figure 3. The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the ramps from the circulation elements in 
the garden 

The participants who responded the question whether there was a 
situation that disturbed the elderly individuals about the ramps from the 
circulation elements in the garden with yes were asked to state a reason. The 
findings regarding the stated reasons are presented in Table 5. According 
to Table 5, those who stated that the ramps “obstructed their movement” 
were 57,1% in Şavşat Nursing Home, 12,5% in Murgul Nursing Home, 
20% in Giresun Nursing Home, 62,9% in Ordu Nursing Home, 41,7% 
in Rize Nursing Home, 16,7% in Çamlık Nursing Home, and 45,2% in 
Trabzon Köşk Nursing Home. The participants who stated their reason for 
discomfort by saying “there is no place to rest while using the ramps” were 
14,3% in Şavşat Nursing Home, 12,5% in Murgul Nursing Home, 13,3% 
in Giresun Nursing Home, 25,7% in Ordu Nursing Home, 8,3% in Rize 
and Çamlık Nursing Homes, and 4,8% in Köşk Nursing Home. Those who 
stated that “the surfaces of the ramps are uneven or slippery” were 14,3% 
in Şavşat Nursing Home, 50% in Murgul Nursing Home, 20% in Giresun 
Nursing Home, 11,4% in Ordu Nursing Home, 8,3% in Rize Nursing 
Home, 41,7% in Çamlık Nursing Home and 21,4% in Ordu Nursing Home. 
Those who found the ramps “very gradient and steep” were 25% in Murgul 
Nursing Home, 20% in Giresun Nursing Home, 16,7% in Rize Nursing 
Home, 8,3% in Çamlık Nursing Home, and 4,8% in Köşk Nursing Home. 
Those who found the “number of ramps too much” were 6,7% in Giresun 
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Nursing Home, 8,3% in Çamlık Nursing Home and 2,4% in Köşk Nursing 
Home. 14,3% of the residents of the Şavşat Nursing Home, 6,7% of the 
residents of the Giresun Nursing Home, 8,3% of the residents of the Çamlık 
Nursing Home and 7,1% of the residents of the Köşk Nursing Home found 
the ramps too narrow. 6,7% of the residents of the Giresun Nursing Home 
found the ramps too long. 6,7% of the residents of Giresun Nursing Home, 
25% of the residents of Rize Nursing Home, 8,3% of the residents of Çamlık 
Nursing Home and 4,8% of the Köşk Nursing Home were disturbed by the 
lack of handles while using the ramps. 

Table 5. Findings regarding the participants’ statements of problems with the 
ramps

1 2 3 4 5 6 7
N % N % N % N % N % N % N %

a 4 57,1 1 12,5 3 20 22 62,9 5 41,7 2 16,7 19 45,2
b 1 14,3 1 12,5 2 13,3 9 25,7 1 8,3 1 8,3 2 4,8
c 1 14,3 4 50 3 20 4 11,4 1 8,3 5 41,7 9 21,4
d 0 0 2 25 3 20 0 0 2 16,7 1 8,3 2 4,8
e 0 0 0 0 1 6,7 0 0 0 0 1 8,3 1 2,4
f 1 14,3 0 0 1 6,7 0 0 0 0 1 8,3 3 7,1
g 0 0 0 0 1 6,7 0 0 0 0 0 0 0 0
h 0 0 0 0 0 0 0 0 0 0 0 0 0 0
j 0 0 0 0 1 6,7 0 0 3 25 1 8,3 2 4,8

a: obstructs my movement, b: lack of resting place while using the ramps, c: the surfaces 
of the ramps are uneven or slippery, d: very gradient and steep, e: too much ramps, f: too 
narrow, g: too long, h: dark, j: lack of handles while using the ramps 

The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the pathways from the circulation 
elements in the garden are presented in Figure 4. According to Figure 30, 
those who were disturbed by the problems regarding the pathways were 
42,9% in Şavşat Nursing Home, 75% in Murgul Nursing Home, 20% in 
Giresun Nursing Home, 23,5% in Ordu Nursing Home, 33,3% in Rize 
Nursing Home, and 50% in Çamlık Nursing Home. The residents who 
had no problems with the pathways were 28,6% in Şavşat Nursing Home, 
26,7% in Giresun Nursing Home, 8,8% in Ordu Nırsing Home, 8,3% in 
Rize Nursing Home and 50% in Çamlık Nursing Home. Those who find 
the pathways partly problematic were 28,6% in Şavşat Nursing Home, 25% 
in Murgul Nursing Home, 53,3% in Giresun Nursing Home, 67,6% in Ordu 
Nursing Home, 58,3% in Rize Nursing Home, 33,3% in Çamlık Nursing 
Home and 42,9% in Köşk Nursing Home.
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Şekil 4. The findings regarding the question whether there was a situation that 
disturbed the elderly individuals about the pathways from the circulation elements 
in the garden 

The participants who responded the question whether there was a 
situation that disturbed the elderly individuals about the pathways from the 
circulation elements in the garden with yes were asked to state a reason. The 
findings regarding the stated reasons are presented in Table 6. Accordingly, 
those who stated that the pathways “obstructed their movement” were 
14,3% in Şavşat Nursing Home, 6,7% in Giresun Nursing Home, 14,3% 
in Ordu Nursing Home, 16,7% in Rize Nursing Home, 16,7% in Çamlık 
Nursing Home, and 22% in Trabzon Köşk Nursing Home. The participants 
who stated their reason for discomfort by saying “there is no place to rest 
while using the pathways” were 14,3% in Şavşat Nursing Home, 13,3% 
in Giresun Nursing Home, 14,3% in Ordu Nursing Home, 8,3% in Rize 
Nursing Home and 22% in Köşk Nursing Home. Those who stated that 
“the surfaces of the pathways are uneven or slippery” were 42,9% in Şavşat 
Nursing Home, 37,5% in Murgul Nursing Home, 20% in Giresun Nursing 
Home, 11,4% in Ordu Nursing Home, 8,3% in Rize Nursing Home, 13,3% 
in Çamlık Nursing Home, 22,9% in Ordu Nursing Home, 41,7% in Rize 
Nursing Home, 25% in Çamlık Nursing Home and 26,8% in Köşk Nursing 
Home. Those who found the pathways “very gradient and steep” were 62,5% 
in Murgul Nursing Home, 6,7% in Giresun Nursing Home, 6,7% in Rize 
Nursing Home, 2,9% in Ordu Nursing Home, 16,7% in Rize Nursing Home 
and 16,7% in Çamlık Nursing Home. Those who found the “number of 
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pathways too much” were 2,9% in Ordu Nursing Home and 8,3% in Çamlık 
Nursing Home. 13,3% of the residents of the Giresun Nursing Home and 
2,9% of the residents of the Ordu Nursing Home found the pathways too 
narrow. 14,3% of the residents of the Şavşat Nursing Home and 20% of the 
residents of the Ordu Nursing Home found the pathways too long. 13,3% 
of the residents of Ordu Nursing Home and 2,9% of the residents of Rize 
Nursing Home complained that the pathways were too dark. 14,3% of the 
residents of Şavşat Nursing Home, 26,7% of the Giresun Nursing Home, 
17,1% of the Ordu Nursing Home, 16,7% of the Rize Nursing Home, 16,7% 
of the Çamlık Nursing Home and 29,3% of the Köşk Nursing Home were 
disturbed by the lack of handles while using the pathways. 

Table 6. Findings regarding the participants’ statements of problems with the 
pathways

1 2 3 4 5 6 7
N % N % N % N % N % N % N %

a 1 14,3 0 0 1 6,7 5 14,3 2 16,7 2 16,7 9 22
b 1 14,3 0 0 2 13,3 5 14,3 1 8,3 0 0 9 22
c 3 42,9 3 37,5 2 13,3 8 22,9 5 41,7 3 25 11 26,8
d 0 0 5 62,5 1 6,7 1 2,9 2 16,7 2 16,7 0 0
e 0 0 0 0 0 0 1 2,9 0 0 1 8,3 0 0
f 0 0 0 0 2 13,3 1 2,9 0 0 0 0 0 0
g 1 14,3 0 0 0 0 7 20 0 0 0 0 0 0
h 0 0 0 0 2 13,3 1 2,9 0 0 0 0 0 0
j 1 14,3 0 0 4 26,7 6 17,1 2 16,7 2 16,7 12 29,3
a: obstructs my movement, b: lack of resting place while using the pathways, c: the surfaces 
of the pathways are uneven or slippery, d: very gradient and steep, e: too much pathways, f: 
too narrow, g: too long, h: dark, j: lack of handles while using the pathways 

The findings regarding the question “Are you satisfied with the circulation 
elements?” asked to all nursing home residents in all nursing homes are 
presented in Figure 5. According to Figure 5, all residents in nursing homes 
were mostly in favor of the choices not satisfied and not satisfied at all.
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Figure 5. Level of satisfaction with the circulation elements 

4. Discussion and Conclusion
The most significant outcome of the present study is that in all the nursing 

home gardens included in the survey, the elderly individuals were found 
to be dissatisfied with the circulation elements and had several problems. 
Almost all of the elderly individuals in the nursing homes stated that 
they had complaints regarding the problems that the circulation elements 
“obstructed movement, lacked resting place while using them, lacked floor 
finishing or had inappropriate floor finishing, were very gradient and steep, 
were too much in number, were too narrow, were too long, were dark, and 
lacked handles while using them.” 

The gardens of nursing home institutions are very important in order 
to strengthen the social relations of the elderly individuals with the others 
and to elevate their life standards. However, several health problems 
of elderly individuals require complex arrangements, especially with 
circulation elements, to ensure that institutional gardens could be utilized 
without problems. It his highly recommended that the professional experts 
should be involved in the process of planning decisions and design details 
in converting the gardens of nursing home institutions into a functional 
facility for everyone that stays in the institution.
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EFFECTS OF SPACES ON CHILD DEVELOPMENT 

H. Derya ARSLAN1

ABSTRACT

The researches on children and child development have been performed by 
generally social scientists so far. For this reason, although the subject is investigated 
under social, political and psychological aspects, the physical environment living 
on child is generally neglected in the existing studies. The development of the 
children and harmonious with society is related to not only the social parameters 
but physical environment parameters also. Physical environment of a child grows 
upon basic requirements of a child. Physical environment or the spaces using 
by children can be divided to four part as residence, the near environment of 
residence, school and city play space. It is important to know the growing of the 
children and to know interaction between children and environment for creating 
feasible environment. The first goal of the space designers should be transformed 
these living spaces of the children into reliable environs. The main aim of this study 
is to research of the spatial solution which let the children mental and physical 
growing get possibility and to determine of the necessity and desire of them. From 
this motivation, in this study the physical environment which has an active role 
for growing of children is investigated. The importance of physical environment 
on growing of a child and perception of physical environment by child is given 
in the study. The basic design principles of a place are also discussed with the 
point of view of a child who uses the space. According to evaluations, it has been 
determined that the places are influenced by the mental and physical development 
of the child.

Keywords: child, children, physical environment

1. INTRODUCTION

Different environments that are arranged in accordance with the needs 
of people are defined as “space”. User demands are of great importance in 
order to provide maximum satisfaction in the spaces which are arranged 
according to design criteria and standards in line with needs. While spaces 
are named and designed according to their functions and user groups, at the 
same time they are also named according to their characteristics of being 
private, semi-public and public spaces. In the spaces designed according 
to their functions and usage areas, the user groups are defined as children, 

1   Asst. Prof. Dr., Necmettin Erbakan University,  Faculty of Engineering and 
Architecture Department of Architecture,  Konya, Turkey, Tel: +90 533 3101068, 
e-mail: deryaarslan@konya.edu.tr
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young, elderly. Within the mentioned user groups, the group with the most 
different sizes and desires consists of children.

The children’s group is a group with a large number of populations that 
cannot be ignored, but at the same time, it is the group that differ the most 
in the design process and spatial arrangement and the least included one 
in the architectural design. Childhood is defined as the person who is in 
the developmental period between infancy and adolescence. Childhood is 
generally named as the period between 0 and 12 years, while this range 
depending on many factors such as climate, sex, socio-cultural, biological 
and genetic. Childhood, which is now considered as an interdisciplinary 
debate, is a period formed by child’s social, physical, cultural environment 
and perceptions.

 Studies on child development, contrary to the period when children 
are regarded as “small adults”, now reveals that the child’s growth, thinking, 
feeling and behavior are completely separated from adults. Although the 
collective area between environmental psychology and developmental 
psychology in child development studies has been discussed over a long 
time by researchers, over time, it has come to the conclusion that the 
physical environment is an important factor in child development. In 
theories and studies of environmental psychology, it has been shown that 
the physical environment is directly related to the emotional, cognitive and 
physical development of the child.

The subject of environmental psychology is the study of the relationship 
between human behavior and the physical environment in which this 
behavior occurs. The concept of environment in the historical development 
process has been used to indicate the social environment until recently. It 
focused on the effects of the social environment, such as parents, educators, 
who surround the individual. The environmental psychology theory and 
studies emphasize that restrictive action cuts off development of the child 
from the root and can lead to perceptional difficulties in the future, and 
emphasizes that the spaces designed for children should allow children to 
experiment, succeed or fail, try again, and take risks. They state that an 
environment in which children cannot meet their needs cannot support 
their development as well. 

Environmental psychology and studies on environment-behavior 
which investigates human behaviors, are studies aimed at enhancing 
people’s satisfaction with spaces by studying human-environment 
interaction, behavior, compatibility-nonconformity, and inputs for design. 
Because it is a field of activity that targets the humans, it requires that 
all the characteristics of humans to be known. For this reason, a good 
understanding of the human perception system constitutes one of the 
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most important aspects of the process for the designer. Perception is, in 
the simplest sense, to be knowledgeable about the environment through 
warnings. The characteristics of the perceiving individual and environment 
influence the perception. The factors that influence the perception are 
called “environmental factors” and are grouped as “environmental factors, 
design factors and social factors”. Perceived environmental characteristics 
are expressed by environmental and design factors while social factors are 
expressed by the characteristics of the perceiving individual.

In this study, firstly, childhood developmental stages were mentioned. 
Then the interaction of the child with their social and physical environment, 
which is different at each stage of childhood, is explained. The effective 
parameters in the child’s perception of the environment are described by 
grouping them under the topics of environmental, social and design factors. 
In the study, important studies in the literature on child and perception of 
space were mentioned.  

2. Child and Child Growing
To know the interaction between the different spaces and the growing 

characteristics of a child is give some benefit. Since the foundation of the 
children’s behaviors is various and different, it can be thought the causes of the 
behavior of the child and can orient him according to the growing properties 
with better and righter. The growing of a child effects the later ages of him 
is laid a foundation in the primary years. The growing must be deal with 
as a whole. Even though the growing areas are investigated separately, the 
interaction between these areas must not be keep distant. The child growing 
is based on two factors. These basic factors are environment and heritage. 
Moreover, the egotism concept which occurs by interaction environment 
with heredity is the third factor effecting the later term of growing. Knowing 
the growing properties of the child and interaction with the different spaces 
are provided us important benefits.  It is known that the most important 
role being added as a family member of a child is in residence and near 
neighbor’s after the family habitat. For this reason, the most suitable physical 
environment must be offered and suggested to the children. 

2.1. Growing periods
The growing periods cannot be divided with the certain boundaries. 

The characters of before period continue later periods. The feature which 
appears in the first age is added to the later age’s characteristics and these 
behaviors are appropriated. The negativeness in the first ages effaces the 
later ages growing pattern. The growing of a child can be divided as infancy 
period (0-2 years) pre- school period (3-6 years), primary school period 
(7-12 years) (Sivri, 1993).
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2.2. Infancy period
The infancy period importance is huge in respect of child growing 

and education. The whole foundation about the growing is putting in this 
period. In this period, even though basic requirement of the child is bare, in 
case of not covering this there will be some difficulties cannot be dissipated 
later. Therefore, in this stage, the correct education must be given to the 
child and supplied the suitable place has great importance. The baby born 
as a weak person turns a living being that can use his arms and legs and also 
walk in the first year. That is why; this stage has also importance in spiritual 
growing as well as physical growing. Unfortunately, only nutrition, cleaning 
and supplying suitable places is not adequate. The child is deeply in need of 
love, interest and trust.

2.3. Pre-school period
The most colorful age of a child is between 3-6 years as called playing 

period.  In this period, the child is talkative, active, lively, gregarious and 
sweet.  The child asks questions continuously, and has endless learning 
interest. He also want to recognize and kwon everything (Sivri, 1985). The 
all desire of a child about knowing and recognizing everything increases in 
this stage. 

The children came from the safer conditions and balanced home in 
emotion, has more successful to discover the physical environment.  In 
the 4 years age of a child, he spends some time outside of the house and 
starts to aware of the social world. After these ages, the children like social 
activities and prefer some small shorted time group in playing. In this age, 
some shearing plays grow (Sivri, 1993).

2.4. Primary school period
Some growing and changes occur during this phase such as infant 

and pre-school periods. The mental and social ability of the child grows 
rapidly in these 7-12 age period. Thinking and learning ability changes 
(Korkmazlar, 1990). The interaction between the child and family decreases 
in proportion to previous periods. This shows the child’s conscious increase 
(Yavuzer, 1982). Primary school period, the child moves from family’s 
socket to outer world. In this stage, child’s interest also moves from home 
to street (Korkmazlar, 1990).

School-ager’s need to interact with others. Acceptance by friends, 
often to the exclusion of others, is almost everything to them. They often 
have one or two best friends. School-age children also form groups to 
distinguish themselves from others. In their attempts to secure a place in 
a group, children can get boastful, loud, aggressive, argumentative, or take 
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risks. Children who cannot or choose not to behave in these typical ways 
may become withdrawn. 

The necessity of the place for the child who starts to be social person 
shows some differences according to the later period. The individual child 
is in need of on his own place. But the child life is never restricted by his 
room’s walls. In this stage, the child wants to relation with the same aged 
child and adults so as requests to be alone. In this stage that the friend’s 
interaction increases, the child’s playing at home extends to park and 
playing spaces as well streets. 

3. Child and Environment
Human being, the other people around him is in some effect like cultural, 

physical and social factors. As the result of complex entire whole consists 
of mentioned factors, people appear as individual (Çakır, 1997). The child 
is an interaction between physical and social environment. For this reason, 
the effect of the social and physical environment on the child is great.

Figure 3.1.  The physical model describing the interaction between child and 
environment (Thorbjörn, 1992)

Figure 3.2 The physical model describing the interaction between child and 
environment (https://www.thinglink.com/scene/698311998617681922)
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3.1. Child and its social environment
The social environment of the child consists of family, teachers, friends 

and neighbors. The researches give that the only obtaining physical 
requirements of the child is not adequate for making social relations. 6-7 
aged children especially try to set up relations with playing friends. This 
shows the social motivations and social requirements. All families, including 
those living in urban areas, need access to information that helps them gain 
a realistic understanding of their child’s development and of the possible 
impact of developmental changes on family life. Families living in isolated 
circumstances, but particularly geographical isolation, are often deprived of 
incidental encounters with other children and other parents within the local 
neighborhood, encounters that can provide such information, reduce the 
intensity of uncertainty and alleviate parental anxiety (Fegan & Bowes, 1999).

3.2. Child and physical environment
In terms of the physical environment, the size and scale of many cities 

has increased tremendously. Although it is not really known whether or not 
this in fact makes a difference in the lives of children, and if so at what age, 
the assumption is that it does make a difference. It would be very interesting 
to do comparative studies that would investigate this question. Related to 
this is the fact that rates of car ownership and the number of cars on the 
roads have also significantly increased, and this clearly has implications for 
the safety of children and for their ability to use the streets in various ways 
on their own (Heurli&Norinder, 1997). This in turn has led to increased air 
pollution, which is added to the other sources of pollution from industry 
and so forth (Frank, 2000). On the other hand, sanitation, health care and 
educational services have been improving, particularly in cities of the 
developed world. 

The physical environment of the child grows bases on basic requirements. 
The physical environment is the concept that extends from the residence to 
big scaled environment of child. The children who are imprisoned, uses 
the special associations, restricted places and arranged, checked and can 
divided four parts (Koc, 1999).   Residence, an edifice unit that founded in 
order to cover the requirements which appear from shared life.  The place 
where the children found his interaction with world is house. In our world 
residences, the chance does not be given to free behavior of the children. 
Since there are some restrictions about noise, dirtying as well as some 
restriction to preventing some accidents, the child can not behave free 
(Ertürk, 1989). 

The near around of residence can be described as corridors, apartment 
entrances, the sidewalks in front of and behind the residences and gardens, 
street groups. But today, the near around of residence is far from safety 
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outer place to use of children. Whereas these place that have some facility, 
are the most important and in need, give some playing to the children.  The 
restrictions and hindrances make the children move outer place. School 
is the environment that the child is apart from his parents and spent his 
daytime. The school must support the child mental and physical growing. 
Because of some restriction in the residence and some safety problems in 
the near around of residence, the school is became the most important 
place where the child spent his time and desire all wishes and requirements. 
The results of the whole of these parameters, school is also became a place 
that give the child more suitable facilities about his. Urban playing places 
are arranged specially children parks and gardens. Finding natural place in 
the city grows his interest in nature. The playing place of the children that 
must be arranged in this urban playing give the children’s active plays and 
make the other plays places.

4. Space Perception Parameters
Architects create spaces that provide environmental and social 

conditions that are designed to enable individuals to conduct their lives 
without feeling great physiological, social and psychological discomfort; 
these spaces are also designed to enable optimal efficiency in work.  Spaces 
designed to serve this objective certain physical and psychological needs of 
human beings. There is a relationship how spaces affect their inhabitants, 
and the efficiency of the work undertaken in that space. Spatial design 
should consider potential effects on inhabitants and provide the physical 
arrangements that will make positive contributions in the use purpose 
of the space. At this point, it is necessary to determine user demands as 
well as user needs. Today, the human-space relationship is considered an 
important issue and studies are conducted on qualified space arrangements 
in line with these user demands. 

While architectural studies mainly focused on the structural properties 
of spaces up to the 1980s, the psychological effects of space on individuals 
has come into consideration in the last three decades. In this scope, studies 
have been conducted on how the physical properties of a space affect 
individuals. Spatial perception and spatial psychology are considered 
important factors in increasing the efficiency of the work undertaken in 
that space and studies are conducted on qualified space arrangements. 
Detection of qualified space properties for specific use is only possible 
via environmental-behavioral studies that facilitate consideration of user 
opinions.

Environmental-behavioral study is a type of study which contributes to 
the design process by considering user opinions on designed environments 
and analyzes and studies the interaction and behavior of humans, as well as 
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the consistency-inconsistency between human and environment. Literature 
studies on environment-behaviors are primarily conducted on adults; 
however, there are some studies -although quite limited in number - with 
children. Children represent a significant part of the world population and, 
yet, cannot always make themselves heard. According to Thorbjorn (1992), 
the physical environment of children evolves on the basis of basic needs; 
environment - as a whole - tends to be a unit of houses and neighborhood. 
Stating that the spaces most heavily used by children can be analyzed in four 
groups (Koç, 1999), Koç listed them respectively as home spaces, spaces 
closely bordering the home, urban playgrounds and school buildings, the 
space where children meet official life for the first time. 

Studies on children as a user group generally focus on homes and school 
buildings. These studies reveal the socio-demographic characteristics 
of children and interpret findings by relating them to these socio-
demographic characteristics. There are studies on the detection of socio-
economic structure, facilities provided for children and differences in the 
spatial perceptions of children (Çakır 1997, Gür et al., 1989, Koç 1999, 
Sivri 1993, Arslan 2010). In a study on the effects of socio-economic level 
on environmental awareness and environmental academic achievement 
(Uzun & Sağlam, 2005), findings indicated that environmental awareness 
differed on the basis of socio-economic structure and that there was a direct 
correlation between environmental awareness and academic achievement. 
Socio-economic structure is an important factor in such studies. In 
addition to these studies, there are others that investigate the effects of 
color, illumination and seating arrangements on student achievement 
and behavior (Heschong Mahone Group, 1999, Mannel, 1995, Marx et 
al., 2000). For instance; Read, (1996), suggest that differences in ceiling 
height or wall color positively affected children’s cooperative behavior. 
For example, simply lowering a portion of the ceiling height did have a 
positive impact on children’s cooperative behavior. Thus, differentiating 
space using different ceiling heights in children’s classrooms can be used to 
facilitate children’s behavior. Differentiated Wall color also made a positive 
impact on children’s cooperative behavior.  Conclusions from other studies 
indicate that such similar physical characteristics as color, illumination and 
seating arrangement do affect student achievement and behavior. There are 
a number of studies on the ergonomics and suitability of furniture used by 
children (Milanese&Grimmer 2004, Troussier et al., 1999, Parcells et al., 
1999, Knight&Noyes, 1999). In addition to these, there are limited number 
of studies that analyze both the effects of spatial components on a child’s 
perceptions and emotional reactions (Cohen &Trostle, 1990, Killen et al., 
2003, Demirbaş &Demirkan, 2000), under the topic of environmental 
psychology-architectural psychology.
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In particular, studies on educational sciences have shown that different 
spatial arrangements affect student achievement. In this context, it is 
expected that the design and arrangement of classroom settings, in line 
with students’ demands will have positive effects on learning motivation. 
Arrangement of physical variables appropriate for positive learning in the 
classroom setting can be successful through the production by a space 
designer of solutions related to disciplines such as classroom management, 
educational sciences, etc. 

In designing the classroom setting - a multidimensional issue - the 
space preferences of different user groups (particularly students and 
classroom teachers) appropriate for optimal learning conditions should be 
clearly defined; user preferences that are different should be compared; and 
the common denominator of user evaluations should be defined (Arslan, 
2010). 

5. Results and Evaluation

5.1. Evaluation
Socialization of the child gets being a member of the society. The child 

lives the process of socialization in both social and physical. Some changes 
have been done in the residence and physical environment where the child 
lives in because of fast and unplanned urbanizations. Our environment is 
filled with lot of design which are only for adult requirements. The parks, 
shopping centers, libraries, museums etc. is not designed for the children. 
The using spaces of children in the residence and near around spaces can 
be divided three parts as experienced problems in inner place, interval 
place and outer place.  The main problems in the inner place are, lack of 
playing area for children, non-existing child room, using existing children 
place for different purpose by the other family members, selecting child 
room as the smallest room according to the other rooms. The child room 
planning is the most important for healthy family and society. The lift, 
stairs, apartment entrance which is described as interval place are used 
frequently especially in winner months by the children. In this transition 
places, some physical problems rises because of lack of non-knowing child 
users. The children who cannot use lift by themselves face some problems 
on the stair ladders heights that have non-fitting dimensions.  The existing 
of the children in the inner place of the apartment disturb to apartment’s 
occupiers. Especially after 5 year’s age, the child spent his time in the outer 
place (see Table 5.1). This place is trainer environment. Particularly, there 
is no different arrangement to supply of children’s requirements in the low 
level residence settlements. The existing playing places are far from the 
residence blocks. The children wants to close to the residence and in this 
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way they can satisfy some requirements easily. Since most of these playing 
spaces have vehicle traffic, the children don’t be let playing alone in the 
outer place. There is any outer arrangement where the children play easily 
in the winter mounts.

Table 5.1.  Permission to go out alone to play, by age (% within each age group) 
(Churchman, 2003).

City Type and Number of Floor
City-1 City-2 City-3

Age of  Children 3-4 3-4 8-16
3-4 58% 22% 0%
5 92% 59% 16%

6-7 96% 75% 74%
8-9 100% 88% 94%
10+ 100% 100% 100%

5.2. Results and Conclusion 
The quality and design of a child’s physical environment can cause or 

prevent illness, disability and injury; therefore a high-quality environment 
is essential for children to achieve optimal health and development. Some 
design principles in homes, schools, residential neighborhoods and cities 
must be applied for children, correctly. All of these spaces affect children 
achievements.

The researches on children have been performed by social scientists so 
far, generally. Although the subject is investigated under social, political and 
psychological aspects, the physical environment is generally neglected. The 
growing of the children and harmonious with society is effected by not only 
a social environment but physical environment also. Physical environment 
of a child is growing upon basic requirements and this concept is related 
with from residence and to big scale environment (city parks, schools, etc.). 
The spaces using by children can be divided to four part as residence, the 
near environment of residence, school and city play space. The living space 
of the children to transform into reliable environs is the first goal of the 
designer which creates living spaces for the children. 

Before planning of child environment, it is needed to recognize his life. 
The main concept about child growing must be known by every individual 
and association. To recognize of fast and versatile growing of the child is 
important in point of understanding of behavior and getting ready next 
growing period of time. To examine of child growing is useful to determine 
behavior characteristics and ability coming into being in growing term. 
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According to the results of many investigations, it is appear that there are 
some behavior pattern and common trends in the growing age. Knowing 
the common characteristics and personal differences determines the 
tracking way in design for children. Every child is in need of nourishing, 
sleeping, moving ability and protections from his born. As well as these 
factors, the main psychological child requirements is love, to be loved, to be 
own and keep in safe like the other individual. The child satisfies these all 
requirements in the family. Addition to family media, these requirements 
should be supplied around the residence and schools. 

In the future study about children, the solutions let the children mental 
and physical growing should be investigated and also be determined 
the requirements and demands of a child in nearby place. Moreover, the 
physical environment which has an active role for growing of children will 
be given and the main rules on design criteria should be determined. 
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THE EFFECT OF CLINICAL AND HISTOPATHOLOGICAL 
PARAMETERS IN THE CLASSIFICATION OF 

DERMATOLOGICAL DISESASES WITH ARTIFICIAL 
INTELLIGENCE 
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ABSTRACT 

The largest organ in the human body is the skin, it is exposed to various 
effects originating from external environment. Nowadays, the prevalence of 
dermatological disorders has been increased due to an increase of exposure to 
foreign / inorganic chemical. Even if the reasons for the emergence of disease 
are different, some of them show similar properties such as shape and image. In 
this case, doctors are trying to distinguish and diagnose diseases by taking into 
account several parameters. This study, will investigate whether to classify findings 
instead of time consuming histopathological findings. The percentage of success 
obtained by the classification of the data for the diagnosis of dermatological 
diseases ANN is 85.5% for the clinical findings, to 88.8% for the histopathological 
findings and all findings were found to be 98.8%. It was shown that clinical and 
hispathological parameters based classifying have produce similar results in both 
cases when the percentages compared to achievements. However, the correct 
diagnosis can be reached by evaluating clinical and histopathological parameters 
together. As a result, pathological parameters are determined quantatively contrary 
to qualitatively evaluated clinical findings. Clinical findings play a decisive role 
in determining accurately the dermatological disorders. These problems can be 
overcome by dermatologist’s experience and expertise on this topic.

Keywords: Biomedical Signal Analysis, Dermatological Diseases, Clinical 
Symptom, Histopathological Symptom, Artificial Neural Network (ANN)
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1. INTRODUCTION 

The largest organ in human body skin is exposed to various effects 
depending on the ambient. Nowadays, the skin is especially exposed to 
chemically in parallel to the increasing incidence of dermatological diseases. 
Even if the emergence of diseases is different, the dermatological diseases 
are similar each other as same shape and image. In this case, doctors are 
trying to put the diagnosis taking into account several parameters. In this 
study, it is dermatologically studied on Psoriasis, seboreic dermatitis lichen 
planus disease, pityriaris rosea, chronic dermatitis and pityriasis rubra 
pilaris (Figure 1).  

chronic dermatitis lichen planus pityriasis rosea

pityriasis rubra pilaris psoriasis Seboreic dermatitis
Figure 1.  Dermatological diseases in the study

      
Psoriasis: Shaped cell structure can be seen in the region of disease.  

This disease is a chronic and complex skin disease which is genetic or 
immunological background (Çiftçi, 2014).

Seborheic Dermatitis: Skin disease which settled in rich regions of body 
hairs that characterized by erythema, oily, yellowish, with the squames, 
characterized by a chronic, recurrent, superficial inflammatory (Saçar etc, 
2010).

Lichen planus: This disease is an inflammatory disease characterized by 
itchy papules that settled in limbs flexor in the face, mucous membranes 
and genital area (Daoud MS etc, 2003).

Pityriasis rosea: This disease can be seen frequently with acute, self-
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limiting symptoms and papulosquamos lesions (Tay YK, 1999). 

Atopic Dermatitis: It is an itchy, chronic, remissions and irelaps skin 
disease (Friedman PS, 2010).

Pityriasis rubra pilaris : This  disease is characterized by body or common 
dandruff studies in a red background in the form of plaques, palms and 
soles of keratoderma, matching plugs and redness around the hair follicles 
(Hakan Buzoğlu,2016).

Clinical and pathological findings in Figure 1 are taken from the 
Machine Learning Repository (UCI) database.   Performed studies using 
dermatological data from the database is shown in Table 1.  

Table 1. Studies have been made with the same data set

  Title Author
Material- 
Method

Year

1
Learning differential diagnosis of 
erythemato-squamous diseases 
using voting feature intervals

H. Altay Güvenir, 
Gülşen Demiröz, 
Nilsel Ilter

Voting Feature 
Intervals (VFI5) 
Classification

1998

2
A Classification Learning 
Algorithm Robust to Irrelevant 
Features

H. Altay Güvenir
Nearest- 
Neighbor 
Classification

1998

3
Discovering Comprehensible 
Classification Rules with a 
Genetic Algorithm

M. V. Fidelis,  
H. S. Lopes,  
A. A. Freitas

Genetic 
Algorithm

2000

4
Mixtures of Latent Variable 
Models for Density Estimation 
and Classification

Perry Moerland
Gaussian Mixture 
Model, Bayes 
Classifiers

2000

5
Attribute Selection with 
a Multiobjective Genetic 
Algorithm

Gisele L. Pappa, 
Alex A. Freitas, 
Celso A.A. 
Kaestner

Genetic 
Algorithm

2002

6
Part Four: Ant Colony 
Optimization 
And Immune Systems

Rafael S. 
Parpinelli, 
Heitor S. Lopes

Ant- Miner 
Algorithm

2002

7
Boosting Nearest Neighbor 
Classifiers for Multiclass 
Recognition

Vassilis Athitsos, 
Stan Sclaro 

k- Nearest 
Neighbor 
Classification

2004

In the literature, there are many studies on the determination of 
dermatological disorders in addition to the above study. 
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By Ahmet Çiftci and et al Lichen Planus and psiorasis as skin diseases 
have implemented multi-layered artificial neural network on the two 
groups.  In their studies, clinical and pathological data were given as whole, 
and the correlation coefficients of the network were found to be 0.98 (Çiftci 
etc. 2014).

Bekir Karlık and Gunes Harman determined that the percentage of 
success in the early diagnosing is 98% by using dermatological signals with 
artificial neural network (Karlık etc, 2013).

Dinesh K. Sharma and et al. determined that the success rates of 
neural network for trains are 97% and 99%, for test is also 97% and 96% 
in predicting dermatological disease using the methods of Support Vector 
Machine and Artificial Neural Network (Sharma etc, 2012).

In this study, unlike the other studies clinical and histopathological 
symptom effects were examined first separately and then together in the 
diagnosis of dermatological diseases. Thus, using the classification of 
clinical findings research instead of time-consuming histopathological 
findings were the goals of this study. 

2. MATERIAL AND METHODS 

Used database in the study is a Machine Learning Database (UCI).  
The data under the dermatology title in 335 sets of data contained in this 
database are selected for use in this study. In 1998, 357 pieces of data between 
the ages of 7 and 75 were taken from people that carrying certain qualities 
related with dermatological diseases. The distribution of dermatologic 
diseases in the database is shown in Figure 2. 
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Figure 2. The chart of distribution six dermatologic diseases.

This data includes 34 different clinical and pathological parameters 
taken from people. While histopathologic features are quantitative data 
that can be identified under a microscope, clinical features are qualatitive 
parameters formed the results of taking from patient by doctor. Used data in 
the study is classified as histopathological and clinical data. These features 
include 12 clinical symptoms and 22 histopathological symptoms. Clinical 
characteristics and the histopathological characteristics are given in Table 
2 and Table 3 respectively.

Table 2. Clinical Findings.
1 Erythema
2 Scaling
3 Definite Borders
4 Itching
5 Koebner Phenomenon
6 Polygonal Papules
7 Follicular Papules
8 Oral Mucosal Involvement
9 Knee and Elbow Involvement
10 Scalp Involvement
11 Family History
12 Age
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Table 3. Histopathology findings.
1 Melanin Incontinence 12 Spongiform Pustule
2 Eosinophils in The Infiltrate 13 Munro Microabcess
3 PNL Infiltrate 14 Focal Hypergranulosis

4
Fibrosis of The Papillary 
Dermis

15
Disappearance of The Granular 
Layer

5 Exocytosis 16
Vacuolization and Damage Of 
Basal Layer

6 Acanthosis 17 Spongiosis
7 Hyperkeratosis 18 Saw-Tooth Appearance of Retes
8 Parakeratosis 19 Follicular Horn Plug
9 Clubbing of The Rete Ridges 20 Perifollicular Parakeratosis

10
Elongation of The Rete 
Ridges

21
Inflammatory Mononuclear 
Infiltrate

11
Thinning of The 
Suprapapillary Epidermis

22 Band-Like Infiltrate

From the database, 357 pieces of data were taken and ordered as two 
parts; 300 of them for training neural network and 57 of them were used 
for testing neural network without showing the networks. This process 
is firstly applied both to histopathological and clinical groups separately, 
and then applied for all data sets. In the neural network, multilayer feed-
forward neural network and Levenberg-Marquardt were used for testing 
and training the data.

2.1. Multilayer Artificial Neural Network
A Multi-layer feed-forward artificial neural network is composed of 

three main layers; the input layer, hidden layer and output layer (Figure 
3). The input of a layer is the output of the previous layer. The input layer 
transmits the information to the cells in the hidden layer without any 
changes because the information is processed only in the hidden layer and 
output layer.  
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Figure 3: The structure of Artificial Neural Network.

According to ANN teacher learning strategies and back-propagation 
algorithm, MLFANNs work is used effectively in this networks training. 
Example data are collected for test and training sets to work this type of 
network. It is determined how many neurons, input unit, hidden layer are 
used in and then parameters are determined such as learning coefficient of 
networks, in addition and activation function and momentum constant. 
Test data is entered in the network. Corresponds to the information 
presented to the hidden and output layers, the output of the network is 
calculated. Education is continued until the expected output value is 
reached to acceptable error rate by updating layer weights. The process of 
updating weights is implemented according to selected learning algorithms 
and rules. In the test phase, the performance of network is measured using 
test data which is not shown before (Öztemel, E.2003)

2.1 Levenberg-Marquardt Algorithm
Levenberg-Marquardt Algorithm is a least square calculation method 

based on maximum neighborly idea. This algorithm consists of the best 
features of Gauss-Newton and Steepest-Descent (Back Propagation) 
algorithms and eliminates the limitations of these methods. One of the 
problems encountered in the Gauss-Newton method is a condition not 
to calculate about the inverse Hessian Matrix. Solution for this problem, 
small μ constant is added into Hessian Matrix in Levenberg-Marquardt 
Algorithm. 

(1)

In the equation, I is an identity matrix and μ is a constant. W is a row 
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vector composed from all of weights and it can be expressed as follows:

W=

J (W) is a Jacobian matrix, it includes the first derivatives according to 
weight and bias of error and it is calculated as: Instantaneous error, column 
vector and instantaneous performance function E(W,n), are the sum of 
squared errors, 

It is obtained by the equation.  Total performance J (W), ie the 
mean square error,

As different from the Gauss-Newton method updating weight is 
calculated as follows.

Where, ΔW is the amount of weight change. 

Working this algorithm can be summarized generally as follows;

1. Calculate performance function E(W,n),

2. Start with a small value of μ (μ = 0.01);

3. The next value of performance function is calculated by ΔW.
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4. If the next value of performance function is greater than current 
value, μ is increased 10-fold.

5. If the next value of performance function is less than current value, 
μ is decreased 10-fold.

6. Weights are updated and go to step 3.

In summary, the weights are assigned initial values and continued by 
calculating the sum of square errors. Each error term refers to the square 
of the difference between actual output and the target output. Learning is 
provided by the implementation of the Levenberg-Marquard method from 
step 1 to 5 through obtaining all the error terms for all data sets (Özkan etc, 
2011; Sağıroğlu etc, 2003; The MathWorks Matlab).

3. RESULTS 

This study used, 300 data with the 34 input parameters for ANN training 
and 57 data with 34 input parameters for the training set. For Clinical 
symptoms, 300 data with 12 ANN input parameters for training and 57 data 
with again 12 input parameters were used for test set. For histopathological 
symptoms, in ANN training 300 data with 22 input parameters and for 
test set 57 data with 22 input parameters were used. 34 consisting of an 
input layer neuron, comprising a hidden layer of 10 neurons and an output 
layer neuron 6 MLFFNN network is used in the process of calculating 
the percent of accuracy in the diagnosis of dermatological disorders by 
analyzing entire data with ANN. On the other hand, determination of the 
effect of dermatological diseases for detecting histopathological findings 
in the investigation of the effect of ANN, MLFFNN which consist of 22 
neurons in the input layer, 10 neurons in the hidden layer and 6 neurons 
in the output layer was used. Finally, in determining of the effect of 
dermatological diseases for detecting clinical findings in the investigation 
of the effect of ANN, MLFFNN which consist of 12 neurons in the input 
layer, 10 neurons in the hidden layer and 6 neurons in the output layer 
was used. The outputs are weighted according to six kinds of diseases. It 
has been determined that correspond to which disease as a result of ANN 
by written 100 in MATLAB for current disease. After installing input and 
output data on MATLAB toolbox, the Levenberg-Marquardt algorithm 
was used. Of 300 data; 210 was used for training, 45 for validation and 45 
through separating by Toolbox. After training the regression curve (Figure 
4) analyzed in all input parameters used by the ANN, eventually R=0.98 for 
training data, R=0.91 for validation data, R=0.94 for test data and R=0.97 
showed a total success. 
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Figure 4. ANN regression curve is used together with histopathological and 
clinical data.

When looking at just the regression curve is used for training set of 
clinical findings (Figure 5) R=0.91 for training set, R=0.82 for validation, 
R=0.79 for test and R=0.88 showed a total success. 
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Figure 5. ANN regression curve using the clinical data.

When looking at just the regression curve is used for training set of 
histopathological findings (Figure 6) R=0.96 for training set, R=0.93 for 
validation, R=0.94 for test and R=0.95 showed a total success. 
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Figure 6. ANN regression curve using the histopathological data.

The paths followed in determining the success of the network in 
predicting disease are as follows:  Because the rate of dissolution diseases 
is different from 57 of 357 (Figure 3) data is not given the network and 
thus the data is not given the into the network for each disease it has 
demonstrated clinical, histopathological and together success of network 
by taking 15 data is not given into the network from any disease (Figure 7, 
Figure 8, Figure 9).

Figure 7. The performance of network for predicting disease in clinical data.
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Figure 8. The performance of network for predicting disease in histopathological 
data.

Figure 9. The performance of network for predicting disease in all data.

4. DISCUSSION 

As a result of data classification with ANN, the percentage of success is 
85.5% for clinical, 88.8% for histopathological and 98.8% for all findings 
are found in the diagnosis of dermatological diseases. In both cases, success 
percentages obtained for comparison, and it is observed that similar results 
are produced with the classification made on clinical and histopathological 
parameters. However, the correct diagnosis can be reached with the 
evaluation of clinical and histopathological parameters. 

Eventually, clinical findings are determined qualitatively contrary to 
pathological parameters which are determined quantitatively. Clinical 
findings play a decisive role in determining the right of dermatological 
disorders. In this case, the dermatologist should be overcome with his/her 
ability and experience. 

Future studies will be continued using data mining techniques such 
as decision trees effected on input parameters of clinical and pathological 
classification and wavelet transform and so on.
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MULTIPLE-COLONY PARALLEL ARTIFICIAL BEE COLONY 
(ABC) ALGORITHM FOR SOLVING WIRELESS SENSOR 

DEPLOYMENT PROBLEM

Selcuk ASLAN1

ABSTRACT

Artificial Bee Colony (ABC) algorithm that mimics the complex behaviours 
of real honey bees in foraging is one of the most important swarm intelligence 
based metaheuristics. In this study, we analyzed the solving capabilities of the 
multiple-colony based parallel ABC algorithm on wireless sensor deployment 
problem. Experimental studies with different number of concurrent colonies, 
migration periods and termination criterias showed that the multi-colony based 
parallelization of the ABC algorithm increases the qualities of the final solutions 
and convergence speed by requiring similar or close execution times compared to 
the standard implementation of the ABC algorithm.

Keywords: Multi-colony, ABC algorithm, sensor deployment.

INTRODUCTION

In recent years, researchers have proposed various swarm intelligence 
based optimization algorithms and showed that some of the swarm 
intelligence based optimization algorithms can be successfully used with 
complex problems for which the conventional programming techniques, 
especially those require derivative calculations, are not capable of producing 
acceptable solutions within the limited time of execution (Karaboga & 
Akay, 2009; Bansal et al., 2013, Bolaji et al., 2013). Within these swarm 
intelligence based optimization techniques, Artificial Bee Colony (ABC) 
algorithm has attracted the researchers’ attentions and applied various types 
of problems ranging from deploying wireless sensor nodes to proposing 
routing algorithms for them (Karaboga & Akay, 2009; Bansal et al., 2013, 
Bolaji et al., 2013), detecting conserved regions within amino acid and 
nucleotide sequences (Ozturk & Aslan, 2016; Karaboga & Aslan, 2016a) 
to prediction conformational structure of them (Batbat & Ozturk, 2016), 
designing digital filters (Karaboga, 2009) to training deep neural networks 
(Badem et al. 2017).

The first study that is devoted to the solving for sensor deployment 
problem with ABC algorithm was presented by Udgata et al. (Udgata & 

1    PhD, Ondokuz Mayis University, Department of Computer Engineering, selcuk.aslan@
omu.edu.tr
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Sabat & Mini, 2009). They tried to cover all objects in the sensing area with 
the minimum number of sensor nodes by making an analogy between 
clustering and sensor deployment problem (Udgata & Sabat & Mini, 2009). 
According to this analogy, each sensor node in the space corresponds to the 
possible cluster heads and the objects being tracked or reference points are 
considered as the data points (Udgata & Sabat & Mini, 2009). Experimental 
studies carried out with 2, 4, 8 and 16 sensor nodes on regular and irregular 
terrains showed that the sensing range of the network deployed by ABC 
algorithm is similar with the actual theoretical results (Udgata & Sabat & 
Mini, 2009). Another important studies about using ABC algorithm as 
a solving technique for deployment problem were introduced by Ozturk 
et al. (Ozturk & Karaboga & Gorkemli, 2011; Ozturk & Karaboga & 
Gorkemli, 2012). Ozturk et al. first analyzed the deployment capabilities 
of the ABC algorithm by utilizing probabilistic sensor detection model 
(Ozturk & Karaboga & Gorkemli, 2011). In the second study, they used 
binary sensor detection model for calculating the coverage rate of the 
deployment. Experimental studies on a  area with  
mobile sensors showed that ABC algorithm produced better coverage 
values than the Particle Swarm Optimization (PSO) algorithm (Ozturk 
& Karaboga & Gorkemli, 2012). Yu et al. proposed a new ABC algorithm 
for solving wireless sensor deployment problem. In the proposed ABC 
algorithm, onlooker bee phase of the original ABC algorithm was modified 
by adding two new coefficients called forgetting and neighbor factors to the 
existing search equation and rather than deciding which food source will 
be abandoned by considering the  parameter value, a new approach 
named backward learning was used to change the workflow of the scout 
bee phase (Yu et al., 2013). Simulation results in an ideal room and a room 
with obstacles indicated that the proposed model seriously improved the 
convergence characteristics of the ABC algorithm (Yu et al., 2013). Yadav 
et al. also produced a new ABC algorithm in which the search equation of 
the employed and onlooker bee phases was modified with the information 
of the global best solution and a memetic search technique was integrated 
to the workflow of the standard implementation (Yadav & Gupta & Lobiyal, 
2017).

Although ABC algorithm and its variants for which there is a single 
colony running on a processor serially are enough to solve numerous 
problems sufficiently, ABC algorithm like other population based 
metaheuristics is intrinsically suitable for parallelization for consuming 
the computation capabilities of the multi-core architectures (Narasimhan, 
2009; Banharnsakun & Tiranee & Booncharoen, 2010; Subotic & Tuba & 
Stanarevic, 2010; Subotic & Tuba & Stanarevic, 2011; Karaboga & Aslan, 
2016b, Karaboga & Aslan, 2016c; Aslan & Karaboga & Aksoy, 2017). In 
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this study, we analyzed the performance of the multi-colony parallel ABC 
algorithm on solving sensor deployment problem. Experimental studies 
with different number of colonies, migration periods and termination 
criterias showed thet multi-colony based parallelization of the ABC 
algorithm improves that performance of the single colony based serial ABC 
algorithm by utilizing the power of the multi-core processor architectures. 
The rest of the paper is organized as follows: In Section 1, description of the 
sensor deployment problem and coverage calculation approach are given. 
Fundamental steps of the ABC algorithm and experimental studies are 
presented in Section 2 and Section 3, respectively. Finally, the conclusions 
and future works are given in the Section 5.

1. Description of the Sensor Deployment Problem
When hundreds or sometimes thousands of wireless sensor nodes 

are joined together for monitoring an area or tracking objects, important 
properties of the sensor settlement about the coverage ratio, the life 
time, energy consumtion and so on should be optimized (Akyildiz et al., 
2002; Chakrabarty et al., 2002). Even though some of these objectives 
contradict each other, properly locating sensor nodes to the two or three 
dimensional area has a direct influence on the network properties being 
optimized (Akyildiz et al., 2002; Chakrabarty et al., 2002). By considering 
the effects of the sensor positions on the coverage ratio, network life time, 
energy consumpution and so on, the sensor deployment can be defined as 
a problem in which the positions of the wireless sensors are determined 
according to the maximization or minimization purposes of the network 
requirements (Akyildiz et al., 2002; Chakrabarty et al., 2002; Udgata & 
Sabat & Mini, 2009).

If the sensors are deployed to the area by aiming at the maximization 
of the total coverage ratio (CR), the utilization period from the network 
and energy consumptions are adjusted implicitly. Assuming that a set of  
different sensors is distributed to the area of size , the coverage ratio of 
the network can be calculated as in the Eq. (1) where  shows the coverage 
value of the  wireless sensor (Udgata & Sabat & Mini, 2009, Ozturk & 
Karaboga & Gorkemli, 2012).

One of the commonly applied technique that is used to determine 
the coverage value of a sensor is based on controlling whether reference 
points are covered or not by the considered sensor (Ozturk & Karaboga 
& Gorkemli, 2012, Yadav & Gupta & Lobiyal, 2017). If the area is divided 
into equally sized rectangular subareas, corner points of the rectangular 
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subareas can be used as reference points. Given that the point  is a corner 
point located at  position and the sensor  with detection range  is 
located at  position, the Euclidean distance between the sensor  
and point , , is less than the detection range of sensor , it is said 
that the point  is covered by the sensor . Otherwise, the point  is not 
detected by the sensor . This type of sensor detection model is named as 
binary sensor detection model and can be summarized as in the Eq. (2) 
(Ozturk & Karaboga & Gorkemli, 2012, Yadav & Gupta & Lobiyal, 2017).

2. Artificial Bee Colony Algorithm
In a real honey bee colony, the foraging operations are maintained by 

two major group of bees and two different behaviors about consumption 
or abandonment of the existing food sources (Karaboga & Akay, 2007; 
Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & 
Karaboga, 2015). The first major group of bees is named as the employed 
foragers or employed bees. An employed bee is responsible for finding food 
source within the vicinity of the hive and carrying nectar extracted from 
the food source to the hive (Karaboga & Akay, 2007; Karaboga & Akay, 
2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015). When 
an employed bee turns back to the hive, she starts to inform other bees 
waiting on the dance area by performing different dance figures. The type 
of bees waiting on the dance area is called onlooker bees and onlooker 
bees are the one of the subgroup of the second major bee group named 
unemployed foragers. Onlooker bees watch various employed bees and 
choose food sources for consuming (Karaboga & Akay, 2007; Karaboga & 
Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015). 
The food sources chosen by onlookers are actually determined according 
to the qualities of them. If a food source is rich in terms of nectar amount, 
this food source attracts more onlookers compared to the other sources. 
The second subgroup of the unemployed foragers consists of scout bees. 
Scout bees like onlookers wait on the hive, but they leave the hive without 
considering any information provided by the employed bees to find 
undiscovered food sources (Karaboga & Akay, 2007; Karaboga & Akay, 
2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015).

Karaboga by considering the mentioned intelligent foraging behaviours 
of honey bees was proposed ABC algorithm (Karaboga & Akay, 2007; 
Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & 
Karaboga, 2015). In ABC algorithm, locations of the food sources are 
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related with the possible solutions of the problem being optimized and 
the nectar amount of a food source corresponds to the quality of the 
related solution. Each food source is assigned only one employed bee 
and the number of onlookers is taken equal to the number of employed 
bees (Karaboga & Akay, 2007; Karaboga & Akay, 2008; Akay & Karaboga, 
2012; Celik & Koylu & Karaboga, 2015). After completion of the source 
assignment procedure, ABC algorithm tries to improve the food sources 
with employed, onlooker and scout bee phases until previously determined 
termination criteria is reached (Karaboga & Akay, 2007; Karaboga & Akay, 
2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015). 

2.1. Generating Initial Food Sources

For initialization stage of the ABC algorithm,  different food sources 
are generated by considering the lower and upper bounds of the search 
space. The  parameter of the  food source for a  dimensional problem 
can be generated randomly within the lower bound  and upper bound 

 as in the Eq. (3) below (Karaboga & Akay, 2007; Karaboga & Akay, 
2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015).

When the properties of the sensor deployment problem is taking 
into account, it is clearly seen that there is a strong analogy between the 
positions of the sensors and solution representation of the ABC algorithm. 
If  different sensors are tried to be deployed with ABC algorithm to a 
two dimensional area for the purpose of maximizing coverage ratio, a food 
source can be represented with  element vector (Ozturk & Karaboga 
& Gorkemli, 2012, Yadav & Gupta & Lobiyal, 2017).

2.2. Sending Bees to the Food Sources
With the completion of the initial food source creation procedure, each 

food source is associated with only one employed bee. An employed bee 
tries to find a new food source within the neighborhood of the related food 
source as described in the Eq. (4) for ABC algorithm (Karaboga & Akay, 
2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & 
Karaboga, 2015).

In Eq. (4),  is the randomly determined  parameter of the  food 
source whose parameters are same with the  food source except the  
parameter.  and  are the  parameters of the  and  food sources, 



ACADEMIC RESEARCHES IN ARCHITECTURE, ENGINEERING PLANNING AND DESIGN132

respectively. Although  food source is also chosen randomly, it should 
be noticed that  and  food sources must be different from each other. 
Finally,  is a random number between  and  (Karaboga & Akay, 
2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & 
Karaboga, 2015). If the fitness value of  food source, , calculated 
by utilizing the objective function value of the same food source, 
, for a maximization problem as given in Eq. (5) is higher than the fitness 
value of the  food source, it is replaced with the  food source and a 
trial counter defined as  is set to zero. Otherwise, the employed bee 
associated with the  food source still memorizes this food source after 
incrementing  by one (Karaboga & Akay, 2007; Karaboga & Akay, 
2008; Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015).

When all of the employed bees turn back to the hive, they share 
information about the memorized food sources with onlookers. As 
mentioned before onlooker bees watch employed bees on the dance area 
and select a food source for consuming. However, the selection of a food 
source by an onlooker is not a directly randomized operation and onlooker 
bees are willing to choose food sources that are rich in terms of nectar 
amount or their fitness values are high. In ABC algorithm, the fitness value 
based selection mechanism related with onlookers is modeled by assiging 
probability values to the food sources as described in Eq. (6) (Karaboga 
& Akay, 2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & 
Koylu & Karaboga, 2015). For Eq. (6),  is the selection probability 
of the  food source and if the fitness value of the  food source is high, 
its selection probability is also high compared to the poor food sources. 
When an onlooker chooses a food source, it becomes an employed 
bee and continues foraging as is done by employeds (Karaboga & Akay, 
2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; Celik & Koylu & 
Karaboga, 2015).

2.3. Abandoning Consumed Food Sources
One of the powerful sides of the ABC algorithm can be related with 

its well defined bee phases. Each bee phase is defined by the specific 
exploration and exploitation characteristics of the foragers. When the 
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search characteristics of the employed and onlooker bees or employed 
and onlooker bee phases are evaluated, it can be said that the exploitation 
characteristics are more dominant. In order to compensate the dominance 
of the exploitation characteristics of the employed and onlooker bee 
phases, ABC algorithm introduces a new bee phase called scout bee phase 
(Karaboga & Akay, 2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; 
Celik & Koylu & Karaboga, 2015). In scout bee phase, if a food source is 
exhausted or not worth consuming anymore, this food source is abandoned 
and employed bee associated with it continues search operations as a scout 
(Karaboga & Akay, 2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; 
Celik & Koylu & Karaboga, 2015). The decision whether a food source 
is abandoned or not is given in the scout bee phase by comparing trial 
counters with a ABC algorithm specific control parameter called  
(Karaboga & Akay, 2007; Karaboga & Akay, 2008; Akay & Karaboga, 2012; 
Celik & Koylu & Karaboga, 2015). If there is a food source for which the 

 counter exceeds the  parameter value at most, it is abandoned 
and the employed bee of this food source is related with a new food source 
produced by Eq. (3) (Karaboga & Akay, 2007; Karaboga & Akay, 2008; 
Akay & Karaboga, 2012; Celik & Koylu & Karaboga, 2015). Although the 
standard implementation of the ABC algorithm does not bring a solid 
restriction about the value being assigned to the  parameter, the 
Eq. (7) given below can be used to determine  value considering the 
number of food sources and parameters.

3. Multiple-colony based Parallelization of Artificial Bee 
Colony Algorithm

With the increasing power of the multi-core processor architectures 
and decreasing cost of the distributed memory based systems, the 
parallelizations of the well-known techniques have become one of the 
most important research area in recent years. ABC algorithm like other 
population based metaheuristics can be parallelized for solving both 
numerical and combinatorial optimization problems (Narasimhan, 2009; 
Banharnsakun & Tiranee & Booncharoen, 2010; Karaboga & Aslan, 
2016b, Karaboga & Aslan, 2016c; Aslan & Karaboga & Aksoy, 2017). One 
of the commonly used parallelization approach for the ABC algorithm 
is based on dividing the whole colony into equally sized subcolonies and 
then assigning them to the different computing nodes or processor cores. 
Although this parallelization approach significantly decreases the average 
execution times of the ABC algorithm compared its serial implementation, 
the solution diversities in the subcolonies can not be enough for solving 
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some problems optimally. For maintaining required diversification, selected 
solutions from subcolonies are exchanged based on the used migration 
topologies (Narasimhan, 2009; Banharnsakun & Tiranee & Booncharoen, 
2010; Karaboga & Aslan, 2016b, Karaboga & Aslan, 2016c; Aslan & 
Karaboga & Aksoy, 2017). If the migration topology and period are not 
determined appropriately, the results obtained with the parallelized variants 
of the algorithms lag behind the results obtained with the standard serial 
implementations of the same algorithm (Narasimhan, 2009; Banharnsakun 
& Tiranee & Booncharoen, 2010; Karaboga & Aslan, 2016b, Karaboga & 
Aslan, 2016c; Aslan & Karaboga & Aksoy, 2017).

Another parallelization approach for the ABC algorithm is based on 
running multiple colonies simultaneously on different computing nodes or 
processor cores. With this parallelization model, even though the average 
execution time of the ABC algorithm is not decreased, the qualities of 
the final solutions and convergence performance of the algorithm can be 
improved due to the existences of the multiple colonies (Subotic & Tuba & 
Stanarevic, 2010; Subotic & Tuba & Stanarevic, 2011; Karaboga & Aslan, 
2016b). In addition to these, multiple-colony based parallelization approach 
can also be powered by using migration topologies as described for the 
previous parallelization approach (Subotic & Tuba & Stanarevic, 2010; 
Subotic & Tuba & Stanarevic, 2011; Karaboga & Aslan, 2016b, Karaboga & 
Aslan, 2016c). If an appropriate emigrant that is usually the best solution 
in the colony is selected and sent to the neighbor colony, the chances of 
consuming more qualified solutions are increased.

4. Experimental Studies
The standard serial implementaiton of the ABC algorithm, for short 

sABC, and multi-colony based parallel implementation of the ABC 
algorithm, for short mpABC, are compared over the deployment of  
mobile sensor nodes to a square region in size of . For each 
of the sensor nodes in the network, the detection range value is taken equal 
to . The number of food source and the value of the  parameter 
are chosen as  and  for both sABC and mpABC algorithms. 

For mpABC algorithm, the ring migraiton topology is used to 
determine the neighborhood relationship between colonies. In the ring 
migration topology, given that there are  different colonies, the  colony 
assigned to the  processor core can send its best food source or solution 
to the  colony assigned to the  processor 
core. When the best food source is received by the neighbor colony, this 
emigrant is replaced with the worst solution in the neighbor colony. For the 
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number of colonies,  and  are chosen. In order to analyze the effect of the 
migration exchange frequency, the migration period value is determined as 

 and , respectively. Both sABC and mpABC algorithms are coded in C 
programming language and the required synchronization and concurrency 
for mpABC algorithm are maintained by utilizing the built-in functions of 
pthread library. All of the experiments are performed on a mobile platform 
managed by Android® 5.1.1 operating system and equipped with a four-
core ARM® based processor running at  GHz and  GB of RAM. For the 
termination criteria, maximum fitness evaluations are referenced and 
,  and  value are used. Each of the experiments are repeated  
times with random seeds and mean best coverage ratios, standard deviations 
and average elapsed times in terms of seconds are recorded.

From the results given in Table I and Table II, it is clearly seen that the 
mpABC algorithm produces better mean coverage ratios than the standard 
serial implementation of the ABC algorithm. Starting optimization of the 
deployment with multiple colonies increases the probabilities of utilizing 
more qualified sensor deployments in the subsequent bee phases. When the 
migration period is taken equal to 10, mpABC algorithms with  colonies 
outperforms sABC and mpABC algorithm with  colonies for  fitness 
evaluations. However, with the higher values of the fitness evaluations, 
advantageous sides of the multiple-colony based parallelization becomes 
more apparent. When the termination criteria is determined as  
or  and the migration period is , the mpABC algorithm with  
colonies produces better results than the sABC algorithm and mpABC 
algorithm with  colonies. In addition to the improvements on the mean 
coverage ratios, multi-colony based parallelization also reduces the standard 
deviations that are calculated over best coverage ratios of 20 different runs.

Table I. Coverage ratios of sABC algorithm and mpABC algorithms when the 
migration period is set to .

Eval.

sABC mpABC

Colony Num. = 1 Colony Num. = 2 Colony Num. = 4

Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

1,000 0.87193 7.40710e-3 0.87922 5.68785e-3 0.87800 6.05478e-3

2,000 0.90344 6.19434e-3 0.91225 4.68316e-3 0.91596 4.65666e-3

4,000 0.93499 5.02176e-3 0.93946 3.86684e-3 0.94403 3.63279e-3
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When the migration period is set to , it can be said that mpABC 
algorithm still preserves its efficiency compared to the sABC algorithm 
especially for the termination criteria equal to  or . While 
mpABC algorithm with  colonies outperforms other ABC variants for 

 fitness evaluations, mpABC algorithm with  colonies obtains 
bettter results that sABC algorithm and mpABC algorithm with  colonies. 
However, when the maximum fitness evaluation is , the results found 
by the mpABC algorithms lag behind from the results found by the sABC 
algorithm. Because of the migration transfer frequency is decreased  
times compared to the previous migration transfer frequency, the number 
of qualified solutions in each colony can not reach the desired level.

Table II. Coverage ratios of sABC algorithm and mpABC algorithms when the 
migration period is set to .

Eval.
sABC mpABC

Colony Num. = 1 Colony Num. = 2 Colony Num. = 4
Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

1,000 0.87193 7.40710e-3 0.87120 6.50391e-3 0.86832 5.36768e-3
2,000 0.90344 6.19434e-3 0.90815 4.19559e-3 0.90772 4.21055e-3
4,000 0.93499 5.02176e-3 0.93998 3.42534e-3 0.94042 2.13806e-3

Another comparison between sABC and mpABC algorithms are made 
over the average elapsed times. For each of the  different runs with 
various control parameters, the elapsed times in terms of seconds are 
recorded and average mean elapsed times and related standard deviations 
are summarized in the Table III and Table IV below. Although colonies 
of the mpABC algorithm are assigned to the different processor cores 
running simultaneously by using threads, initialization, synchronization 
and communication mechanisms for threads bring some computational 
burden to the workflow of the mpABC algorithm. 
Table III. Mean execution times of sABC algorithm and mpABC algorithms when 

migration period is set to 10.

Eval.
sABC mpABC

Colony Num. = 1 Colony Num. = 2 Colony Num. = 4
Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

1,000 30.722 1.1844e+0 33.252 2.5861e+0 38.477 5.4533e+0
2,000 61.378 3.1954e+0 69.232 5.8267e+0 78.071 9.2163e+0
4,000 126.581 7.2124e+0 145.517 8.0858e+0 164.982 1.1552e+0
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Table IV. Mean execution times of sABC algorithm and mpABC algorithms when 
migration period is set to 25.

Eval.
sABC mpABC

Colony Num. = 1 Colony Num. = 2 Colony Num. = 4
Mean Std.Dev. Mean Std.Dev. Mean Std.Dev.

1,000 30.722 1.1844e+0 36.001 3.4109e+0 40.664 5.5599e+0
2,000 61.378 3.1954e+0 70.158 5.3595e+0 82.061 7.2107e+0
4,000 126.581 7.2124e+0 142.190 8.0755e+0 161.682 1.6084e+1

When the migrations between colonies are increased with the small 
values of the migration period parameter, all the threads wait until 
completion of the send-receive operations for the emigrant solutions. 
Even though, the coverage ratios of the deployments are improved with 
the increased number of colonies and migrations between colonies, total 
execution times of the algorithms are increased. Actually, the differences 
between average execution times of the sABC and mpABC algorithms are 
also slightly increased due to the mobile processor used in the experiments. 
Each of the experiments are carried out subsequently without taking into 
accout the thermal values of the processor, the working frequencies of the 
mobile processor are decreased to provide the stability of the platform 
especially more than one cores are busy with the colonies of the mpABC 
algorithm.  In the Fig. (1), the sensor positions of the best deployments of 
the ABC algorithms can be analyzed.
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Figure 1. Best deployments of sABC (a)-(c), mpABC with 2 colonies (d)-(f) and 4 
colonies (g)-(i) for 1,000, 2,000 and 4,000 evaluations.

A final comparison between sABC and mpABC algorithms is made over 
the convergence curves given in the Fig. (2). As seen from the convergence 
curves in Fig. (2), mpABC algorithms converge to the higher coverage 
ratios more quickly compared to the sABC algorithm. With the start of 
the migration exchange between colonies of the mpABC algorithm, the 
converge performance increases gradually even though the initial coverage 
ratios are less than the sABC algorithm. While the differences between 
convergence curves of the ABC algorithms become more apparent when 
the migration period is set to 10, the distances between gradual increment 
points are separated when the migration period is equal to 25.
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Figure 2. Covergence curves of sABC algorithm and mpABC algorithms when 
the migration period is 10 (a)-(b), sABC algorithm and mpABC algorithms when 

the migration period is 25 (c)-(d).

CONCLUSİON

In this study, multi-colony based parallel ABC algorithm is tested on 
solving deployment problem of wireless sensor networks. Experimental 
studies carried out with different number of colonies, migration periods and 
termination criterias showed that the multi-colony based parallelization 
strategies are capable of utilizing computational power of the exsisting 
processors and the qualities of the final solutions are improved compared 
to the standard implementation of the ABC algorithm within the similar 
durations measured in terms of seconds. Another important conclusion 
extracted from the experimental studies is that the ARM® based multi-
core processor used in the test enviroment slightly reduce its working 
frequencies especially for the scenarios for which more than one processor 
cores are loaded with the burden of the consecutive mpABC algorithm 
runs. Although this type of fluctuations of processor frequencies increases 
the required time for completion of the mpABC algorithm, it is important 
that both serial and parallel variants of the ABC algorithm can be run on 
the mobile platform supported by the powerful processors and software 
libraries.



ACADEMIC RESEARCHES IN ARCHITECTURE, ENGINEERING PLANNING AND DESIGN140

REFERENCES

AKAY, B., KARABOGA, D., (2012), “Artificial Bee Colony Algorithm on Large-
Scale Problems and Engineering Design Optimization”, Journal of Intelligent 
Manufacturing, Vol. 23, pp. 1001-1014.

AKYILDIZ, I. Fuat, SU, W., SANKARASUBRAMANIAM, Y., CAYIRCI, E., (2002), 
“Wireless Sensor Networks: A Survey”, Computer Networks, Vol. 38, pp. 
393-422.

ASLAN, S., KARABOGA, D., AKSOY, A., (2017), “Performance Analysis of 
Artificial Bee Colony Algorithm on ARM Based Mobile Platform”, 
International Conference on Computer Science and Engineering, pp. 155-
159.

BADEM, H., BASTURK, A., CALISKAN, A., YUKSEL, M.E., (2017), “A New 
Efficient Training Strategy for Deep Neural Networks by Hybridization 
of Artificial Bee Colony and Limited-Memory BFGS Optimization 
Algorithms”, Neurocomputing, Vol. 266, pp. 506-526.

BANHARNSAKUN, A., TIRANEE, A., BOONCHAROEN, S., (2010), “Artificial 
Bee Colony Algorithm on Distributed Environment”, Nature & Biologically 
Inspired Computing, pp. 13-18.

BANSAL, J.C., SHARMA, H., JADON S.S., (2013), “Artificial Bee Colony 
Algorithm: A Survey”, International Journal of Advanced Intelligence, Vol. 
5, pp. 123-159.

BATBAT, T., OZTURK, C., (2016), “Protein Structure Prediction with Discrete 
Artificial Bee Colony Algorithm”, International Journal of Informatics 
Technologies, Vol. 9, No. 3, pp. 263-274.

BOLAJI, A.L., KHADER, A.T., AL-BETAR, M.A., AWADALLAH, M.A., (2013), 
“Artificial Bee Colony Algorithm, Its Variants and Applications: A Survey”, 
Vol. 47, pp. 434-459.

CELIK, M., KOYLU, F., KARABOGA, D., (2015), “CoABCMiner: An Algorithm 
for Cooperative Rule Classification System Based on Artificial Bee Colony 
Algorithm”, International Journal on Artificial Intelligence Tool, Vol. 24, pp. 
1-50.

CHAKRABARTY, K., IYENGAR, S.S., QI, H., CHO, E., (2002), “Grid Coverage 
for Surveillance and Target Location in Distributed Sensor Networks”, IEEE 
Transactions on Computers, Vol. 51, pp. 1448-1453.

KARABOGA, N., (2009), “A New Design Method Based on Artificial Bee Colony 
Algorithm for Digital IIR Filters”, Journal of the Franklin Institute, Vol. 364, 
No. 4, pp: 328-348.



Engineering Studies 141

KARABOGA, D., AKAY, B., (2007), “A Powerful and Efficient Algorithm for 
Numerical Function Optimization: Artificial Bee Colony Algorithm”, 
Journal of Global Optimization, Vol. 39, pp. 459-471.

K., Dervis, AKAY, B., (2008), “On the Performance of Artificial Bee Colony (ABC) 
Algorithm”, Applied Soft Computing, Vol. 8, No. 1, pp. 687-697.

KARABOGA, D., AKAY, B., (2009), “A Survey: Algorithms Simulating Bee Swarm 
Intelligence”, Artificial Intelligence Review, Vol. 31, pp. 233-253.

KARABOGA, D., ASLAN, S., (2016), “Best Supported Emigrant Creation for 
Parallel Implementation of Artificial Bee Colony Algorithm”, IU-Journal of 
Electrical & Electronics Engineering, Vol. 16, pp. 2055-2064.

KARABOGA, D., ASLAN, S., (2016), “A Discrete Artificial Bee Colony Algorithm 
for Detecting Transcription Factor Binding Sites in DNA Sequences”, 
Genetics and Molecular Research, Vol. 15, pp. 1-15.

KARABOGA, D., ASLAN, S., (2016), “A New Emigrant Creation Strategy Based 
on Local Best Sources for Parallel Artificial Bee Colony Algorithm”, 24th 
Signal Processing and Communication Application Conference, pp. 901-
904.

NARASIMHAN, H., (2009), “Parallel Artificial Bee Colony Algorithm”, Nature & 
Biologically Inspired Computing, pp. 306-311.

OZTURK, C., ASLAN, S., (2016), “A New Artificial Bee Colony to Solve the 
Multiple Sequence Alignment Problem”, International Journal of Data 
Mining and Bioinformatics, Vol. 14, pp. 332-352.

OZTURK, C., KARABOGA, D., GORKEMLI, B., (2011), “Probabilistic Dynamic 
Deployment of Wireless Sensor Networks by Artificial Bee Colony 
Algorithm”, Sensors, Vol. 11, pp. 6056-6065.

OZTURK, C., KARABOGA, D., GORKEMLI, B., (2012), “Artificial Bee Colony 
Algorithm for Dynamic Deployment of Wireless Sensor Networks”, Turkish 
Journal of Electrical Engineering & Computer Sciences, Vol. 20, No. 2, pp. 
255-262.

SUBOTIC, M., TUBA, M., STANAREVIC, N., (2010), “Parallelization of the 
Artificial Bee Colony (ABC) Algorithm”, Proceedings of the 11th WSEAS 
International Conference on Neural Networks, Evolutionary Computing, 
Fuzzy Systems, Vol. 10, pp. 191-196.

SUBOTIC, M., TUBA, M., STANAREVIC, N., (2011), “Different Approaches 
in Parallelization of The Artificial Bee Colony Algorithm”, International 
Journal of Mathematical Models and Methods in Applied Sciences, Vol. 5, 
No. 4, pp. 755-762.



ACADEMIC RESEARCHES IN ARCHITECTURE, ENGINEERING PLANNING AND DESIGN142

UDGATA, S.K., SABAT, S.L., MINI, S., (2009), “Sensor Deployment in Irregular 
Terrain Using Artificial Bee Colony Algorithm”, Nature and Biologically 
Inspired Computing, pp. 1309-1314.

YADAV, R.K., GUPTA, D., LOBIYAL, D.K., (2017), “Dynamic Positioning of Mobile 
Sensors Using Modified Artificial Bee Colony Algorithm in Wireless Sensor 
Networks”, International Journal of Control Theory and Applications, Vol. 
10, pp. 167-176.

YU, X., ZHANG, J., FAN, J., ZHANG, T., (2013), “A Faster Convergence Artificial 
Bee Colony Algorithm in Sensor Deployment for Wireless Sensor Networks”, 
International Journal of Distributed Sensor Networks, Vol. 9, No. 10, pp. 



Engineering Studies 143

LEATHER SURFACE FUNCTIONALIZATION 
BY PLASMA APPLICATION 

Safiye Meriç AÇIKEL1,   Meruyert KAYGUSUZ2

ABSTRACT

Plasma treatment represents a rapid, effective, low-cost and environmentally 
friendly method for the surface modification of leather. The reactive particles 
formed in plasma treatment contribute functional characteristics at the surface 
such as surface activation, cleaning, etching, grafting, deposition and cross-
linking without disrupting the basic properties of the material. In this study, the 
qualities of hydrophobicity, hydrophilicity, high consumption of dye and chrome, 
and antibacterial and flammability resistance conferred by plasma treatment on 
natural and synthetic leather materials were considered. Today, although plasma 
technology has not been completely integrated into the leather production process, 
studies have shown that this can easily be done, and have demonstrated that it 
can be an alternative in gaining functional qualities by means of new production 
techniques, as the sector demands.

Keywords: Plasma, Atmospheric pressure, Leather, Modification

INTRODUCTION

Raw skin is a natural material which is converted into the resilient 
form of leather by means of a series of processes. For this purpose, leather 
factories use large amounts of water and chemical materials, and produce 
correspondingly large amounts of waste water and pollutants (Harmancıoğlu, 
1998; Harmancıoğlu, 1993; Toptaş, 1993). The textile and chemicals sectors 
have similar problems, but are trying to overcome them by the use of new and 
smart solutions. In the last few years in particular, these problems have been 
addressed by new technologies. Therefore, the leather industry also needs to 
develop innovative production methods which do not harm the environment.

One of these new techniques is plasma technology. It has a number of 
advantages over wet processing in that it has no need of water, it is carried 
out in the gas phase, the amount of chemical materials used is very small, it 
does not give rise to industrial waste, the process affects only the surface of 
the leather, and it saves energy (Karahan, 2007; Gökalp, 2011). 
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PLASMA

Plasma is different from a solid, liquid or gas: it can be defined as an 
ionized gas, and is considered the fourth state of matter. The states of 
matter change as a result of the input of energy, so solid becomes liquid 
and liquid turns to gas. If sufficient energy is supplied to a gas, it becomes 
ionised, which means that the electrons are given more kinetic energy and 
leave their atomic shells. Free electrons, ions and molecular fragments are 
produced and the gas passes over into the plasma state (Buske, 2009). 

The most important property of a plasma is that although it is composed 
of charged particles, it behaves as though it was uncharged. At the same time, 
for a system to become a plasma, it is necessary for charged particles to be 
at a critical value per unit of volume. In the plasma state, the atoms of the 
material break up and become a system formed from positively charged ions 
and electrons. In the plasma, electrons, excited atoms or molecules, radicals, 
ions, neutral atoms and UV rays can be found at the same time (Akan, 2005).

CLASSIFICATION OF PLASMA

Classification by temperature
There are low temperature and high temperature plasmas.

Plasmas with overall thermodynamic equilibrium

Plasmas with overall thermodynamic equilibrium are defined as 
plasmas in which the temperature of all species is the same (Thompson, 
1962; Karahan, 2007).

Plasmas not in local thermodynamic equilibrium

At low pressures, electrons are not in thermal equilibrium with neutral 
atoms and ions. The temperature of the electrons is much higher than that 
of the other species (Ko et al., 2006; Nasser, 1971).

Plasmas in local thermodynamic equilibrium

These are plasmas in which the temperatures of all species but 
photons is the same, and therefore they are called local thermodynamic 
plasmas. Plasmas at local thermodynamic equilibrium can be produced at 
atmospheric pressures and these are generally called thermal plasmas or, 
because they occur at high pressures, high pressure plasmas (Erra, 1993).

Classification by pressure
In this classification, plasmas are generally divided into two groups: 

atmospheric and vacuum plasmas.
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Vacuum plasmas

Vacuum plasmas are generally stated to be those which form at pressures 
of below 10 mTorr and 1 Torr. Plasma forms at low pressure in a closed 
system. In vacuum plasmas, both reactive and non-reactive gases can be 
used together or separately (Diener, 2011; Dai, 2001).

Atmospheric pressure plasmas

Atmospheric plasmas are those which occur in atmospheric conditions. 
There is no need for a closed system or for vacuum equipment (Nehra, 
2005; Flügge, 1956).

Classification by equipment characteristics
There are three types in this classification: glow discharge, dielectric 

barrier discharge and corona discharge.

Glow discharge

This is produced under low and atmospheric pressure or with a reactive 
gas, and provides the highest uniformity and flexibility of any plasma 
operation. It is obtained in a closed system with one or a series of electrodes 
at different frequencies such as direct current (DC), alternating current 
(AC), radio frequency (RF), or microwave (MW) (Bogaert, 1996; Bogaert 
et al., 2003; Marcus, 1993).

Dielectric Barrier Discharge

This forms when voltage is applied to a pair of electrodes when at least 
one of them is covered with a dielectric material. In classic atmospheric 
plasmas, local heating and a non-uniform effect result from the arcs which 
occur. In DBD, a dielectric coated capacitor is used, creating a non-thermal 
plasma, which gives more homogeneous effects than corona plasma 
(Panousis, 2006; Dhali, 2007; Ricardo and Vaiana, 1992).

Corona discharge

Corona discharge occurs from a series of small illumination-type 
discharges. This discharge can have many different types of configuration, 
or it is created at atmospheric pressure by applying a pulsed high voltage. 
It is characterized by shining filaments directed from a sharp-pointed high 
voltage electrode towards the material (Shenton et al., 2002).

DIFFERENT MODIFICATION OF SURFACES BY PLASMA

Plasma treatment causes various modifications to the surface of a 
material without changing its basic properties. These modifications vary 
according to the type of gas used and the material to which it is applied 
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(Kral & Trivelpiece, 2005; Kang & Sarmadi, 2001; Karahan, 2007). When 
the plasma interacts with the material, collisions occurs between the species 
making up the plasma, and these species pass their energy to the material 
and break some of the links on the surface. With these modifications 
occurring on the surface, such effects as surface activation, deposition, 
etching, grafting, cross linking and cleaning are observed (Shenton & 
Stevens, 2001; Virk et al., 2004).

Surface activation

Surface activation is defined as weak links changing places with reactive 
carbonyl, carboxyl and hydroxyl groups. After plasma treatment, the surface 
becomes super active and activation can be achieved thanks to functional 
groups such as amino groups (Karahan, 2007).

Cleaning

Cleaning is defined as the removal of organic residue from a surface. 
During ion bombardment, invisible dirt on the surface (oil films, Si-
residues, partially absorbed dirt) are vaporized and physically removed. 
The effectiveness of the treatment varies according to the contamination 
and the gas used. Because the plasma treatment has no mechanical effect, 
particles or inorganic contamination are not removed (Midelman, 2007).

Etching

During the process, the plasma generates volatile etch products from 
the chemical reactions between the elements of the material etched and the 
reactive species generated by the plasma. Total surface area increases with 
the effect of etching (Gökalp, 2011).

Grafting

Grafting is defined as the formation of a thin polymer layer on the surface 
as an effect of plasma polymerization. Layers with different characteristics 
such as hydrophilicity or hydrophobicity can be created according to the 
choice of gas or the treatment parameters (Shadi, 2005).

Cross linking

Cross linking occurs as a result of the interaction of reactive groups after 
breaks occurring in polymer structure during plasma treatment. After cross 
linking, polymer chains link and a three-dimensional network is formed. 
For this treatment, it is necessary to use bond-forming atoms in the gas 
such as carbon, silicon or sulfur (Leboeuf, 2009).

https://en.wikipedia.org/wiki/Chemical_reaction
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EFFECTS OF PLASMA APPLICATION ON THE LEATHER 
SURFACE

Leather is produced in accordance with changing fashions and 
demands which follow seasonal trends in color, design and quality. 
Advances in polymer chemistry and technology have made it possible 
to modify the surface of leather in many ways. Plasma technology is 
reported to be a viable, environmentally friendly and effective method for 
surface modification. Recently, it has been used for improving the dyeing, 
wettability, waterproofing and wet rubbing properties of leather (Açıkel et 
al., 2013; Dave et al., 2016; Feng et al., 2014; Choi et al., 2003).

Coefficients of hydrophilicity, adhesion, cleanliness, the degree of 
sterilization, surface energy and surface rubbing of the materials can be 
increased by plasma treatment. In addition, when suitable monomers are 
used, the thin film layers formed on the surface can confer such qualities as 
water, oil/dirt repellency, reducing flammability, or having an antimicrobial 
effect (Koizhaiganova et al., 2017; Kayaoğlu & Öztürk, 2013; Gaidau et al., 
2017; Idris et al., 2013).

Plasma Application for Antibacterial Effect
Plasma shows a synergistic sterilization effect in the following ways: 

UV radiation from the plasma disrupts the DNA of the micro-organism; 
the chemical compounds in the micro-organism separate into chemically 
unstable volatile molecules (CO, CHx) which then form stable compounds 
under the influence of the plasma; -OH ions cleaved from H2O2 (formed 
from water vapor in the air and ozone created by the effect of the plasma 
on the oxygen in the air) create an oxidative stress effect known as lipid 
peroxidation, which causes breakdown of the micro-organism’s cell 
membranes and cell walls, which are formed from lipids, fatty acids and 
proteins (Kelly-Winterberg et al., 1998; Laroussi, 1996; Gallagher et al., 
2005; Huang et al., 2007).

It has been reported that 95-100% reduction was obtained in the 
number of Escherichia coli and Staphylococcus aureus by the disk diffusion 
method after wet-blue leathers were exposed for 15 minutes to a plasma 
containing argon gas, and that the plasma processed leather gained an 
effective antibacterial quality (Aktan et al., 2011; Açıkel et al., 2011).

The influence of corona treatment on the antibacterial properties of 
leather was investigated, and when plasma processing was applied to leather 
in the form of corona discharge, an antibacterial effect of higher than 70% 
was shown against the bacteria S. aureus and E. coli according to AATCC 
test standards. Besides, the corona treatment improved the hydrophilicity 
of leather imparted by the formation of hydrophilic constituents such as 
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carboxyl groups derived from the contact of free radicals on the surface 
with air (Maleknia et al., 2015).

 The corona discharge surface modification was performed at different 
stages of the oiling process of cow and goat leathers. In addition, a 
combination of silver nanoparticles with oil was used in the impregnation 
step so as to increase the antibacterial properties in the leather. The samples 
that were subjected to the corona discharge showed improvement in 
antibacterial properties against the bacteria S. aureus and E. coli because the 
silver nano particles tend to adhere better to the leather surface. Moreover, 
the corona discharge applied to the leather made the surface more porous 
and thus increased the level of humidity and breathing on the leather (Idris 
et al., 2013).

A key advantage of plasma sterilization is the ability to achieve 
sterilization at temperatures of less than 50°C. Sensitive structures such as a 
leather substrate contaminated with microorganisms cannot be exposed to 
autoclave and oven temperatures, but at these temperatures they will retain 
their physical attributes (Moisan et al., 2001; Kaygusuz Koizhaiganova 
&Yaşa, 2017).

Plasma Application for Increase in Dye Consumption 
Recent research studies showed that plasma treatment of leather surface 

increases the wettability and the reactivity for dyestuffs (Choi et al., 2003) 
and fatliquors (Idris et al., 2013).

Enhanced physical characteristics, wettability due to hydrophilicity and 
increased contact surface due to roughness are important for accelerating 
the diffusion of chemical materials and processes at the solid-liquid 
interface during leather processing (Gaidau et al., 2017).

Chrome tanned crust leathers were subjected to atmospheric pressure 
plasma with argon gas for different durations, and an increase in the dye 
uptake of the leathers was obtained by increasing their hydrophilicity. In 
addition, it was noticed that dye consumption and rubbing fastness of the 
leathers increased with an increase in the duration of plasma application. 
An increase in the consumption of metal complex and acid dyes will enable 
both a reduction in the discharge of waste water to the environment and 
an increase in the color quality of leather (Açıkel et al., 2013; Açıkel et al., 
2013a; Aslan et al., 2017).

Significant improvement was obtained in the dye uptake of plasma 
exposed leather after air DBD plasma treatment as well as an increase in 
color intensity. It was confirmed by several analyses that the treatment 
of grain surface of goat leather resulted in activation by incorporation of 
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functional groups and radicals, which have a significant influence on not 
only dyeability but also on improvement in rub fastness. Since electrostatic 
attraction plays a major role in the dyeing of leather, the increase in 
functional groups provides sites where dye molecules can be attached 
with the formation of a covalent bond. Due to this strong attachment, the 
property of fastness to rubbing improves after plasma treatment. The study 
revealed that atmospheric pressure plasma has the potential to become a 
dry and eco-friendly process to modify the leather surface to improve dye 
uptake properties with natural dyes (Dave et al., 2016).

Significant improvement in color intensity of dyed goat hide was 
observed after exposing the grain surface to atmospheric pressure 
dielectric barrier discharge generated in ammonia as discharge producing 
gas. Improvements in dyeing properties after the plasma treatment were 
assessed by spectroscopic measurements (Dave et al., 2017).

When leathers were exposed to treatment with low temperature plasma 
containing 60% argon and 40% oxygen, SEM images showed a widening 
of pores and a reduction in their depth with an increase in exposure time 
(Osin et al., 1998).

Oxygen plasma treatment and subsequently graft-polymerization of 
acrylamide (AAm) were applied to the surface of nylon microfiber artificial 
leather to improve wettability and dyeability. The efficiency and density of 
dyeing were both improved, indicating that the plasma graft polymerization 
process could contribute to promoting the absorption of dye on artificial 
leather (Liao et al., 2013).

Plasma Application for Improvements in Hydrophilicity 
It is well known that leather is a naturally hydrophilic material because 

collagen has an abundance of hydrophilic groups, such as the amino 
group (–NH2), the carboxyl group (–COOH), and the hydroxyl group (–
OH) (Kaygusuz Koizhaiganova et al., 2018). However, the hydrophilicity 
of leather samples subjected to atmospheric pressure plasma application 
can also be increased due to the oxygen atoms which are dissociated in the 
plasma and which then oxidize after being adsorbed to the leather surface 
(Choi et al., 2003) and to an increase in oxygen-containing groups (-OH, 
C=O, -COOH) on the leather surface (Koizhaiganova et al., 2017).

The surface morphology of natural leather plasma treated with diffuse 
coplanar surface barrier discharge (DCSBD) at atmospheric pressure was 
not affected, but plasma treatment caused a wettability change at half the 
value of the contact angle in comparison with untreated leather. Thus, 
it was observed that a 10 second plasma treatment time was enough to 
decrease the water contact angle from 85° to 45°. XPS study indicated that 
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the percentage of oxygen-containing bonds responsible for hydrophilicity 
is significantly increased by plasma treatment (Štěpánová et al., 2017).

In a study with low-pressure parallel plate plasma, a He/O2 mixture 
was used for obtaining hydrophilic and tetrafluoromethane (CF4) for 
obtaining hydrophobic effect on leather. It was determined that He/O2 
made an uneven leather surface more uniform and improved wet rubbing 
by increasing adhesion strength between the base and top-coating layers, 
while the hydrophobic plasma treatment improved wet rubbing by 
decreasing the wettability of natural leather and at the same time keeping it 
from decolorization (Choi et al., 2003).

After O2/H2O plasma treatment, the size of natural leather pores 
increased in both diameter and depth. In addition, hydrophilic groups like 
carboxyl, hydroxyl, carbonyl and amine were successfully grafted on to 
the surface of natural leather. The oxygen content of the modified sample 
was double that of the original leather sample after ten minutes. Surface 
hydrophilicity also improved remarkably and the initial water contact angle 
was about 21° after O2/H2O plasma treatment (You et al., 2016).

Plasma pretreatment was applied to polyurethane-coated (PU) 
leather and its performance was compared with conventional treatment 
techniques. When polyurethane coated leathers were subjected to oxygen 
plasma treatment in order to increase the adhesion of polyurethane foam, 
the contact angle of the leathers was reduced and wettability was increased 
(Seul et al., 2005).

Plasma Application for Improvements in Hydrophobicity 
Natural leather is basically hygroscopic and may be damaged by 

moisture. Therefore, it must be waterproofed (Choi et al., 2003). The 
species that participate in plasma reactions (excited atoms, free radicals 
and metastable particles, electrons and ions) can interact either physically 
or chemically with the substrate to modify the surface. Surface deposition 
is proposed to be the prime factor contributing to surface hydrophobicity 
(Kwong et al., 2014). 

Whilst the C–N, C–O, N–C=O/C=O and O–C=O bonds are polar 
and responsible for the hydrophilic properties, the C–C/C–H bond is 
responsible for the hydrophobic properties of leather (Štěpánová et al., 
2017).

In general, water resistant leather has been prepared by using the low 
surface free energy chemicals that cover the surface. These chemicals are 
commonly polymers containing silicon, fluorine or long chain hydrocarbon 
(Hodder, 1995; Gratacos et al., 1987; Feng et al., 2014). Thus, research 
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studies have shown that low-pressure parallel plate plasma treatment with 
CF4resulted in a remarkable improvement in the waterproofness of natural 
leather without discoloration (Choi et al., 2003). 

The effects were investigated of atmospheric pressure plasma treatment 
using tetrafluoromethane (CF4) as the polymerizing monomer on the 
hydrophobicity of polyester synthetic leather, and a hydrophobic surface 
with a contact angle of 106° was achieved. It was determined that the 
deposition of fluoropolymer layers increased the surface hydrophobicity 
and the contact angle value. The most effective flow rate of CF4 was around 
0.5 LPM with a discharge power of 120 W (Kwong et al., 2013).

Vinyltriethoxysilane (VTES), which has a good reactivity and film 
forming property, was polymerized and deposited on the surface 
of upholstery crust leathers by low-pressure cold plasma, and the 
hydrophobicity of the leathers was significantly improved and lasted even 
after storage for 240 days. The authors explained that a coating was formed 
on the leather surface after plasma treatment and the collagen fibers were 
fully covered, indicating that VTES had been polymerized under low 
pressure cold plasma, and that the polymer was then deposited on the 
surface of the collagen fibers as a coating, resulting in the increase in the 
hydrophobicity of the leather surface (Feng et al., 2014).

Helium was used as a carrier gas and tetramethylsilane (TMS) was 
used as an organosilane precursor in the atmospheric pressure plasma 
treatment of PU leather, and a hydrophobic surface with contact angle 
of 94° was achieved. This was stable for at least 30 days after treatment. 
Surface deposition was proposed as the prime factor contributing to the 
surface hydrophobicity, since the clarity of the scaly surface which was 
determined for the untreated sample decreased due to the deposition of 
silicon compounds after plasma treatment (Kwong et al., 2014).

Using atmospheric pressure plasma treatment with a TMS precursor, a 
hydrophobic surface of imitation leather with a 100% polyurethane surface 
was achieved with a contact angle of 90° (Kan et al., 2015).

Modification of imitation leather with polyester (PE) surface by 
atmospheric pressure plasma using TMS was studied, and a maximum 
contact angle of 136° was obtained with a sufficient amount of TMS (0.2 
ml). It was stated that a problem with plasma application on synthetic 
leathers could be their potential degradation under the excessive heat of 
the plasma jet (Kan et al., 2016a).

Surface hydrophobicity (135°) was imparted to rayon flock synthetic 
leather by means of the plasma deposition of TMS under atmospheric 
pressure. It was stated that surface hydrophobicity can be determined by the 
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presence of O-containing groups due to their strong affinity towards polar 
wetting agents. In this study therefore, the reduction of the atomic content 
of polar O-containing groups after plasma treatment with increasing 
amounts of TMS was determined (Kan et al., 2016b).

The silicon compound hexamethyldisiloxane (HMDSO), the inactive 
gas argon (Ar) and toluene were used to impart surface hydrophobicity to 
a natural leather by low pressure plasma treatment. Plasma polymerization 
of HMDSO/toluene led to a significant increase of the Si compound 
responsible for the hydrophobic surface. In addition, a decrease in the total 
surface free energies of the natural leather samples after plasma deposition 
indicated an improvement in surface hydrophobicity (Kayaoğlu & Öztürk, 
2013).

Surface hydrophobicity of polyurethane-based synthetic leather was 
increased by the deposition of different HMDSO/toluene mixture through 
plasma polymerization at low pressure plasma. Optimum conditions of 40 
W, 30s plasma treatment resulted in a contact angle of approximately 100°, 
whereas the initial water contact angle for the untreated material was about 
73°. Moreover, the plasma-formed coating was both hydrophobic and 
formed a physical barrier that kept out the water and improved the easy-
cleaning property of the synthetic leather (Kayaoğlu et al., 2013).

It was determined that the best result, a 120.9° contact angle, was shown 
by leather treated with plasma activation with oxygen and plasma coating 
with HMDSO. The formation of a coating containing silicon on the surface 
through plasma deposition resulted not only in an increased water contact 
angle and surface hydrophobicity but also in improved fastness properties 
and water vapor permeability (Koizhaiganova et al., 2017).

Although there have been several efforts to increase the hydrophobicity 
of leather through plasma treatments, there is a dearth of information on 
the combined effect of nano-finishing and plasma treatment. Thus, authors 
have noticed that coating with the nanocomposite TiO2-SiO2 made leather 
hydrophobic, and the combined application of environmentally friendly 
plasma technology improved this characteristic, resulting in a higher water 
contact angle (Kaygusuz Koizhaiganova et al., 2018).

Plasma Application for Improvements in Different Leather 
Properties 

The production of waterproof leathers showing excellent wearing 
comfort requires both appropriate products and application know-how. 
Both the products and the application process must be adapted to the 
requirements for the final article and to the processed leather. A closed 
waterproof film can be applied in finishing. This prevents the penetration of 
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water into the leather at least under static conditions. However, such films 
drastically reduce the water vapor permeability (WVP), even with the most 
modern technologies. The permeability to air and water vapor of waterproof 
leather prepared by traditional approaches can also be reduced (Kleban et 
al., 2002). The latest developments contain mixtures of components which 
have a multiple working mechanism. Obviously, waterproof leather should 
allow WVP and some reversible up-take of water (Herrmann, 2006).

In one study, it was found that application of TiO2-SiO2 nanocomposite 
and plasma treatment did not affect the WVP of the leather (Kaygusuz 
Koizhaiganova et al., 2018). In another study, it was found that when the 
plasma treatment lasted for 120 seconds, the water vapor permeability of 
the leather increased for split leathers from 324g/m2 to 441g/m2 in one day 
(Yi et al., 2010). 

It was proposed that in plasma treatment, the coating film is located at 
the surface of the collagen fibers rather than over the whole surface of the 
leather. This fact suggests that air and water vapor permeability may be 
greatly retained compared with traditional leather finishing (Feng et al., 
2014).

Since the application treats only the surface and does not influence the inner 
layers of the leather, it was proposed that mechanical properties of the leather 
such as tensile strength, resistance to tear or flexibility will not significantly be 
affected (You et al., 2016; Kaygusuz Koizhaiganova et al., 2018).

The influence of plasma treatment on the mechanical properties of 
dyed leather was evaluated using tensile strength measurement, and no 
significant changes in the surface morphology or mechanical properties 
were observed. In addition, no defects, ruptures or formation of pinholes 
resulting from the plasma treatment were observed (Štěpánová et al., 2017).

Therefore, plasma treatment, in particular DBD and DCSBD, can be 
considered as non-destructive procedures affecting only the very surface 
layer of the leather. Furthermore, these techniques can provide the high 
throughput, technical simplicity and economy required by the leather 
industry.

Plasma deposition of HMDSO at low pressure showed not only a 
conferred hydrophobic property but also showed some promising results 
towards improving the easy cleaning property of natural leather (Kayaoğlu 
& Öztürk, 2013)

The influence of cold plasma pre-treatment was favorable not only for 
water repellency but also for the flame retardant properties of different kinds 
of leathers. The results of flame resistance tests of different leathers (full 
grain, split chromium tanned leathers and ecological leathers) treated with 
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flame retardant material based on phosphorous and nitrogen compounds 
demonstrated the effect of cold plasma pretreatment as compared to 
untreated samples (Gaidau et al., 2017).

Buffer dry leather and grain leather were subjected to radio frequency 
(RF) plasma treatment under low pressure plasma. When exposed to RF-
plasma, the tensile strength of the leather increased by 10-20%, the surface 
layer strength by 10-20%, coating resistance to flexing by 35%, and abrasion 
resistance by 20-25%. The improved leather properties contributed to the 
preservation of its consumer properties and to longer lasting of forms given 
to special purpose footwear (Makhotkina et al., 2016).

When polyurethane coated leather was improved with plasma made 
from oxygen gas, it was observed that adhesion increased on the leather 
surface with an increase in the duration of plasma. FTIR results showed a 
reduction in methylene and methyl groups represented, while an increase 
was obtained in alkyl group (Seul et al., 2005).

In another study, conducted on the consumption of chrome in the 
chrome tanning process, which is of central importance to the leather 
industry, oxygen plasma was used as a different treatment to modify pickled 
skin with low temperature plasma (LTP). It was determined that the oxygen 
content of the pickled skin and the chromium content of the tanned leather 
increased remarkably; thus it was concluded that the plasma process would 
be helpful to the sustainable development of leather industry (Jinwei et al., 
2012).

In other study, it was reported that an appropriate CO2 LTP process can 
also effectively improve not only the chrome tanning exhaustion rate, which 
reduces the emission of heavy metal chromium in waste liquor but also the 
comprehensive performance of leather such as hydrothermal stability and 
physical-mechanical and organoleptic properties (Liu et al., 2018).

Recently, a large number of studies have been conducted on ion 
implantation technology, which is developing for industrial applications 
as well. In this system, energetic ions are buried in a solid material by 
means of an energetic ray in a high vacuum. In this way, the chemical and 
physical properties of the solid are modified near the surface. Because ion 
implantation is performed in a higher energy environment than plasma 
treatment, a large number of elements can be buried in the solid surface. 
Also, the equipment enables implantation in materials on a large scale, so 
that industrial applications would be possible (Açıkel et al., 2015; Aslan et 
al., 2015).
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CONCLUSION AND FUTURE PROPOSALS

Plasma treatment represents a rapid, effective, low-cost and 
environmentally friendly method for the surface modification of natural 
and synthetic leather. In order for industries in almost every field to 
develop their products today, they make use of new technology, and 
plasma technology is chosen for different processes in different sectors, 
in particular in the automotive, aircraft, electronics, food, packaging and 
textile industries. Plasma technology has not yet been fully included in 
leather production processes, but studies have shown that this technology 
can easily be adopted, and can be an alternative in acquiring functional 
characteristics by means of new production techniques demanded by 
the sector. Therefore, the number of studies on the plasma treatment of 
leather should be increased, and it should be incorporated into large-scale 
production. In addition, it is predicted that ion implantation treatment 
will allow application to materials on a large scale which more suitable 
for commercialization, and that it will be easier to incorporate it into 
production in the future.
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DEFLECTION OF MICROCANTILEVER BEAMS SUBJECTED 
BY A POINT FORCE 

D. Erdem ŞAHİN1, M. Amin CHANGİZİ2

ABSTRACT

In this study a mathematical model has been introduced to determining the 
actual cantilever deflection by position sensitive photo detector (PSD).  By using 
basic geometric relations for PSD system, they were simplified and a relationship 
between the actual cantilever deflection and optic signal was obtained when a 
point force applied at the end of the beam basing on small deflection theory. An 
experimental study was examined under different weights to compare the model. 

Keywords: Cantilever sensor, cantilever, PSD, small deflection

1. INTRODUCTION 

Position sensitive detectors [1] are used in many applications to measure 
temperature, mass, chemical reactions and surface stress [2-4].  One of 
these applications is determining the deflection of micro cantilever beams 
(MCLB) by using an optical beam deflection system. Moreover MCLB’s are 
used as not only biosensors but also an element of electronic circuit. 

Reflection of the light using in PSD from the cantilever surface indicates 
the deflection of the point where the light is seen on the surface. The 
deflection of the cantilever versus the measured deflection on the PSD is 
not the same. The actual deflection of the beam can be calculated through 
the geometry of the system. 

In this study, actual deflection of cantilever beam when a point force 
applied at the end of the beam is detailed and calculated by using PSD 
signal basing on small deflection theory [5].
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1.1 Mathematical Model 

The analysis is based on deflection of a cantilever beam which is 
measured on a PSD (Position Sensitive Detector). This deflection is much 
more than the real deflection of a cantilever as shown in the Figure 1.

The deflections of the cantilever (δ) versus the measured deflection on 
the PSD (X) are related through the geometry of the system. Consider the 
laser as the source which is on the line K


. The reflection is detected on a PSD 

before the cantilever beam’s deflection at point A. The coordinates of point 
A is (b,a) which are known. The angle θ is also known. After deflection, 
the laser is detected at point B which bares the coordinates (b,c). These 
coordinates are also known. Assuming that the laser reaches the cantilever 
at length l, before deflection and reaches the cantilever at point F (e,f) after 
deflection, (as shown in Fig.1), Young’s Modulus (E), Moment of Inertia 
(I), and Length of Beam (L), are known. For different force at the tip, the 
deflection δ can be calculated from the method is showed below.

 

 Fig. 1 Schematic of the Cantilever Beam

If O is considered as the origin, the equation of line K can be written as:

))((cot lxany −= θ
(1)

The y-component of point F is:
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F
f δ= (2)

The x and y-components of B are:
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Angle ξ can be calculated by the slope of the beam’s curvature:

)tan(
exdx

dyArc
=

=ξ
(4)

The Coordinates of point B satisfy the equation of the line AE  since:

ec
fd

−
−

−=)tan(γ
(5)

The deflection of cantilever at E is:

)(ey=δ (6)

where y can be calculated from Mechanical of Materials. This will be 
shown below in different cases.

The angles θ, ξ, β and γ are related as:

βθξ −=
(7)

βθπγ 2
2

−+=
(8)

1.2 Point Force
If a point force is applied at the end of the cantilever and the deflection is 

small, the deflection of any point on the cantilever can be calculated as [6]:

)3(
6

23 Lxx
EI
Py −=

(9)
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By substituting equation (6) in (9):

)3(
6

2

Le
EI

Pe
−=δ

(10)

ξ can be calculated from slope of equation (9):

))2(
2

tan( Le
EI

PeArc −=ξ
(11)

From equation (7) and (11), one can calculate β:

θβ +−−= ))2(
2

tan( Le
EI

PeArc
(12)

By substituting equation (12) in (8):
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By substituting equation (13) in (5):
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Intersection of equation (1) and (9) gives the coordinates of F:

)3(
6

))((cot 23 Lxx
EI
Plxan −=−θ

(15)

Solving this third order polynomial gives only one real number as 
shown below:
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Equations (10), (14) and (16) give a system of 3 equations and 3 
unknowns P, δ  and e .This system of equations can not be solved explicitly, 
but it is possible to solve them numerically. After calculating P, one can 
calculate the deflection of tip from:

(16)
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EI
PL
3

3

−=δ
(17)

 

2. EXPERIMENT

In order to validate the model a small sized cantilever beam was used. The 
cross section of cantilever was rectangular and it was constructed from a 0.54 mm 
thick steel piece, 6.15 mm wide width the length of 22.62 mm. The cantilever was 
horizontally in a set up as shown in Fig.2. In the Set up, A is a laser source and it 
creates laser beam like line  in Fig.1. B is a lens to collect the laser beam light in a 
point. C is the cantilever beam, which is too small that can be seen in the figure. D 
is a PSD which is shown in Fig.1 in line AB. Because of distance limitation of PSD 
to 4.83 mm, doing experiment for large deflection was impossible with this set up. 
The experiment was done for six different weights in three deferent points ( ). Table 
1 and Table 2 show dimensions of the beam, applied weights and their positions. 
Each test was done eight times the maximum and minimum values were neglected, 
and average of sex tests was considered as test result. Then the experimental results 
compared with numerical results. The numerical results obtained from a code 
written in Maple 11. 

Fig.2. Set up the experiment
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          Table.1. Dimensions of cantilever and position of laser beam on it.

Length = 22.62 mm

Width = 6.15 mm

Height = 0.54 mm

L1 = 8.26 mm

L2 = 10.76 mm

L3 = 14.4 mm

          Table.2. Weights applied on the tip of cantilever.
 

Weight (g)

0

2.28

10.43

18.58

26.73

34.88

43.12

 
Numerical and experimental results have benn illustrated with 

comparison of beam deflections between measurements obtained 
experimentally using PSD (symbols) and calculated (solid lines) for 
different weights in Fig. 3.
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Figure 3. Comparison of beam deflections between measurements obtained 
experimentally using PSD (symbols) and calculated (solid lines) for different 

weights

3. CONCLUSION

We introduced relationship between actual deflection of cantilever beam and 
PSD signal.  From Figure 3, we can see that theoretical results are in agreed with 
experimental results. The exact deflection formula when the cantilever beam 
subjected by a point force has been derived and it should be useful for researchers 
dealing with position sensitive detectors.
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BARRIER PROPERTIES OF PAPER AND CARDBOARD

Sinan SÖNMEZ1, Öznur ÖZDEN2

ABSTRACT

The meaning of the barrier is explained as an obstacle to the realization of 
something. In paper and cardboard, the barrier represents some resistance. Barrier 
properties are an important feature that must be considered for all types of paper. 
The measures taken to prevent the passage of certain unwanted substances in 
writing papers and in all types of packaging papers are characteristic of the barrier 
layer.

It must be glued with special surface glues or coated with special materials 
added to the coating color for having barrier properties of paper and cardboard 
surfaces against external factors such as water, oil, heat and corrosion.

The barrier coating is an improvement operation applied to paper, cardboard 
and corrugated board material. As a result of this process, coated packages are used 
for packaging food and non-food products.

The most noticeable barrier properties are seen as resistance to moisture, oil, 
heat, water, air, odor and oxygen. It is impossible to have all of the features in a 
paper kind. For this reason, the desired barrier property according to the purpose 
of use of the paper should be realized by producing paper and cardboard.

This section will provide information on the importance of barrier properties, 
the materials used for barrier processing, the properties gained by these materials, 
and the test methods used to determine the barrier property.

Keywords: Barrier, Sizing, Pigment Coating, Packing

1. INTRODUCTION

Lexical meaning of barrier is defined as an obstacle that prevents access, 
or as an inhibitor of a passage, a change or a migration. And it means 
certain resistance properties for papers and cardboard. Barrier property 
must be taken into consideration for all paper types. Precautions taken for 
writing papers and all kinds of packaging papers, depending on the area 
of use, in order to prevent the passage of certain materials constitute such 
barrier properties.
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There are certain properties expected of papers and cardboard based on 
their area of use. In particular, expected properties of packaging papers are 
of importance. Such expectations vary depending on the area or product 
for which the Paper or Cardboard will be used. Important functional 
properties of papers and cardboard to be used as packages can be listed as 
follows;

A strong protection against mechanical hazards

Protection against climate changes

Barrier properties

Visual appearance

Convenience as food packaging material

And neatness 

(Kainulainen & Soderhjelm, 1999, 217-232)

Barrier and resistance property terms, among the above-listed functional 
properties, are used with the same meaning in consideration of several types 
of paper, for which such properties are of importance (Table 1). Functional 
properties in papers and cardboard are particularly significant for papers 
and cardboard used for food packaging, as stated in the table. Therefore, 
paper industry performs operations according to the end use area of such 
product types (Casey, 1983, 2468).

Table 1: Paper types for which barrier and/or resistance properties are of 
importance

Number Paper Type

1 Writing, bond (note), ledger, index

2 Offset writing papers

3 Coating base papers

4 Grocery bag papers, multifold shipping paper bags

5 Cardboard packaging papers

6 Saturated construction papers

7 Oil and grease resistant papers

Reference: SCOTT, William E., ABBOTT, James C. and TROSSET, Stanley, (1995)
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In this section, information regarding papers with important barrier 
properties, basis of barrier and resistance properties, how such properties 
are ensured, and their tests will be provided.

Writing, bond (note), ledger and index papers are commonly used for 
writing with water-based ink. Therefore, they must be resistant to water 
penetration.

Offset printing papers are exposed to ink and wetting during printing. 
If the paper does not have adequate resistance to water, it will absorb a 
high amount of moisture on wetting areas. Furthermore, high opacity and 
surface resistance is required for printing papers in order to increase the 
printing quality (Sangl et al., 2013, 266-271).

The fact that the papers to be used as the pressure carrier material are 
coated is critical for ink receptivity. Coated papers have better ink receptivity 
compared to uncoated papers. What is important here is that it is not 
desirable for the coat to be over-resistant to the printing ink penetration. 
A high absorbing capacity is also not desired, as it will cause a grey print 
(Biermann, 1996, 475-477).

When liquid pigment coating suspensions are applied to a coating base 
paper, penetration rate and degree of water, adhesives and other components 
into the web can be controlled with water resistance of the paper draft 

Grocery bag papers are glued conveniently for uses as paper bags, and 
their contents preserve the water resistance. Multifold paper carrying bags 
must also have the same properties. When boxing, water transfer between 
paper bag folds must be completely blocked. And this can be ensured 
through a paper bag with water barrier properties (Hanlon et al., 1998, 
105-106).

Packaging papers sets an example in which most of the required barrier 
and resistance properties are provided. Cardboard, for example, is usually 
extensively glued during the production of folding boxes. On the other hand, 
it is required that structure of the produced package prevents liquid, water, 
air, oil or oxygen passages. Corrugated cardboard carrier packages, as well 
as primary or secondary packages, are required to have exterior surfaces 
with a uniform structure convenient for water resistance (Chamberlain & 
Kirvan, 2013, 1-6).

Oil and grease resistant papers are widely used in packaging food, 
chemicals and metal products.

And papers with also high water resistance are preferred for uses as 
saturated construction papers. Rough cardboard, generally used within 
exterior walls of houses, as well as coating papers under roof shingling must 
be resistant to water.
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Requirements of the industry are highly extensive and complex. Some of 
the properties, as well as paper types, based on the prominent requirements 
within such complexity are summarized in Table 2.

Table 2: Paper types based on resistance properties, and suitable dyes
Resistance type Paper type Suitable dye
Water resistance Food packaging paper, glued 

paper and wrapping paper
Organic and inorganic 
pigments, direct dyes

Abrasion resistance Wrapping paper for food 
packaging

Direct dyes

Acid resistance Parchment, writing, printing 
and glued paper, fibers for 
vulcanized cardboard

Organic and inorganic 
pigments, selected from 
all groups

Water vapor resistance Paper rolls and bobbins Pigments, basic dyes
Solvent resistance Paper for labels (especially 

for perfume, medicine and 
alcohol labels)

Some acid and direct 
dyes, special pigments

Heat resistance Cable, bobbin, laminated and 
bakalite papers

Organic and inorganic 
pigments, some soluble 
dyes

*Reference: Eklund and Lindstrom, 1991, 271.

2. ESSENTIALS OF BARRIER AND RESISTANCE PROPERTIES

Papers and cardboard have weak barrier properties, and they can 
easily absorb moisture due to their hygroscopic structures. Furthermore, 
they have a porous structure. Due to such properties, air and other gases 
can easily penetrate papers and cardboard. Several methods are used to 
indicate the barrier property degree of a paper or cardboard. One of such 
methods is coating and lamination with other materials such as foils or 
plastics (Scott et al., 1995).

Oil resistance and water vapor passage rate in packaging papers and 
cardboard are the most widely used resistance properties. Gas passage rate 
is also related to barrier property; however, such resistance is applied solely 
on papers and cardboard that are laminated, or coated with plastics or foils 
(Kainulainen & Soderhjelm, 1999)  

Many researchers have studied paper penetration of liquids, and as a 
result of such studies, they have created the methods of providing barrier 
properties to papers or cardboard. Barrier and resistance properties are 



Engineering Studies 175

provided for papers used in various fields, both during the production 
stage of the paper and through applications on papers.

There any many factors affecting the liquid penetration for papers used 
in various areas (Table 3).  

Table 3: Factors effecting paper penetration of liquids

Number Paper Type

1 Porous structure of the draft

2
Angle of contact between the liquid and the paper 
surface

3 Wetting time

4 Fiber swelling
5 Diffusion

Porous structure of the draft: The total pore volume irregularly 
distributed within the web can be determined. The fact that natural 
structure of paper is porous must be taken into consideration. Ratio of pore 
volume to the total pore volume of the web is called porosity (Yamauchhi 
& Murakami, 2001, 267-272). This critical property of paper and cardboard 
can be determined through laboratory studies when necessary. Air 
permeability, which is another expression for this property, is widely used 
for paper properties. Air permeability values can be determined with 
suitable devices. Air permeability, specified as a property of paper, refers 
to the air flow through the web under varying pressures. It must also be 
indicated that air permeability is not a measurement method of porosity. 
Two materials with the same porosity, one with smaller pores and one with 
relatively larger pores, can have highly different air permeability properties 
(Scott et al., 1995, 123-130). 

Air permeability paper and cardboard becomes significant depending 
on the its relationship with other properties of paper, transforming 
performance, and requirements of the end-use area.

Swelling of paper: Cellulose, which can swell due to paper penetration 
of liquids, can be complicated with additional factors. Swelling degree 
differs as liquid intake is different on different directions of the web, such as 
machine direction, cross direction and z-direction. The interaction between 
the web and water, and inner hole diameter behavior of the paper will also 
differ. For example, an increase in the thickness of paper will also increase 
the time necessary for water penetration into the web (Adanur, 1997, 301).
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Penetration mechanism: Liquids applied on paper and cardboard 
penetrate depending on the porous structure of paper and cardboard. So, 
absorption increases or decreases depending on the structure. If paper 
surface is coated, laminated or glued before coming into contact with 
water, that means barrier property is provided, and this affects penetration 
(Hagiopol and Johnston, 2011, 267).

Angle of contract between liquid and the paper surface: This is stated 
as the resistance measurement of a paper or cardboard surface to a liquid 
during contract with liquids. In fact, it is a measurement of surface weeing 
capacity. Determining the angle of contact is important also for printability. 
Printing efficiency is determined by surface-wetting capacity of the ink 
used in printing (Etzler & Conners, 1995, 90-108).

The measured angle indicates the degree of wetting. As seen in Figure 
1, maximum wetting takes place when the angle of contact is 0°. Partial 
wetting takes place when the angle is between 0° and 90°. And when the 
angle of contact is greater than 90°, no wetting takes place (Salapare et al., 
2009, 210-213).

Figure 1: Different angles of contact
Reference: http://www.cscscientific.com/csc-cientific-blog/initiation-to-contact-angle

In short, porous structure, angle of contract, wetting time and liquid 
flow properties are the main factors affecting penetration.

3. PROVIDING BARRIER AND RESISTANCE PROPERTIES 
ON PAPER

Providing the desired resistance properties to paper and cardboard 
is possible through various methods. The first method relates to beating 
degree of fibers, which are the main material of paper production. Porosity 
changes depending on the degree of beating. Another treatment is changing 
the porosity through organic or inorganic materials that are added to the 
pulp during production (Bajpai, 2013, 9-10). During calendering, which 
is also called the final treatment in paper production, fibers on the surface 
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are pressed, thus increasing the gloss and affecting the porosity. At the same 
time, thickness of the paper increases (Maurer, 2009, 660-662). This process 
is one of the methods of providing resistance or barrier properties on a 
paper or cardboard against water. Density increase creates a barrier against 
oil, grease and gasses, as well as providing a good protection against odors. 

However, the most efficient way of providing barrier property is through 
treatments applied on the surface of paper of cardboard after production. 
In other words, coating or gluing the paper or cardboard surface with 
suitable materials and methods. Generally gluing process is performed for 
providing barrier properties. Natural or artificial glues are used for gluing 
process (Robertson, 2016, 178-180). If the glued paper or cardboard will 
be used for food packaging, using natural glues is preferred to avoid health 
problems. This has been the preferred gluing applications during recent 
years. Types of papers and cardboard glued with wax, and the expected 
properties are listed in Table 4. 

Table 4: List of some of the papers and cardboard glued with wax
Type of paper and cardboard Purpose
Absestos cardboard Water absorption
Billboard paper                                               Water resistance, printing
Butcher paper Blood resistance

Cable wrapper                                                   Water resistance
Cup paper                                                   Water resistance
Egg cardboard                                           Water resistance, printing
Envelope Ink resistance
Frozen food cardboard                            Liquid resistance
Label paper                                                   Ink resistance
Milk cardboard                                             Lactic acid resistance
Signing paper                                         Water resistance

Reference: SCOTT, William E., ABBOTT, James C. and TROSSET, Stanley, (1995)

4. BARRIER AND RESISTANCE PROPERTIES TAKING PLACE 
ON PAPER 

The essentials and importance of the aforementioned barrier and 
resistance properties depend on acknowledging how they take place, and 
being able to test them. There are many studies on this subject. The most 
widely used and interesting ones are shown in Table 5. 



ACADEMIC RESEARCHES IN ARCHITECTURE, ENGINEERING PLANNING AND DESIGN178

Table 5: Tests used to measure water resistance in paper and cardboard

Name Property measured Types of paper and 
board

TAPPI 
Method

Water drop 
absorption

Time required for droplests of 
water to be absorbed by paper

Heavy paper and 
paperboard, tissues, 
towelling

T 432

Dry 
indicator 
test

Time required for water to 
penetrate sufficiently to moisten 
a dye powder and produce a 
uniform violet color

Moderately sized 
paper T 433

Ink flotation 
test

Time required for writing ink 
to penetrate through a floating 
specimen and change the color 
of the upper surface

Moderately sized 
paper -

Curl test

The time from contact to 
maximum curl when a paper 
sample is brought into contact 
with water on one side

Moderately sized 
paper T 466

Hercules 
size test

Decrease in reflectance of the 
opposite side of a sheet of paper 
which has been covered with a 
given amount of ink

Wide range of sized 
paper T 530

Penescop 
test Rate of liquid penetration under 

a given liquid head pressure

Wide range of 
papers and boards, 
including hard-sized 
paper boards

-

Valley size 
test

Time required for an electrolyte 
solution to penetrate through 
a specimen and decrease its 
resistance to a given value

Wide range of 
papers -

Cobb size 
test

Amount of water absorbed by a 
given area of paper in a specified 
period of time

Paper and 
paperboards that 
do not become 
saturated too 
quickly

T 441

Pen and ink 
feathering 
test

Extent of  spreading of lines 
drawn on a sample with a steel 
pen and ink

Bonds and other 
writing grades -

Contact 
angle

Tangential angle from the 
horizontal which the base of a 
drop of liquid develops when 
carefully placed on a sheet of 
paper

Any paper or board 
that does not absorb 
the drop too quickly 
for the measurement 
to be made

T 458

Water 
immersion

Amount of water absorbed by a 
6”x6” specimen when immersed 
for 10 minutes in water 

Hard sized 
paperboards T 491

Reference: SCOTT, William E., ABBOTT, James C. and TROSSET, Stanley, (1995)
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Natural barrier property of grease-proof paper can also be considered 
as resistance to oil, saturated fat and petroleum wastes. These are paper 
types such as grease-proof paper, baking paper, baking cups, pet food bags, 
cooking papers, separable papers for technical lamination, graphic papers 
and papers for textile bobbins (Yam, 2009, 909-910). Additional properties 
of these papers, such as water and air barrier, are also of importance 
depending on the end-use area. Barrier properties against water vapor and 
oxygen are also necessary for further expanding the use of grease-proof 
paper.

It is required that resistance against certain effects that threaten the 
food is provided specifically for paper or cardboard packages used as food 
packages. As seen in Figure 2, water vapor, grease and aromas are two-way 
active substances. This means that there are passages both from the package 
to the food, and from the foot to the package.

 
Foodstuff

 
Grease/Oil

 
Mineral oils

 
Aroma

 
Water vapour

 
O2

Figure 2 : Potential threats against food products
Reference: www.mitsubishi-paper.com

When the factors effective on the barrier property are considered in 
terms of the barrier, porosity and water absorption become prominent.

Low porosity of the base paper is one of the most important conditions 
for attaining a good barrier property on dispersion coatings (Kimpimäki 
et al., 1998, 98-101). Porosity of base paper also affects properties such as 
coating adhesion and absorption behavior. These properties are important 
when the paper is coated with a coating liquid for providing grease-proofing. 
Liquid coatings on commercial grease-proof papers are usually silicon-type 
coatings. Coating adhesion of silicon-type coating can be developed with 
low porosity and low density of the base paper (Farrand & Ferguson, 1977; 
Duraiswamy et al., 2001).
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Penetration depth of starch solution, which is widely used on grease-
proof papers, is also affected by porosity of the base paper (Bergh & 
Thomin, 1976). Beating treatment during production is highly effective on 
the porous structure of the paper. Over-beaten papers have small pores and 
a narrow pore size distribution (Henrik Kjellgren 2005). 

When an aqueous dispersion or solution coating is applied on a grease-
proof paper, it is important that the coating is not absorbed in the paper, but 
remains on the surface. Grease proof paper-based baking papers are usually 
coated with an aqueous silicon emulation or a chrome stearate solution. 
These chemicals provide the barrier against water as well as ensuring that 
material can be separated from the paper. This is of importance especially 
when a frozen dough is used in baking (Söderhjelm & Sipiläinen-Malm, 
1996, 163-164).  Water absorption on the paper takes place through a 
capillary transport mechanism. Viscosity and sorption time of the fluid 
during liquid passage is important. In case of a capillary model, this means 
that the sorption into the paper must be proportional to the time. However, 
water sorption of paper is rather complex due to swelling of fibers.

The mechanism migrating water into paper was proposed by Nissan in 
1949, and these are;

Migration of vapor through transmission in the pores

Capillary migration of liquids in pores

Superficial spread on pores

Liquid movement throughout fibers 

Under zero pressure, capillary penetration through steady capillary 
vessels require wetting (Leskelä & Simula, 1998, 260-289). Wetting takes 
palace when the angle of water contact on the paper is smaller than 90°.

The most widely expected barrier properties of paper and cardboard is 
resistance against grease and oil, water vapor and odor; however, there are 
also different expected barrier properties depending on the area of use. One 
of these different properties is resistance against heat. In order to achieve 
this, surface of the paper and cardboard is coated with special chemicals 
that are resistant against heat (Casey, 1983, 2468-2474).   

As a result; requirements of the industry are highly extensive and 
complex. It is necessary to provide barrier properties in order to meet some 
prominent requirements within such complexity. Two highly influential 
factors, namely price and performance, affect the design of barrier coating. 
Water-based coatings decreases performance price of the barrier, contrary 
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to conventional unary materials such as polyethylene and wax, which affect 
the barrier property through a series of applications.

And today, researches and applications aim to provide barrier property 
through developing the best material at a desirable cost, as well as ensuring 
recyclability. Studies both on the materials used in coatings and on 
application methods continue in order to achieve this.

Certain barrier properties that are required in order to increase to shelf 
life in packages coming into contact with food products must be provided 
to the packages. Therefore, whether the special coatings applied on paper 
and cardboard packages are antibacterial or antimicrobial is taken into 
consideration. It is also preferred that coating materials used for this 
purpose are water-based or natural (Özden Ö., 2017).
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