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Abstract

Purpose

Campus areas should be designed as centers where social activities can
be fulfilled to meet students' needs, and which can serve the society by
promoting sustainability. Nowadays, transportation systems (bike path,
public transport, etc.) that support sustainability are not very common
in campus areas. This situation leads to many environmental, economic
and social problems. Therefore, it is extremely important to develop
sustainable transport plans to uncover the current state of the
transport system and to meet future transport needs. In the study, it
was aimed to compare the spatial characteristics of Kilis 7 Aralik
University's current situation and its design in line with sustainable
transportation principles.

Design/Methodology/Approach

This study was carried out in the central campus of Kilis 7 Aralik
University. In the study, the existing transportation infrastructure of
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the campus has been evaluated, a sustainable transportation model has
been formed in accordance with the concept of "green campus,” and
changes in spatial characteristics of the campus with the
environmental, physical and social contributions of this model have
been explained. Spatial composition method was used to analyze the
spatial properties.

Findings

In the sustainable design model, while the local integration value
decreased, global integration, intelligibility, accessibility, and synergy
values were found to increase.

Research Limitations/Implications

In the study, the sustainable transportation model was carried out in a
narrow area, such as the campus area. It is thought that the results
obtained will be the basis for the studies to be carried out in larger
areas.

Practical Implications

Campus accessibility, intelligibility and global integration values have
increased with the sustainable transportation model. This situation is
expected to increase the livability of campus areas.

Social Implications

It is thought that the mental health and academic achievements of the
campus users will be positively affected in the campuses designed with
the planning approach based on the sustainable transportation model.
Originality/Value

The article is considered important in terms of examining sustainable
transportation in campus areas compared to spatial analysis.

INTRODUCTION

Many countries around the world are trying to take precautions
to solve global and local problems such as rapid urbanization,
climate change, social inequality, poverty, biodiversity loss,
overpopulation and lack of resources. The first step towards
resolving these problems is Our Common Future Report
(Brundtland Report), which was published in 1987 by the World
Commission on Environment and Development (WECD). The
most important feature of this report is that it introduced the
concept of sustainability. In general, sustainability is defined as
the ability of future generations to meet their current needs
without compromising the competence to meet their current
needs (B. Patel & P. Patel, 2012; Rodwell, 2003). Its main
objective is to reduce the available resource consumption and
expand the resource production limit (Amr et al.,, 2016).
Sustainability is about how a community at various levels of the
society predicts and maintains its social, economic and ecological
well-being (Mohamad et al, 2018). It is no doubt that
universities are among the key examples of these communities.
Universities are not only considered small communities because
they offer dense populations and complex services, but they also
play a vital role for a sustainable future in the education system
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(Gu et al., 2018). Efforts to manage environmental problems of
university campuses and to promote social change are called
campus sustainability (Washington-Ottombre et al., 2018). The
sustainability of the campus expresses the ways in which campus
communities create a sustainable vision for the future and plays
an important role in researching potential pathways by
discussing the vision and values they represent (Miller et al,
2011). Sustainable university is also known as green university,
green campus and eco-campus (Giinerhan, 2016).

University campuses are separated from the cities and other
regions that make up the city in terms of their missions,
objectives and managerial formation. Campus areas should be
designed with a concern to create an environment that supports
learning. The physical characteristics of campus areas should
improve students' life quality and help them manage the
challenges of academic life (Dyson & Renk, 2006). A well-
designed green campus can reduce students' mental fatigue
levels by encouraging them to socialize in their spare time and
increase their perceptions in the social context. Previous studies
have shown the relationship between students' attitude and
environmental factors (Berger & Braxton, 1998; Lounsbury &
DeNeui, 1996; Roberts & Styron, 2010).

In the last 50 years, various studies have been conducted on
sustainability of campus areas, communities have been formed
and declarations have been signed. The first of these was to draw
attention to environmental protection education in 1972 at the
Human Environment Conference in Stockholm. In 1990, the
University Leaders for a Sustainable Future (ULSF) association
signed the Talloires Declaration, which identifies the ten steps to
be followed for sustainability, and which was signed by more
than 500 colleges and university leaders in more than 40
countries worldwide (Tan et al, 2014; ULSF 2019.). This
declaration was one of the most important foundations for
sustainable universities. In 1993, the Kyoto Declaration
compelled universities to promote sustainability by reviewing its
activities, which would place higher education institutions to the
foundation of sustainable development practices (IAU, 1993). In
2011, a guide to the design of sustainable university campuses
was prepared headed by Greening Universities Initiative which
was founded by the Global Universities Partnership for
Environment and Sustainability (GUPES), United Nations
Environment Program (UNEP) and the Environmental Education
and Training Unit (EETU) (Oktaya & Kiigiikyagci, 2015) .
Sustainability is a major element of transportation considering
its resource consumption, environmental, economic, and social
impacts. Latest developments in automobile industry has rapidly
contributed to societal improvements. Yet, it has also caused
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many problems that has negative social, economic and
environmental effects like dense traffic, noise, pollution, loss of
natural resources, incorrect land utilization, and damage to
property and life due to accidents (Schiller et al.,, 2010).

The contribution of sustainable transportation model to the
solution of social, environmental and economic problems has
been discussed in many study conducted until today (Azapagic &
Perdan, 2000; Demiroglu et al, 2018; Litman & Burwell, 2006;
Lukman et al,, 2009; Mohamad et al., 2018; Oktaya, 2015; Olszak,
2012; B. Patel & P. Patel, 2012; Schiller et al., 2010; Wey &
Huang, 2018). However, it has been observed that the studies on
the social dimension of sustainable transportation model in
urban context are fewer in the literature. Thus, this study
focused on the social changes of the sustainable transportation
model in campus areas rather than its economic and
environmental contributions. Space Syntax method was used to
determine the changes in the social dimension, in other words, to
identify and quantify the changes in its spatial characteristics
(Accessibility, Intelligibility and Synergy). Space syntax is a
method developed by Bill Hillier and his team in the 1970s to
identify and analyze spatial organizations from residential scale
to urban scale. The aim of this method is to demonstrate the
extent to which the spaces are used and the relationship between
social variables and architectural forms with an objective and
precise definition (Hillier et al., 1983). One of the most important
features of the method is that it can visually demonstrate how
the new designed spatial models work, compare the old and the
new ones, predict the future problems to a degree in small or
large scale planning and design studies, and allow making
planning and design in line with these problems (Kubat, 2015).
The method differs from other methods in that it reveals the
possible effects of the designs through mathematical values. This
methodology is expected to contribute greatly to the
understanding of the physical structure of the design created in
this study.

This study was carried out in Kilis 7 Aralik University Central
Campus (KIYU).In the study, the existing transportation
infrastructure of the campus has been evaluated and a
sustainable transportation model has been formed in accordance
with the concept of "green campus” and this model's all possible
contributions to the environment from social aspects and the
changes in its spatial characteristics have been identified.

METHODOLOGY

Research Case

The main material of the study is the KIYU central campus. Kilis
city is in 36 ° 45 'and 37 ° 45' north latitudes and 37 ° 00 'and 36
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° 45' east longitude. Kilis is neighbor to Antakya in the west and
Gaziantep in the north. Turkey-Syria border is in the southern
part of the city. The campus is in city center in north-west
direction. The university campus has 5 faculties, 2 vocational
schools, President's Building, Central Laboratory, Mosque,
Library-Congress Center, Technical Departments and various
social, cultural and sports areas (Figure 1).

Space Syntax
The space syntax sequence is a set of techniques that analyze the

relationship between spatial structures and the societies that
make it up according to some theories from residential scale to
urban scale(R. C. Dalton & N. S. Dalton, 2007). Space syntax is a
graphical model based on dynamic and static measurements
(Hillier et al., 1987). The spatial system is represented with the
shortest and longest lines that define all gaps in the urban area in
the graphs. The map created by these lines is called the axial map
(Jeong et al., 2015). After axial maps are converted to graphs and
topological (non-metric) analyses, a model based on the linear
link called "integration" was created (Hillier, 1999). Integration
maps describe how both vehicle and pedestrian movements
work within the urban system, and they are important to
understand how often public spaces are used (Hillier, 2007).
Hillier, 1998, 1999; Hillier & lida, 2005; Li et al., 2016; Ozbil et
al,, 2013; Ozer & Sema, 2014 have demonstrated the relationship
between movement and integration values in their work.
Integration is a static global measurement (Klarqvist, 1993) and
shows accessibility spatially, not in metric terms. It also defines
the average depth of a space in the system compared to all other
spaces. Total depth (TD) is calculated by summing the depths via

Figure 1. Geographical location and
current state of the campus
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each of the shortest paths between one segment and all others in
a street network; TDy = ¥ezi2,D (% 1) (Jeong et al,, 2015).

. . NC?
The Integration is as follows: I, = where Ix denotes the
1

integration value of space x, and NC indicates the node count (i.e.,
the number of nodes within a radius to be analyzed) in a street
network regarded as a graph consisting of a set of nodes and a
set of edges (Jeong et al., 2015). The integration value has two
different measurements. The first is the Global integration value
(Rn), which takes into account all the other nodes within the
system; the second is the Local integration value, which defines
the connection density of a node with the three-step (R3) depth
nodes in the system (Dettlaff, 2014; Gann, 2003; Hillier, 2007).
One of the basic analyses of the space syntax method is
integration analysis. However, other analyses such as
connectivity and choice can also be conducted. While integration
and connectivity are static measurements, choice is a dynamic
measurement (Al_Sayed et al, 2012). Connectivity is the
numerical expression of spaces that can be directly connected to
another space (Klarqvist, 1993). Choice refers to the probability
of the selection of lines that can be passed in order to go to
another line in the system (axial line) (Hillier, 2005). Correlation
is established between these measurements obtained by using
the spatial syntax, and then, characteristic features of the space
such as Intelligibility, Accessibility and Synergy can be fully
explained.

The intelligibility of a space refers to the relationship between its
integration and connectivity values. If the integration values is
high in the lines that are connected locally, the correlation
between them will be strong and the system will be
understandable. Conversely, if the integration values of well-
connected lines is low, the correlation will be weak and the
whole will not be understood from the parts. Integration and
choice value are two important parameters in accessibility. The
correlation between these two values gives us how accessible the
space is. To clarify, the correlation between these two variables
indicates the degree of a space’s movement potential and its
moving potential.

Hillier at all. (1987) describe the concepts of intelligibility and
accessibility as follows;

“Intelligibility is quantified as a second order measure and it is
defined as the degree of correlation between connectivity and
global integration values of the axial lines in spatial configuration
analysis. It indexes the degree to which the number of immediate
connections a line has - which can therefore be seen from that
line - are a reliable guide to the importance of that line in the
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system as a whole. If locally well-connected lines are also
integrating lines, then the correlation will be strong, and the
system will have "intelligibility". The whole can be read from the
parts. Conversely, if well connected lines are not also integrating
lines, then the correlation will be poor, and the whole will not be
readable from the parts. Equally suggestive is the degree of
correlation between the "global state" measure (integration) and
"global dynamic" measure (choice). The correlation between
these two variables will indicate the degree to which the
accessibility of a space as a destination from all others (how
many steps it is away from all other spaces in the layout) is a
reliable guide to its likely popularity as a space to be passed
through on shortest routes from all points to all other points in
the layout. More simply, it indexes the degree of agreement
between a space's potential for to-movement and through-
movement” (Bill Hillier et al., 1987). Synergy, which is similar to
intelligibility in many respects, is the correlation coefficient
between local (R3) and global (Rn) integration (Dalton, 2010;
Hillier, 2001; Sayed, et al, 2014). There are many study that
have analyzed intelligibility, accessibility and synergy by using
the space syntax method (Asami et al., 2001; Hillier, 2001; Park,
2009; Dalton, 2010; Legeby, 2013; Sayed, et al., 2014; Ugalde et
al,, 2009; Zhang et al., 2013; Topgu, 2019).

Analytical Framework

The study focused on the comparison of spatial analysis based on
the current plan of the KIYU central campus and the spatial
analysis as a result of the new planning based on the sustainable
transportation model. The study was carried out in three stages:
current situation analysis, design and analysis based on
sustainable transportation planning, and comparison of the
spatial features resulting from these two designs.

The first part of the study, necessary changes and drawings were
made on the existing map of KIYU central campus and current
Axial map was created. Then, this axial map was analyzed with
the help of DephtmapX software, integration, connectivity and
choice maps were created in global and local (R3) scale. The
intelligibility, accessibility and synergy analyses were conducted
based on these maps. As a result of these analyses, the current
spatial situation of KIYU central campus was revealed.

In the second part of the study is based on the sustainable
transportation model of the central campus. In this part of the
study, the existing usage and transportation infrastructure has
been identified based on the current plan of KIYU central campus
obtained from directorate of construction and technical works.
In the last section, a sustainable transportation model of the
campus area has been formed based on the literature. Public



Figure 2. Method scheme

Ahmet Salih Giinaydin & Murat Yiicekaya

o

parking spaces are created in this model and the use of private
vehicles is restricted within the campus area. In this
transportation model, Standards for the Design and Construction
of Bicycle Roads, Bicycle Stations and Bicycle Parking Places on
Intercity Roads have been used (Official Gazette, 2015) (Figure
2). An axial map of the new model was created based on this
planning. This axial map was analyzed in DephtmapX software,
and integration, connectivity and choice maps were created in
global and local scale. The intelligibility, accessibility and synergy
analyses of the new model were conducted using these maps.

By comparing the results obtained with the space syntax method,
which allows comparison of the current situation and the
situations in which the recommendations are developed, this
study seeks answers on how intelligibility, accessibility and
synergy values are affected based on sustainable transport
system model. The flow chart of the method is shown in Figure 2.

| Identification of the Problem

v

| Field Works

A

[ Determination of Spatial Characteristics

\: )\

Current Situation Sustainable Transportation
Madel

Global Lokal Connectivity  Choice
Integration  Integration

Synergy  Intelligibility INCO)  Accessibility (INCH)

| Comparison of Two Situations

I Conclusions and Recommendations

RESULTS AND DISCUSSIONS

Sustainable Transportation Model

Situated within approximately 256,000 m? of land, the campus'
current situation is given in Figure 1 and Table 1. %31.70 of the
campus is covered with green areas, followed by %18,82 vehicle
ways, %17,42 building area, %17,37 soil area and %11,81
pedestrian path. 200 administrative staff, 290 academic staff and
6900 students, 7390 people in total currently use the campus
area (KIYU Personnel Department, 2018; KIYU Registrar's Office,
2018). 2 gates are actively used to enter and leave the campus.
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Approximately 1000 vehicles enter and exit the campus per day
according to 2018 data.

The main transportation axes planned based on the section in
the campus is given in Figure 4 and sustainable transportation
model of the campus created based on relevant literature is
given in Figure 3.

In the model, it is recommended not to use the main transport
axes and vehicle roads which are planned to be used to enter the
building except emergency situations. Two different locations
are recommended in campus entrances, including bicycle
maintenance / rental services and battery-powered vehicles for
disabled users. In addition, the parking spaces between the
buildings were removed and these areas were planned as green
areas in the model (Figure 3). By building car parks near the
campus gate, the vehicle traffic to the camp was limited to
approximately 1000 cars per day (Figure 4). It is recommended
that no motor vehicles should not enter the campus except in
emergencies.

BUILDINGS
YEHICLE WAYS

BICYCLE WAYS

WALKING WAYS
[ GREEN SEPARATOR
[ GREEN AREAS

100m

By making the following changes in the existing campus master
plan, a sustainable based campus master plan was created.

- All of the car parks between and around the building
have been removed and converted to green areas.

- A wide central square is created after the main entrance
and distribution to all roads is provided from this area.

Figure 3. Campus Master Plan. Left
Current Stuation, Right Sustainable
Transportation Model

Figure 4. Recommended road
section for the sustainable
transport model (Demiroglu et al,
2018).
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- The idle space at campus entrance has been converted to
a car park, and the areas in the north are still under
development and planned as green areas.

- All of the nonfunctional hard floors on the campus have
been turned into green areas.

- Pedestrian paths have been planned in such a way that
they can form gathering-dispersion spaces, provide the
main circulation and provide access to faculty buildings.

- In the sustainable transportation model, only service
roads or emergency roads have been designed with
double lanes instead of current double lane roads.

Table 1. Current land area usage rates and rates after suggestions inside the
campus

Current Rate Proposed Rate Inc. and
(m?2) (%) (m2) (%) decr. rates

(%)

Green 81.08 31.70 142.2 55.60 75.38

space

Soil Area 4442 17.37 31.65 12.37 -28.75

Vehicle 48.14 18.82 17.36 6.79 -63.94

path

Car Park 7.36 2.88 7.99 3.12 8.56

Pedestrian 30.21 11.81 711 (54 278 -76.46

path km)

Bicycle 0 0.00 49 (23 192 1.92

path km)

Building 44.56 17.42 44.56 17.42 0

Area

Total 255.77 100.00 255.77 100.00

The vehicle roads have been reduced from 48.140 m2 to 17.360
m2 in the campus area with this plan. Green areas increased to
142,202 m2 from 81,088 m2. The aim here is to reduce
greenhouse gas emissions and support biodiversity. In addition,
a 2.3 km cycling route and 5.4 km walking path has been
designed in the plan. The highest increase occurred in green
area, the highest decrease was in pedestrian and vehicle roads.
Thus, sustainable campus design, which constitutes the main
hypothesis of the study, was attempted to be realized.

The activity areas designed for university students on campuses
are important to spend their free time effectively. These areas
increase the social development of students by decreasing their
social oppositional behaviors and contribute positively to
reduction of drug addiction and crime rates (Kuo & Sullivan,
2001; UN-HABITAT, 2008). Therefore, it is aimed that these
areas contribute positively to campus users in term of issues like
social cohesion, integration and physical health. Hipp, Gulwadji,
Alves, & Sequeira, (2016) highlighted the physical and
psychological positive effects of green areas on students in their
study.
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Comparison of Sustainable Transportation Model and the
Current Situation in terms of Spatial Features

While preparing the campus transportation plan, current
complex transportation planning has been simplified as far as
possible. This is the reason for approximately %40 decrease in
the number of axial lines. The campus access is provided via
three main axes starting from the entrance in the proposed
campus transportation network map. Central axis that provides
access to the circular center area and lines that are connected to
this line are the axes with the highest integrated value in the
area. There was an approximately %12 increase in Average
Global integration value with this proposed transportation plan
(Figure 5, Table 2).

/N i = X I/ Y -
/ / }‘f l‘." Ve & i/ . ;f “/
A A L ’j I P /

> -

I X ] , f .
-, | [ f
& N\F == Integration Value / ¥, Integration Value
X X 168 ¢ / ‘1' 2.05
o G |’. Avg.1.16 Avg1.30
0
AL ID.:"? O,  100m IO.G?

The integration values of the current transport network in the R3
radius were higher. This situation is normal because the current
transportation axes are large in number. However, the radial
axes expanding outwards from the main center in the proposed
transport map have high integration value. There was a %18
increase in the proposed map compared to current map
considering the synergy graphs obtained from the correlation of
Rn integration and R3 integration values (Figure 6-7, Table 2).

Figure 5. Global integration map.
Left existing state, right proposal
plans



Figure 6. Local integration map
(R3). Left existing state, right
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Figure 7. Existing state and
proposal plans synergy graphs
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The average connectivity values are approximately %25 higher
in the current situation (Figure8). However, there are
approximately %21 increase in the proposed plans in the
intelligibility charts (Figure 9). This situation can be interpreted
as current situation's having a high level of connectedness and
choice alternatives, but that intelligibility and accessibility can be
increased by more simple, functional and purpose-oriented
designs.

In the same way, while average choice values in the choice maps
(Figure 10) are less than half of the proposed plan compared to
current situation, the accessibility as the definition of correlation
graphs of the choice and integration values showed an
approximately %62 increase (Figure 11, Table 2).

273
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The changes in spatial characteristics as a result of proposed
sustainable transportation model are given in Table 2.
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Table 2. Comparison of the current spatial characteristics of the campus area
and the spatial characteristics after the proposal

Current Propose Inc.-Dec. Rate (%)
Axial line 141 85 -39.72
Global Integration (Rn) 1.16 1.30 12.07
Local Integration (R3) 0.70 0.42 -40.00
Intelligibility (INCO) 0.55 0.67 21.81
Accessibility (INCH) 0.21 0.34 61.90
Synergy 0.77 0.91 18.18

INCO: Correlation of Between Integration and Connectivity
INCH: Correlation of Between Integration and Choice

As a result of the analyses, it is seen that there is an increase in
global integration, intelligibility, accessibility and synergy
features of the campus area but a decrease in the local
integration value. The cause of these reductions might be the
decrease in the connectivity values and the number of axial lines.
As Hillier, Penn, Hanson, Grajewski, & Xu, (1993) stated, "higher
levels of integration necessitate more network connections. A
more integrated space is shallower on average, whereas a less
integrated space is on average deeper.” This definition is in line
with the results of this study.

The study differs from previous sustainable transportation
model studies in the literature with its focus on spatial
characteristics. As stated at the beginning, while the studies
based on sustainable transportation model generally deal with
its contributions to social, economic and environmental
problems, this study is important in that it examines the
contribution of sustainable transportation model to spatial
characteristics. Balsas, 2003; Demiroglu et al, 2018 have
demonstrated the contribution of sustainable transportation
model to campus areas in their studies. As a result of this study,
it has been observed that the campus design based on
sustainable transportation model contributes positively to
spatial characteristics such as intelligibility, accessibility and
synergy as well as its economic, social and environmental
benefits. However, this study does not claim that all designs
based on sustainable transportation model will always
contribute to spatial characteristics. To make such a claim, more
studies should be done, and the subject should be addressed in a
broader sense.

CONCLUSION

This study carried out in KIYU campus aims to identify the
changes caused by sustainable transportation model on
intelligibility, accessibility and synergy levels. Based on this
model, a new planning model is proposed that restricts private
vehicle usage and supports cycling and walking activities. With
this model, adverse effects of economic, social and
environmental problems resulting from using motor vehicles as
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specified by Schiller et. al,, (2010) will be reduced and thus,
sustainability goals stated at Litman (2011) will be achieved.

The study presupposes that campus planning is important for
campus users. The space syntax method was used to provide
more specific suggestions to the question of how to design
campus areas. It is argued that designs to be made using the
space syntax method and sustainable transportation model can
improve the spatial characteristics of campus areas.

As a result of the findings obtained from this study, it is claimed
that a campus area, which has a good spatial character, that is
which is formed with perceived and accessible spaces, will
contribute positively to students' academic success and mental
health. Therefore, the physical campus should be designed and
managed as an environment that will reduce student’'s mental
fatigue and improve life quality and academic performance. For
this reason, the university management should make a
sustainable campus area as a basis for research and teaching and
should strive to preserve natural resources and support
sustainable use in a way that ensures the environmental health
and safety of the university community.

Sustainable planning can be examined under many subheadings.
This study evaluates the effects of transportation-oriented
sustainable design at university campus scale. Further studies
might be carried out by using detailed sustainable design
principles from other various fields. It is considered that the
study might open new paths for more detailed studies to be
carried out in the future.

Campus planning is a complex and multidisciplinary process that
requires more and more actors to communicate with each other.
Higher data requirements, different methods, accepted
assumptions and limitations should be carefully considered by
planners in the planning processes. Indicators evaluating the
spatial characteristics of campus areas such as accessibility and
intelligibility represent quite useful agents for developers and
might provide campus managers with sound policies to create
more livable and healthier campus environments.
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