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Abstract
Accessibility is mainly based on street networks, which directs the pedestrian movement. Space syntax is one of the most
used methods that explain how spatial form of a place affects pedestrian movement. The aim of this study is to examine
the accessibility of the Davutpasa Campus for the pedestrians at Yildiz Technical University. Especially in the campus,
walking is one the most important transport modes. In this study, the accessibility of campus has been analyzed by using
Space syntax and GIS methods. At first, an axial map which represents open spaces of the campus has been generated
from Open Street Map. Then, the axial and segment analysis is performed in depthmapX software with the remote link
from QGIS. Some geometric and topological measures have been calculated by Space Syntax Toolkit through
depthmapX. Finally, the results of this study have been discussed in the terms of spatial cognition and morphological
properties of the campus. They also show accessibility of the campus network and provide a new approach for the
campus plan.
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INTRODUCTION
Space syntax theory has been used in many areas since the day that was developed. Originally, it is developed by Prof.
Bill Hillier, Prof. Julienne Hanson and their colleagues at University College London. This theory is mostly used in the
analysis of cities and their morphologies. Empirical research using space syntax methods has found a strong relationship
between its graph-based measures of street networks and pedestrian flows (Hillier, Penn, Hanson, Grajewski, & Xu,
1993). Besides, integration values state movement and density potentials of a city and usually the correlation between
the potential and the observed rates is a 60-80 % (Hillier & Sahbaz, 2008).
In this study, student population information of buildings in the campus was assumed that number of pedestrians trying
to get these buildings daily because students are the most important component of the campus. Most of the students
have no private car, so walking is a vital transport mode for them. According to many research about space syntax,
pedestrian movement can be estimated by space syntax analysis methods. Space syntax network measures used in the
study presented here in order to evaluate pedestrian movement that are affected by the spatial structure of the campus.
On the other hand, there are probably a lot more factors that play a role pedestrian movement but space syntax does not
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consider attractions that might bring people to different streets. These attractions could be shopping malls, transport
stations, workplaces etc. (Iqbal, 2011). Moreover, there are more factors that can play an important role to determine
pedestrian flow. These may be the population of residents in areas, the width of walking streets, different barriers on
streets etc. (Næss, 2006). These kinds of factors were not take into account in this study, only student population of the
campus were used to help assessment of street structure of the campus. By the way space syntax is one of the most
important methods that provides quantitative description of environment (Haq & Girotto, 2003).

METHODOLOGY
The programs that I have used to conduct my space syntax analysis for Davutpasa Campus are QGIS and DepthmapX.
Space syntax toolkit and DepthmapX were told in sub sections. Conventionally, space syntax analysis begins by
generating a representation of street networks called the axial lines. Axial lines were generated from Open Street Maps.
So, axial lines in this work have been hand drawn in QGIS. An axial map has been created for the next steps of space
syntax analysis. The axial map for Davutpasa Campus has been particularly interesting and has served as the foundation
for studying relationships between pedestrian population and street morphology. The axial map contains the least set of
the longest straight lines that can be drawn in open spaces. The axial map can be represented as a graph. The only
difference between graph and axial map is different representation of same feature of an area All possible walking paths
for students have been included in the space syntax analysis, so the axial map does not cover all the streets in the
campus. The axial map in this work is intended to show pedestrian flow in the campus settlements. It can be described
by axial maps with the minimal set of the longest straight lines of unobstructed movement that crosses and
interconnects all open spaces in the system (Hillier & Hanson, 1984). Furthermore, whenever, we are referring to the
axial map we use number of lines; referring to the graph we use number of nodes (Teklenburg, Timmermans, & Van
Wagenberg, 1993).
There are two measures used in this study; connectivity and integration. Firstly, the interface of design and planning
variables is street connectivity which is related to land-use and population density and movement patterns (Özbil &
Peponis, 2007). Segment-based connectivity measures offer a systematic frame through which to evaluate the urban
pattern in terms of its potentiality or density of streets and structure or configuration (Peponis, Bafna, & Zhang, 2008).
The segment analysis was carried out using representations of street networks. In addition, connectivity is a basic
measure indicates that the total number of nodes at radius 1, how many other lines are only one step away from each
line (Millán-Gómez & Birgonul, 2016). Connectivity graphs where hot colors (red, orange, yellow) indicate high values
and cold colors (blue, green) stand for low values are starting point in this topological approach.
Secondly, integration measure is a measure of how deep each location is to all others. A well-integrated location is
shallow in terms of number of steps to all other locations, so one does not have to turn often to get from the location to
any other in the system. A poorly integrated location is deep with respect to the other locations. Well integrated
locations are colored red, poorly integrated ones are colored blue. Moreover, integration indicates, how easily one can
reach to a specific street or the line of the axial map. When computing access to one line from all the other lines of the
axial map it is called as global integration, if the integration value computed based on a given number of lines (radii), it
is called local integration. This measure leads to intelligibility and intelligibility refers to movement interface between
strangers and inhabitants of an area (Hillier, 2002). Intelligibility is form of Pearson product-moment correlation
coefficients (r) (Millán-Gómez & Birgonul, 2016).
Generally, space syntax methods are used to evaluate the spatial structure of the street network with graph-based
parameters. These methods have some analytical features: first, the street segment is the urban unit rather than the
points of connection between street spaces; this is referred to the dual graph representation. This derive from a demand
to approximate people’s actual experience of moving from space to space rather than from intersection to intersection.
Second, the way of measuring the distances in the street network using space syntax techniques is not metric, but is
done by calculating the angular change when moving from one street segment to another (Dhanani, Tarkhanyan, &
Vaughan, 2017)

DepthmapX
DepthmapX is a multi-platform software platform to perform a set of spatial network analyses designed to understand
social processes within the built environment. It works at a variety of scales from building through small urban to whole
cities or states. At each scale, the aim of the software is to produce a map of open space elements, connect them via
some relationship such as inter-visibility or overlap and then perform graph analysis of the resulting network. The
objective of the analysis is to derive variables which may have social or experiential significance (Varoudis, 2012). For
this we used the DepthmapX multi-platform software, improved by Tasos Varoudis as enhanced version of Depthmap.
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Case Study
Student population of each building in the campus was accepted as the number of pedestrians in the campus. So, this
population information is used for estimated number of pedestrians in the campus. Generally pedestrian numbers are
calculated from gate counts, which is a technique for observation pedestrian flow. Likewise, there are number of
techniques for pedestrian count. For a most advance example, London has a center, called Transport for London(TFL),
which can provide the datasets including actual pedestrian activity (Dhanani et al., 2017).
In this study, axial lines were drawn from Open Street Map as. After that, verification is the necessary process checking
possible geometry and topology problems with the model. Then, axial and segment analysis were carried out. These
analyses were done at local and global radius. Both local and global integration values were generated from axial map
analysis. These values are not geometric measures. Oppositely, they are topologic measures that gives us the number of
axes or steps connected to each of them. So, a step is considered that it is a line segment between two intersection points
(Arslan & Şıkoğlu). Thus, the point which is connected with the most axes around will be the most accessible points
(Hillier & Hanson, 1984). As final step, analyzing street network with space syntax and post process of analysis results
such as attribute naming, selection and calculations were done by attributes explorer in Space Syntax Toolkit.
Table 1 shows the average student population for each faculty and library and dining hall. This data is taken from
Department of Student Administration and Department of information Technologies and it belongs to 2017-2018 spring
semester.
Table 1. Student population of Campus Buildings
Name of Building

Number of Students

Faculty of Education

1899

Faculty of Electrical and Electronics
Engineering

3557

Faculty of Arts&Sciences

3000

Faculty of Economics and
Administrative Sciences

2136

Faculty of Civil Engineering

2767

Faculty of Chemical and
Metallurgical Engineering

3730

School of Foreign Language

304

Faculty of Art&Design

761

Dining Hall

3492

Library

3548

Space Syntax Toolkit
The Space Syntax Toolkit (SST) is a QGIS plug-in for spatial network and statistical analysis. It offers user friendly
space syntax analysis in a GIS environment also is a front end for depthmapX. Mainly, it supplies advanced analyzing
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of standard GIS data and also visualization features. SST includes two modules; graph analysis and attribute Explorer. It
is an open source Project developed at the Space Syntax Laboratory, The Barlett School of Architecture, UCL.
Originally developed by Jorge Gil at the Space Syntax Laboratory, The Bartlett, UCL, the plugin includes contributions
from: Space Syntax Limited - Ioanna Kovolou, Abhimanyu Acharya, Stephen Law, Laurens Versluis. This toolkit is
new and it is introduced at the 11th International Space Syntax Symposium in Lisbon at 2017.
Basic feature of the SST is that working with depthmapX for space syntax axial and segment graph analysis. Graph
analysis module involves an axial map layer and unlinks layer. Unlinks can be point, line or polygon but there is no
unlinks in the campus area, so unlinks layer was empty. This module has verification tool for checking the geometric
and topological integrity of each these layers. The verification process must be carried out before running the analysis
(Gil, Varoudis, Karimi, & Penn, 2015).
In this study, after verification process, axial and segment analysis were performed in depthmapXnet via direct link
from QGIS. Both axial (topological) and segment (angular) analysis were carried out for the campus. When the radius
distance is chosen as “n” or “0”, that means global analysis. Topological steps for axial analysis and metric distance in
the case of segment analysis. Radius 1 equals to connectivity and radius 2 equals to local analysis as R3 in most
literature. After all analysis were done, the analysis results were examined using Attributes Explorer tool. With this
module, quick analysis of individual attributes of layers, visualization of values on the map, preparation of descriptive
statistics can be done easily.
Figure 1 shows the axial lines as an initial data for space syntax analysis. Both axial and segment analysis were carried
out based on this data.

Figure 1. Representation of Axial lines

RESULTS
Street network structure was analyzed by axial and segment map analysis. The dark red and orange shades in the figure
below are highly integrated areas and the green, blue axes are the less integrated areas in the spatial structure. For both
axial and segment analysis, movement potential diminishes from red to blue (red> orange> yellow> green>
blue>indigo). Figure 2 and Figure 3 indicate the global integration and connectivity of the campus. According to this
figures red segments are the most integrated parts and it means that street accessibility of these parts for pedestrians is
more than other segments. On the other hand, light blue segments as the most segregated parts and it means that they
are not integrated to whole campus street network.
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Figure 2. Global integration of axial map
It is clearly seen that integration core formed around the most integrated lines.

Figure 3. Global connectivity of axial map
In segment map analysis, blue tones represent the low values integration in Figure 4 whereas red tones indicate high
values. It means that red lines have more connected lines in the spatial system. In figure 5, global and angular
connectivity are shown. Angular connectivity is total turn angle to a segment. The number of segments directly
connecting a segment is global segment connectivity.
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Figure 4. Global integration of segment map

(a) Global connectivity

(b) Angular connectivity
Figure 5. Connectivity of segment map

There are two results calculated from these integration and connectivity values; intelligibility and synergy. Firstly,
intelligibility refers to correlation between axial connectivity and axial global integration. So, it is based on axial
analysis. Moreover, If a system can be read and understood completely, it can be implied that whole system can be read
from the parts (Hillier, Burdett, Peponis, & Penn, 1987). In other words, if areas become less intelligible, these areas
become more tend to lose the relationship between spatial integration and movement (Penn, 2003). Intelligibility relates
local and global measures to each other. Furthermore, Intelligibility and integration are two fundamental terms defining
spatial structure of a settlement or a urban system (Çil, 2006).
Intelligibility, measured in this study, is the correlation between global integration and local connectivity. Intelligibility
of the campus is shown in Figure 6. In the scatter plot, y axis (dependent variable) remains constant allowing the quick
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comparison of different independent variables selected in the attributes list. In the scatterplot, the correlation coefficient
(r) and the linear regression of two variables, r2 and linear equation are shown.

Figure 6. Correlation between global integration and connectivity
Secondly, synergy is the correlation between local and global integration. This relation is represented in Figure 7. r2
value is 0.7785. According to synergy of the campus, it can be understood that the relationship between local and global
integration is successful. It can be said that the campus is well integrated system both at micro and macro level.

Figure 7. Correlation between local and global integration
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Figure 8. Representation of integration values of axial maps and student population
In figure 8, student population was represented with colors. Student population diminishes from dark blue> white > red.
Whereas the intelligibility is low, synergy of the campus is high. It is clearly seen that places where there are many
student populations are areas where the most integrated lines are. In addition to that, lines with high integration value,
provide more accessible way to reach the places where the student population is intensive. Thus, it can be said that
Davutpasa campus has easy accessible areas where the pedestrian population is high. So, according to this result,
current situation of street morphology is enough to meet the pedestrian needs.

CONCLUSION
This paper contributes with different perspective to analyze the campus street network. Assessment of campus
accessibility was investigated through measuring campus walkability with using space syntax analysis methods.
However, it does not include impacts of environmental characteristics. This study evaluated spatial configuration of the
campus street using space syntax analysis methods. The key of more livable campus is based on becoming more
accessible campus. For further studies, gate counts will be used to determine pedestrian demand and results of this study
and its results will be compared to this study results. This study also will be used as basis for my future studies.
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