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Abstract: In modern and developed cities, large office buildings and factories occupy the center of city destroying
the legibility of these areas. The city center of Kuala Lumpur (KLCC) was chosen as a case study because this area
faces these challenges. In this study, the relationship between geometry and legibility was reviewed using two
models that were created base on the literature. The two models were an existing vicinity of KLCC and a
hypothetical model that analyzed by Space Syntax. The results were further analyzed using a T-test and the
correlations were examined using SPSS. Enhanced integration as a result accessibility was observed. There was also
a strong correlation between integration and connectivity in the hypothetical model. According to this simulation
study, regular geometry can increase integration, accessibility, intelligibility and legibility in urban spaces.
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1. Introduction elements are, the compatibility of the space with the
The growing influence of the postmodern activities that take place in that space, the perception
movement in urban design and architecture has been that it provides a preferable visual environment, and
continuously debated (Institute of Engineering, 2002; its legibility(Najafi & Shariff, 2011).
DOPM, 2002). Urban designers, planners, and Legibility is connected to the identity of an
architectures try to recognize fundamental procedures urban space. There are three elements that define
that would improve the behaviour of people in the legibility: clarity, visibility and coherence (Lynch,
streets. They have considered how urban spaces such 1960).
as squares and streets influence wayfinding, the This article discusses geometry as an
creation of cognitive maps and the legibility of urban important variable that can impact clarity and
landscapes (Najafpour et al., 2013; Tibbalds, 1992). coherence, based on the characteristics of legibility.
Two factors that lead to functional and Studies show that two factors that place a role in
vibrant cities are physical characteristics and social legibility are the simplicity of spatial configuration
structures (Kharkwal, Mehrotra, & Rawat, 2014; and the saliency of landmarks. The simplicity of
Stephenson, 2008).Cities is the result of constant spatial configuration is related to the two-
communication between physical structures and dimensional information about a space. The saliency
social behaviour. In other words, the identity of an of landmarks is related to the three-dimensional
urban space is created by the interaction between its aspect of a space. These two elements are also
physical and social characteristics (Ghods, Najafpour, employed in wayfinding(E. Koseoglu & D. E. Onder,
Lamit, Abdolahi, & Bin, 2014; Ocak¢1 & Tiirk 2011). This study focused on only 2-dimensional
Aydin, 2012). Consequently, the identity of an urban configurations because in modern and developed
space is more than just its physical features as it cities, large office buildings and commercial facilities
includes the effect its physical characteristic have on occupy city centres and the legibility of these areas
the behaviour of the people who use the space no longer exists.
(Kaymaz, 2013). The goal of this study was to show how the
The identity of an urban space is directly geometry of space can affect legibility and to
connected to how it is perceived (Seamon & Sowers, determine if there is a significant relationship
2008). How individuals perceive urban spaces between geometry and legibility. For this purpose,
illustrate how they understand that space. The the relevant literature was reviewed and terms were
physical characteristics of an urban space affect how defined. Next, the city centre of Kuala Lumpur
it is perceived and the cognitive map of the individual (KLCC) was used in a case study. Finally, the space
who use it. Studies have shown that three elements syntax method (Depth map software) and SPSS were
affect how an urban space is perceived. These discussed.
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Identify and assess legibility

Legibility allows for an urban space to be
understood and memorized(Lynch, 1960). It is also
related to navigation (Weisman, 1981). Passini
(1984) suggested that legibility is used in navigation
to configure urban spaces and it influences how those
spaces are comprehended(Passini, 1984). O’Neill
(1991) stated that legibility is the capability of
objects to aid in the formation of a successful
cognitive map(O’Neill, 1991). In addition, legibility
is a reflection of how easily a cognitive map can be
used for successful way finding in urban spaces(Belir
& Onder, 2013).

According to Kevin Lynch (1960), legibility
is a major quality of a city (Lynch, 1960). Base on his
theory, the legibility of a city is the simplicity with
which a route can understand and identified. Clarity,
visibility, and coherence can affect legibility.
Legibility is used by individuals in several urban
tasks including way finding. It is also central to the
emotional and physical knowledge of space on an
individual and communal level. Lynch claimed that
legibility is equal to imageability. According to him,
imageability is a characteristic of a space, which
observers can simply and strongly represent the
image of a in their minds(R. C. Dalton & Bafna,
2003a; Emine Koseoglu & Deniz Erinsel Onder,
2011).

The image of an urban space created in on
the mind of an individual is called a cognitive map.
Lynch believed that the cognitive map of a city is
created using five elements: nodes, paths, districts,
landmarks, and edges(Lynch, 1960). These elements
are divided into two groups: a two-dimensional group
and three-dimensional group. Nodes, paths, and
districts are in the first group. They help observers by
acting as anchors for a location. To the observer,
these elements are topological. Edges and landmarks
are in the second group. These elements have a
higher geometric order that help observers to locate
themselves. They can create a sense of both distance
and direction (R. C. Dalton & Bafna, 2003a).

Investigations are underway to develop
these characteristics for wayfinding. Studies show
that routes are used as cognitive maps in successful
wayfinding and these maps are constructed based on
a skeleton of paths (Kuipers, Tecuci, & Stankiewicz,
2003). There is a hierarchy for spatial and visual
factors. Cognitive maps are fundamentally dependent
on spatial factors. Spatial factors are first-order
factors and visual elements are second-order factors.
The perception of structured unity and clarity is more
essential than the perception of visual factors.(R. C.
Dalton & Bafna, 2003b).

The ability to analyze and understand urban
spaces is known as ‘“reading” an urban space.
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However, spatial legibility is different from the
ability to read a space. Legibility is a fundamental
principal in urban design that defines how the built
environment is organized so that imageability, unity,
and clarity context are maintained. Reading a built
environment is a process. It begins by gathering
spatial data from the built environment and with
cognitive mapping(R.C. Dalton, H'olscher, & Turner,
2012).

The process of gathering spatial data is a
two-part process that defines the qualities of the
space and identifies the kind of observer. The
qualities of a space are identified in the mind of the
observer through spatial psychological processes.
Legibility is affected by spatial qualities and is
defined by the simplicity of a two-dimensional layout
and the saliency of landmarks in three-dimensions.
Base on the literature, the legibility of the built
environments depends on its clarity, perceivable,
simplicity, coherence, unity, and understand ability.
All of these qualities are deriving from the structure
of the urban space. Yet, it is impossible to accurately
measure the legibility by these qualities (R.C. Dalton
et al., 2012). However, it may be possible using two
dimensional qualities and new software (Depth map)
to calculate and assess legibility.

Effect of Geometry on navigation

Geometry is defined as “the science of
properties and relations of magnitudes such as points,
lines, surfaces, or solids in space and the way the
parts of a particular object fit together” (Concise
Oxford English Dictionary, 1999). Geometry is
derived from the Greek words ‘‘geo’’, meaning “the
earth,” and ‘‘metry’’, meaning “measurement.”
Geometry is a framework that allows elements to be
organized and arranged into a pattern. It also shows
the relationship between elements. (Dabbour, 2012b;
Marcus, Westin, & Liebst, 2013).

Contemporary architecture develops
geometric complexity using digital models with
simple shapes. However, there are many issues with
this type of geometric model(Pottmann, 2013).In
some instances, geometry is seen as one of the
highest forms of knowledge even though its
fundamentals remain unclear (Sang Ah Lee, Sovrano,
& Spelke, 2012).This view of geometry sees
geometry as holy. The history of application of holy
geometry by humans goes back many centuries.
There are several symbolic shapes in geometry that
are seen as representing the multiplicity of Unity that
are used in traditional geometry, These shapes are:
circles, spirals, the square, triangles, and a variety of
regular polygons, (M. Hejazi, 2005).

Since the initial realization that geometric
models could be used, these models have been
applied to the geometry in the built environment
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(Cheng, 1986). As a result, they have an impact on
navigation and exploration (Cheng, 2008; Lew, 2011;
Marcus et al.,, 2013; Spelke, Lee, & Izard, 2010;
Tommasi & Thinus-Blanc, 2004; Twyman &
Newcombe, 2010). Despite numerous debates over
geometric data as either a primary or a secondary
cue, there is an agreement that geometry is helps
navigators with wayfinding. For instance, the
cognitive map of an individual allows them to
navigate from space to space. This cognitive map is
made using an internal representation of the built
environment that conserves the  geometric
relationships between different landmarks and
situations (Gallistel, 1990; Sang Ah Lee et al., 2012;
O’Keefe & Nadel, 1978; Tolman, 1984). In this
regards, the present study explains how the geometry
of the built environment affected wayfinding,
cognitive mapping, and legibility (Sang Ah Lee et al.,
2012; Yaskia, Portugalib, & Eilama, 2011).

Inertial navigation, or path integration, has
been shown in humans (Landau, Gleitman, & Spelke,
1981; Sang Ah Lee et al., 2012; Loomis, Klatzky,
Golledge, & Philbeck, 1999). Navigation that uses
path integration requires the individual to make a
mental Euclidean geometric map of the built
environment. Many individual have a remarkable
ability to apply geometrical knowledge(Foo, Warren,
Duchon, & Tarr, 2005) and perceive the relationships
between paths that have been navigated (Sang Ah
Lee et al., 2012).

There is difference in the perception of
geometry between adults and children. Geometric
intuition may be a universal human trait, although
cultures may use geometry in different
ways.(Dehaene, Izard, Pica, & Spelke, 2006; Izard,
Pica, Spelke, & Dehaene, 2011; Sang Ah Lee et al.,
2012; S. A. Lee & Spelke, 2008, 2010, 2011; S. A.
Lee, Spelke, & Vallortigara, 2010).Even though
Euclidean geometry can be understood, philosophers
and scientists continue to debate many aspects of
Euclidean geometry. Despite the universality of
geometric ability, when investigating how a cognitive
map of the environment is made, it is essential to
consider the physical condition of the built
environment as an independent variable (Marcus et
al., 2013; Yaski, Portugali, & Eilam, 2012).

2. Material and Methods

In this section, the reasons behind using
KLCC as a case study and context of the space
syntax as an analytical method for measurement and
procedure are discussed. A set of alternative methods
for analyzing and comparing the contents of models
such as the hypothetical model and existing model
was also presented.
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This study focused on the integration and
connectivity configuration and subsequent attempts
to recognize the effects of geometry on legibility and
accessibility. In other words, the effect of utilizing
regular geometric characteristics in a hypothetical
model, based on topological and irregular geometric
information were investigated and the hypothetical
model was described and analysis.

The predicted movement of people in a
space was illustrated using Depthmap software.
Connectivity, integration values, and intelligibility
(the correlation between integration and connectivity)
were used to establish legibility. The axial map
analysis predicted what paths would be most likely
used. Ultimately, the paths identified by the map in
our experiment were compared with the paths
predicted by the hypothetical model.

Finally, a T-Test and correlation
examination by SPSS was used to understand the
difference between the hypothetical model and the
existing model developed in this study. Visual factors
related to the physical structure of the space and the
people as three-dimensional characteristic were not
considered. The only focus on this study was on the
two-dimension configuration of urban spaces.

Case study

The KLCC (Figure 1) was chosen as a case
study because this area was filled with historical and
cultural heritage buildings. The Jalan Ampang passes
over this area and the Twin PETRONAS towers are
located in this area. However, their ability to act as
salient landmarks is limited due to the presence of
several skyscrapers that have decreased legibility. As
a result, the KLCC was considered because its lack of
landmarks makes it ideal for determining how
legibility can be increased in this area.

e .

Measures and Procedure

Depth Map software seeks to capture the
condition of the built environment and determine if it
is easy to understand and navigate. These results are
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called ‘intelligibility’(B. Hillier, 1996).
‘Intelligibility’ is the level to which an area is linked
to other areas and the integration of each element of
the urban space on the system as a whole.
Intelligibility defines the beneficial linked elements
of urban spaces that indicate how well integrated the
urban space is. Moreover, the concept of
intelligibility considers the relationship between local
characteristic and the global configuration of the
urban space within a system. In an intelligible urban
space, this relationship helps navigation(R. C. Dalton
& Bafna, 2003b). The comparison between local
characteristic and global configuration influences
navigation making intelligibility an important
characterization (J. Hanson, 1989; J. Hanson, 1989;
B. Hillier & Penn, 1996).

Intelligibility is used in the urban design
process. Intelligibility as the level of understanding
of the built environment has a direct relationship with
legibility. Intelligibility was initially discussed by
Hillier et al (1987) who quantified it as the degree of
correlation between connectivity and the global
integration values of the axial lines in space syntax
analysis. Hillier claimed that a strong correlation
between connectivity and global integration ensures
that the spatial configuration of an area is
comprehensible and can predictable pedestrian
movement. An urban space with a high level of
intelligibility occurs when the degree of the
correlation is high (Karimi, 2012; Zhang, Chiradia, &
Zhuang, 2013).

Space syntax is intended to characterize
urban space configurations as a whole. In a study
conducted by Lynch (1960) the cognitive maps of
individuals were examined and found to depend on
certain features of the urban space. In this regards,
the elements of space syntax corresponded with
Lynch’s elements providing the structure of urban
space. Paths are described as axial lines, nodes are
seen as the intersection of paths, and groups of
intersecting paths with distinctive properties are
classified as districts. (R. C. Dalton & Bafna, 2003b).
Axial lines also combine the dual properties of sight
and movement. They represent both a line of vision
and the possibility of movement (R. C. Dalton &
Bafna, 2003b).

The three categories of Lynch’s elements
(paths, nodes, and districts) were linked to the axial
lines of urban spaces(R. C. Dalton & Bafna, 2003b).
Axial lines represent the perfect descriptor because
they provide a general representation in space syntax.
An empirical system is found to be the most
successful for urban spaces. Axial lines are very
useful in studies on wayfinding because they can be
closely computed (Kuipers, 1996; Kuipers et al.,
2003; Penn, 2003). For instance, accessibility is
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defined by integration reflected by the times of
pedestrian flows. High accessibility is related to high
pedestrian  flows (LAW, CHIARADIA, &
SCHWANDER, 2012). In addition, Space syntax
independently determines the geometric
configurations of urban spaces. (LAW et al., 2012).

Theory

In theory, the space syntax method
demonstrates that spatial construction is principally
affected by what happens in the space, such as the
behaviours of pedestrians(B. Hillier, 1996; B Hillier,
Penn, Hanson, Grajewski, & Xu, 1992).

The axial line analysis using Space syntax
shows the accessibility of the space. These results are
obtained using a computer simulation to measure the
movement and the distribution of urban elements in
the space. (Buchanan, 1965; Hill, 1984).The axial
map are also analyzed to describe the behaviour of
people in the space. This method provides a social
space analysis and the actions of people as a
computer simulation (B. Hillier & Hanson, 1984; B
Hillier et al., 1992).

Analyzing spatial construction is a valuable
function offered by the Space syntax, which
appraises how people treat an unfamiliar space.
Space syntax method can measure morphological
elements such as connectivity, choice, mean,
Depthmap, integration and intelligibility as indicators
of legibility(Haciomeroglu, Laycock, & Day, 2007).

3. Results

The principal aim of this study is to determine
if there is significant relationship between geometry and
legibility.

Legibility is identified wusing clarity,
visibility and coherence (Lynch, 1960). In this
regards, Lynch introduced five elements that create
an image of a city. These elements can be further
classified as being either two or three dimensional(R.
C. Dalton & Bafna, 2003a). These elements are
important to the cognitive maps that are used in
wayfinding(Kuipers et al., 2003). To prepare a
cognitive map, spatial factors such as a unity and
clarity are more important than visual factors(R. C.
Dalton & Bafna, 2003b; R.C. Dalton et al., 2012).
Consequently, this study only focuses on two
dimensional elements such as nodes, paths and
districts because they are used by observers as
anchors to determine their locations. Figure 5.1 (Al-
3) illustrates an existing map of KLCC, with
guidelines and a graph shows nodes, paths, and
districts based on the existing map.

The regular geometry between elements can
be organized to create a pattern (Dabbour, 2012a).
Unity can be created using traditional geometry
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(Mehrdad Hejazi, 2005) rather than complex
geometry (Pottmann, 2013). Figure 2 (B1-3) shows a
hypothetical model that is created using traditional
geometry and based on existing streets. Graph 2 (B3)
shows the nodes, paths and districts of the existing
streets; however, the geometry is unclear (Sang Ah
Lee et al., 2012). The hypothetical model is used
because it can use geometry for both navigation and
exploration (Cheng, 1986, 2008; Lew, 2011; Spelke
et al., 2010; Tommasi & Thinus-Blanc, 2004;
Twyman & Newcombe, 2010). In this regards, the
present study exhibits that regular geometry affected
legibility (Sang Ah Lee et al., 2012; Yaskia et al.,
2011).

In Figure 2, two different urban models are
compared. Both patterns have 28 links and 15 nodes.
Although these models are different from each other,
the conventional graphs do not differ and cannot be
used to represent the structural differences between
the models(Marshall, 2005). Syntactical relations and
syntactic graphs exhibited topological relationships
and features of spatial models(B. Hillier & Hanson,
1984) (Figure 2 (A1-3,B1-3)).

N
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-

Figure 2 (A) Urban patterns and conventional graph
(existing map); (B) Urban patterns and topological
relations (Hypothetical model)
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Figure 3 illustrates the Reference Number for routes
based on axial map for both the existing model and
the hypothetical model. These numbers are given in
Table 1.

4. Discussions

The configuration of urban space cannot
only influence movement and wayfinding, but it can
also allow individuals to comprehend the relationship
between the elements in an urban space and create a
cognitive map. However, poor configuration means it
become more difficult to recognize how one part of
space is linked to the other part and legibility and
wayfinding can become worse (Faria & Krafta, 2003;
B. Hillier, 2003).

Table 1. Data of vicinity of KLCC base on an
analysis using Space syntax (Depth map software)

Ref Existing | Hypotheti | Existing Hypotheti
Numb Model _ cal MO(_iel Model . cal Model
or Integrati | Integratio Connectlv Connectlv
on n ity ity
0 0.78458 |1 2 2
1 0.81163 | 0.916667 | 2 2
2 1.23882 | 2.2 3 4
3 1.30764 | 1.83333 4 4
4 0.90528 | 0.916667 | 2 2
5 1.02337 | 1.22222 2 2
6 1.23882 | 2.2 3 4
7 0.81163 | 0.916667 | 2 2
8 0.87175 | 1.22222 2 2
9 0.80625 | 0.916667 | 2 2
10 1.06989 | 1 3 2
11 1.12083 | 2.2 3 4
12 0.84062 | 1.1 3 3
13 0.90528 | 1.375 3 3
14 0.71325 | 0.785714 | 2 2

Table 1 shows spatial configuration factors
such as connectivity and integration from the existing
model and the hypothetical model. As can be seen,
most streets have the same level of connectivity in
the hypothetical model. However, comparing the
integration of streets in the existing model and the
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hypothetical model (Figure 4 & Table 1) reveals that
integration can enhance for all streets in this area
when the hypothetical model is used. Increased
integration may result in better accessibility for
KLCC (Figure 4).

2.5
2 1N K K
=== Existing
15 —4t+v1+—— Integration
1“&‘!!_, \ Hypotheti
y BN Y ypothetic
0.5 e al model
: Integration
0 TTTTTTTTTTTTTT
1357 9111315

Figure 4 comparing the integration of the existing
model and hypothetical model

X C

Integration [HH]

=%
T
0.713268

XX X

0785714

Integration [HH]

Figure 5 Correlation integration and connectivity C—
existing model; D-hypothetical model

According to our results (Figure 5), the
correlation between integration and connectivity as a
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measure of intelligibility reveals that when the rate of
the correlation is high, then the element of
configuration may have higher levels of
intelligibility. Base on the graph shown in Figure 5,
the equation that represents the correlation line for
the existing model is:

y=2.63171x-0.00785255, R?=0.5988855.
In the hypothetical model, the correlation
line was expressed as:

y=1.70009x+0.500452, R*=0.831958.

R2In the hypothetical model is higher than
the existing model. It is possible that in the
hypothetical model, the correlation is closer to the
equation line than in the existing model indicating
that correlation may be better.

A one-sample t-test was conducted to
compare the level of integration for the existing
model and the hypothetical model. There was a
significant difference between the scores for existing
model (M=0.97, SD=0.188); t(14)=19.873, p = 0.000
and the hypothetical model (M=1.32, SD=0.521);
t(14)=9.818, p = 0.000. These results suggest that
geometry can affect integration and accessibility
(Figure 4).

A Pearson product-moment correlation
coefficient was computed to assess the relationship
between integration and connectivity for the existing
configuration. There is a positive correlation between
the two variables [r = 0.774, n =15, p = 0.001] A
scatter plot is used to summarize the results (Figure
5.C).Overall; there is a positive correlation between
integration and connectivity. On the other hand,
computing to assess the hypothetical model reveals
that there is a strong positive correlation between the
two variables [r = 0.936, n =15, p = 0.000].Another
scatter plot is used to summarize the results (Figure
5.D). In general, there is a strong positive correlation
between integration and connectivity. Increases in
integration were correlated with increases in rating of
connectivity.

According to the correlation results, the
correlation between integration and connectivity is a
stronger possibility in the hypothetical model than the
existing model. This data illustrates how regular
geometry may affects intelligibility and legibility.
Particularly, the results of this study suggest that
when regular geometry is used in urban design, unity,
as a result of intelligibility and legibility, can be
increased.

According to this simulation study, in some
circumstances regular geometry may increase
accessibility, intelligibility, and legibility of urban
spaces.

Our discussion suggests that regular
geometry might help create unity in urban design and
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effect intelligibility. Such designs would require
highly legibility spaces, strong geometric forms, and
high levels of integration and intelligibility. Areas of
a city that lack legibility may be improved using
geometric designs that would contribute to the
legibility of the city. Even though it is impossible to
change all configurations of a city, it is possible to
renovate and refurbish some areas using regular
geometry to contribute to legibility.
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