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Abstract
Legibility is based on landmarks and geometry. Visitors in a space learn to “read” an area by
using three- and two-dimensional cues. This research aimed to determine the responses of
visitors to the influence of geometry on the legibility at Kuala Lumpur City Center (KLCC). The
relationship between geometry and space legibility can affect visitors' wayfinding. In this study,
visitors, including 86 respondents and 8 individuals who participated in a focus group, were
surveyed through questionnaires and interviews during daytime. Results show that legibility was
moderately and positively correlated with regular geometry, but legibility was negligibly
affected by existing geometry. Regression analysis, t-test, ANOVA, and scheme coding of
qualitative data suggested that regular geometry used in urban spaces might strongly improve
legibility. For urban designers, regular geometry associated with landmarks enhances legibility.
& 2016 The Authors. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Geometry is associated with legibility (Critchlow, 1987, 1976;
Hecht, 1988). Regular geometry applied to new tangible
products has been widely explored, but the intricacies of the
perception on legibility relative to space have yet to be
described (Stanford, 2007; Walsh and Cummins, 1976). In most
cases, visitors are exposed to irregular geometries utilized for
This is an open access article under the CC BY-NC-ND license
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urban spaces, where an increasing number of skyscrapers
destroy landmarks (Etienne, 2003; Etienne et al., 1998).
Geometric designs may also differ from urban designs used
for city development (Lee et al., 2012).

Landmarks or geometry is used as a basis for legibility. For
example, visitors in a space learn to “read” an area by using
two- and three-dimensional cues (Fig. 1) (Sheynikhovich and
Arleo, 2010). When finding their way, visitors likely apply
landmarks as visual cues in a three-dimensional spatial
configuration (Raubal and Winter, 2002). In geometry,
human spatial navigation is incorporated in the second
dimension (Kelly and Bischof, 2008). Thus, landmarks and
geometry can affect a visitor's orientation and navigation
(Sovrano et al., 2005). With the development of skyscra-
pers, regular geometric design may be more reliable than
landmarks alone during landscape reading and wayfinding
(Sheynikhovich and Arleo, 2010).

Animals and young children, their perception on legibility
based on geometry, and the association of legibility with
landmarks have been widely considered in legibility-related
studies. However, spaces and their relationship with visitors
have yet to be fully explored. As such, legibility in spaces
should be further investigated to describe their relationship
comprehensively. Although legibility in general has been exten-
sively investigated, the legibility of spaces from a visitor's
viewpoint has been rarely determined (Dalton and Bafna, 2003;
Golledge, 1999; Lynch, 1960). Information on the effects of
landmarks on legibility is also limited (Darken and Sibert, 1996;
Hartley et al., 2004; Lynch, 1960; Magliano et al., 1995; Ruddle
et al., 1999).

This study generally aimed to investigate the visitors'
attitudes toward Kuala Lumpur City Center (KLCC) by using
an explanatory design method and to determine the visitors'
views on the geometry and legibility of KLCC.

This study specifically aimed to achieve the following
objectives:

� To describe the explanatory design method for the
validation of the process used in our study;

� To investigate the visitors' views on the relationship
between legibility and geometry in urban spaces.

KLCC was selected as the study area because it boasts of
historical buildings and Malaysian heritage. For instance,
Jalan Ampang Street passes through this area. To determine
the visitors' perceptions and space-related problems in this
area, we conducted a literature review and distributed a
questionnaire. We then considered the obtained data to
provide recommendations for the improvement of KLCC.

In previous studies, geometry is applied to experiments
involving rats to determine the effect of geometry on
Fig. 1 Mechanism
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wayfinding (Yaski and Eilam, 2007; Yaski et al., 2011a,
2012). In our study, geometry was defined in terms of its
effect on legibility and visitors' wayfinding in urban spaces.
Difficulties in pedestrian's wayfinding through KLCC were
also determined by performing observations during day-
time. Significant differences in the perception between
genders were not evaluated. Visitors who traveled by car
or public vehicles and navigation via computer, robot, or
other independent or mechanical tools were also excluded.

The remaining parts of this paper are structured as
follows: Studies on legibility, landmarks, and geometry are
reviewed. The research methods and procedures used in our
study are then described. Our results are subsequently
discussed. Implications, limitations, and directions for
future research are presented in the last section.
2. Legibility perception of urban space

People understand and recognize urban spaces. Individual
features are affected by the cognitive processes of recogni-
tion (Koseoglu and Onder, 2011). A cognitive map can be
described as the image of spaces recognized by the human
mind (MacInnis and Price, 1987). The ability to recognize
urban spaces is reduced by vague and complex data (Fig. 1)
(Cangoz, 2005).

The mechanism used by humans is similar to that used by
computers (Cangoz, 2005). However, the treatment of key-
words and the diagram of the human mind is composed of an
emotional element (Sacks, 2007). Emotions run deeper than
recognition (Cangoz, 2005) and attitudes (Sacks, 2007). The
human mind is also adaptive to the level of accessible
perceptual data (Hölscher et al., 2011).

The shortest path is not always chosen when people travel.
Instead, visitors may refer to landmarks (Graham et al., 2003),
follow the geometry of a space (Avni and Eilam, 2008;
Dussutour et al., 2005; Hoffmann, 1983; Jeanson et al., 2003;
Pratt et al., 2001; Vasquez et al., 2002), focus on gathering
data, or visit familiar places (Alstott, 2007). For these pur-
poses, visitors rely on exterior and interior cues incorporated in
their representation of an urban space (Etienne, 2003; Etienne
et al., 1998; Shettleworth and Sutton, 2005; Sovrano et al.,
2005). This spatial image enables route configuration between
an origin and destination and between distance and direction
determination (Golledge, 1999). These processes have been
shown in various investigational environments, such as urban
space (Gould et al., 2009; Walsh and Cummins, 1976).

Different types of urban spaces, including squares and
streets, have been established. Our study aimed to deter-
mine urban space geometry and its effects on legibility.
of legibility.
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Lynch (1960) believed that coherence, unity, and clarity
are essential for legibility (Dalton and Bafna, 2003). Beha-
vioral studies have shown that the environment is the basis
of neurobiological information and thus explains the lack of
competition between geometry and landmarks on legibility
(Sheynikhovich and Arleo, 2010).

2.1. Landmarks as three-dimensional cues for
urban space knowledge

Some psychological experiments have demonstrated that visi-
tors use landmarks (Darken and Sibert, 1996; Magliano et al.,
1995; Ruddle et al., 1999) in the manner described by Lynch.
The uniqueness of a landmark is an important physical aspect.
Landmarks, together with paths, districts, edges, and nodes,
are also typically found in an urban space. Furthermore,
landmarks are identified by their context and location (Lynch,
1960) and used to determine direction when this parameter is
combined with a neural representation stored in the hippo-
campus (Hartley, 2004).

Landmarks are categorized into two groups: global and
local (Steck and Mallot, 2000). Global landmarks are
observable from great distances, whereas local landmarks
are smaller than global landmarks in scale and can only be
perceived when observers approach such landmarks. Raubal
and Winter (2002) stated that three factors affect a land-
mark's prominence. These factors are visual salience (form,
color, and facade), semantic salience (cultural and histor-
ical value), and structural salience (location). Although
visual salience (Lee et al., 2006) or shape (Nardini et al.,
2009) have been extensively investigated, semantic salience
and location have yet to be examined. The effect of non-
observable landmarks is frequently detected in reorienta-
tion tests on young children and animals (Cheng, 1986;
Hermer and Spelke, 1994; Wang et al., 1999). Disorientation
may also be attributed to the absence of landmarks (Lee
et al., 2012). Adult visitors in urban space should be further
explored to clarify this phenomenon.

2.2. Geometry as a two-dimensional cue for urban
space knowledge

According to Plato, geometry is defined as “the measurable
earth”, “earthly measurements”, or “spatial measure-
ments” (Critchlow, 1976). Geometry is the language of
shapes or the logic of relationships between shapes.

Euclidean and non-Euclidean geometries may be familiar
ideas, but fractal geometry has yet to be fully understood.
Fractal geometry was introduced by Benoit Mandelbrot in 1982
and has been used in architecture (Joye, 2011). Geometry has
been applied to buildings and urban design since the earliest of
times. This field of study was pioneered by ancient Greeks.
Geometry was also used by other ancient civilizations in their
architecture (Critchlow, 1976, 1987; Hecht, 1988).

Geometry is one of the highest achievements by humans,
but the foundations of this field are obscure. Geometry is
also applicable to human navigation (Lee et al., 2012).
Geometric knowledge is also deeply rooted in navigational
processes; for instance, children navigate by using proper-
ties from Euclidean geometry (Lee et al., 2012). The
reorientation behavior of young children depends on
Please cite this article as: Safari, H., et al., Influence of geometry o
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geometry (Hupbach and Nadel, 2005). In other studies, rats
check the geometric characteristics of a particular approach
close to their destination. Rats mainly use geometric
orientation methods, such as landmark use (Cheng, 1986).
Although geometric features are relevant, a primary knowl-
edge regarding the environment influences the significance
of geometric and feature cues. In other words, adult visitors
use a flexible plan to program spatial data (Kelly and
Bischof, 2008).

Animals and young children use different types of cues
when they recall the location of a destination (Kelly and
Bischof, 2008). Our study investigated how adult visitors
used geometric and feature cues when they approach a
destination in the KLCC.

Geometric is related to feature data. Although feature
data are more biased than geometric data, feature data
play a significant role. The acceptance of similar fine-
grained analyses in studies on spatial cues is a significant
component to understand complex relationships regarding
spatial navigation (Kelly and Bischof, 2008).

Numerous cues are used by individuals to remain oriented
or to reorient themselves as they move through an environ-
ment. The geometry of a built environment is also used to
remain oriented in an urban space (Cheng, 1986). Extended
built environments create geometric cues, such as inter-
secting streets or walls in a room. Built environmental
geometry can provide clear cues for self-location (Hermer
and Spelke, 1994; Kelly et al., 2008), and two cues are
essential for urban-space orientation: feature cues and
geometry (Cheng and Gallistel, 2005).

The hippocampus of animals plays a significant role in
learning the geometric characteristics of a space. However,
navigation based on geometric data is supported by “prox-
imal cues for the target location”. Animals navigate by using
geometric environmental cues and masking properties asso-
ciated with the use of feature data (Vargas et al., 2011).
3. Methodology

3.1. Explanatory design

An explanatory design consists of two separate phases, namely,
quantitative and qualitative stages (Creswell et al., 2003). In
this method, quantitative and qualitative data were collected
and analyzed. Qualitative data help explain the quantitative
results. Quantitative and subsequent analyses aim to provide a
general understanding of the research problem. In this study,
qualitative analysis more thoroughly explains statistical results
by surveying the views of research participants (Creswell et al.,
2003; Tashakkori and Teddlie, 1998). Qualitative analysis is a
common method used for multidisciplinary studies, such as
social and behavioral research and urban design (Creswell
et al., 2003).

Quantitative data were validated on the basis of the
survey results. First, significant quantitative survey results
were determined. Next, the underlying causes for these
results were discussed. The collection of qualitative data
was completed by interviewing participants who could
efficiently explain the results.
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3.2. Participants

The following methods were proposed in accordance with the
general guidelines for sampling designs in social sciences
research (Collins et al., 2006) and a minimum sample size
recommendation for quantitative and qualitative research.

1) For the correlation design, 64 participants were selected
for the one-tailed hypotheses and 82 participants were
examined for the two-tailed hypotheses (Collins et al.,
2006).

2) The qualitative focus group comprised 6–12 participants
(Brown, 1996; Sekaran, 2003).

The target population for this study consisted of visitors who
visited Kuala Lumpur in 2013. The unit of analysis was an
individual visitor in KLCC. Visitors were randomly selected from
a group of local and foreign visitors, who visited KLCC and
Ampang Street from May 1, 2013 to August 1, 2013 and who
provided their addresses for research purposes. This group of
participants served as a sample. A mail-survey questionnaire
was sent to all 300 respondents of the sample to ensure that
the sample size would be large enough for the structural
equation model based on the recommendations made by
Creswell et al. (2003) and to account for the effect of the
low response rate normally associated with mail-in surveys. The
final sample included a total of 86 usable questionnaires, which
were then analyzed.

3.3. Procedures

3.3.1. Quantitative data
3.3.1.1. Data collection. The first questionnaire was pre-
tested on a sample of 25 visitors by using a collaborative
participant pre-testing method. Data were collected from
May 2013 to August 2013 via mail and social network
surveys. Follow-up surveys were sent to respondents who
have not returned their surveys within a one-month period.
No incentives were provided to respondents who completed
the questionnaires.

3.3.1.2. Measures. Previously described procedures were
applied to assess the respondents' views on the legibility of
spatial configurations and the effect of geometry on legibility
(Sekaran, 2003). This measure included 14 Likert scale state-
ments with the following scale points: 1=strongly disagree,
2=disagree, 3=neutral, 4=agree, and 5=strongly agree. The
items were randomized in the questionnaire to minimize the
effect of order bias.
The items were used to evaluate the effect of each

particular element on legibility. It also indicates Cronbach's
alpha reliability coefficient of each of the three sub-dimensions
in the scale. The geometry subscale consisted of 8 items
(a=0.781), the legibility subscale included 4 items (a=0.93),
and the landmark subscale contained 2 items (a=0.797).

3.3.2. Qualitative data
A qualitative study was performed to examine the geome-
trical knowledge and understanding required by visitors to
read an urban space in KLCC and Ampang Street and to
determine the effects of the landmarks and geometry of a
space on the legibility of the space. Wayfinding behaviors
Please cite this article as: Safari, H., et al., Influence of geometry
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were also investigated. This study also aimed to understand
the gaps between the effect of geometry on legibility and
wayfinding experienced by visitors as they approached KLCC
and Ampang Street.

Five interview questions were designed to understand the
effects of geometry and landmarks on the legibility of KLCC
and the wayfinding behavior of visitors. A follow-up inter-
view was conducted to determine the visitors' opinions and
collect their suggestions on how the geometry of the space
could be used to improve the legibility of urban space.

The survey designed for the visitors comprised multiple-
choice questions to identify the geometry used for visitor
wayfinding, understand the effect of landmarks on visitor
wayfinding behavior, determine the geometry used to
navigate spatial configurations, and discover the geometry
that positively affected legibility. The presence of any gap
between geometric and non-geometric space was solicited
from visitors by using the questionnaire Their behavior to
reduce these gaps and develop wayfinding methods was also
determined.

Content validity was performed to demonstrate the
accuracy of the measurements. Validity was defined as
“the degree to which a test measures what it claims, or
purports, to be measuring” (Brown, 1996). The types of
evidence in support of content validity include the judg-
ments of field experts, theories on relevant behaviors from
all fields, and high internal consistency or reliability
(Sekaran, 2003). To ensure content validity, we obtained
expert views. For this purpose, a set of questionnaires was
distributed to academicians to determine how each item
satisfied the study objectives. Specialists in the fields of
architecture, urban design, and statistics helped improve
the questions to validate the content of the research
instrument. Geometry and legibility definitions should be
clearly explained and conceptualized in the survey.

3.4. Data analysis

Data were analyzed quantitatively and qualitatively. Quan-
titative analysis was conducted using descriptive regression,
t-test, and ANOVA. Qualitative data were examined through
scheme coding.

Payne (1995) indicated that qualitative data analysis is
optimally performed by dividing the responses into short
phrases. This method is an important approach to code the
data gathered through interviews or open-ended question-
naires. In this method, each phrase should refer to a single-
task statement or reference to the subject. These segments
can then be coded and analyzed. Similarly, Keys (2000)
suggested that data should be transcribed in full and then
broken up into clause-length segments. Using this method
for coding and categorization, we could identify the percep-
tions of foreign and local visitors regarding the landmarks,
geometry, and legibility of KLCC.

4. Results

4.1. Quantitative data

Table 1 provides a socio-demographic profile of the respon-
dents of this study. The sample was slightly dominated by
on legibility: An explanatory design study of visitors at the Kuala
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Table 1 Socio-demographic profile of respondents.

Visitors n=86 Percentage % Visitors n=86 Percentage %

Gender Race
Male 48 56 Local (Malay, Chinese, and Indian) 18 20.9
Female 38 Foreign visitors 68 79.1

Age Length of stay in KL
Yearo20 3 3.5 1 week 45 52.3
21–30 20 23.3 2 weeks 16 18.6
31–40 40 46.5 3 weeks 11 12.8
41–50 14 16.3 More than 3 weeks 14 16.3
51–60 8 9.3
Year460 1 1.2

Table 2 Visitors' perception of the legibility of KLCC
(n=86).

Perceived legibility M SD

Vicinity of KLCC has legibility 2.7733 1.04785
Ampang Street 2.55 1.165
KLCC 3.00 1.158
Effect of geometry 3.3605 1.14699
Ampang Street 3.38 1.190
KLCC 3.34 1.289
Effect of landmark 3.7093 1.03601
Ampang Street 3.56 1.154
KLCC 3.86 1.118

Note: Scale values ranged from 1 (strongly disagree) to 5
(strongly agree); a low mean score corresponds to a high
legibility level associated with that particular aspect.
M=mean, SD standard deviation.
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male respondents (56%), and the majority of the respon-
dents belonged to the 31–40 age group. Approximately
79.1% of the respondents were foreign visitors and 52% of
the respondents stayed in Kuala Lumpur for one week.

Descriptive statistics suggested that the effects of the
existing geometry on the legibility of Ampang Street and
KLCC yielded the following data: M=3.38, SD=1.190 and
M=3.34, SD=1.289, respectively. These values indicated
that existing geometry influenced the legibility of these
spaces.

The legibility of KLCC (M=3.00, SD=1.58) was higher
than that of Ampang Street (M=2.55, SD=1.165). Thus, the
factors that affected the legibility of KLCC included land-
marks and planned configurations. These factors were more
effective in KLCC than in Ampang Street.

Landmarks, specifically the Petronas Twin Towers, exhib-
ited a greater effect on the legibility of KLCC (M=3.86,
SD=1.118) than on the legibility of Ampang Street (M=3.56,
SD=1.154). Therefore, the Petronas Twin Towers provide a
stronger visual presence than Ampang Street does.

The mean (M) visitor's perception of the legibility of KLCC is
presented in Table 2. The highest legibility level was associated
with the “effect of the landmarks in KLCC” (M=3.86,
SD=1.118) and the lowest legibility level was associated with
the “legibility of Ampang Street” (M=2.55, SD=1.165). On
average, landmarks elicited the greatest effect on legibility.

A total of 48 males and 38 females participated in this
study. Table 3 presents the descriptive statistics for the
participants on the basis of their gender. The means and
standard deviations of male and female perceptions regard-
ing legibility and effective elements are different. On
average, males exhibit higher legibility and effective ele-
ments than females do. However, significant differences
between the genders were not considered in this study and
thus should be further investigated.

Table 4 shows the means and standard deviations
obtained from visitors who stayed in Kuala Lumpur for one
week or even longer. The mean score of stays for more than
three weeks is higher than any other score. The mean
perception of legibility between the groups that stayed for
more than three weeks in Kuala Lumpur and one week or
three weeks significantly differed (p=0.007o0.05). Like-
wise, the mean perception of legibility between the groups
Please cite this article as: Safari, H., et al., Influence of geometry o
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that stayed for more than three weeks and two weeks
significantly differed (p=0.00o0.05). However, the mean
perception of legibility among the groups who stayed in
Kuala Lumpur for one, two, and three weeks did not
significantly differ (p=0.367, 0.997, 0.59140.05).

Significant differences between groups were deter-
mined through one-way ANOVA (F (3,162)=8.626,
p=0.00). Tukey's post-hoc test revealed that the length
of stay in Kuala Lumpur was significantly shorter after
staying for one week (2.7471.05 min, p=0.367), two
weeks (2.3770.99 min, p=0.591), and three weeks
(2.6870.75 min, p=0.992) than that for more than three
weeks (3.3971.03 min, p=0.007).

One-way ANOVA between subjects was conducted to
compare the effect of the length of stay on a visitor's ability
to perceive legibility. The length of stay significantly
affected the visitors' perception on legibility [po0.05, F
(3, 162)=8.626, p=0.000]. Post-hoc comparisons with
Tukey's HSD test indicated that the mean score of the
visitors who stayed longer than three weeks (M=3.39,
SD=1.03) is significantly different than that of the visitors
who stayed for one week (M=2.74, SD=1.05). However,
two- or three-week visits (M=2.37, SD=0.99, and M=2.68,
SD=0.75, respectively) did not significantly differ from one-
n legibility: An explanatory design study of visitors at the Kuala
/dx.doi.org/10.1016/j.foar.2016.08.001

http://dx.doi.org/10.1016/j.foar.2016.08.001
http://dx.doi.org/10.1016/j.foar.2016.08.001
http://dx.doi.org/10.1016/j.foar.2016.08.001


Table 3 Visitors' opinions regarding the legibility and effective categories in terms of male and female participants.

Male (n=48) Female (n=38) Total (n=86)

M SD M SD M SD

Vicinity of KLCC with legibility 3.1875 0.98188 2.2500 0.89102 2.7733 1.04785
Effect of existing geometry 3.5312 0.96429 3.1447 1.32496 3.3605 1.14699
Effect of landmark 4.0521 0.89466 3.2763 1.05072 3.7093 1.03601

Table 4 Means and standard deviations for responses on the legibility of KLCC with various lengths of visits.

1 week (n=45) 2 weeks (n=16) 3 weeks (n=11) More than 3 weeks (n=14)

M SD M SD M SD M SD

Vicinity of KLCC has legibility 2.7444 1.05863 2.3750 1.00830 2.6818 0.78335 3.3929 1.05936
Existing geometry's effect 3.1778 1.20678 3.2188 1.32877 3.7727 0.81742 3.7857 0.80178
Landmark's effect 3.8333 0.98857 3.1875 1.01448 3.182 1.25045 4.2143 0.72627

Fig. 2 General relationship between legibility and regular geometry.

H. Safari et al.6
week stays. These results suggest that staying for more than
three weeks affected legibility. Visitors can easily read the
landscape when they stayed for more than three weeks in a
city. However, the length of stay must be longer than three
weeks to observe an effect.

Pearson's product–moment correlation coefficient was
calculated to assess the relationship between legibility
and regular geometry. The two variables were moderately
and positively correlated (r=0.531, n=86, p=0.000). A
scatter plot summarizing the results is shown in Fig. 2.
The increase in the quality of regular geometry is correlated
with the increase in legibility.

Pearson's product–moment correlation coefficient was
computed to assess the relationship between the legibility
and existing geometry of KLCC. The correlation between the
variables was negligible (r=0.150, n=86, p=0.169). A
scatter plot summarizing the results is shown in Fig. 3.
Overall, the legibility of KLCC was slightly correlated with
its existing geometry.
Please cite this article as: Safari, H., et al., Influence of geometry
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4.2. Qualitative phase

Each interview was recorded and transcribed. The interview
data were presented in a data analysis matrix. Our litera-
ture review was presented in our study. After re-confirming
the data numerous times, we established a general coding
framework.

Analysis was completed within three months. All tran-
scribed extracts were coded by two researchers. Each word,
sentence, and paragraph was coded according to the coding
scheme. The eleven discovered themes were the same as
those presented in the literature review. These themes
include ease of understanding, unity and clarity, difficulties
caused by vagueness and complexity, importance of loca-
tion, helpfulness for distinguishing a destination, clarity of
forms and contrasts from the context, crucial location,
being observable from a distance, logical relationship
between shapes, incorporation with the landmark, and
procedure for improving legibility. The data were further
on legibility: An explanatory design study of visitors at the Kuala
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Fig. 3 Relationship between legibility and existing geometry of KLCC.

Table 5 Frequencies and percentages of the coding of themes and sub-themes.

No Theme Sub-theme Fr (M) Fr (F) Fr (T) % (T)

1 Perception of legibility in the vicinity of KLCC Perception attitude (positive) 1 2 3 33
2 Perception attitude (negative) 3 3 6 66
3 Ease of understanding, unity and clarity 1 1 2 22
4 Difficulty in perception resulting from

vagueness and complexity
3 3 6 66

5 Landmark (Petronas Twin Tower) as three-
dimensional urban-space knowledge

Importance of the location 3 5 8 88
6 Helpfulness for distinguishing the

destination
3 3 6 66

7 Clarity of forms and contrasts with context 4 3 7 77
8 Crucial location 1 1 2 22
9 Observable from a distance 2 1 3 33

10 Geometry as two-dimensional urban-space
knowledge

Logic of relationship between shapes 1 1 2 22
11 Incorporation to landmark 1 3 4 44
12 Procedure of improving legibility 2 3 5 55
13 Application 3 3 6 66

Fr: Frequency, %: Percentages (=Fr (T)/9), M: More than three weeks, F: Fewer than three weeks, T: Total.
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divided into the sub-themes of positive and negative
attitudes.

The themes and sub-themes were determined by using
the coding scheme (Table 5). After coding, we found that
the most common themes included legibility, landmarks,
and geometry. The themes and sub-themes presented in
Table 5 are based on Fig. 1.
5. Discussion and conclusions

This study investigated the effects of geometry and land-
marks on the legibility of a landscape. This research
contributes to architecture and urban design by demon-
strating the importance of geometry as an influencing factor
in legibility. Tangible goods or functional performances have
been considered to develop and evaluate related studies
except those of Yaski et al. (2011a), who investigated
Please cite this article as: Safari, H., et al., Influence of geometry o
Lumpur City Center. Frontiers of Architectural Research (2016), http:/
geometry and path shapes. Yaski et al. (2011b) also
examined the spatial behavior of rats traveling in straight
or circuitous paths. Lee et al. (2012) analyzed navigation in
terms of geometric knowledge. Lee et al. (2012) further
explored the spatial navigation of young children during the
completion of a reorientation task. In our study, a more
varied spectrum of visitor behavior in an unfamiliar space
was investigated.

This inconsistency may be attributed to the differential
nature of the two constructs. Regular geometry likely
promotes a positive relationship and thus enhances legibil-
ity. The effects of landmarks may become positive as
legibility increases. In space geometry, regular geometry
positively affects legibility (Yaski et al., 2011a, 2012).
However, the relationship between regular geometry and
legibility in unfamiliar spaces remains untested. Relevant
conditions should be examined to provide insights into the
negative relationship between the existing geometry and
n legibility: An explanatory design study of visitors at the Kuala
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the legibility of KLCC. Approximately 80% of the respon-
dents in our study agreed that regular geometry affected
legibility. A regular geometric space may positively affect
the legibility of KLCC.

In a separate analysis, visitors' perceptions regarding the
physical and psychological characteristics, including land-
mark, geometry, and legibility, of KLCC were compared. Our
results revealed that the current geometry of the space
exhibits a negligible effect on legibility, and landmarks
provide greater influences on legibility. These results are
consistent with those of Hartley et al. (2004). Assuming that
legibility represents the aspects of an established environ-
ment, we observed that a visitor's wayfinding is hindered by
irregular geometry and insufficient landmarks. However,
these conclusions should be verified across different urban
spaces.

Our results also indicated that the visitors' gender is
another significant factor that affects the ability to perceive
the legibility of a space. However, the role of gender in
understanding legibility should be further investigated.

Legibility is highly significant for visitors who stayed in
Kuala Lumpur for more than three weeks. Our results
supported those of earlier urban spaces studies (Koseoglu
and Onder, 2011). The length of a visitor's stay significantly
affects their ability to read the landscape of KLCC [po0.05
level, F(3, 162)=8.626, p=0.000]. However, the length of
stay must be more than three weeks to observe the
corresponding effects.

Pearson's product–moment correlation coefficient showed
that legibility is moderately positively correlated with
regular geometry (r=0.531, p=0.000). Our results are
consistent with those of Lee et al. (2012). However, the
two variables exhibit an unexpected negligible correlation
(r=0.150, p=0.169). These findings suggest that regular
geometry may improve legibility.

Our qualitative findings showed that most visitors (66%)
staying for less than three weeks in Kuala Lumpur exhibited
negative attitudes toward the legibility of the KLCC because
of the vagueness and complexity of space. Most of the
visitors stated that landmarks are necessary to recognize a
location (88%) and to determine a destination (66%). Fewer
visitors believed that the crucial location of a landmark is
correct (22%) and landmarks are observable from a
distance (33%).

In contrast to their satisfaction with current geometry
(22%) and combination of current geometry and landmarks,
a weak legibility was observed by 44% of the visitors. Our
study recommends the use of regular geometry to improve
the legibility of KLCC (55%). Our study also suggests the
actual use of regular geometry (66%).
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