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Given the role of walking in improving the quality of life and creating livable communities,
the issue of walkability in the built environment has been given a lot of attention by
researchers, particularly in the fields of urban design and planning. However, there is still a
lack of objective evidence on how the built environment encourages people to walk, what
features could influence walkability and how to measure this correlation. This study aims to
research the link between accessibility as a key built environment feature and walkability. It is
thus aimed at finding out how access to services and utilities can affect walkability at
neighborhood scale. Quantitative methods have been used to gather, prepare and analyze data,
which include place syntax technique, GIS, space syntax technique, gate count technique and

Person correlation analysis. Findings disclosed a relationship between the accessibility of daily
services and the number of people who use walking as a transport mode. Results proved that
the provision of shops in suitable proximity form residences can encourage people to walk.

1. INTRODUCTION

Transforming cities into more walkable environments has
recently become an argent aim all over the world. This is due
to the fact that providing an appropriate environment for
people to walk is a key issue in achieving urban sustainability
[1, 2]. According to Lako and Gjevori [3], promoting walking
is one of the effective means that leads to reduce emissions in
cities as it diminishes car reliance. Thus, enhancing
walkability turns out to be an indispensable step towards
making cities more livable and humanitarian. Walkability can
be generally defined as the extent to which a built environment
can encourage people to mobile by walking to reach their
different destinations [4, 5]. As walking correlates with
numerous aspects of a built environment design and planning
as well as with human circumstances and senses, walkability
is deemed a complicated issue to study and research. It is
argued that one of the most important disincentives of walking
is the lack of physical accessibility that urban areas suffer from
[6]. When the access to a place is looked at in terms of the
metric distance, this could more relate to residents’ daily
services and needs in the city or town, where planning and
spatial equity are key factors in this issue. So, this study seeks
to objectively disclose the relationship between the difficulty
of accessing different locations and people's tendency to use
walking instead of private vehicles.

Extensive research has been done by experts and
researchers in urban design and planning with the aim to
introduce a deeper understanding of how walkability
correlates with different aspects of a built environment design
and planning. However, numerous such studies have
concentrated on the design qualities of a place that might
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influence walking conditions and ease of movement and then
encourage or discourage people to walk [6-9]. Others have
directed to study the issue at a wider scale focusing on urban
morphology and how the configuration of urban fabric can
impact walkability [10-12]. Some studies have indicated that
some accessibility properties such as direction changes and
distance might influence pedestrian's choice of route to their
destinations [13, 14]. Nevertheless, insufficient work has been
done to study whether residents’ decisions to move by walking
are affected by the accessibility to important destinations
especially the services and needs within neighborhood. In
other words, there is a lack of searching whether the difficulty
in getting to important daily services represents influential
factor that might influence pedestrian's decision to walk or use
another mode of transport. Indeed, this concerns the
relationship between accessibility and walkability in urban
areas, which needs more focus in research and analysis.
Therefore, this study attempts to answer the research question:
how does the accessibility to daily needs and services
encourage or discourage people to walk?

2. ACCESSIBILITY AND WALKABILITY

Accessibility has been defined as the term that expresses
spatial- social relationship between one space with other
spaces in an urban structure [15-18]. Furthermore, Talen and
Anselin [19] tended to define accessibility as a measure of
spatial equity, which expresses the locational distribution of
services and facilities in relation to the locational distribution
of different social groups in urban areas. Handy [20] correlated
accessibility with the efforts people make to reach their
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destinations that accessibility refers to people’s ability to reach
their various destinations such as services, activities,
individuals or opportunities by travelling to the positions those
activities are located in. It is therefore true to say that aspects
such as the spatial distribution of destinations, the ease to reach
them and the quality of the activities existing at the destination
might act as key features in this issue [21, 22]. Thus, the spatial
proximity or the distance to a destination is a crucial factor
accessibility draws upon.

Walkability expresses the extent to which a built
environment is able to encourage people to walk by connecting
them with diverse destinations within a rational amount of
effort and time, as well as offering route network characterized
by safety, comfort and visual interest. Several pieces of
research have interrelated between the walkable built
environment and the extent of accessibility to the daily
facilities the area enjoys. In this respect, such studies described
a walkable built environment as one that owns an accessible
pattern of activities to serve daily needs, where people can
reach most local services within a range of approximately 1/4-
1/5 mile in about 5-10 minutes on foot [22-26]. In line with
this, Hillier and lida [27] and Vale et al. [28] attributed this
association to pedestrian’s tendency to do minimum effort
when seeking their daily needs with no need to use other
means of travel, where they argued that when a place is
described as accessible, this indicates that it is linked well to
other parts of the area, which makes it easier for them to reach
it and thus be able to attract more walking people. However,
the majority of studies that have researched active accessibility
measured a single variable: the ability of a person to get to a
destination by either walking or cycling, with no efforts to
objectively measuring the real relationship between them.

This could also be deemed as an influential factor in a
person’s behavior that is pointed to by Forsyth [8] who
revealed that people choose walking as a mode of transport in
built environments that characterized by higher densities and
accessible destinations. In this regard, some studies have used
accessibility indicators to study walkability at neighborhood
environment such as Suarez-Balcazar et al. [29] and
Hernandez et al. [30] who asked residents for information
related to aspects such as walking time to several types of
destinations in the neighborhood, the satisfaction of the
respondents with the access to services and the infrastructure
of streets, walking and cycling. Nevertheless, these studies
have not focused on how walkability is directly affected by the
ease of access to utilities, which would be covered by this
study. However, this objective was pointed to by Abley et al.
[5] and other similar studies that concluded that an
environment of poor design and quality might contribute to
reduce individuals’ propensity to walk. Nevertheless, such
studies depend merely on qualitative measures relying on
people’s perceptions of walking environment.

Other groups of studies tended to study accessibility in
terms of the configuration and morphology of the built
environment, of which, space syntax research relies on
syntactic and topologic analyses of urban fabric. Those studies
attempted to use two syntactical space syntax properties to
express accessibility, namely integration and connectivity [11,
12, 31]. Integration index determines how easy it is to move
from one space to all other spaces in urban system. So, it
represents a closeness measure of the network expressing
accessibility by a syntactical measure. As for connectivity
index, it is also used in the researches dealing with
accessibility and walkability of urban areas as it measures the
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number of spaces that are directly linked to a specific space in
the network. It expresses the directness of an urban system in
syntactical way also [12, 32, 33].

However, researching walkability in order to acquire more
objectivity, might require to consider geographical
accessibility, meaning that accessibility that is defined by
metric distance towards specific destinations, which is adopted
by the current study. According to Stdale et al. [34], space
syntax research when it comes to analyze pedestrian mobility,
has shown the need for more people-based knowledge. Hence,
this study has drawn on a methodology represented by place
syntax tool (PST) that has introduced a possibility to combine
the space syntax properties of the cognitive environment, e.g.
topological distance represented by axial steps measured in
changes of directions, with conventional depiction of
attraction into accessibility analysis. In addition, accessibility
in the studies adopting space syntax is measured within the
network with no attractions. So, place syntax technique has
added attractions to this methodology, where locations can be
measured by actual travel distance [35]. Therefore, this study
attempts to fill this research fills some of the knowledge gap
represented by a lack in the research that incorporate
accessibility quantitatively measured by walking distance to
walkability analysis. This study explores how choosing travel
mode is affected by the configurational properties of urban
fabric in neighborhood context namely, accessibility measured
by real walking distance to daily utilities and opportunities.

3. METHODS

This study attempts to answer the research question: how do
the urban configuration features of Mosul city neighborhoods
impact urban walkability? Hence, the specific aim of the study
is to find out whether the ease of access to the destinations
containing people’s daily needs can influence their decision to
walk. In order to meet its aim, the study adopted a quantitative
methodology that relies upon analyzing geographic
accessibility  metrically measured, while measuring
walkability depending on pedestrian flow in the studied areas.

Accessibility analyses in this study are performed by place
syntax strategy using place syntax tool (PST) working within
a GIS environment, where it is used as a plugin on QGIS
software. Place syntax technology has made it possible to
combine the space syntax description of urban environment
with geographical descriptions of attractions into a combined
accessibility analysis. Thus PST has unlocked a sequence of
possible accessibility analyses [34, 36]. According to them, in
its theory, the place syntax model has relied upon standard
accessibility models of contemporary GIS research. The
accessibility A in the location i is as Eq. (1):

Ai =Y f (W), dij) 1)
where, Wj is a measure of the attraction at the locations j and
dij is a measure of distance from the location i to the locations
j.

This approach allows analyzing geographic accessibility to
certain attractions with axial or segment lines in GIS, which
represents an effective way for handling spatial complexity of
a realistic urban environment. In other words, place syntax
strategy has combined between two approaches in analyzing
urban environments: geographical approach and space syntax
metrics. In order to perform place syntax analysis, axial maps



of the studied areas are created using DepthmapX software.
Axial-line diagram is defined by Hillier [37] as: “the fewest
and longest straight lines of sight and access which cover the
area of interest”.

As accessibility expresses how it is easy to reach specific
destinations, which is where the services and utilities in urban
fabric are, it concerns distances between those important
activities that people daily need, on the one hand, and all other
spaces within the system, on the other hand. Those activities
include varied destinations such as shops and supermarkets,
schools, parks, public transport stations, worship places,
health centers, and so on, which are required to be located
within suitable walking distance for most residents in a
neighborhood. However, for this study, in order to limit the
study and avoid prolongation, only one type was chosen to
analyze as the most important destination people need to reach
during their daily lives, namely shops and supermarkets. This
is because at neighborhood level commonly, shops provide a
range of items for people as daily needs. Accordingly, the
operational definition of shops for this study is: food stores for
retail located within the study area whether small, medium or
big, that are specializing in sale of food and other household
needs. Results of PST analysis are handled within QGIS
environment and then presented graphically and statistically as
QGIS outputs.

Walkability as a dependent variable in this study is
represented by pedestrian flow measures. The adopted method
to execute this measure is (Gate Counts) strategy that’s
frequently applied by numerous urban studies [38]. According
to this method, recording observations of pedestrian
movement flows in a built area is done. The process is
executed by first defining the boundary of the area under
scrutiny including spaces of well, moderately and poorly used.
Secondly, the number and positions of the gates should be
selected. It is useful that gate positions are determined
manually on the map to be followed when walking through the
studied area. As for the number of gates, it is suggested by
Grajewski and Vaughan [39] that the minimum number of
gates is 25 per area and the more the better. At each gate
position, an imaginary line is drawn across the street including
pavements. The observer then counts and registers only
pedestrians crossing the line. Gates positions can be selected
according to the results of other analyses. Collected data can
be represented statistically or graphically in various ways. The
period of each gate observation is 5 minutes, so, in a period of
1 hour, the observer can cover 10 gates consuming 50 minutes,
while the remaining 10-min are allocated to move towards the
next gate [38]. For this study, the same procedure is adopted,
thus, a number of 25 gates is designated for each case study.
Correlation analyses are conducted by using SPSS statistical
package, where Pearson’s correlation analysis is employed.

3.1 Case study

For conducting the analyses of the field study, two
neighborhoods in Mosul were selected, namely Tammouz and
Al-Muthanna. As is known, the city of Mosul is divided by the
Tigris River into two sides locally known as the right side and
the left side. While Tammouz is located on the right side of the
city, Al-Muthanna is situated on the left side. Areas of the
selected case studies are 1.335 sg. km and 0.705 sq. km
respectively. As for urban structure, Mosul is generally
characterized by regular gridded urban structures for most of
its neighborhoods except that for the historical city district.
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However, in order to add an extent of objectivity to the
analyses, the selection of the two case studies above
mentioned is based on the existence of some differences
regarding urban fabric morphology. While Tammouz is
characterized by a fully regular grid layout, Al-Muthanna has
some extent of semi-deformed urban fabric. What should be
noted is that services and utilities in most of Mosul

neighborhoods do not follow a pattern of grouping in the
central area, which is a prevailing pattern in the city including
both case studies (Figures 1 and 2).

Figure 2. Al-Muthanna neighborhood urban fabric

4. RESULTS AND DISCUSSION

In order to meet the goal of the study determined to find out
whether walkability is affected by configurational features at
neighborhood scale, and to answer the study question
formulated as: how does the accessibility to daily needs and
services encourage or discourage people to walk? Where
accessibility here is represented by the ease of access to shops.
Features of the two selected case studies are analyzed
graphically and statistically. The results and discussions are as
below.

Accessibility analyses are performed using place syntax
tool (PST) within geographic information system represented
by (QGIS) application. This method has been chosen for this
study because it introduces objective measurements of
accessibility in the study areas as it enables measuring the
proximity of the destinations as metric distances from all
points of the urban system. Based on the foregoing, in this



study, PST approach is used to measure accessibility as metric
distances to all daily utilities and services in the case study
areas. This would give more objectivity when studying
accessibility. This was applied by St&nle [40] and Dastoli [41].
Then the results of PST are correlated with the other
phenomenon, namely walkability using Person’s correlation.

Figures 3 and 4 show place syntax analysis for both case
studies, namely Tammuz and Al-Muthanna respectively,
where each line represents a path or street in the urban system,
while points represent shops. Accessibility measure generated
by using PST is expressed by the distance to the nearest shop
from each space in the system. According to the analyses,
distances are expressed by the thickness of the line
representing a space, where the nearer the distance from a
space center to a closer shop, the lighter the thickness of the
line. This is based on numeric values of metric distances.
Graphically, a comparison between the resulting maps of the
two case studies can obviously show that the amount of lighter
lines in Tammuz neighborhood is greater than that of Al-
Muthanna. This suggests that Tammuze system possesses
better accessibility to shops. This might be attributed to better
distribution and greater numbers of shops in Tammuz
compared to Al-Muthanna. It could also be interpreted that the
configuration of Tammuze system helps a more balanced
accessibility.

This is reinforced by statistic values of the analysis, where
the mean value of the distances between all spaces and nearest
shops of Tammuze whole system was recorded at 208.02
meters while that of Al-Muthanna district was revealed to have
a greater value of 391.26 meters (Table 1). This discloses that
shops in Tammuz are more accessible than those in Al-
Muthanna. In other words, people on foot have to walk longer
distances and then make more efforts in order to reach their
daily needs in Al-Muthanna compared with Tammuz. This
could discourage people from walking in order of such tasks
and as a result, they might instead tend to use private vehicles.

Moreover, values of maximum distances of the two case
studies in turn give additional evidence on to what extent the
access to shops is easy or difficult for pedestrians. PST
analyses showed that the maximum walking distance to
nearest shop in Tammuze neighborhood was 502.6 meters,
while the value for Al-Muthanna was 1315.6 meters (Table 1).
The greater value of Al-Muthanna points to worse
accessibility compared with Tammuz.

On the other hand, in order to link accessibility results with
walkability, they should be looked at alongside the results of
gate count analyses. Results of pedestrian flow survey
obtained by the technique of gate counts on site for 25 axial
spaces for each district disclosed interesting results. As shown
in Table 1, Tammuz recorded greater mean value of pedestrian
count with 7.84 persons, whereas Al-Muthanna recorded a
value of 3.72 persons. These results indicate that walkability
in Tammuz is better than in Al-Muthanna showing an inverse
proportion to the values of accessibility of both studied areas,
what can be interpreted that the greater the distances walked,
the worse the walkability. The forgoing denotes a noteworthy
relationship between accessibility and walkability in the
neighborhood level, where better accessibility could lead to a
better ability of a built environment to encourage people to
walk. This can contribute to answering the research question
as it clarifies how ease of access influences people’s tendency
to walk in order to meet their daily needs. This was pointed to
by numerous reviewed literatures [5, 6, 12].
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place Syntax analysis:Accessiblity(attraction distances)-shops
Tammuz neighborhood

axial spaces (distance to nearest shop in meter)
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— 115-188
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w— 241 - 276
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Figure 3. Accessibility to the nearest shop in Tammuz

Place syntax analysis- accessibilty (attraction distance)-shops
Al-muthanna neighborhood

shops

axial spaces(distance to nearest shop in meter)
14-115
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503

905

1315.62
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Figure 4. Accessibility to the nearest shop of Al-Muthanna

Another check can be done here, that is related to the
thresholds of distances, which is deemed an essential indicator
to measure acceptable accessibility in urban areas. According
to Girling and Kellett [42], Porta and Renne [23], Song and
Knaap [43] and Kellett et al. [25], a benchmark of acceptable
or comfortable walking distance ranges between (¥4 - % mile)
or 5- 10 minute- walk. Moreover, the Iragi urban housing
standards manual designated a distance of 200-500 meters as
a maximum walking distance from houses to corner shops and
local markets respectively [44]. Based on the above, using
place syntax tool (PST), the analyses of accessibility
(attraction distance) of the two case studies were repeated but
with adopting a maximum distance of 400 meters as a
benchmark distance to the nearest shop. Figures 5 and 6 show
graphical results of Al-Muthanna and Tammuz respectively,
where distances of 400 meters or less are in blue color, while
distances that exceed 400 meters are shown in red. A
comparison between the two figures can obviously show that
Al-Muthanna possesses a greater amount of red lines that are
spaces of over 400 meters (Figure 5), compared with Tammuz
(Figure 6). This indicates that shops in Tammuz are enjoying



better accessibility.

Statistically, Results disclosed that Tammuz recorded a
higher percentage of 96.6 of spaces 400 meters or less from
the nearest shop, compared with Al-Muthanna which showed
59.8 percent (Table 1). When the graphical and statistical
results are looked at alongside the mean values of pedestrian
counts for both studied areas, which were 7.84 and 3.72 for
Tammuz and Al-Muthanna respectively, they obviously
unveil a compatibility with what was proven above. In other
words, the results suggest a causal relationship between
accessibility and walkability, that is the ease of access to daily
needs represented here by shops can affect the numbers of
people on foot in urban areas. This formulates additional
support towards understanding the relationship between the
ease of access to daily destinations and walkability, which
answers the research question: how does the accessibility to
daily needs and services encourage or discourage people to
walk?

In order to more deeply understand the nature of the
relationship between accessibility and walkability, Pearson’s
correlation analysis using SSPS software is executed. This
method was chosen to be used in this study as it is commonly
used as a suitable statistical method in urban planning research
to correlate parametric variables such as [45, 46].

The analysis is carried out between data of the access to the
nearest shop obtained by place syntax analyses on one hand
and walking data obtained by gate counts technique on site on
the other hand. Tables 2 and 3 present the correlation between
the two variables for both Tammuz and Al-Muthanna
respectively. According to the tables, correlation coefficient
(Pearson’s r) recorded -0.708 for Tammuz and -0.749 for Al-
Muthanna. Pearson’s r measures the strength and direction of
linear relationships between pairs of continuous variables [47].
As both values are fairly close to 1, this indicates a rather
strong relationship between accessibility to the nearest shop
and the pedestrian count in the surveyed paths for both case
studies. This means that changes in accessibility values are
rather strongly correlated with changes in the numbers of
people on foot in both case studies.

Negative Pearson’s r values for both districts suggest an
inverse relationship between the values of the two variables,
namely distances and pedestrian numbers, meaning that, when
distances to the nearest shop increase, the numbers of walking
people decrease and vice versa. In other words, the better the
accessibility to daily needs, the better the walkability on
neighborhood scale.

This is compatible with the results of the descriptive
analysis above mentioned. Furthermore, according to Tables 2
and 3, the Sig. (2-tailed) or p values for both case studies
recorded 0.000 which is less than 0.05 indicating a statistically
significant correlation between the two variables. This
designates that increases or decreases in accessibility values
do significantly relate to increases or decreases in the numbers
of people on foot in the studied areas. This can be attributed to
that individuals’ propensity to walk may reduce with poor
accessibility towards daily destinations as also concluded by
Abley et al. [5], which pushes towards meeting the study aim:
understanding the relationship between accessibility and
walkability. Consequently, it can be said that accessibility
could be one of the significant factors that affect the decision
of people to walk as transportation means within
neighborhood level.
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Place Syntax analysis- accessibility- threshold distance

shop

axial spaces
0-400 m

——— 400-1253 m

Figure 5. PST analysis of accessibility with threshold
distance of 400 m- Al-Muthanna

Place syntax analysis- accessibility-threshold distance

shop

axial space
——— 0-400 m

=400 - 503 m

Figure 6. PST analysis of accessibility with threshold
distance of 400 m- Tammuz

Table 1. Accessibility and walkability measures

Analysis Figures Tammuz  Al-Muthanna
Distance mean to nearest shop 208.02 391.26
(meter)
Maximum distance to nearest 502.60 1315.62
shop (meter)
Pedestrian count mean (person) 7.84 3.72
Percentage of spaces of less than
400 meters distance from 96.6 59.8

nearest shop




Table 2. Person’s correlation for Tammuz measures

Distance  Pedestrian
Pearson Correlation 1 -.708**
Distance Sig. (2-tailed) .000
N 29 29
Pearson Correlation  -.708** 1
Pedestrian Sig. (2-tailed) .000
N 29 29

**Correlation is significant at the 0.01 level (2-tailed).

Table 3. Person’s correlation for Al-Muthanna measures

Distance  Pedestrian
Pearson Correlation 1 - 749**
Distance Sig. (2-tailed) .000
N 25 25
Pearson Correlation - 749** 1
Pedestrian Sig. (2-tailed) .000
N 25 25

** Correlation is significant at the 0.01 level (2-tailed).

5. CONCLUSIONS

From sustainability point of view, the walkability of an
urban area is significant for the quality of life of the society.
This is because walking is deemed the best means of travel as
it is the cleanest, the healthiest, the cheapest and the most
sociable mode of transport. Hence it has the ability to affect
communities environmentally, economically and socially.

Attention has been paid to many studies to research if there
is a link between built environment features and walking
behavior, but there is still a lack of what aspect of built
environment planning and design has an important influence
on people decision to prefer walking as a means of transport
[8, 48]. Hence, this study concentrated on accessibility as a key
planning feature that needs to be objectively researched in
terms of its potential impact on walkability. This study is
aimed at finding out to what extent the ease of access to daily
needs can encourage people to walk at neighborhood level,

hence attempting to quantitatively research such a relationship.

According to the analysis results mentioned above, it was
descriptively and statistically proven that there is an obvious
relationship between the existence of shops in suitable
proximity to residential spaces and the number of people who
walk. This means that making places more accessible for all
people can increase the opportunity for walking. More
precisely, the study has found that the more accessible shops
in a neighborhood, the more people walk to get their daily
needs.

This can be attributed to that people prefer walking over the
use of a private vehicle if the effort required to walk is within
the acceptable range. Conversely, the use of private
automobiles becomes the preferred means for people to move
when the distance to the nearest destination exceeds the
benchmark of acceptable walking distance. This is supported
by what Hillier and Hanson [49] argued that people prefer to
walk taking “the shortest and fastest” routes towards
destinations such as retail shops or mixed use areas. It can be
said that this study has introduced empirical and objective
evidence toward a better understanding of how accessibility of
destinations affects walkability. This means that providing
services within suitable distances from residences can deliver
people with a choice to use walking as a means to get their
daily needs such as food. In fact, this is related to the spatial
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configuration of the urban area and the way utilities are located
and distributed within the area.

However, to avoid prolongation, this study has been limited
by choosing only one destination, namely shops from a list of
urban destinations in the neighborhood, which could affect the
generalizability of the results. Taking the findings of this study
into consideration, future research could be directed towards
the triangulation of the methods using quantitative and
qualitative methods and considering other factors related to
walkability such as users’ perceptions and the quality of public
realm for the pedestrians’ paths leading to a set of destinations.

To conclude, the findings of this study could be used as a
guide for planners, urban designers and decision makers when
planning or developing neighborhoods or urban areas. This
guide can be abbreviated that a walkable neighborhood should
possess an accessible pattern of activities to serve daily needs
so that one can reach most local-serving uses, particularly
shops and groceries on foot within 200-500 meters. Indeed,
this issue is related to spatial justice that requires making most
people in suitable proximity to services and utilities
particularly daily ones that encourage people to choose
walking as a movement mode towards their needs. This could
automatically cause diminishing private car reliance, which, in
turn, positively reflects on the quality of life, as the built
environment would get rid of many negative effects of using
motorized vehicles.
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