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Abstract. The neighbourhood design (ND) factors such as land-use mix (LUM), street connectivity and
housing density have the potential to enhance the walking. A limited number of studies have investigated
the association of ND factors with walking in developing countries. Therefore, the objective of this study is
to compare the ND factors and investigate their association with walking. The LUM, street connectivity and
housing density were measured objectively while walking was calculated subjectively (n-1,042adults).
Independent sample t-test and Binary logistic analysis has been used to investigate the comparison and
association between ND factors and walking. The results show that two out of three ND indicators are
significantly different in both types of neighbourhoods and have positive association with walking
Therefore, it can be concluded that, for the sake of walking in developing countries, the neighbourhoods
should have mix of different land-uses and well-connected streets rather than sealing the neighbourhoods

with walls.

1 Introduction

Walking is considered good for physical health and the
World Health Organization (WHO) has identified that it
is important to increase people's levels of walking at
neighborhood level. There have been given different
guidelines for a human being to be physically active in a
given week by different health organizations. The
guidelines of WHO for walking are that one should do 30
minutes of walking for 5 days to get 150 minutes or 600
MET, when it is multiplied with its standard MET value

which is 4 for walking at moderate level (Ainsworth, et al.

2000). Now a days, the association between walking and
neighborhood design is gaining attention from
researchers of urban and transport planning as well as
public health experts. The experts from urban and
transport planning conclude that neighborhood design
factors such as land-use mix (LUM), street connectivity,
and housing density have potential to increase the level of
physical activity at neighborhood level (S. Handy 2004,
Gul, Sultan and Johar 2016).

Mixed land-use is a type of urban development where
more than one uses from residential, commercial,
institutional, recreational and cultural are combined. In
these developments, the different land-uses are physically
and functionally integrated with each other along with
pedestrian connectivity to diverse destinations. In an area
with mixed land-use, it is more likely that the majority of
trips originating from that area also end there.
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Consequently, owing to shorter lengths of these trips,
more people walk to their destinations, thus increasing
pedestrian activity. Therefore, it is concluded by many
researchers that there is a direct relationship between
mixed land-use and walking. The relationship between
mixed land-use and walking has been widely studied. A
few studies have explained that a measure of land-use
mix is associated with moderate (walking) level of
physical activity (Frank, et al. 2005, Strath, Isaacs and
Greenwald 2007, Aytur, Rodriguez, et al. 2007, Gul
2017). Another study of North Carolina involving more
than 6000 participants explained that mixed land-use
plans were found positively associated with both leisure
and transportation walking (Aytur, Rodriguez, et al.
2008). Various indices are used to calculate LUM; for
example, entropy index, dissimilarity index, and mix type
index (Bordoloi et al., 2013). At the same time, street
connectivity is defined as “the directness and availability
of alternative routes from one point to another within a
street network (Medicine, Transportation Research
Board/Institute of 2005, Gul, Sultan and Jokhio 2018);
number of intersections per square kilometer (Frank, et al.
2005); percent of T-intersections and 4-way intersections
(S. L. Handy 1996); average block area (Krizek 2003);
median block area (A. Forsyth 2006) and number of
entrance and exit links (McNally and Ryan 1993). Using
these local measures, prior research has related higher
local street connectivity (Frank, et al. 2005, Greenwald
and Boarnet 2000, Boarnet 2000) and smaller blocks
(Moudon, et al. 2006) to more walking. Different
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methods have been used to calculate street design such as
street network in GIS and Space Syntax to correlate with
walking (Baran, Rodri Guez and Khattak 2008). Housing
density is a measurement of housing units in an area.
While many people use the term density, different
countries and even municipalities, as well as different
professions, have come up with a wide variety of
definitions of density; but housing density is typically
defined as the number of dwellings per hectare (dw/ha)
and is measured as ™et or ™ross (Forsyth, et al. 2007,
Gul, Sultan, et al. 2019). Different methods have been
used to calculate ND such as perceived (Brownson, et al.
2009) and objective (Frank, et al. 2005).

There has emerged a new form of neighborhoods
called gated communities and neighborhoods (GC's),
which are walled and gated from the rest of the
neighborhoods in a city. These neighborhoods have
recently emerged and gained popularity around the world
among consumers (Blakely and Snyder 1997, Gul, Sultan,
et al., Measuring the differences of neighbourhood
environment and physical activity in gated and non-gated
neighbourhoods in Karachi, Pakistan 2019). There are
three main types of GC's, which include prestigious
gated communities, lifestyle gated communities, and
security zones gated communities. The main features are
aesthetical features, physical activity facilities, and
security from crime, respectively, in the three types of
gated communities. The trend of gating is growing very
fast in developing countries as well and it is has been
reported that the GC's in developing countries are
combinations of all the three types of gated communities
identified above in the USA (Breitung 2012, Leisch 2002,
Gul, Sultan, et al. 2018) and have all the features
mentioned above. In one study, it is reported that by 2030
most of neighborhoods will be gated in Karachi, Pakistan
(Ahmad 1993). Therefore, the objectives of this study are
to compare the LUM, street connectivity and housing
density in gated and non-gated neighborhoods and to
investigate the association between these three ND
factors with walking in developing countries

2 Methods

2.1 Study Area

A cross-sectional study was conducted by matching gated
neighbourhoods with counterpart non-gated
neighbourhoods located in a big metropolitan city of
Pakistan. Karachi was selected as the study area because
it is one of the largest cities, with a total area of 3,527
km2 ( Pakistan Bureau of Statistics 1998), among Asian
developing countries (World Atlas 2017) and has a
heterogeneous population (Amer 2013). This study is part
of a gated communities physical activity study (GCs-
PAS). There are two major types of developments in
Karachi city: planned and unplanned. The planned
development has two more types: single family and
multifamily. The multifamily development includes
either walk-ups or high-rises up to 16 stories. A new
trend in neighborhood development, a gated and guarded

neighborhood, is growing fast in Karachi city; it is
reported in one study that by 2030 most of the
neighborhoods in the city will be gated for the sake of
safety and a healthy lifestyle (Ahmad 1993). There are
six districts, 18 towns, 216 union councils, and four
development authorities in the city. The districts are
Karachi South, Karachi East, Karachi Central, Karachi
West, Malir, and cantonments. The Karachi South and
West districts were not included in this study because
they have no gated neighborhoods. Four neighborhoods
from each development type — single-family gated,
multifamily gated, single family non-gated, and
multifamily non-gated — were selected, yielding 16
neighborhoods.

The other important factors which were taken into
account for selection of neighborhoods were income
group, and population density of the neighborhoods. The
income group of selected neighborhoods was from the
upper-middle to high-income groups (Rs.65,000 to
Rs.250,000 per month, which is approx. $650+$2,500
PM). The reason for selecting middle- to high-income
neighborhoods was because gated neighborhoods are
mostly for middle- to high-income groups; therefore, the
counterparts of gated neighborhoods were also selected
from the same income groups. The demographics
(population density) were the third important attribute for
selecting the same neighborhoods, which should have a
closer population density. The population density was
calculated through the gross housing density multiplied
with the average household size of Karachi city
( Pakistan Bureau of Statistics 1998) of each
neighborhood. The gross populations of gated and
counterpart non-gated neighborhoods were close to each
other. The area for each neighborhood was the fourth
important factor which was taken into account for
selection of these neighborhoods. The area of each
neighborhood was selected as close to 1 km 2 as possible,
because 1 km2 has been considered an appropriate area
for individuals to access PAF. Most gated neighborhoods
in Karachi were from 0.5 to 1.5 km2; therefore, we tried
to select blocks of non-gated neighborhoods that were as
close as possible. The boundary walls were the limit for
gated neighborhoods (area 0.5+1.5 km2), and blocks of
the same size were selected as non-gated neighborhoods
in this study.

2.2 Study Sample

Simple random sampling was done by using the Cochran
(1963) formula for sample size. The area under normal
curve was chosen as 1.96, which corresponds to a 95%
confidence level; the true proportion was chosen as 0.5,
and the acceptable error margin was chosen as 5%,
resulting in a value of 0.05. According to this method, we
needed 384 individuals in each of the two types of
neighborhoods (gated versus non-gated), i.e. 768 in total.
However, we chose an oversampling approach. Seventy-
five individuals from each neighborhood, i.e. 1,200 in
total, were selected who met the inclusion criteria for this
study. The inclusion criteria were (1) being able to read
and write Urdu or English, (2) having lived in the
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neighborhood for at least three months, and (3) having no
serious impaired ability to do physical activity. The final
study population for analysis after exclusion due to
missing data consisted of 1,042 individuals. The
recruitment process and survey were conducted by
trained surveyors. The survey was conducted from
January 2016 to June 2016 under the supervision of the
first author of this study.

2.3 Data Collection and Statistical Analysis

Two types of data were collected for this study; the
dependent, and independent variables. The dependent
variable was walking. Walking is sum of practical walk
and recreational walk, which was calculated through
Neighborhood Physical Activity Questionnaire (NPAQ)
(Giles-Corti 2005). The questions for walking were the
following (1) in last 7 days, did you walk in or around
your neighborhood or gated community to get to or from
somewhere (such as walking to public transport or shops)
(2) The participants were asked to tick all the places
where they have walked as a means of transportation and
leisure in or around their neighborhood in last 7 days and
write the number of return trips as well as time in minutes
of one way trip. The minutes were then multiplied with
the standard MET value for each type of walking.
Standard MET value is 4 for practical walking and 3.5 for
recreational walking. The data of walking was then
categorized into people getting 0 MET from
walking, >600 MET of walking in a week, or <600 MET
of walking, according to the guidelines of WHO.

Independent variables, on the other hand, were the
three main factors of neighborhood design including
land-use mix, street connectivity, and housing density.
Data on land-use mix and housing density were delivered
by the development authorities in the form of land-use
maps and AutoCAD drawings, and were converted into
GIS maps. The land use mix was calculated through the
entropy index, which determines the evenness of the
distribution of the four categories of land use including
residential, commercial, recreational and public buildings
in a 1 km2 area of neighborhood under question. The
boundary wall was set as the limit for gated
neighborhood while blocks of 1x1 km were selected from
non-gated residential areas. The category of public
buildings consisted of health and education facilities
(Bordoloia, et al. 2013, Manaugh and Kreider 2013). The
housing density was calculated through gross density
from number of housing units per site area in hectares
(Forsyth, et al. 2007). Street connectivity, on the other
hand, was calculated through Space Syntax (Axial map).
Space Syntax, a set of theories and techniques for the
analysis of spatial patterns, was conceived by Bill Hillier
and colleagues at The Bartlett, University College
London in the late 1970s to early 1980s as a tool to help
urban planners simulate the likely social effects of their
designs (Lida and Shinichi 2005). In this system, the
spaces in a given neighborhood are broken down into
components and analyzed. Space Syntax examines the
spatial structure of cities and neighborhoods by first
modeling their network of spaces or the land area not

designated as buildings, including streets, squares, roads,
pedestrian paths, and parks, among other non-built-up
areas in a given location (Koohsari, et al. 2014). These
space components, also referred to as networks of choice
are then represented as maps and graphs describing the
relative connectivity and integration between those space
components. This system utilizes three basic conceptions
of space including visibility graphs, axial maps lines, and
convex spaces. Axial maps are used to -calculate
connectivity. These maps have the longest and fewest
lines, called axial lines, that cover all the spaces in a
layout and connect them with each other. The axial lines
are assumed to be the sight lines for people moving in a
spatial network. Axial lines can be drawn either by hand
or by using software such as Depthmap X and AJAX etc,
which are freely accessible software developed by
Alasdair Turner at University College London (Peponis,
et al. 1997, Turner, Penn and Hillier 2005, Jiang and Liu
2010). The values can be transferred into statistical and
spatial programs e.g., GIS, SPSS =+ for further analysis.
These software have been widely used for street
connectivity of neighborhoods such as in the study of the
differences in the street connectivity in old and new
neighborhoods of Malaysian small towns (Mohamad and
Said 2014) and defining and generating axial lines from
street center lines for better understanding of urban
morphology (Liu and Jiang 2012).The details of
calculation methods of the ND indicators are given in
Tablel.

Table 1. Neighbourhood Design indicators.

ND Factors Method
Entropy = Sum[Pj X In(Pj)/In(J)]
where, Pj is the proportion of total
LUM land area of jth land use category

found in the tract being analysed and J
is the total of different land uses
considered in the study area

Street Connectivity Space Syntax (Axial map)

Number of Dwellings per residential

Housing Density acre = Number of dwellings/site area

(in hectares)

Statistical analysis was done in two parts. Part one
explained the group statistics and independent sample t-
test of all dependent and independent variables. Part two
of statistical analysis between ND factors and walking
was done by Binary logistic regression to investigate the
association of objectively measured ND factors with
walking in developing countries. The ND factors were
categorized into quartiles and walking was dichotomized
into <600 MET of walking per week and >600 MET of
walking per week:

3 Results

3.1. Descriptive Analysis
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An independent-samples t-test was conducted to compare
land-use mix, street connectivity and housing density as
well as walking between gated and non-gated
neighborhoods. There was a significant difference in the
values of land-use mix, street connectivity, and walking
for gated (M=.42, 2.7and 434.1, SD=0.15, 0.45, and
490.7) and for non-gated neighborhoods (M=0.44,
3.18and 633.4, SD=0.15, 0.62 and 674.5). The conditions
are; t (14) =-0.3, p = 0.0001 for land-use mix, t (14) =-1.5,
p=0.0001 for street connectivity and for walking the
conditions are t(631)=-4.2, p=0.0001. These results
suggest that land-use mix, street connectivity and walking
are different in both types of neighborhoods and are more
in non-gated neighborhoods as compared to gated
neighborhoods. On the hand the results of housing
density show no significance difference (p=0.981)
between both types of neighborhoods because the
development type of neighborhood which was used for
neighborhood selection was same in both types of
neighborhoods as explained in the section of study area.
The results of group statistics and independent sample t-
test are presented in Tables 2 and 3.

Table 2. Group Statistics of dependent and independent

Std. Err. Diff | 0.076 0.275 12.59 46.62
95% - -1.015to -27.3to 290.88
Confidence 0.019 0.165 26.7 to
Interval of the to 107.77
Difference 0.14

variables.
No | Mean | Std. Std.
Neighbourhoo | Gated/No . Dev. | Err.
ds n-gated Mea
n
Land-use Mix Gated 8 043 0.15 | 0.0
8 0.45 0.15 | 0.05
Non-Gated
Street Gated 8 2.76 0.46 | 0.16
Connectivity
Non-Gated 8 3.18 0.63 | 0.22
Housing Gated 8 | 3429 | 30.21 | 10.68
Density
8 | 3459 | 18.85 | 6.66
Non-Gated
434.1 | 490.7 | 27.02
Walking Gated 303 37 950 0
30 | 6335 | 6745 | 38.75
Non-Gated | 4 8

Table 3. Independent Sample T-test

e | L0 ¢y | e |
F 0.226 0.846 1.44 13.23
Sig 00 0.0 0.02 0.0
t 031 1.54 0.024 4.27
df 14 14 14 631

Sig (2-tailed) | 0761 | 0% 0.981 0.0

Mean Diff 0'624 -0.42 03 199.32

3.2 Association between ND indicators and
walking

A binary logistic model has been developed to investigate
the association between Neighborhood Design (ND)
factors and walking. The ND factors were treated as
independent variables while walking was treated as the
dependent variable in this study. The ND factors were
categorized into quartiles while walking was
dichotomized into >600 MET of walking per week and
<600 MET of walking per week. The land-use mix was
calculated through entropy index as discussed in the
methods section, on a scale of 0-1. The number 1 shows a
perfect mix of residential, commercial, recreational and
public buildings in a 1 Km2 neighborhood area while 0
show least mix of four land-uses. The land-use values
were then normalized form 1-10. Later land-use mix was
divided into quartiles of very low to very high with the
values of (min-1.07-max-6.71) for logistic regression
analysis. Street connectivity was calculated through the
Space Syntax (Axial map) method, which provided three
attribute values for each neighborhood; low, average and
maximum. This study used the average attribute values of
connectivity. Street connectivity was also categorized
into very low to very high quartiles with the values of
(min-2.10-max-4.29). The housing density was calculated
through gross density where the number of houses was
calculated in one hectare area. Housing density was also
categorized in to four quartiles of very low to very high
number of dwellings in 1 Km2 neighborhood area (min-
12- max-96). The categorical results of binary logistic
regression in Table 3 show that there is a statistically
significant association between land-use mix, street
connectivity, and housing density, with walking. The
walking increases 1.5 and 1.8 times in quartile 2 and 3 of
land-use mix than the reference quartile (lowest quartile)
with the p= 0.007 and 0.0001, respectively. At the same
time, the walking increases 1.3 and 2.1 times in quartile 3
and 4 of street connectivity than reference quartile
(lowest quartile) with significant p-values of 0.001 and
0.006, respectively. On the other hand, housing density
has significant negative association with walking with 0.3
and 0.1 times in quartiles 3 and 4 than reference quartile
(lowest quartile) of housing density, which means less
people, get >600 MET of walking in a week through
walking when there is increase in housing density in
Karachi. This indicates the probability that increasing of
housing density in Karachi increases the commercial
activities and number of people in streets, which makes
the street uncomfortable for walking. The correction
percentage of model is 80%, while the -2 log likelihood
ratio is 943. The Nagelkerke R Square is 11%. The
results of association of categorical neighborhood design
factors with categorical walking as well the model
reliability are presented in Table 4.



E3S Web of Conferences 158, 02002 (2020)

https://doi.org/10.1051/e3sconf/202015802002

ICEPP 2019
Table 4. Independent Sample T-test
B S.E. | Wald Sig | Exp(B)
LUM
Q1 (very
low 1.07-
3.77)
Q2 (low 0.17 7.17 0.007 1.577
381-4.06) | 046
Q3 (high 0.63 0.17 13.65 0.0 1.878
4.37-5.54) :
Q4 (very 43.204 0.0 1.363
high 5.71-
6.71)
Street Connectivity
Q1 (very
low 2.1-
2.54)
Q2 (low 0.396 0.015 0.902 1.05
2.55-3) 0.049
Q3 (high 0.276 7.49 0.06 2.13
3.04-324) | 070
Housing Density
Q1 (Very 22.42 0.0
low 12-18)
Q2 (low 24- 0.282 5.227 0.022 0.524
37) 0.645
Q3 (high 45- - 0.289 | 12.057 | 0.001 0.367
51) 1.003
Q4 (very - 0.386 2.96 0.085 0.514
high 64-96) | 0.665
0.0
Omnibus test
. 943.735
-2 log likelihood
A1
Nagelkerke R Square 0.113
1.0

Hosmer and Lemeshow test

Percentage of correction 80%

4 Discussion and conclusion

The results of land-use mix, street connectivity and
housing density with walking show that there is a
significant association between the ND factors and
walking in developing countries. The results of land-use
mix, and street connectivity have positive association
with walking while housing density has negative
association with walking. The results of land-use mix and
street connectivity are in agreement with the previous
research in developed countries but the housing density
has contrasting results with previous results from
developed countries. The result of land-use mix and street
connectivity agree with the previous research of Frank, et
al. (2005). Based on the their findings the land-use mix,
connectivity of streets, and housing density have positive

relationship in bivariate analyses; the results of the
present study show that land-use mix and street
connectivity have positive relationship with walking, but
housing density has negative association. The reason for
negative association of housing density with walking is
that Karachi is a populated city and increase in housing
density also increases the commercial activities, crowded
streets, as well as fear of crime. Thus the findings that
people living in mixed land-use and better connected
neighborhoods are more likely to be active enough to
achieve health benefits have great policy significance,
and are consistent with the results of (Kockelman and
Cervero 1997).

The results of comparison of ND indicators in gated
and non-gated neighborhoods show that street
connectivity and land-use mix are significantly different
in both types of neighborhoods and this result is
consistent with the previous research that gated
neighborhoods are less connected, therefore, less walk
able than surrounding neighborhoods (Burke and Sebaly
2001, Miao 2003). The researchers reported that the
streets of gated neighborhoods inside and near boundary
walls are less connected therefore less walk-able and
lively. According to Miao (2003) when there is no
connection between the internal streets to arterial streets,
there will be no walking and streets will be deserted. The
results on the other hand for housing density are in
contrast with the previous studies of Frank et al. (2005).
The reason for contrasting results with Frank et al. (2005)
can be the use of method as this study has selected same
development types of neighborhoods. The second reason
for this contrasting result can be that Frank et al., (2005)
conducted their research in 13 counties in the US, while
this study has been conducted in a developing country
where population density is very high as compared to
developed areas. Thus the result of this study suggests
that two factors of ND, the land-use mix and street
connectivity, are important to increase walking while
increasing the housing density affects negatively the
walking of individuals at neighborhood level.

Strengths of this study are that it is the first study in
Karachi, Pakistan having large study sample size, which
makes it one of the largest studies so far using objective
measures of the neighborhood design. The objective
method for calculation of neighborhood design can
provide recommendations to policy makers for future
neighborhood designs in developing countries such as
Karachi. Limitations of this study are that as it is a cross-
sectional one-time study, therefore, different effects of
the different times of the year couldn't be reported. The
second limitation was the use of subjective methods for
calculating walking. This study was conducted in a
populated city of a developing country where the overall
perception of crime and fear of strangers is quite high as
discussed by Gul et, al. (2018); therefore, people were
reluctant to provide data. These issues may limit
generalizability of the findings of this study.

Present results indicate that people are more likely to
meet recommendations of 600 MET in a week when they
live in neighborhoods with mixed land-use and street
connections of residential areas to other types of land
uses such as commercial, recreational, or public buildings.
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Neighborhood design factors especially the land-use mix
and street connectivity were significantly related to
walking at neighborhood level. On the other hand, the
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