ORIGINAL ARTICLE
DOI: 10.5433/1679-0375.2020v41n1p31

Street connectivity and walking: An empirical study in
Londrina-PR

Conectividade vidria e a caminhada: Um estudo empirico em
Londrina-PR
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Abstract

Walkability is emerging as an urban planning guideline that encourages walking, considered the healthiest
and most sustainable mean of transportation. Street connectivity, essential for walkable spaces, is commonly
measured through Intersection Density (ID). On the other hand, Integration is understood as a more complex
measure of connectivity. In Brazil, no study has been identified considering these variables in terms of
walkability or sociodemographic variable moderations. The objective of this research is to analyze these
connectivity measures’ influence on walking, considering sociodemographic covariables in a multiple
logistic regression. A case study was conducted in Londrina-PR considering Origin-Destination data of trips
(n = 19323) and sociodemographic characteristics. Integration was calculated for each street segment in a
1200 m radius. ID was calculated by zone, considering intersection quantity and area. A multiple logistic
regression model was fitted, containing significant covariables. Odds Ratio were analyzed in relation to
their theoretical implications. Results indicate that residents of highly connected areas walked more. Both
connectivity measures were significant. This suggests that although related, they can capture different aspects
of the street network. This study contributes with evidence for the Brazilian context on connectivity through
the prism of walkability. Through empiricism, it will be possible to subsidize public policy and urban planning
in the creation of walkable spaces.
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Resumo

A caminhabilidade emerge como uma diretriz de planejamento urbano que incentiva a caminhada, considerada
como o meio de transporte mais sauddvel e sustentdvel. A conectividade vidria, essencial para espagos
caminhdveis, geralmente é medida por meio da densidade de intersec¢des (DI). Por outro lado, Integragdo é
entendida como uma medida mais complexa de conectividade. No Brasil, nenhum estudo foi identificado que
considere essas varidveis em termos de caminhabilidade ou moderag@o de varidveis sociodemogréficas. O
objetivo desta pesquisa € analisar a influéncia dessas medidas de conectividade na caminhada, considerando
covaridveis sociodemograficas em uma regressao logistica multipla. Foi realizado um estudo de caso em
Londrina-PR, utilizando dados de origem-destino de viagens (n =19323) e caracteristicas sociodemograficas.
A Integracio foi calculada para cada segmento de via em um raio de 1200 m. A DI foi calculada por zona,
considerando a quantidade de intersecgdes e a drea da zona. Um modelo de regressdo logistica multipla
foi ajustado, contendo covaridveis significativas. As Razdes de Chance foram analisadas em relagcdo as
suas implicagdes tedricas. Os resultados indicam que os moradores de dreas altamente conectadas andaram
mais. Ambas as medidas de conectividade foram significativas. Isso sugere que, embora relacionadas, elas
podem capturar diferentes aspectos da rede de ruas. Este estudo contribui com evidéncias para o contexto
brasileiro sobre conectividade considerando o prisma da caminhabilidade. Por meio do empirismo, serd
possivel subsidiar politicas ptiblicas e planejamento urbano na criacio de espacos caminhdveis.

Palavras-chave: Caminhabilidade. Sintaxe espacial. Densidade de intersec¢des. Regressao logistica. Deslo-
camento ativo.
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Introduction

Walkability, the environmental quality related to how
much the built environment encourages or inhibits walk-
ing, is emerging as a planning guideline, in the incentive of
active travel (GILES-CORTI et al., 2016). Well-planned
urban spaces are considered to be more compact and pro-
vide economic vitality, environmental sustainability, as
well as quality of life for residents (GEHL, 2013; SALLIS
et al., 2016). In this sense, considering urban sprawl as a
mark of contemporary urban development, the compact-
ness of urban centers is rarely encouraged (FRANK ez al.,
2019). This pattern of development has been characterized,
mainly in US and Australian cities, by low residential den-
sity, isolated commercial developments with large parking
lots, and mainly low street connectivity (WANG et al.,
2016). Such characteristics inhibit active travel, mainly by
foot, understood as the healthiest, most sustainable and
accessible mean of transportation.

Considering this urban development tendency, the con-
nectivity of the street network has gained acceptance
as an important characteristic in the research and cre-
ation of sustainable and walkable urban environments
(SOUTHWORTH; BEN-JOSEPH, 2003; MARSHALL;
GARRICK, 2009; MARSHALL; PIATKOWSKI; GAR-
RICK, 2014). However, metrics for its objective quantifi-
cation are hardly explored in the literature (MARSHALL;
GARRICK, 2012).

As a fundamental measure for walkability, connec-
tivity measures the connection between destinations
(KOOHSARI et al., 2016a). The movement in cities oc-
curs through the street network, which in turn directly
influences patterns of active travel (GRASSER, 2014).
Connected streets promote more direct routes between
destinations (FRANK et al., 2010), becoming a prerequi-
site for increasing pedestrian activity (ELLIS et al., 2015).
Such importance is verified in several studies, which
indicate consistent associations between walking, espe-
cially for transportation, and street connectivity. (OAKES;
FORSYTH; SCHMITZ, 2007; BERRIGAN; PICKLE;
DILL, 2010; SUGIYAMA et al., 2012).

As a variable, Intersection Density (ID) is the most
common measure for quantifying connectivity (ELLIS et
al., 2015). It simply considers the number of intersections
between streets per unit of area analyzed. In walkability
indices, metrics composed of several constructs relevant to
this urban quality, ID is considered with a greater weight
in relation to residential density and mixed land use, for

example, indicating its importance. Much of the research
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conducted on this topic is concentrated in North America,
so investigations in culturally and demographically diverse
urban environments are necessary (SALLIS et al., 2009).

On the other hand, Space Syntax can be understood
as a complex measure of connectivity, focused on the
spatial relationship between streets within a network. It
seeks to understand the morphological structure of urban
environments (HILLIER; HANSON, 1984), proposing
that pedestrian movement depends, in large, on the spatial
arrangements produced by society. Hillier (1993), one of
the proponents of the Space Syntax theory, argues that
the street configuration is the primary generator of pedes-
trian movement. The relationship between the quantitative
measures proposed by the theory have showed in sev-
eral empirical studies, even in Brazil, high correlations
with the movement of pedestrians (ZAMPIERI; RIGATTI,
2006; BARROS et al., 2013).

When compared to Intersection Density, integration
- a fundamental measure of Space Syntax - considers
how streets connect, being more or less accessible among
themselves. Thus, a more integrated element of the street
network is more accessible, measured in regards to its
connectivity, while ID can attribute the same value to
different block compositions. Therefore, it is understood
that although both measures quantify street connectiv-
ity, they possibly measure the urban shape differently
(KOOHSARI et al., 2016b).

International research has recently been analyzing
such measures of street connectivity and their association
with walking, however in Brazil no study has been con-
ducted on the specific analysis of these variables from the
perspective of walkability and the moderation of sociode-
mographic variables (KOOHSARI; KARAKIEWICZ;
KACZYNSKI, 2013). Considering the potential of using
connectivity parameters for legal and urban planning pur-
poses, in an attempt to guarantee a basic level of connec-
tivity for future urban developments and promote active
travel (KNIGHT; MARSHALL, 2015), this article has the
main objective to empirically analyze connectivity mea-
sures - intersection density and integration - in relation to
their effective influence on the walking, also considering

sociodemographic covariates, through logistic regression.

Methods

As the analyzed phenomenon is contemporary and
contextual, therefore, inseparable from reality, the Case
Study research strategy was adopted (YIN, 2001). As a

case, the city of Londrina-PR was selected, mainly due
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to the availability of extremely current and precise data
(2020). The City Hall of Londrina, through its Institute
for Research and Urban Planning, developed in 2020,
in unison with a specialized consultancy, an Origin and
Destination (OD) survey. Doing so, the municipality con-
forms with the n® 12587 Federal Law, that establishes
national urban mobility policy guidelines. The OD sur-
vey was conducted in a sample of 5.131 valid households,
distributed across the territory, in such a way as to repre-
sent the households in each zone of the city. The database
considered here is available at the website of the Institute
for Research and Urban Planning, on the mobility plan
web-page (https://ippul.londrina.pr.gov.br/).

Initially, 91 zones were proposed dividing the territory
in the municipal boundaries. However, for the purposes
of this research, only the 84 zones contained within the
municipal urban perimeter were considered (Figure 1).
All residents of the households, aged 10 years or more,
were interviewed in person and individually. Information
was obtained on the characterization of the home, socioe-
conomic status of the family/residents and of the trips
made on the business day preceding the interview. The
trips were made by all means of transportation, motorized
or non-motorized (on foot, by car, motorcycle, taxi, bus,
paid ride application, etc). Records of the of origins and
destinations of the trips, modals used, schedules and travel
times were collected. The total of valid trips obtained are
considered as the total sample of this study (n = 19323
trips).

Sociodemographic Variables

Among the characteristics collected by the OD survey,
the following sociodemographic variables were consid-
ered in this study: Family Income, Education of the Head
of the Family, Gender and Age. Considering countless
studies in the area of walkability and active travel, this se-
lection of social and individual characteristics is justified,
being these the most prominent and influential variables
in walking levels (CAUWENBERG et al., 2011; VAN
CAUWENBERG et al., 2012; DYCK et al., 2015; LUAN;
RAMSAY; FULLER, 2019).

Space Syntax

Space Syntax seeks to describe, through quantita-
tive measures, the configuration of street networks, re-
lationships between public-private space, urban system
as a distribution of land uses, social cohesion and exclu-
sion, as well as accessibility and safety (CARVALHO;

Figure 1 — Londrina’s urban perimeter and considered
zones.
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Source: The authors.

SABOYA, 2017). In Space Syntax, urban space is divided
into spatial units known as axial lines. These are the largest
straight lines capable of covering a whole system of public
spaces, possibly being considered as segments — lines with
the highest possible straight visibility (HILLIER; HAN-
SON, 1984). The relationships between such elements of
a system can be analyzed using the Integration measure,
which indicates how “deep”, that is, integrated, a network
element is from all other elements (HILLIER et al., 1993).
The average depth of the i-th element can be calculated by
the summation of the depths of the k elements in relation
to it, divided by the total number of elements minus one,
as given by the equation (1)

CXdi

MDi )
(k=1)

ey
where MD; = Depth of the i-th element, d; ; = Depth of
line j in relation to the i-th element and k = total number
of system components.

The most connected lines, closest to all others in a sys-
tem, are called integrated. On the other hand, the most dis-
tant ones are called segregated. The Integration measure
can describe the relationship of an element, an abstraction

of a street, with all others in a system or only with those
33
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contained in a predetermined radius. According to Car-
valho and Saboya (2017), many studies use a predeter-
mined radius to find the influence of certain factors on
smaller scales.

In this study, Integration was calculated based on street
centerline data, provided by the City of Londrina and
adapted for the representation of segments that were im-
ported into the QGIS software, a free and opensource Ge-
ographic Information System (QGIS DEVELOPMENT
TEAM, 2020). Through the Space Syntax toolkit (GIL,
2020) and depthmapX (DepthmapX DEVELOPMENT
TEAM, 2017), the integration measure was calculated for
each street segment within a 1200 meter radius, equivalent
to a 15-minute walk (KRONENBERGE; SABOYA, 2019).
The configurational characterization of the urban space
was conducted through an angular analysis of segments
(Figure 2). Subsequently, the average integration of the
streets belonging to each zone was calculated, in order to

assign an average integration per zone.

Figure 2 — Street Integration at the 1200-meter radius.
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Intersection Density

The density of intersections is represented by the ratio
between the number of true intersections (between three
or more streets) (Figure 3) and the geographical extent
of the unit under consideration (FRANK et al., 2010).

Therefore, relevant intersections from Londrina’s street
network were mapped, using street centerline data in a
georeferenced environment. The following equation ex-
presses the ID measure, considering the division of N true
intersections contained in a unit and the area in square
meters of that same unit, as represented by the equation (2)

N true intersections

ID = 2)

Area in m?

Figure 3 — True Intersections mapping from Londrina’s
street network.
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After this procedure, the density of intersection by
zone was calculated, dividing the number of intersections
in each zone by their area, using the software ESRI®
ArcMap 10.6.

Modeling: Logistic Regression

In logistic regression, the response variable is dichoto-
mous (HOSMER; LEMESHOW, 1989), and the goal is
to identify independent variables that influence the out-
come. Considering these characteristics, logistic regres-
sion was adopted in this study, using data from the OD
survey related to the trips, categorized binarily in relation

to their modal: was the trip carried out on foot? Yes vs. No.
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The logistic regression was chosen among other kinds of
regression (binomial model with other link functions, or-
dinal regression, multinomial regression or linear regres-
sion), because the aim was the comparison and character-
ization of both groups, and identify similarities and dif-
ferences among them. Sociodemographic variables were
considered as independent variables: Family Income, Edu-
cation of the Head of the Family, Gender and Age, and the
environmental variables representative of street connectiv-
ity: Intersection Density and Local Integration r1200 m.
All independent variables were also categorized in order to
be dichotomous. Logistic regression analysis is relevant as
it considers the simultaneous adjustment of different vari-
ables, taking into account the effects of confusion between
them (HOSMER; LEMESHOW, 1989).

According to Thompson et al. (1998) the risk of
the outcome happening versus not happening can be ex-
pressed by the estimator called Odds Ratio (OR). This
measure has the ability to assess the chance of an indi-
vidual falling into a category of an explanatory variable,
having the condition of interest (in this case, walking),
compared to the second category of the same variable (not
walking). Thus, it is possible to interpret the chance that
an event will happen, in relation to it not happening under

the same conditions, as given by the equation (3)

Odds = IL. 3)

This estimator is considered to have good statistical
properties (HOSMER; LEMESHOW, 1989), in addition
to being easily accessible in statistical packages. ORs can
assume values from zero to infinity, however never less
than zero or negative (AGRESTT, 2007). Its interpretation
depends on both its magnitude and its significance. If
ORs are equal to “one”, it is interpreted that the factor
considered is not a “risk”, that is, there is no association
between the independent variable and the outcome. If
ORs are greater than 1, it is understood that the analyzed
variable is considered a “risk”, the response variable (in
this case of walking or not) is more likely to happen when
the characteristic represented also exists. However, if ORs
are less than 1, the analyzed factor can be considered
“protective”, indicating a negative association, that is: the
reduction of the chances of the outcome happening (in
case the trip being carried out by foot), regarding the
existence of that particular characteristic. In order to define
the most appropriate logistic regression model for the data
considered, the following steps were considered in pre-

processing and modeling:

Initially, a selection of candidate variables for the mul-
tiple regression model was carried out through a univari-
ate logistic regression analysis of each covariate with the
outcome. Considering o as the Intercept, B as a model pa-
rameter that represents the regression line inclination and

x as an explanatory variable, as given by the equation (4)
logit[n(x)] = a+ Bx. (€]

The conduct of univariate logistic regression indicated
the gross ORs presented, accompanied by their respective
95% confidence intervals. The selection of variables to be
included in the multiple model took as a parameter the
significance of the covariates in their univariate models,
considering those that had a p-value inferior than 0.05
(5%) in the maximum likelihood estimator obtained by
the Fisher score method.

Second, the multiple logistic regression analysis was
conducted, introducing the significant covariates of the
univariate logistic regression one by one. From the results
obtained, to be presented in the next section, it was not
necessary to eliminate any variables from the multiple
model, which would result in reprocessing and a new
analysis of the adjusted coefficients for the remaining
variables through the likelihood-ratio test.

Finally, the model containing all significant covariates
at the 5% significance level, their adjusted Odds Ratios
and respective 95% confidence intervals, were obtained.
Thus, the adjusted ORs were analyzed in relation to their
theoretical implications. All statistical analyzes were con-
ducted using the R software (R CORE TEAM, 2020).

Results and Discussions

The percentage of trips made by foot in relation to
the total of trips considered is always inferior, as can be
observed in Table 1. The percentage of trips made by foot
within the classes of variables is distributed in a relatively
homogeneous way. It is pointed out that the income vari-
able obtained a discrepant distribution in relation to the
representative category of higher income individuals who
reported travel.

The adjusted model demonstrates that all variables
initially considered contribute significantly to the logistic
regression (Table 2). For each trip made by a man 1.49
trips were made by women. Therefore, it can be concluded
that considering the presence of other variables, women
walked more than men. Although not necessarily consis-
tent with general evidence in the literature, which indi-

cates women as less active than men (DYCK et al., 2015),
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Table 1 — Descriptive analysis of ’risk factors’ for walking, sociodemographic and environmental characteristics

Ledo, A. L. F.; Urbano, M. R.

(n = 19323).
Variables Waling trips  Trips by other modals Total trips
Gender
Woman 2519 (26.0%) 7151(73.95%) 9670
Man 1852 (19.2%) 7801 (80.81%) 9653
Age
<60 3558 (21.91%) 12680 (78.08%) 16238
> 60 813 (26.35%) 2272 (73.64%) 3085
Income
<5 Mw 4027(24.17%) 12633 (75.82%) 16660
> 5Mw 344 (12.91) 2319 (87.08%) 2663
Education
< High School 2184 (27.39%) 5788 (72.60%) 7972
> High School 2187(19.26%) 9164 (80.73%) 11351
Integration r1200
Low 2847 (20.74%) 10874 (79.25%) 13721
High 1524 (27.20%) 4078 (72.79%) 5602
ID
Low 1567 (18.89%) 6727 (81.10%) 8294
High 2632 (24.93%) 7922 (75.06%) 10554

Source: The authors.

it is conjectured that the result found here is related to
the female presence in the workforce. Due to persistent
inequalities in the distribution of income by gender, it can
be interpreted that there is less possibility for women to
own a motor vehicle. Still, it is understood that the fact
that women walk more can be related to possible situ-
ations of family care, such as taking children to school
for example, mostly done by foot. Insecurity in the pub-
lic space is especially relevant for women (PELCLOVA;
FROMEL; CUBEREK, 2014; DYCK et al., 2015), who
are much more susceptible to incivilities or harassment
(BASTOMSKI; SMITH, 2017). Women are significantly
more susceptible to experiences of insecurity in the public
space than men, and even more susceptible to negative
impacts on their emotional well-being (BASTOMSKI;
SMITH, 2017). Few studies analyze gender equity and
the use of public space effectively, considering quantita-
tive aspects that can subsidize public policies (JENSEN
et al., 2017). Preserving the right of women to have safe
urban environments that support active travel, without fear
or precautions to be taken as a result of it (PAIN, 1997),
collaborates with gender equity in promoting sustainable
behaviors.

For each trip made by an elderly person (> 60
years), 0.82 trips were made by adults and children.

36

Therefore, it can be interpreted that the ratio of chances of
walking in relation to not walking is significantly higher
for the elderly than for individuals under the age of 60.
However, evidence from the literature indicates a decrease
in walking levels as age increases (VAN CAUWENBERG
et al., 2012). Such studies argue that the urban environ-
ment is relevant for the elderly as it increases their func-
tional limitations, considering fear of moving outdoors
due to physical barriers such as obstacles, distances or
poor maintenance of sidewalks (RANTAKOKKO et al.,
2010). The adverse result found here may indicate that
among the components of the category “< 60 years”, chil-
dren, adolescents and adults, some subgroup has different
levels of walking, which resulted in a less accurate repre-
sentation of the differences between adults and the elderly.
Broadly speaking, it is understood that in the coming
decades the elderly population is expected to increase,
and active commuting may play an important role in the
prevention of chronic diseases and the burden on public
health (CAUWENBERG et al., 2011), thus, this behav-
ior must be preserved and possibly encouraged through
interventions in the built environment.

For each trip made by an individual with a higher
income (greater than 5 minimum wages), 1.80 trips

were made by people of a lower economic level.
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Table 2 — Univariate and multiple Logistic Regression analysis, having *walking’ as an outcome.

Variable Crude OR CI 95% Adjusted OR CI 95% p-value
Gender
Woman 1.5 (14, 1.61) 1.49 (1.39,1.6) < 0.001%**
Man 1.00* - 1.00 -
Age
<60 0.76 (0.69, 0.83) 0.82 (0.75,091) < 0.001**
>60 1.00 - 1.00 -
Income
<5Mw 2.11 (1.87,2.37) 1.76 (1.55,1.99) < 0.001**
>5Mw 1.00 - 1.00 -
Education
< High School 1.56 (1.46, 1.67) 1.42 (1.30, 1.50) < 0.001**
> High School 1.00 - 1.00 -
Integration r1200
Low 0.68 (0.63,0.73) 0.72 (0.67,0.78) < 0.001**
High 1.00 1.00
ID
Low 0.7 (0.65, 0.75) 0.80 (0.74,0.86) < 0.001**
High 1.00 - 1.00 -

*=1.00: reference category; CI 95%: 95% Confidence Interval. ** significative at the ov =0.05 level.

Source: The authors.

It is understood that lower income individuals are sub-
ject to higher levels of activity, especially in relation to
commuting for transportation (AUGUSTO et al., 2017).
Evidence shows that the chance of a trip being made by
foot is greater for residents of areas where poorer individu-
als live (OLSEN et al., 2017). Nevertheless, it is important
to note that individuals living in poorer areas are more
likely to be overweight, have worse levels of general health
and higher mortality rates (MACKENBACH et al., 2016).
In the same sense, for each trip made by a person with an
education level equal to or higher than high school, 1.42
trips were made by people with less education.
International research in the fields of urban planning
and public health indicates higher levels of activity per-
formed by residents of neighborhoods with higher lev-
els of street connectivity (HANDY et al., 2002; SAE-
LENS et al., 2003). In this sense, the results found here
are consistent: for each trip made by people living in
environments with high ID of, 0.76 trips were made by
people living in environments with a lower density of
intersections. However, it is argued that in Brazil, the met-
ric ID has an interface with social characteristics (REIS
et al., 2013). Higher levels of ID have a tendency to be
found in peripheral areas, sites of social developments

usually characterized by small lots and narrow blocks.

Thus, it is understood that more walking trips being made
in areas with a higher ID can be influenced by socioeco-
nomic factors.

For trips made by residents in relation to the average
local street integration of the residence area by respon-
dent, the ORs indicate that for each trip made by people
living in environments with higher average integration
(radius 1200 m), 0.72 trips were made by residents of
environments with a lower average level of integration.
The theory, as proposed by Hillier, coincides with these
results, proposing that Space Syntax represents the move-
ment of people through the street network (HILLIER;
HANSON, 1984). More integrated streets are more acces-
sible to other streets, potentially attracting more pedes-
trians, while less integrated, or deeper, streets would at-
tract fewer people (PEPONIS; BAFNA; ZHANG, 2008).
Hillier’s proposition, in essence, is that the configuration
of the streets represents the “primary generator’ of pedes-
trian movement, integrated streets attract more people
because they also attract mixed land use, that is, desti-
nations to be reached (KOOHSARI er al., 2016b). This
result is also associated with social issues, where locally
highly integrated areas tend to promote the development
of local centralities, considering the radius of 1.200 me-

ters as approximately equivalent to a 15-minute walk.
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The most disadvantaged population, mostly residents of
poorly integrated peripheries, has less possibility of access-
ing infrastructure, further increasing inequalities (KRO-
NENBERGE; SABOYA, 2019) When it comes to the
confidence interval estimates for the ORs analyzed here
(Figure 4), it is evident that the ranges obtained are very
similar, corresponding to not very wide intervals, that is,

bound to be relatively accurate.

Figure 4 — Confidence intervals from adjusted Odds Ra-
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Conclusions

The evidence found here is consistent with pre-
vious studies (BADLAND; SCHOFIELD; GARRETT,
2008; BARAN; RODRIED;GUEZ; KHATTAK, 2008;
CERVERO et al., 2009; KOOHSARI et al., 2016b), in-
dicating that people living in areas with well-connected
streets are likely to walk more often. Both measures of
street connectivity proved to be significantly relevant, both
in univariate and multiple logistic regression with the
presence of all other variables. This result suggests that
although related, they can capture different aspects of
the street network related to walking. However, it can be
pointed out that although less used in walkability research
(KOOHSARI et al., 2016a), the integration measure has
the capacity to capture not only a spatial aspect, but also
functional and social urban form characteristics. In this
sense, considering that the Space Syntax requires only
street-related data to be calculated, future research may
seek a greater understanding of how to incorporate both
measures analyzed here in composed metrics of walka-
bility. Regarding sociodemographic variables, effective
actions by public authorities need to consider the existing

social gap, as well as gender inequality, so that effec-
tive strategies to encourage active mobility can be im-
plemented. Mainly, it can be highlighted that for higher
class social groups, which have the tendency to live in
more privileged places when it comes to street connec-
tivity, the incentive for utilitarian walking is ideal. On
the other hand, lower-class individuals seem to have a
tendency to commute by walking, although they do not
reside in places that provide infrastructure for such type
of transport. Therefore, actions should focus not only on
changes at the individual level, but also in considering
the creation of urban infrastructure that facilitates existing
active behavior, providing a better quality of life for the
peripheral population. (BAUMAN et al., 2011).

Although robust, this study has some limitations. Self-
reported data is always subject to some kind of bias. The
connectivity metrics were calculated aggregated by zone,
due to the non-availability of parcel lever data due to re-
spondents’ confidentiality issues. The calculation of the
metrics for the immediate surroundings of each respon-
dent’s residence can possibly correspond to more specific
results. In regard to the Space Syntax metric, it must be
considered that the aggregation of such systemic measures
is not ideal, future studies can explore alternative distri-
bution metrics. The OD survey considered here can be
understood as an unbalanced panel dataset, as individuals
can report more than one trip. This characteristic may af-
fect statistical procedures and must be explored in other
work utilizing Origin-Destination information. Further,
it can be pointed out that the generalizing properties of
the results found are yet to be researched. Future studies
may seek to verify the associations found here in other
contexts.

The present study contributes with the limited body
of scientific literature existing in the Brazilian context
on street connectivity through the prism of walkability.
Through empirical evidence such as those presented here,
it will be possible to subsidize public policies and urban
planning in the creation of walkable spaces that optimize

and promote active travel.
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