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Abstract: A sustainable city must be a safe place for its inhabitants when walking, with the absence
of fear of crime being one of its main attributes. Although perceived insecurity is one of the main
deterrents of walking activity, this relationship requires some clarification in environments which are
walkable and safe, with low crime rates. This article contributes to the evidence for the influence of
perceived security on walking activity and, as a novel aspect, also analyzes the effects of perceived
security on walking as the preferred travel mode. In order to study this relationship, we use a method
that combines non-linear principal component analysis (NLPCA) and a logit model (LM). The data
are taken from a survey of university students carried out in the city of Granada. Results show
that gender and perceived security have a greater effect on the choice of walking as the preferred
travel mode, while location factors have significantly more weight in the explanation of the choice of
walking as the most usual travel mode. These findings may be extended to other urban areas and
can be of use for the implementation of urban policies aimed at designing the built environment to
develop more sustainable cities.

Keywords: security; walking; walkability; built environment; mobility; gender

1. Introduction

Current urban planning and mobility policies aim to move towards more sustainable
forms in the mobility model, promoting walking and other active transport modes in
the modal distribution of mobility in urban and metropolitan environments [1]. In this
context, in compact cities, walking is the most sustainable form of travel since it generates
no polluting emissions and it is assumed that the substitution of motorized trips with
active modes of transport reduces energy use and carbon dioxide (CO2) emissions [2].
Walkability describes a concept that encompasses the dimensions that make the built
environment favorable for walking. Although there is no consensus on how to measure
walkability, safety and security are elements that positively contribute to walkability and
walking activity [1,3–6]. On the one hand, safety refers to pedestrians being protected from
motorized traffic. In this sense, it has been found that perceptions of safety for walking and
objective built environment variables (e.g., stores within walking distance) were positively
related to high levels of walking activity [7–10]. On the other hand, security refers to
pedestrians being protected from crime and urban violence [11,12]. In the case of personal
security, it can be analyzed from an objective dimension (crime rates) and a subjective
dimension. This paper focuses on the subjective dimension of security, which refers to the
perceived risk to personal security and fear of crime, which can be experienced regardless
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of the real crime rate in the city, and can depend on personal characteristics, such as gender
and age [5,9,12–14]. Specifically, there are certain elements of the built environment that
influence the production of insecurity in the urban space.

It has been established that a sustainable city must be a safe place for its inhabitants
when walking, with the absence of fear of crime being one of its main attributes [15].
Generally, greater perceived insecurity implies a lower probability of walking and, to a
greater extent, for women [16]. Understanding how the physical environmental attributes
of a neighborhood are associated with increased walking has practical and policy impli-
cations [17]. Regarding sustainability, the relationship between security and walking is
strongly related to its social dimension, since physical or environmental improvements
will be of no value if people are afraid to go outside or feel insecure walking. In this
sense, studying perceived insecurity seems to be more important than considering actual
urban insecurity and its aspects, especially in cities with low crime rates [18,19]. A United
Nations Report focusing on Safe Cities and Safe Public Spaces establishes that when women
and girls are not safe walking on city streets, it has a massive impact on their lives [20].
With regard to the environmental dimension of sustainability, higher levels of perceived
security increase walking preferences and walking activity, this being the most sustainable
form of travel [21,22]. With respect to the economic dimension, the costs of using private
vehicles and the external costs associated with the use of motorized modes are reduced
when walking is increased.

Studies have shown that perceived insecurity discourages people from walking [4,6,23–27],
affects women more than men [18,28–31] and that determined elements of the built envi-
ronment contribute to perceived insecurity among pedestrians [28]. However, there is a
dearth of research about how security affects their preferences for walking. The present
study aims to address this gap in the literature, analyzing not only the relationship between
security and walking as the chosen mode of transport; but also the relationship between
security and walking as the preferred mode of transport. Another research gap refers to
the estimated effects of the built environment on perceived security that are likely to have
been misrepresented in previous studies [3]. In this sense, this paper fills the gap in this
literature analyzing how certain elements of the built environment influence the choice of
walking as the preferred mode of travel, or as the transport mode most usually chosen.

This study concentrates on the university population and focuses on the city of
Granada, a walkable and safe environment with low crime rates. According to previ-
ous studies, university students present specific characteristics, given that they prefer
and choose to live close to the campus where they study, which allows them to use non-
motorized modes of transport to a greater extent than the rest of the population [32]. They
also prefer to choose modes of transport that require travel times as short as possible to
avoid being tired on arrival at the university center [33]. The greatest perceived insecurity
among university women has been identified as a global phenomenon [16] and influences
their mobility decisions [34]. The work has been produced from the data obtained in a
survey carried out with university students in Granada (Spain), a walkable and safe city.

The research question of this paper, “Do university students’ security perceptions
influence their walking preferences and their walking activity?”, is supported by four
hypotheses related to insecurity, deterrents to walking, gender, and location, which were
established considering the most relevant academic contributions:

Hypothesis 1 (H1 Insecurity). University students’ perceived insecurity influences the probabil-
ity of walking and it has a different effect on the chances of choosing walking as a preferred mode or
as the usual mode.

Hypothesis 2 (H2 Deterrents to walking). The barriers of the built environment negatively
affect the chances of choosing walking as the preferred mode of travel.
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Hypothesis 3 (H3 Gender). There is a lower preference for walking on the part of women.

Hypothesis 4 (H4 Location). The chances that a student who lives in the center walks regularly
and prefers walking are higher than someone who lives in the periphery.

The paper is divided into four parts. The first details a bibliographic review on the
relationships between built environment, perceived security and gender. The second
describes the methodology used; the third provides the results; and lastly, discussion and
conclusions are shown.

2. Theoretical Review

Walkability is a multi-dimensional concept that can be broadly defined as the extent
to which the built environment, considered as the human-made space in which people live,
work and play on a daily basis, supports all activities, services and infrastructures found
in urban spaces, and is pedestrian friendly and enables walking [1,35,36]. Hence, a good
quality of built environment is essential to improve walkability [4,37–39], which is often
evaluated by considering a varying number of built environment attributes. Forsyth and
Southworth [40] stated that a walkable environment should include a short distance, free
of major barriers, a safe environment in terms of traffic and crime, adequate pedestrian
infrastructure, and a walking area with attractive landscaping and architecture design.
Although there is no consensus on how to analyze the several built environment attributes
related to walkability, research has shown that the dimensions of the built environment
beneficial for walking trips are the 5Ds density; diversity; design; destination accessibility,
and distance to public transport [41]. However, 3Ds (design, diversity and density) are
the most common criteria addressed in previous studies and used to construct walkability
indexes [1,6,41–43].

The 3Ds, density, diversity, and design, reflect a general mechanism by which the built
environment affects travel behavior. Regarding density, studies have shown for diverse
urban contexts that people living in neighborhoods with high population density and
diverse land uses are more likely to walk and engage in physical activity [1,7,43–47]. Thus,
residents in dense urban areas have a greater desire to walk than residents of suburban or
rural areas [48]. Li et al. [7] found for Portland, Oregon, that with high density of places of
employment and housing the probability of engaging in walking activities increases. In
addition to those with a high density, neighborhoods with a mix of residential buildings
and a diversity of services, together with the possibility of social interactions, contribute to
adults having attractive walking experiences, and encourage a greater number of active
daily trips [47,49]. Regarding design, neighborhoods with traversable designs give people
who live in them a greater tolerance for walking greater distances, compared to neighbor-
hoods that are automobile-oriented with a large number of roads to cross, traffic conflicts
(parking and access driveways), and steps to climb [50–52]. Oyeyemi et al. [53] showed the
importance of certain physical attributes of the built environment such as pavement quality
and the presence of obstacles on sidewalks, which are relevant components to promote
walkability. Also for South America, sidewalks in poor condition have been found to be a
barrier to walking [54], especially for the elderly and disabled [55].

Numerous researchers have reviewed the mixed findings regarding the association
between walkability, safety and security demonstrating that walkability is not only associ-
ated with the physical environment, but safety and security also play an important role in
attracting people to public spaces for walking [4,6,23–27]. Moreover, it is considered that
security should be the foundation for a sustainable city, because with the lack of security,
daily activities can become risky. In this way, design, diversity, and density can affect
perceived security which, in turn, affects the decision on travel behavior [6]. Hence, the
characteristics of the built environment affect walking activity and physical activity through
subjective perception, producing a positive association between perceived security of a
neighborhood and walking frequency in the neighborhood [21,22].
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The association between insecurity and walking has been found especially relevant
in certain contexts. In some Latin American and Asian cities, perceived security against
crime was found to be a major problem influencing walkability and deterring people from
walking [3,54,56,57]. In Mexico, concern about insecurity explains the rejection of walking
as a form of travel when people live in fortified housing developments [58]. Walking in Cali
(Colombia) was perceived negatively by pedestrians because of perceptions of insecurity;
the quality of illumination and pedestrian infrastructure (e.g., narrow sidewalks, darkness
under bridges, etc.) [57]. In Tripoli, Libya, Abdulla et al. [6] indicated that the pedestrian’s
level of walking was influenced by feelings of safety and security; built environment factors
and a set of considerations for user comfort. On the contrary, for Washington metropolitan
areas, Carlson et al. [59], found a low connection between security and walking. These
different results seem to be influenced by the different contexts where the studies are carried
out and highlight the need to carry out more research to clarify the interaction between
perceived security and walkability.

Certain environmental characteristics of particular neighborhoods may generate fear
and can discourage people from walking [57,60–63], since fear or the feeling of insecurity
can be felt subjectively, regardless of the real crime rate in the city. Certain individual socioe-
conomic factors, such as age or gender, also influence the perception of insecurity [64,65],
although there are urban zones where people from all groups prefer not to walk due to the
high level of perceived insecurity [66]. In addition, it has been established that security is
not perceived by zone in a homogeneous way, but that there are certain urban elements in
cities [66], acting as environmental markers that decrease the probability of walking [67–70].
Elements that fragment the space and increase the perception of insecurity include dark-
ness; the presence of garbage or graffiti; lack of maintenance; unkempt and abandoned
buildings; small gardens; and stairways [4,7,63,68,71–73]. The lack of street lighting has a
very significant impact on feelings of security and is positively related to the increased risk
of crime [69,74–76].

Regarding nature, the results vary according to context. The presence of tall bushes
and leafy trees increases the perceived security at night for men and women in the context
of Australia [28]. This fact is in contrast to a study carried out in South Africa that found
that the presence of trees at night reduces the perception of security since they can be
regarded as hiding places for criminals [77]. This result is probably explained by the
differences in the prevalence of crime between Australia and South Africa, Australia being
a jurisdiction with very low crime rates. Greenways support active transportation, leisure
and social engagement for many adults, certain factors also cause fear, especially for adults
with mobility limitations [69]. However, creating green spaces may not be enough to
encourage individuals to walk, both because of the difference in contexts and because more
elements have to be taken into account [78]. For instance, a well-integrated transport system,
long sight lines along pavements, walkways visible from nearby buildings, no confined
spaces to entrances and courtyards, and no poor lighting conditions promote security by
improving the chances of being seen and escaping, are key factors in improving perceived
security [29,79–83]. Lee et al. [84] determines that security, along with convenience and
comfort, is one of the attributes controllable through policies to improve the positive factors,
while reducing the effects of the negative factors.

Perceptions of security while walking are the product of complex interrelationships
between the built environment and socioeconomic factors [16,48]. It has been shown that
perceived insecurity in relation to elements of the built environment influences mobility
decisions [28,34] and that there are individual characteristics that influence perceptions of
security. While young people are statistically more at risk of being victimized, older and/or
disabled individuals tend to be more fearful. Gender is considered a very relevant variable
of perceived insecurity and its relationship with walking. In general, women’s fear differs
from that of men and there is evidence of a greater perception of insecurity by women in
their journeys on foot [18,28–31]. The reasons that make women present higher levels of
insecurity include the likelihood of being a victim of crime, previous victimization, and
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witnessing other people’s victimization [85–88]. It must be noted that sexual assaults and
rapes, under-reported crimes, mainly affect women [16], and this has an impact in that their
perceptions of security are more closely associated with elements of the built environment
compared to men [83]. Unsafe places for women are formed from mental maps developed
from external information and personal experiences [29,89] that include closed places with
limited escape routes (provides the criminal with attack opportunities) such as underpasses
or underground car parks and, second, deserted open spaces (opportunity to attack without
being seen), as previously commented.

The greatest perceived insecurity among university women has been identified as
a global phenomenon [16] and influences their mobility decisions [34]. Although the
level of perceived insecurity changes depending on real crime rates of a particular urban
context, women walk less frequently at night than men do and also avoid traveling during
rush hours more than men do [90]. According to the study by Foster et al. [12] for Perth
(Australia), fear of crime is greater for women and reduces the probability of walking.
For Tripoli, Abdulla et al. [6] showed that, apparently, gender affects fear of crime to the
point that the interviewees never walked alone at night through the old city. In addition,
in other previous studies, for different spatial and social contexts, it has been found that
sexual violence against women as they travelled led to an increase in the use of private
vehicles [16,91–95].

3. Materials and Methods
3.1. Study Area

This study was carried out in Granada. The city supports a significant university pop-
ulation that lives in various areas of the city and studies on different campuses. Granada is
a city located in the South of Spain. It has 233,648 inhabitants with an area of 88.06 km2 [96]
and is divided into eight districts: Norte, Chana, Beiro, Albayzin, Ronda, Zaidín, Genil,
and Centro (Figure 1). Granada is a city with ideal attributes for its walkability and
safety [97–99]. The maximum distance between the city center and the suburbs is approx-
imately 3.5 km, approximately 40 min walking. 80% of pedestrian trips take less than
20 min. The city center is the area that receives the majority of the city’s pedestrian flows.
Also, the different neighborhoods have high levels of autonomy based on the distribution
of services [100]. The Central district offers the best physical conditions, most favorable for
non-motorized mobility. In fact, 77% of the population surveyed for the implementation of
the city’s Sustainable Urban Mobility Plan indicated that the city center is a destination in
which the ease of walking stands out compared to the difficulty of using a car due to the
difficulty of parking and restricted access [99,100]. For this reason, the districts have been
subdivided into the Central district and the others, grouped together as the Periphery.

Figure 1. Districts and university campus in Granada city. Source: Own elaboration from IECA (2020)
and University of Granada (2021).
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An important part of the economic and social activity of the city of Granada is re-
lated to its University, which contributes 6.12% to GDP, and generates 7.7% of jobs in
the province [101]. The University of Granada had 41,293 students during the 2019/2020
academic year, in which this study was carried out, distributed in five university campuses
with different centers and degree courses. In this work we have divided the five campuses
into two groups, Centro and Fuentenueva located in the central district of the city and
Cartuja; Aynadamar and PTS, distributed in the periphery [102] (Figure 1).

The most recent data on the modal distribution of mobility in the city of Granada comes
from the Mobility Survey carried out for the preparation of the Sustainable Urban Mobility
Plan. According to these data, the usual mode of transport was distributed as follows:
walking, 54%; by car, 19%; transit, 20% and other, 7%. Regarding preferences, a higher
percentage, 60.6% of the people surveyed, would prefer to go by foot; 17.2% to use public
transport; 11.7% to go by car; and 10.5% would prefer cycling [100]. This mobility survey
incorporated some questions on traffic safety, but did not incorporate perceived security
that is rarely factored into urban policies through mobility plans. Therefore, security
policies are usually related to law enforcement policies. Nevertheless, reducing crime rates
does not necessarily lead to a reduction in subjective perceived security. According to
the Global Peace Index, which analyzes countries and territories that have a 99.7% world
population, Spain is one of the safest countries in the world and is among the 35 countries
with the highest level of peace [103]. The crime rate in Granada is low (0.49 criminal
offenses per hundred thousand inhabitants) and similar to Spain’s (0.47 criminal offenses
per hundred thousand inhabitants) [104]. However, the most important deterrent for short
trips is the perception of insecurity when walking due to fear of crime [99]. In this sense, on
the one hand, the crime index in Granada (25.41 out of 100) is low and lower than Spain’s
(31.59 out of 100), and on the other, the security index when walking during the day in
Granada is very high (89.58 out of 100), more than the data for Spain (81.90 out of 100).
Finally, the security index when walking during the night is high (74.59 out of 100), again
more than the data for Spain (62.59) [105].

3.2. Questionnaire

Since security and crime security data are difficult to obtain, audits and question-
naires are used to obtain information on pedestrian perceptions about security [18,106].
This paper uses information from a web-survey designed using a theoretical framework
on perceived security and walking activity in Granada. The web-survey was open to
University students and accessible for one month in 2020 starting in February and the
questionnaire was interrupted in the first week of March, due to the extraordinary situation
caused by COVID-19. A total of 321 respondents filled in the form and, finally, there were
312 valid surveys. For a population of 38,073 students from the campuses in the city center
(Centro and Fuentenueva) and periphery (Cartuja and PTS), a margin of error of 5.5%
and a confidence level of 95% were reached. There was no representative sample for the
Aynadamar Campus in the periphery. From each stratum, a sample of 159 participants was
reached for the city center campuses and 153 students for the Periphery Campus.

The survey consisted of 22 questions and was structured into four sections. In Section 1,
they were asked to rate their preference for walking from 1 to 5 (1 = I always avoid walking;
2 = I avoid walking on many occasions; 3 = I sometimes prefer to walk; 4 = I prefer to
walk on many occasions; 5 = I always prefer walking) and the usual mode of transport
in the daily trips of the student. Section 2 contains information about the socioeconomic
characteristics of the respondent, including gender (male, female); age and employment
(paid employment; no paid employment). Section 3 includes location characteristics, very
important in the case of university students, given that they prefer and choose to live close
to the campus where they study [32]. Specifically, it asks about the campus where they
study and the district where they live.
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The level of specific security related to built environment attributes is a phenomenon
that cannot be objectively measured but can be evaluated using ordinal variables and
level of overall security is an aggregate measure of how to perceive security with different
aspects of the built environment [14]. Thus, in the Section 4 of the survey, participants
were asked about the perceived security while walking and specific perceived security
in terms of the presence of certain attributes of the built environment related to the 3 Ds
dimensions of walkability, that is, Design and street patterns; Diversity and Density. Five
response options are used to measure the perceived security (1 = very insecure, 2 = insecure,
3 = neutral, 4 = secure and 5 = very secure). Security related to these attributes may be
called “specific security”. Regarding Design and street patterns, security in terms of the
presence of lighting has been included; darkness; cleanliness; vegetation; underground
passages; waste ground; spaciousness; pedestrian zone; stairways. In relation to diversity,
the presence of open stores; pubs; official buildings were examined. And regarding Density,
the presence of people in the street, high people density and the presence of traffic, traffic
density are assessed. Specifically, the attributes considered are consistent with the literature
reviewed and are summarized in Table 1.

Table 1. Specific security. Built environment attributes.

Walkability Dimension Built Environment Attributes

Design and street patterns

Lighting
Darkness
Cleaning

Vegetation
Underground passages

Waste ground
Spaciousness

Pedestrian zone
Stairs

Diversity
Open stores

Pubs
Official buildings

Density High people density
Traffic density

3.3. Definition and Measurement of Variables

The variables considered in this study are grouped according to the theoretical review.
Two dependent variables are analyzed. Prefwalk, is a binary variable that defines the
preference for walking and which takes the value 1 for the responses “I prefer to walk on
many occasions” and “I always prefer walking” and the value 0 in all other cases. Walk
is a binary variable that defines whether walking is the most usual travel mode chosen
by the respondents (value 1) or not (value 0). The explanatory variables were classified
into three groups, socioeconomic characteristics that were gender, age and employment;
characteristics of location, campus where students study and home district where they
live; and Perceived security variables. Regarding socioeconomic characteristics, Gender is
a binary variable that takes the value of 1 for female and 0 for male. Age is a continuous
variable that refers to the age of the respondent. Employment is a binary variable that takes
the value 1 if the participant has paid employment and 0 if he/she does not have paid
employment at the time of the survey. Regarding the location variables, Home and Campus,
both are binary, the first takes the value 1 if they live in the central district of the city and 0
in the other cases; the second takes the value 1 if they study in the city center (Centro or
Fuentenueva) and 0 in the other cases. This division between the center and the periphery
responds to the fact that the city center is the most walkable area of Granada [100]. In
relation to perceived security, the variable security walking Insec_walk takes the value 1
if the response corresponds to “very insecure” and “insecure” and 0 when the values are
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“very secure”, “secure” and “neutral”. The specific security indicators in relation to the
different attributes of the built environment have been reduced to a smaller number of
variables through Non-Linear Principal Component Analysis.

3.4. Non-Linear Principal Component Analysis and Logit Model

Different methods have been used to study the relationship between walkability and
level of security in streets. A review of these methods can be found in [4]. According
to the authors, the most widely used methods are logit, probit and linear regression.
Nevertheless, other methods such as principal component analysis (PCA) have been used
to build synthetic measures [8,18]. The binary logit and ordered logit model have been
used to predict the probability of walking journeys based on various attributes of the built
environment, including perceived security factors [28,31]. The binary logit has also been
used to identify the factors that affect pedestrian satisfaction and to verify their differences
according to land use and type of walking space [84] and to predict the propensity of cycling
as a function of perceived environment attributes and the objective environment [107].

In this paper, a binary logit model has been used to explain walking (preferred trans-
port mode and chosen transport mode [binary variables]) as a function of a set of explana-
tory variables. Previously, Non-Linear Principal Component Analysis (NLPCA) was used
because the level of perceived security while walking, related to specific built environment
attributes, is ordinal categorical. These variables should not be used directly as explanatory
variables in the regression model because the marginal effect is not the same for all the
values of these categorical variables. We are also interested in measuring perceived specific
security by reducing the observed multi-dimensional variables into a lower number of
numerical variables. After applying NLPCA to reduce the dimensions of the built en-
vironment illustrating perceived security, LM is used to model the binary nature of the
dependent variables, which depend on the effect that the synthetic variables obtained
with NLPCA and other visible variables have on walking as a preferred travel mode or
as a chosen travel mode in Granada. In addition, we attempt to analyze the effect of the
University Campus and the zone where the university students live.

4. Results
4.1. Descriptive Statistics

Table 2 contains the information on mean, variance and maximum and minimum
values of the analyzed variables. 60.3% of the participants prefer to walk and 53.2% choose
to walk as their usual mode of travel. Regarding the socioeconomic characteristics of the
sample, 68.9% of the people surveyed are women; the average age is 21.7 years and only
21.5% have paid employment. The location characteristics indicate that 28.2% live in the
central district of the city, while 51.3% study in the city center campus. With respect to
insecurity, 35.9% of the sample feels insecure or very insecure walking, in general. And the
attributes that generate security are lighting; open shops and high people density (from
the dimensions Design and street patterns, Diversity and Density). On the other hand,
underground passages and waste ground are the attributes whose presence generates the
greatest insecurity, (from the Design and street patterns dimension).

4.2. Non-Linear Principal Component Analysis (NLPCA)

A set of 14 ordinal variables were considered to explain specific perceived security
related to built environment attributes. Non-linear (Categorical) Principal Component
Analysis (NLPCA) was carried out in SPSS statistical software. This methodology was
applied to the 14 ordinal variables in order to obtain continuous variables to explain
perceived security. The principal component structure obtained using varimax rotation
yielded 3 factors and extracted 62.965% of the total variance (Table 3). Factor 1 accounted
for 33.612% of the variance. The most important items that had loading were spaciousness,
shops, pedestrian zone, lighting, high density of people and cleanliness. This factor
can be characterized as “Facilitators” to walking. Factor 2 accounted for 18.348% of the
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variance and had loading on 3 items. This factor can be characterized as “Deterrents” to
walking since the significant variables are Underground passages, Waste ground, stairways,
Vegetation and Darkness. Factor 3 accounted for 11.105% of the variance and had loading
on items Pubs, High people Density, Stairs and Traffic, most of them related to the presence
of people, which is why it was called “People”. The internal consistency of these factors
was tested using Cronbach’s alpha and found to be very adequate for Factor 1 (0.873).
However, it is lower for Factor 2 (0.731) and Factor 3 (0.694). The overall fit was very high
for both factors (0.955).

Table 2. Descriptive statistics of the sample (N = 312 individuals).

Variable Mean SD Min Max

Prefwalk 0.603 0.490 0.000 1.00
Walk 0.532 0.500 0.000 1.00

Socioeconomic characteristics
Gender 0.689 0.464 0.000 1.00

Age 21.7 1.87 18.0 25.0
Employment 0.215 0.411 0.000 1.00

Locational characteristics
Home 0.282 0.451 0.000 1.00

Campus 0.513 0.501 0.000 1.00

Walkability dimension. Built environment attributes
Design and street patterns

Lighting 4.045 1.084 1.00 5.00
Darkness 2.029 1.00 1.00 5.00
Cleaning 3.347 1.155 1.00 5.00

Vegetation 3.129 1.100 1.00 5.00
Underground passages 1.443 0.694 1.00 4.00

Waste ground 1.408 0.713 1.00 4.00
Spaciousness 3.994 1.055 1.00 5.00

Pedestrian zone 3.731 1.126 1.00 5.00
Stairs 2.273 0.960 1.00 5.00

Diversity
Open stores 4.278 0.997 1.00 5.00

Pubs 2.813 1.145 1.00 5.00
Official buildings 3.515 1.083 1.00 5.00

Density
High people density 4.147 1.075 1.00 5.00

Traffic density 3.148 1.174 1.00 5.00

General insecurity walking
Insec_walk 0.359 0.480 0.000 1.00

Table 3. Specific security related to built environment attributes. Rotated Component Loading a.

Built Environment Attributes F1_Facilitators F2_Deterrents F3_People

Spaciousness 0.83 0.05 0.181
Open stores 0.812 −0.009 0.389

Pedestrian zone 0.774 0.184 −0.025
Lighting 0.764 −0.027 0.197

High people density 0.727 0.013 0.45
Cleaning 0.702 0.136 −0.052

Official buildings 0.638 0.217 0.18
Vegetation 0.58 0.507 −0.277

Traffic density 0.536 0.133 0.419
Underground passages 0.014 0.818 0.192

Waste ground −0.023 0.814 0.142
Stairs 0.165 0.691 0.453

Darkness 0.206 0.594 −0.154
Pubs 0.227 0.172 0.744

Variable principal normalization. a Rotation method: Varimax with Kaiser normalization. The rotation has
converged in 6 iterations.
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4.3. Regression Models

The objective of this work is to model walking as the preferred travel mode and as
the most usual travel mode, taking into account socioeconomic characteristics, location
and walking security perceived by university students. First, a test was carried out to
contrast the independence between the Prefwalk and Walk variables. This test allows us to
say that the Prefwalk and Walk variables are not statistically independent since the p-value
is 0.000517, less than 0.01 and therefore H0 is rejected with a value for Chi2 of 12.05368. In
both cases, four models are presented. The first incorporates the socioeconomic variables
(Gender, Age and Employment); in the second, the location variables are added (Home and
Campus); in the third, specific security factors are incorporated (Facilitators; Deterrents and
People); and in the fourth, general perceived insecurity while walking is added (Insec_walk).

Table 4 shows the models for walking as the preferred transport mode (Prefwalk). It
can be seen how, by including the location and the specific security variables, the model
improves, that is, the Akaike information criterion (AIC) decreases. According to the results
obtained, with regards to socioeconomic factors, gender is the only significant variable.
In the Mod 1.4 model, the chances (odds) that a woman (Gender = 1) prefers to walk is
two times less than a man (1/0.476 = 2.1), assuming that the rest of the variables remain
constant (H3 Gender). That is, the response Prefwalk is two times less likely to occur when
predictor Gender is equal to 1. In relation to the location characteristics, the place where
university students reside (Home) is a significant variable, so that the chances (odds) that a
student who lives in the center (Home = 1) prefers to walk is 2.4 times higher than someone
who lives in the periphery (H4 Location). Regarding the factors related to perceived
security, Deterrents to walking, is a significant variable, whereby the barriers of the built
environment negatively affect the chances of choosing walking as the preferred mode
of travel (H2 Deterrents to walking). Finally, the inclusion of perceived insecurity while
walking, in general, improves the goodness of the model and the percentage of positive
responses, which go from 66.3% to 77.9%. Students who feel insecure while walking
(Insecwalk = 1) are 8.3 (1/0.12) times less likely to have walking as their preferred mode of
travel (H1 Insecurity).

Table 5 shows the models for walking as the most usual travel mode (Walk). It can
be seen how, by including the specific security variables, the model improves, that is,
the Akaike Criterion (AIC) decreases. According to the results obtained, with respect to
socioeconomic factors, gender is no longer a significant variable. The location characteristics,
both Campus and Home, are significant in the choice of walking as the usual mode of
transport. The chances (odds) that a student who lives in the center (Home = 1) walks
regularly is 2.5 times higher than someone who lives in the periphery (Mod 2.4). And
the chances (odds) that a student who studies in the center (Campus = 1) walks regularly
is 2.7 times higher than someone who studies in the periphery campuses (H4 Location).
Regarding the factors related to perceived security, there is no significance. However,
the inclusion of perceived insecurity while walking, in general, improves the goodness
of the model, although to a lesser extent than in the previous case, and the percentage
of positive responses goes from 60.6% to 63.5%. In this case, students who feel unsafe
walking (Insec_walk = 1) are 1.9 (1/0.53) times less likely to have walking as their preferred
mode of travel (H1 Insecurity). It can also be seen that the greatest increase, in terms
of the percentage of positive responses, in the model of preference for walking (Table 4)
has been produced by including the Insec_walk variable (11.6 points), while in the case of
the walking model (Table 5) this greater increase occurred when including the location
variables (6.7 points).
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Table 4. Logit model results. Dependent variable Prefwalk.

Mod1.1 Mod1.2 Mod1.3 Mod1.4

Variable Coef. Coef. Coef. Coef.

const 1.0754 0.4250 −0.5428 0.62554

Socioeconomic characteristics

Gender −1.1321 ***
(0.3223)

−1.2060 ***
(0.2994)

−0.972***
(0.378)

−0.742 **
(0.476)

Age 0.0086
(1.0086)

0.0342
(1.0348)

0.0752
(1.078)

0.052
(1.053)

Employment −0.1331
(2.9312)

0.0112
(1.0113)

−0.0830
(0.920)

−0.050
(0.951)

Locational characteristics

Home – 1.0375 ***
(2.8220)

0.955 ***
(2.599)

0.860 **
(2.364)

Campus – −0.2994
(0.7413)

−0.267
(0.766)

−0.261
(0.770)

Factors: Specific security related to built environment attributes

F1_ Facilitators – – 0.118
(1.126)

0.093
(1.098)

F2_Deterrents – – 0.567 ***
(1.763)

0.356 **
(1.428)

F3_People – – 0.197
(1.218)

0.198
(1.220)

General insecurity walking

Insec_walk – – – −2.120 ***
(0.120)

R2-McFadden 0.0432 0.0763 0.1224 0.2627
AIC 409.1708 399.2948 385.995 329.145

% success 60.3 61.5 66.3 77.9
Notes: n = 312; ** p < 0.05, *** p < 0.01; AIC = Akaike information criterion; odds-ratio in bracket.

Table 5. Logit model results. Dependent variable Walk.

Mod2.1 Mod2.2 Mod2.3 Mod2.4

Variables Coef. Coef. Coef. Coef.

const 0.0631 −1.5032 −1.386 −1.061

Socioeconomic characteristics

Gender 0.0799
(1.0832)

−0.0495
(0.9517)

−0.081
(0.922)

0.027
(1.027)

Age 0.0032
(1.0032)

0.0459
(1.0470)

0.0420
(1.043)

0.034
(1.034)

Employment −0.2768
(0.7582)

−0.3860
(0.6798)

−0.384
(0.681)

−0.370
(0.691)

Locational characteristics

Home – 0.9966 ***
(2.7091)

0.9829 ***
(2.6723)

0.924 ***
(2.518)

Campus – 0.9693 ***
(2.6360)

0.961 ***
(2.613)

0.999 ***
(2.714)

Factors: Specific security related to built environment attributes

F1_ Facilitators – – −0.026
(0.974)

−0.043
(0.958)

F2_Deterrents – – −0.061
(0.940)

−0.137
(0.872)

F3_People – – 0.068
(1.070)

0.057
(1.060)

General insecurity walking

Insec_walk – – – −0.638 **
(0.528)

R2-McFadden 0.0026 0.0788 0.0802 0.0932
AIC 438.1192 409.2778 414.668 411.039

% success 54.2 60.9 60.6 63.5
Notes: n = 312; ** p < 0.05, *** p < 0.01; AIC = Akaike information criterion; odds-ratio in bracket.
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5. Discussion and Conclusions

This study has examined the effect of socioeconomic variables, location and perceived
security, based on scientific literature, on the choice of walking as the preferred mode and
as the usual mode of travel by a sample of 312 university students from Granada (Spain),
by using NLPCA and Logit models. It is well known that perceived insecurity is one of the
main deterrents of walking activity, especially in certain urban contexts of Latin American
and Asian cities [3,6,57,58].

The main contributions of this paper for the field of knowledge have shown that
perceived insecurity has a higher effect on the chances of choosing walking as a preferred
mode than as the usual mode. It has also shown that the barriers of the built environment,
the location and gender influence the walking preferences and walking activity of the
university students. These relationships that have been established in this study can occur
in other cities or urban areas, thus lending a general character to the results which are
supported by the reviewed literature.

A novel aspect is introduced in that perceived security, in whole, has a different effect
on the chances of choosing walking as the usual mode, or as a preferred mode, both in a
walkable and safe environment with low crime rates, such as the city of Granada, and for
the case of university students. Specifically, our results show that a student who perceives
walking insecurity (Insec_walk) is up to 8.3 times more likely to prefer another mode of
travel, while they will be 1.9 times less likely to have walking as their usual travel mode
(H1 Insecurity). In addition, the university students surveyed demonstrated different levels
of security while walking in the presence of certain elements of the built environment.
More precisely, through the use of NLPCA, three factors of specific security were extracted
from 14 built environment attributes related to the 3 Ds dimensions of walkability. The
Factor Facilitators to walking (33.612% of the variance) had loading in attributes identified
by literature as positive for walking activity: spaciousness, stores, pedestrian zone, lighting,
high density of people, and cleanliness [69,74–76]. Special mention should be made of the
Factor Deterrents to walking (18.348% of the variance), which had loading on Underground
passages, Waste ground, Stairways/Steps, Vegetation and Darkness. These results are in
line with those found by Ferrer and Ruiz [99], using qualitative methods, for Granada city
where the main common barriers to walking were absence of people, poor street lighting
or walking along a conflictive area. Deterrents to walking was a significant variable to
explain walking preferences (H2 Deterrents to walking). Furthermore, barriers of built
environment negatively affect the chances of choosing walking as the preferred mode
of travel, confirming that these attributes behave as environmental signals that decrease
preferences for walking [4,7,67–71], also in the case of university students in Granada. Thus,
perceived security plays a significant role in attracting people to public spaces for walking
and it also has a relationship with walkability dimensions [4,6,24].

Regarding the socioeconomic variables, gender is the only significant variable in the
model where the explained variable is the preference for walking, with the chances that a
woman prefers to walk being twice as low as for a man (H3 Gender). This lower preference
for walking on the part of women had also been found in other studies and in different
contexts, which relate violence and sexual assaults with the greater perceived insecurity of
walking on the part of women [16,91–95].

The location variables show that when the student lives or studies in the city center,
it is 2.5 and 2.7 times more likely that walking is their usual travel mode compared to
those students who live or study in the periphery. This result is in line with the peculiarity
of university students, for whom it is important to live close to the campus where they
study [32]. In fact, the greatest increase in the percentage of positive responses in the
model where walking as a usual mode is the explanatory variable occurs when the location
variables are included (H4 Location).

The limitations of this study refer to the lack of consideration of variables that could
have been relevant to explain walking preferences and walking activity, such as ethnicity,
sexual orientation and identity, and disability. Other limitations were that the effects on
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security perceptions at different times of the day were not considered, nor the effect of
COVID-19. These limitations, as well as the analysis of the experience of security when
going to different locations, could be lines of future research.

Finally, the political implications of this study show that urban planning and mobility
policies should include analysis of the factors that generate perceived insecurity, which
have different effects on preferences and choices of the mode of travel. As established
by Zhao et al. [22] and Calonge and Reillo [58], urban planners should consider people’s
perceptions when they design the built environment, given that interventions to improve
the levels of perceived security in the urban environment can increase the chances of
choosing walking as the usual mode, and, especially, promotes the development towards
more sustainable cities.
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