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ABSTRACT

The link between Fear of Crime (FC) and physical environment
and crime levels is referred to as Crime Prevention Through
Environmental Design (CPTED). However, FC, irrespective of
the level of crime through physical environmental features, can
hinder people's access to urban parks. This study is a novel
attempt to evaluate the Perceived Security (PS) related to fear of
(theft, robbery) crime under the CPTED classification by
assessing actual users' perceptions of multiple physical
environmental  variables within and around fifteen
Tiruchirappalli urban parks. The objectively measured CPTED
variables were documented through observations and
measurements by the authors, whereas subjectively measured
ones were assessed using actual users’ (n=524) perceptions. The
results majorly highlight the significance of park design and
landscape-based surveillance and park facilities and landscape-
based maintenance variables towards predicting PS. The findings
from this study can aid policymakers, park designers, and
managers in adopting strategies that can enhance the PS of users,
prioritise interventions, and engage residents in addressing
specific design considerations.

33



Journal of Design and Built Environment, VVol.24(1), 2024, 33-52 Mehta, D. and Gopalakrishnan, P.

1.0 INTRODUCTION

Urban Green Space (UGS) is an urban land, partially or fully covered with vegetation such as grass, shrubs,
trees, etc. (De Haas et al., 2021). Parks, as a type of UGS, have become an important focus of new
environmental strategies for cities (Madge, 1997). UGSs, particularly urban parks offer ecological, economic,
health and social benefits (Abdul Malek et al., 2018; Konijnendijk et al., 2013). However, the physical
environmental features of urban parks can also induce Fear of Crime (FC) among its users (Pérez-Tejera et al.,
2022). UGS can articulate the many dimensions necessary to conceptualise fear and space, fear in space and
fear through space (Tulumello, 2020). The presence of nature contributes to reducing violence in urban settings
(Shepley et al., 2019). However, the level of crime is related to FC, but it does not reflect the actual levels of
FC (Lorenc et al., 2012). One key concern regarding FC is that it can restrict the social life of people (Rahm
et al., 2021), eventually affecting their mental health (Lorenc et al., 2012). Furthermore, awareness regarding
UGS (Tokazhanov et al., 2020) and concern for mental health (Xiong et al., 2020) have increased since the
COVID-19 pandemic.

Lorenc et al., (2012) presented a holistic framework tracing the theoretical links between crime and anti-
social behaviour, FC, health, and well-being, built environment, social environment and national policies and
economy. The relationship between FC and physical environmental features and crime levels is theorised as
Crime Prevention Through Environmental Design (CPTED).

1.1. CPTED

CPTED promotes that 'the proper design and effective use of the built environment can lead to a reduction
in the fear and incidence of crime, and an improvement in the quality of life' (Crowe, 2000). The term was first
conceptualised by Ray Jeffery, (1971). However, Jane Jacobs, (1961), in her book 'The Death and Life of Great
American Cities', highlighted the importance of 'eyes on the street'. She explained the role of informal natural
surveillance in creating a secure environment by decreasing criminal activities, thus reducing FC. Similarly,
Elizabeth Wood, (1961) and Scholomo Angel, (1968) established that modifications to the physical design
features of urban environments could reduce criminal opportunities. Eventually, Oscar Newman, (1972),
elaborated on the concept of CPTED by including four key physical environment standards such as
territoriality, surveillance, maintenance, and access control to reduce both crime and FC. However, among
various theories, CPTED is the prime focus in environmental research on producing safe public places (Askari
& Soltani, 2023).

In a review discussing the current status of CPTED, Cozens and Love, (2015) mentioned that the current
first-generation CPTED is based on seven key strategies: territoriality, surveillance, maintenance, access
control, target hardening, activity support, and the surrounding environment. Territoriality intends to reduce
criminal opportunities by promoting ownership of a space by rightful users. Surveillance aims to enhance
guardianship by promoting natural surveillance through physical design. Maintenance of a space assures its
proper functioning and conveys positive messages to its users. Access control over a space aims to increase
risk perception and eventually reduce crime. Target hardening uses physical obstacles (such as fences, etc.) to
restrict access to a criminal target. Legitimate activity support encourages use of public space through
appropriate design interventions to promote 'eyes on the street' and deter crimes.

1.2. Fear of Crime

The definition of FC has evolved throughout history. FC was referred to as ‘an emotional reaction
characterised by a sense of danger and anxiety produced by the threat of physical harm elicited by perceived
cues in the environment that relate to some aspect of crime for the person' (Garofalo, 1981). Ward et al., (1986)
defined FC as a sense of security and feelings of vulnerability. Sacco, (1993) defined FC as a form of
psychological disorder reducing quality of life, restricting access to social and cultural activities, and impairing
social interaction within the community. Lately, FC has been defined as one that describes the ‘wide range of
emotional and practical responses to crime and disorder individuals and communities may make' (Pain, 2000).
In a nutshell, the studies have witnessed a shift from defining FC as a “fear” of “crime” to an 'umbrella' concept
that includes both crime-related fear and diffuse ‘feelings of insecurity' (Donder, 2009).
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1.3. Fear of Crime in Urban Green Spaces

FC in UGS has been a global research concern over the past four decades (Jansson et al., 2013; Mak &
Jim, 2018; Maruthaveeran & Bosch, 2014), with most of the studies done in North America (Sonti et al., 2020)
and Europe (Pérez-Tejera et al., 2022) and a few in Africa (Mahrous et al., 2018) and Australia (James &
Embrey, 2001). The Asian studies are done in China (Jing et al., 2021), Hongkong (Mak & Jim, 2022), Iran
(Sezavar et al., 2023), Japan (Yokohari et al., 2006), Malaysia (Maruthaveeran & Bosh, 2015), Singapore
(Yeoh & Yeow, 1997), South Korea (Min et al., 2022), and Turkey (Tiirkseven Dogrusoy & Zengel, 2017).
Since the perception of safety (Hannah et al., 2016), application of research findings (Maruthaveeran & Bosh,
2015), and respective design recommendations (Subbaiyan & Gopalakrishnan, 2012) vary concerning the
geographical context, it is essential to conduct more FC studies in different parts of the world (Maruthaveeran
& Bosch, 2014) and compare them to comprehensively understand the cumulative effect on FC in UGSs (Mak
& Jim, 2018). Moreover, past studies highlight the importance of examining FC in a greater range of
racial/ethnic compositions and economic conditions (Swatt et al., 2013), and India offers astounding variety
in virtually every aspect of social life ("Indian Society and Ways of Living", n.d.). Moreover, with ongoing
urbanisation in the most populous developing country ("World Urbanization Prospects”, 2018), around 82
crore people are predicted to live in urban settlements by 2051 ("Urban Greening Guidelines”, 2014). However,
the fewer Indian studies relating to the urban environment and FC are limited to the city level (Rai & Rai,
2019), urban neighbourhoods (Nalla et al., 2011; Patel, 2019), ATM (Hannah et al., 2016), streets (Lloyd-
Sherlock et al., 2015), and bus stops (Subbaiyan & Tadepalli, 2012).

Studies on FC in urban parks have used virtual (Zhao & Huang, 2021) or real (Polko & Kimic, 2022)
environments as stimuli to collect the perceptions of potential or actual users, respectively. However, a
simulated stimulus of a natural environment is a passive experience which does not provide holistic spatial
information, limits respondents' experience to visual sensation, and controls behavioural freedom and decision-
making (Andrews & Gatersleben, 2010). However, FC results from multiple physical environmental attributes
(Maruthaveeran & Bosch, 2014). A review done by Maruthaveeran and Bosch, (2014) analysing studies till
2012 on FC in UGSs categorised the fear-evoking attributes under five heads: personal, social, physical, image
of the park and neighbourhood and time of the day and season. A study done by Mak and Jim, (2018)
(examining fear-evoking factors in urban parks in Hong Kong) extends the literature by adding more factors
(n=90) under the five different categories, namely, inherent park characteristics, park design and management
issues, visitor-related concerns, sociodemographic variables, and visit-related preferences. However, they did
not specify the crime type they are evaluating under FC. Moreover, a dichotomous single-item FC question
does not measure fear of a specific crime but fear of general crime. Further, the perception of crime type
(murder, rape, etc.) in a single question evaluating general crime will differ among respondents (Lim, 2015).
Furthermore, the previous studies (Mak & Jim, 2018, 2022; Maruthaveeran & Bosh, 2015) did not adopt the
CPTED classification. However, work done in the parks of Sweden (Igbal & Ceccato, 2016), Poland (Emilia,
2020), and Malaysia (Thani et al., 2016) adapted CPTED classification as an inventory tool to inspect safety,
but they did not consider the multiple environmental variables that can evoke FC. Nevertheless, there is a
possibility that the surrounding influences from outside a project boundary can compromise the overall
evaluation strength if not accounted for in the CPTED project (Cozens & Love, 2015). Moreover, there is a
need to consider users' perceptions of CPTED strategies (Sakip et al., 2012).

This paper examines Perceived Security (PS) under FC because fear comes to the forefront when safety
needs are compromised (Tandogan, 2016). PS symbolises an emotion created through the perception of the
possible risks to safety or security (Ruiter et al., 2001). Since PS depends on individuals' perception, it is not
directly related to objective measures of real crime (Bedimo-Rung et al., 2005).

Hence, to fill the current research gap, this study evaluates PS under FC in real urban park settings in India
by eliciting actual users' perceptions of CPTED variables. Furthermore, a holistic approach is adopted to
consider multiple physical environmental attributes within and surrounding the parks, which may influence PS
of park users. Although the concept of FC varies with respect to the application, in this study, PS refers to the
emotional experience rather than actual crime or risk.
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Hence, with the aim of investigating the effect of urban parks on perceiving FC by evaluating PS, the
following objectives are targeted. First, to find out how personal characteristics affect users' PS. Second, to
find out how the type and number of park users affect the overall PS. Third, to find out how CPTED variables
affect PS among park users. And fourth, to find out the relative contribution of each CPTED variable towards
predicting PS.

2.0 STUDY AREA AND METHODOLOGY

Tiruchirappalli (Trichy), located near the river Cauvery, is the fourth major city in Tamil Nadu, India (refer
to Figure 1). The city is spread across 167.23 km? and accommodates a population of approximately 1.2
million. Females constitute 50.03% of the population, and males 49.97%. Trichy has an average literacy rate
of 91.45%. Female literacy is 88.73%, and male literacy is 94.17%. The multi-cultural city houses people of
various religions and languages. The most widely spoken language is Tamil (local vernacular language).
English is also used as a medium of communication in educational institutions. The Tiruchirappalli City
Corporation (TCC) manages the parks spread across the four administrative zones ("Tiruchirappalli City
Municipal Corporation”, n.d.). Parks are also developed under the central government's smart city initiative
("Smart Cities", n.d.).

[ndia (\/W

5

Tamil Nadu

Figure 1. Location of the study area

The 57 parks across the city were traced through the TCC website, satellite imagery and city tour. The
initial visit to the parks revealed that the parks have a constrained opening time. Since PS is largely influenced
by lighting (Mak & Jim, 2022), the parks that are functional both in the morning/noon and evening hours were
shortlisted. Hence, 15 TCC parks which were freely open to the public both in daylight and non-daylight hours,
were selected for the study. Figure 2 provides the park details.

Using the physical environmental variables (that can influence the PS of urban park users) mentioned by
Mak and Jim, (2018); Maruthaveeran and Bosch, (2014) a CPTED classification is prepared, presented in
Figure 3. However, based on the initial park visit, new variables were identified and added to the classification.
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All the CPTED variables were categorised into two types. First, the variables that can be objectively measured.
Second, the variables should be subjectively documented. Hence, the required information was gathered
through two data collection instruments, Forms A and B.

2.1. Objective Measurements - Form A

Form A was a park checklist and was filled out by the surveyor only. Form A included only the objectively
measured CPTED variables, the number of park users every half an hour interval and the response rate. Form
A was filled out through observations and field measurements. All the variations in boundary wall design with
respect to height and opacity observed within a park were documented through measurements. The level
difference in the pathway and surrounding green cover and the distance of the peripheral footpath and boundary
wall were also measured. However, in all three variables, the average value was considered for the analysis.
Since all the parks had mobile networks available within them and none had any dead ends in the pathway, the
variables SM-03 and AD-03 were not considered for the analysis. Appendix A provides the details of Form A.

2.2. Subjective Measurements - Form B

Form B collected the date and time of the survey, subjectively measured CPTED variables, PS, and
demographic information. Form B was compiled in English and Tamil. The subjective perceptions of CPTED
variables among the park users were documented. The FC question evaluated PS by asking how safe (from
possible crimes such as theft, robbery etc.) they felt while using the park on a five-point Likert scale ranging
from 'strongly unsafe’ (1) to 'strongly safe' (5). Appendix B provides the details of Form B.

A trained team of a total of 45 surveyors from the architecture department of NIT Tiruchirappalli completed
the data collection on six dates ranging from mid-October to mid-November 2022. On the first three days,
three parks (one park per day) were surveyed. Post reliability confirmation and minor formatting changes in
Form B, all 15 parks were surveyed on the next three dates. Cronbach's alpha of 0.83 determined the high level
of internal consistency and reliability of the questionnaire scale.

The 18 year and older actual park users were randomly approached for the survey. They were briefed
about the study objectives and ensured no personal information, such as name and contact details would be
collected. People in the nearby residences and walking on the surrounding streets who agreed that they either
used or used the park sometimes were also approached for the survey. Respondents took approximately 15
minutes to complete the survey, while the older participants who were assisted throughout took around 25
minutes.

726 park users were approached for the survey, 202 denied, while 524 users responded. The total response
rate of the survey was approximately 72%. 303 males and 221 females responded to the survey. 337 users
opted for the English form, whereas 187 opted for the Tamil. We collected 18 — 70 surveys from each park.
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Figure 2. Details of the study sites
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Figure 3. Parameters, indicators, and variables influencing PS under CPTED classification.

2.3. Data Analysis

Data analysis using Microsoft Excel and other statistical analysis packages is performed. In SPSS ("IBM
Corp. Released 2020. IBM SPSS Statistics for Windows, Version 29.0. Armonk, NY: IBM Corp", n.d.), a
One-way Analysis of Variance (ANOVA) test whether the PS varies across various personal characteristics of
the respondents. Through Jamovi ("The jamovi project (2022). jamovi (Version 2.3)", n.d.), multiple linear
regression finds out the relation of PS with the number of male, female, and kids park users. Further, in JASP
(JASP Team, 2023), the Pearson correlation test evaluate the correlation between PS and CPTED variables. A

feature importance test using the Scikit-learn library’s (Pedregosa et al., 2011) random forest classification
algorithm determines each variable's relative contribution.
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3.0 RESULTS AND DISCUSSION
3.1. Relationship Between Personal Characteristics and Perceived Security

The ANOVA test determines whether the PS varies across respondents' personal characteristics and time
of the survey. Figure 4 summarises the results. The results showed a significant (p = 0.022) difference in PS
among various age groups. With an increase in age, PS increases gradually. Post hoc follow-up procedure
(Tukey) tests the difference between all pair-wise comparisons.

The results revealed a significant (p = 0.042) difference in PS among park users aged 18-29 and 60 and
above. The results are similar to the studies done in the UK (Madge, 1997) evaluating fear of sexual attack and
in Turkey (Tiirkseven Dogrusoy & Zengel, 2017) analysing fear of sexual harassment, robbery and theft. The
possible explanation for the high PS among the older people could be that they did not feel the attack was more
likely, just that they would be more vulnerable if attacked (Jorgensen & Anthopoulou, 2007). Moreover, unlike
youngsters, they may not carry costly belongings such as mobile phones, jewellery, etc.

The difference in PS among the park users with their mother language as Tamil and non-Tamil is
significant (Welch's ANOVA: F 1,103.828 = 7.391, p = 0.008). Tamil-speaking Park users reported low PS
compared to the non-Tamil speaking ones. The results are similar to a Spain-based study (Pérez-Tejera et al.,
2022), where whites expressed more FC than non-whites. However, another study done in the UK (Madge,
1997) showed the Asian community perceived higher levels of FC compared to their counterparts. With both
groups reporting PS on the safer side, a significant difference can be because local people are more aware of
the possible crimes.

The results showed a significant (p = 0.026) difference in PS among park users regarding their self-reported
health. The results reveal that the better the self-reported health, the higher the PS. The result is similar to the
Hong Kong based study (Mak & Jim, 2018). The difference in PS among the park users who have been recently
directly victimised and those who have not been recently directly victimised is significant (Welch's ANOVA:
F 1,70.934 = 22.285, p < 0.001). Users with recent direct victimisation experience reported less PS than those
without recent direct victimisation experience. The results are similar to the studies done in Hong Kong (Mak
& Jim, 2018) and Malaysia (Maruthaveeran & Bosh, 2015), where park users with victimisation experience
had lower levels of PS. The difference in PS among the park users who have been recently indirectly victimised
and those who have not been recently indirectly victimised is significant (Welch's ANOVA: F 1,90.552 =
16.410, p < 0.001). Users with recent experience of indirect victimisation reported less PS than the ones who
do not have recent experience of indirect victimisation. The difference in perception of safety among park
users who carry any object in a defensive manner as a weapon while in the park and who do not is significant
(p <0.001). Users who exhibit defensive behaviour reported less PS than the ones who do not. A similar pattern
can be observed in a Malaysian study (Maruthaveeran & Bosh, 2015), where most park users reported
defensive behaviour by carrying car keys, penknife, pepper spray, and walking with dogs. The difference in
PS among the park users who avoid specific areas in the park and who do not is significant (Welch's ANOVA:
F 1,132.083 = 19.300, p < 0.001). Users who exhibit avoidance behaviour reported less PS than those who do
not. The result is contrary to one of the study's findings in the USA (Westover, 1985), mentioning park users
showing avoidance behaviour and reporting high PS. Previous works have shown park users (Maruthaveeran
& Bosh, 2015), especially women (Madge, 1997), to avoid areas with dense vegetation. The difference in PS
among the park users using the park during the daylight hours and the non-daylight hours is significant
(Welch's ANOVA: F 1,395.725 = 4.028, p = 0.045). Users using the park in daylight hours reported higher PS
than those using the park in non-daylight hours. The results support findings from previous studies (Emilia,
2020; Mak & Jim, 2022; Pérez-Tejera et al., 2022; Zhao & Huang, 2021). The difference in PS across gender,
occupation, education level, years of residency in the park district and park visiting frequency is non-
significant.
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* For PC-O1 (age), GI=18:29, G2=30:39, GI=40-49, GA=50-59, and G560 and above,

For PC-02 (gender), Gl=Male, and G2=Female,

For PC-03 (occupation), Gl=Housewife, G2=Student, Gi=Teacher, Gd=Retired Employee, GS=Private business owner, Go~Doctor,

G7=Private employee, and GE=Government employee

* For PC-04 (mother language), Gl=Tamil, and G2=non-Tamil.
For PC«0% (education level), Gl=less than or equal 1o 12th, G2=Diploma, G3=Undergraduate, Gad=Posigradunte, and GA=PhD
* For PC-06 (health), Gl=Poor, G2«Fair, G3=Average, Ga=Good, and GS~Excellent
For PC<07 (years of residency), G l=less than 3 years, G2=3.6 years, G3=7«10 years, und Ga=more than 10 years,

* For PC-OX (park visiting frequency). Gl=Thrice a year, G2=Once o month, G3=Twice o month, G4=Once o week, und GS5=Every day.

For V=01 (direct victimization), Gl=Yes und G2~No.
For V-02 (indirect vietimization), G l=Yes and G2=No,
For B-01 (defensive behaviour), Gl=Yes and G2+No.
For B-02 (avoidance behaviour), Gl=Yes and G2+No

« For E (Time ol the survey), G I=daylight hours and G2=non-daylight hours.

Figure 4. ANOVA test result summary for respondents' personal characteristics and time of the survey

with PS

3.2. Relationship Between the Number of Park Users and Perceived Security

Multiple linear regression finds out the relation of PS with the number of male users (M), number of female
users (F) and number of kids (K) for daylight and non-daylight hours separately. The overall model for daylight
hours was non-significant. However, the overall model for the non-daylight hour was significant with p <.001,
R2 =0.128, adj. R2 = 0.096. Table 1 presents the results for non-daylight hours. The effect of the number of
male users on PS is significant (p < .001). The result showed that PS decreases as the number of male users
increases. The effect of the number of female users on PS is closely significant (p = .054). The result showed
that PS also increases as the number of female users increases. However, the effect of the number of kids on
PS is non-significant.
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Table 1. Multiple linear regression of user type and number with PS in the non-daylight hours.

Unstandardised Standard Error Standardised t p
(Intercept) 3.822 0.129 29.601 <.001
M -0.089 0.027 -1.001 -3.286 0.001
F 0.128 0.066 1.125 1.937 0.054
K -0.032 0.044 -0.255 -0.718 0.474
MxF 0.001 0.004 0.555 0.332 0.74
M x K 0.008 0.004 2.983 1.943 0.054
FxK -0.010 0.003 -2.831 -3.429 <.001
Mx FxK 0.000 0.000 -0.443 -0.162 0.871

Notes:

M = number of male users
F = number of female users
K = number of kids users

Further, the effect of the number of male users x the number of female users' interaction is non-significant.
However, the interaction effect of the number of male users x the number of kids is closely significant (p =
.054). With the increase in the number of male users and a reduced number of kids, PS decreases, whereas,
with the increase in the number of male users and more kids, PS increases. Moreover, the interaction of the
number of female users x the number of kids is also significant (p < .001). With the increase in the number of
female users and fewer kids, PS increased, whereas with the increase in female users and more kids, PS
decreased. The effect of the number of male users x the number of female users x the number of kids is non-
significant.

3.3. Relationship Between CPTED Variables and Perceived Security

Pearson correlation test evaluates the correlation between PS and subjective responses to the CPTED
variables. Figure 5 summarises the strength of the correlation between PS and the studied variables. Figure 5
to be read side by side with Figure 3 for the full forms of the abbreviations used for the studied CPTED
variables. Thirty-two out of seventy-four variables have a significant relationship with the PS.

A positive correlation between boundary wall definition, distinction between various zones in the park
through topography and vegetation, and PS implies the importance of spatial definition in landscape design.
The users who perceive the boundary wall to be highly defined have reported feeling safe in the park. The
boundary wall should be clear and well defined because it interacts with the surrounding environment and road
layout, supports entrance design, and creates a sense of ownership (Chen et al., 2021). But the significance of
boundaries is also applicable within the park limits. Park users who agree that the topography and vegetation
create distinction between various spaces in the park, feel safe. A clear distinction of various zones within the
park promotes wayfinding and a sense of belonging, eventually increasing their PS (Chen et al., 2021). For
example, the separation of kid play areas from adult playgrounds using physical barriers in the form of fences
and hedges can ensure parental safety concerns (Mani et al., 2012; Mohamed et al., 2023). However, the
correlation between the distinction of various zones in the park through fences and PS is non-significant.
Nevertheless, a negative relationship implies that when the fences are not present in the park to create
distinction among various zones, users may feel unsafe. Overall, the results agree with the findings of the
Egyptian study, where the potential park users rating the park images agreed that the higher the level of spatial
definition, the higher their PS (Mahrous et al., 2018).

Three new variables are added under surveillance through park design. The number of steps in the walking
area and level differences between the pathway and surrounding lawn area may affect users' perception of
accuracy in escaping any harmful situation. The presence or absence of residential (SD-02.1), commercial
(SD-02.2), educational (SD-02.3), hospital (SD-02.4), recreational (SD-02.5), temple (SD-02.6), railway track
(SD-02.7) and vacant land (SD-02.8) in the park surrounding under the land use (SD-02) were documented. A
negative correlation between surrounding noise level, the presence of vacant land, the number of windows
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facing the park from the surrounding buildings and a positive correlation for the presence of educational land
use with PS is found for the variables under surveillance through park design. The higher the surrounding noise
levels, the lower the PS. Similarly, users of the parks with vacant land near them reported feeling safe.
Moreover, the more windows overlooking the park from the surrounding buildings, the lower the PS reported.
These results contradict the findings from the study done by Mak and Jim, (2018), which reported that parks
situated in quiet areas, low-density residential areas, and industrial zones can invoke lower PS compared to
their counterparts. However, users of the parks with educational land use next to them reported feeling unsafe.
This finding can result from park users exhibiting indirect parental concerns for their kids.

The study found non-significant correlations for boundary wall height and opacity under surveillance
through the park boundary and PS. However, the level of visual connectivity through the boundary wall to the
surroundings is significant. Since the relationship between a boundary wall and fear stands complicated
(Saisanath & Gnanasambandam, 2019), these contradictory findings can be explained by the fact that boundary
wall height and opacity, along with the peripheral vegetation, facilitate surveillance. In other words, only
boundary walls' architectural characteristics cannot determine the clear field of vision until there is no
vegetation on the park's boundary. However, to ensure certain permeability through the park boundary
(Sezavar et al., 2023), the results indicate that the higher the level of visual connectivity through the boundary
wall to the surroundings, the higher the PS.

Higher levels of visual connectivity through the boundary wall to the surroundings related to increased PS
along with higher noise levels, the absence of vacant land and a greater number of windows overlooking the
park in the surroundings associated with lower levels of PS support the ‘prospect—refuge’ theory that argues
that the ability to see (prospect) without being seen (refuge) is an intermediate step in the satisfaction of
biological needs. In other words, both, first the increased possibility of seeing around from the park to its
surroundings enhancing natural surveillance and second decreased possibility of being seen from the
surroundings to the park providing anticipated protection from possible offenders, enhances PS of park users.

One new variable is added under surveillance through landscape elements. The total height of the mound
can hide a possible offender behind it or even hinder users' sightlines. Among the variables under surveillance
through landscape elements, the correlation between the density of vegetation in the park and the density of
overhead tree canopy cover with PS is significant. The positive correlation implies that the higher the density
of vegetation, the higher the PS. Apart from the study by Mahrous et al., (2018), the result is contrary to the
other studies (Zhao & Huang, 2021), where high-density vegetation is related to lower levels of PS. This is
because, a higher density of vegetation generates higher concealment and reduces surveillance. However, a
mean value of 3.324 of density of vegetation in park and 3.864 of PS can symbolise users' preference for
medium density vegetation regarding increased PS. Overall, the results are in line with a recent study done by
Sezavar et al. (2023) who mentioned park users preferring medium-enclosed environments over very enclosed
and very open ones regarding PS because they allow people to see their surroundings without being seen.
Similar stands for the positive correlation between the density of overhead tree canopy cover (mean value of
2.775) and PS. A positive correlation between the amount of light in the park and PS confirms the findings
from previous studies (Lis et al., 2023; Zhao & Huang, 2021) which establish that more light leads to higher
visibility and enhanced surveillance, ultimately increasing PS.
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Figure 5. Pearson correlation between CPTED variables and PS

A positive correlation of the overall level of maintenance in the park with PS confirms the findings from
previous studies (Mak & Jim, 2022), which concluded that the higher the level of maintenance, the higher the
PS. The study also found a positive correlation of the overall level of maintenance in the park surrounding and
PS. The results imply that users reported higher PS if the overall maintenance within the park and surroundings
was good. However, the study also tests the maintenance of park facilities, vegetation, and other physical
incivilities.

Six new variables are added under maintenance through park facilities. The damaged swing facilities can
also affect the perception of maintenance, influencing PS. The use of animal-shaped dustbins in the park is
also tested under maintenance. Providing soft music along the park pathway and its functioning may help users
navigate even without adequate lighting. As evaluated by Polko and Kimic, (2022), perceptions of the depth
of water bodies are also tested. A positive correlation between maintenance of swings and gym machines,
benches, toilets, signage, artificial light, water body depth in the park is found for the variables under
maintenance through park facilities. However, no significant correlation exists between the presence of graffiti
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and the number of dustbins with PS. The results indicate that the higher the maintenance of swings, gym
machines, benches, toilets, signage, and artificial light, the higher the PS. However, according to the results,
as the park users perceive the water body to be deeper in the park, they feel safer. Apparently, the result
contradicts the finding from the study by Zhao and Huang, (2021), which states that shallow and still water
instead of deep and running one indicates a safer landscape. However, most parks have only fountains with a
reported mean value of 1.793, which justifies higher PS for shallow fountains within the park. Moreover, a
negative significant value for the soft music provision and playing in the park states that users felt safe in the
parks where the soft music is provided and played.

Three new variables are added under maintenance through landscape elements. As evaluated by Polko and
Kimic, (2022), the condition or maintenance of water bodies are tested. The amount of shadows due to
vegetation cover and lighting creating light and dark patches can reflect the maintenance level of vegetation.
Among the variables under maintenance through landscape elements, the correlation between the maintenance
of vegetation in the park and surrounding areas and the water body in the park and surrounding with PS is
significant. Studies have already shown that a higher level of vegetation maintenance in the park is related to
higher PS (Zhao & Huang, 2021). This study also found that the higher the level of the maintenance of
vegetation in the park surrounding, the higher the PS. Similarly, higher levels of maintenance of water bodies
in the park and surrounding areas are related to higher levels of PS. However, no significant correlations exist
between the quality of the surface finish and the amount of shadows in the park and users’ PS.

Four new variables are tested under maintenance through physical incivility. The presence of bad odour,
noise due to swings, and randomly lying water irrigation pipes can also affect the perception of maintenance,
influencing PS. The presence of animal sculptures in the park is also tested. A significant positive correlation
between the presence of unusual and undesirable wastes and the presence of bad odour in the park and a
significant negative correlation between the level of noise in the park and PS are documented. Unlike the study
by Ceccato and Nalla, (2020), where the presence of garbage did not bother the park users, this study confirms
the results from the previous work by Maruthaveeran et al., (2018), where the presence of garbage is related
to low PS. Further, the presence of bad odour in the park decreasing the user's PS is also supported by the
previous work by Mak and Jim, (2022). Moreover, the relationship between higher levels of noise in the park
and decreased PS also supports the results from previous work done by Mak and Jim, (2022).

A positive correlation between the design of surrounding roads and PS states that if the users agree that the
surrounding roads are designed nicely, they report high on PS. Similarly, a positive correlation between clarity
of entrance design and PS shows that when the users agree that the design of the entrance space/s is clear, they
report high PS. However, unlike the study by Mak and Jim, (2018), which shows insufficient park gates induce
fearful feelings among park users, this study found no significant correlation between the number of open and
closed park gates and PS. The possible explanation for the difference in the results from this study and the one
done by Mak and Jim, (2018) can be attributed to the varying park sizes. Mak and Jim, (2018) focused on
medium and large sized parks, whereas this study analysed neighbourhood parks. It is possible that the number
of open and closed park gates in small parks does not affect the PS of park users.

Both the variables under target hardening, namely the security of the boundary wall and the number of
guard huts, had significant positive correlations with PS. The result shows that when the users agreed that the
park boundary was highly secured, they reported experiencing high PS. Moreover, wherever the number of
guard huts increased, users felt safer in the park. In other words, beyond physical means, target hardening also
aims to increase the perceived effort and risk of committing a crime by possible offenders. Hence, even the
presence of a guard hut in a park can give the perception of the presence of security personnel, thereby
increasing PS of users.

The variables under activity support, namely social incivility in the park and surrounding areas, had a
significant positive correlation with PS. If the users did not find any beggars, smokers, suspected thieves, etc.,
present in the park and surrounding areas the PS would be higher. The results confirm the findings from the
previous studies (Mak & Jim, 2022), which related the presence of illegitimate users to unsafe feelings in
parks.
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3.4. Relative Importance of CPTED Variables

A feature importance test is conducted using the random forest classification algorithm. The test employed
the Gini impurity index to measure the importance of each feature. The Gini impurity index calculates the total
impurity reduction achieved by splitting the data based on a particular feature. Figure 6 presents the test results.
Figure 6 should be read side by side with Figure 3 to refer to the full forms of the abbreviations used for the
studied CPTED variables. The Feature Importance Score (FIS) in random forest models is typically
normalised, with the total sum of all FISs equal to 1. A higher FIS indicates greater importance for that specific
feature. Therefore, features with a higher FIS are considered more important compared to features with lower
FISs. The test results indicated that maintenance had the highest FIS of 0.439, followed closely by surveillance
with a score of 0.352. Territoriality (0.077), access control (0.065), target hardening (0.043), and activity

support (0.024) had relatively lower FIS.
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Figure 6. Feature importance of the studied CPTED variables towards predicting PS.

The results from the correlation between CPTED variables and PS (Figure 5) and the FIS of the studied
CPTED variables towards predicting PS (Figure 6) are analysed together to get insights into the most effective
park design and management strategies that can increase PS of users. Surveillance and maintenance are
identified as the most effective CPTED parameters. Furthermore, surveillance through park design and
landscaping elements and maintenance of park facilities and landscaping elements are more important CPTED
indicators that can contribute to elevating PS among park users. Surveillance through park design indicators
reveals users’ preference for parks located in quiet and sparsely populated areas. Surveillance through
landscape elements shows park users experienced higher levels of PS with medium vegetation density in the
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park. The results clearly direct towards interventions that reduce the possibility of park users being seen from
its surroundings, while increasing the possibility of users seeing around from the park to its surroundings.
Maintenance of park facilities such as swings, benches, toilets, signage, artificial light, and the provision of
soft music are important concerning park users’ PS. Moreover, both, maintenance of vegetation and water
bodies in the park and its surroundings are important to increase the PS of users.

4.0 CONCLUSIONS

Fear of crime can deter people from using parks, negatively impacting their social lives. Previous studies
have established that FC and levels of crime are independent of each other. Furthermore, to compare the results
from similar past works, studies demand evaluating specific crime types. Hence, this study investigates the
physical environmental variables of urban parks influencing PS (for theft, robbery, etc. crimes) under FC using
a CPTED classification.

The results from the study can inform park design and management professionals to adopt strategies that
can reduce fear and increase perceptions of security. Specifically, the physical environmental variables related
to PS and contributing the most to the CPTED classification should be addressed in Trichy parks. This study
when compared with others, can also provide insights into how different communities perceive and experience
fear of crime in parks, helping park managers and community leaders engage with residents to address concerns
and build trust. Furthermore, research can guide decisions about resource allocation and policing strategies,
ensuring that resources are deployed effectively to address areas of highest concern. Addressing fear of crime
in parks is crucial for promoting social equity and access, as certain groups may be disproportionately affected,
limiting their access to park amenities. Ultimately, findings from these studies contribute to long-term planning
and policy decisions related to urban green space development, community safety initiatives, and public health
strategies, helping to create safer, more inclusive, and more widely used parks.

The study has a few limitations. First, there is no standard definition of FC. Because there is no definition,
guestions to measure FC are different according to surveys, which is an inherent limitation to measuring FC.
Second, the survey happened in one month; hence, the possible effect of weather conditions on FC is not
explored. Third, the number of users during the survey was calculated only in a 30-minute time interval. And
fourth, the overlapping CPTED principles make the interpretation of results critical. For example, the height
of the boundary wall controlling surveillance is also territorial, access control, and a target hardening feature.

Since India provides a variety in cultural and social life, similar studies should be conducted in different
parts of the country. The influence of surrounding physical environmental variables in parks on the PS of users
within the park should also be explored in detail in future works. Furthermore, future studies of FC in park
settings should also consider the variables under second and third generation CPTED.
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