
ORIGINAL RESEARCH

Crime and safety in transit environments: a systematic
review of the English and the French literature, 1970–2020

Vania Ceccato1 · Nathan Gaudelet2 · Gabin Graf2

Accepted: 18 January 2021 / Published online: 31 January 2022
© The Author(s) 2022

Abstract
This article reviews five decades of English and French literature on transit safety in

several major databases, with the focus on Scopus and ScienceDirect. The review

explores the nature and frequency of transit crime and passengers’ safety percep-

tions in transport nodes and along the trip using bibliometric analysis and a sys-

tematic review of the literature. The number of retrieved documents was 3137, and

245 were selected for in-depth analysis. Transit safety as a research area took off

after the mid-1990s and peaked after the 2010s. The body of research is dominated

by the English-language literature (mostly large cities), with a focus on the safety of

rail-bound environments and examples of interventions to improve actual and

perceived safety for public transportation (PT) users. Highlighting the importance of

transit environments along the whole trip, the article also helps advocate for more

inclusion of passengers’ safety needs and the involvement of multiple stakeholders

in implementing PT policies.
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1 Introduction

When we use public transportation (PT), we spend a part of our travel time waiting

at transport nodes (train stations or bus stops) or walking on our way to them. If we

feel at risk of crime or feel anxious about something unpleasant happening while in

transit, there is a risk we may start avoiding PT and start looking for other travel

alternatives. Therefore, feeling safe in transit environments is a fundamental need of

all travelers and a guarantee for a sustainable city (UN-Habitat 2019).

How safe are we while in transit? Our understanding of the conditions that affect

safety is growing, but the international literature lacks an updated systematic review

of the research evidence. One of the first reviews in this area was carried out by

Smith and Clarke (2000), followed later by Smith and Cornish (2006), then in the

mid-2010s by Newton (2014), and more recently with a specific focus on gender

issues by Ding et al. (2020). None of these were systematic reviews (Higgins and

Green 2011), nor did they incorporate studies devoted to safety interventions. They

also reflect scholarly material published in English only, and none performed a

bibliometric analysis. We argue for the need of a systematic review of the literature

on transit crime and safety. Therefore, in this article we collect and systematize

scholarly knowledge on the topic covering five decades of studies, written in

English primarily but extending also to the French literature as a benchmark.

Although this is not the first literature review on transit safety in English or in

French (e.g., Bradet and Normandeau 1987; Crossonneau 2003; Noble 2015a, b),

this article is the first that covers studies dealing with transit crime (various types) as

well as safety perceptions of transit environments, providing:

1. A special focus on studies that deal with the transit environment (stations and

bus stops as well as the last-mile mobility and/or safety door-to-door, the so-

called “whole journey perspective”). We still can agree with Smith and Clarke

(2000) who suggest there is a lack of understanding of “how the conditions

favoring crime on public transport arise and why they persist. We have limited

knowledge of the mix of forces and constraints—political, geographical,

economic, engineering, and others—which have combined to shape and form

modern public transport.”

2. Extra attention to studies devoted to safety according to “users’ perspectives”

and safety needs. The temporal dimension of these studies is also an interesting

feature that has been highlighted in this review but was not pointed out in

previous reviews.

3. Lessons from different research traditions, from English and French, with as

many perspectives on the topic as possible. The French literature has been

chosen because of the long tradition of research on public transportation and

also because French is the fifth most common world language, spoken on nearly

every continent, providing therefore a good international overview of this field

of research.
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1.1 Definitions and delimitation

Transit safety is about safety conditions experienced and perceived by public

transportation (PT) users along their trip. This may involve PT travelers’ risk of

being victimized by crime or feeling unsafe at a particular place (e.g. a station) or in

a combination of environments, situations and contexts. For example, Smith and

Clarke (2000) indicate that crime can occur when a PT traveler is walking from

home to a bus stop, or it may occur from or between transportation nodes; it is when

the traveler is exposed to environments that are more or less criminogenic.

Similarly, safety perceptions may vary along and within these environments. When

the PT traveler is waiting for transportation or is on the move between different

sections of stations (e.g. on the metro station platform or walking from the ticket

area to the platform). Third, when the PT traveler is on board a mode of transport

(see e.g. Newton 2004).

Transit crime includes offenses and/or safety-disturbing behaviors against PT

users, personnel, and property. Moreover, crime targets vary and can include the

system itself (e.g. vandalism and fare evasion), employees (e.g. assaults on ticket

collectors or guards), and PT users (e.g. pickpocketing or assault). These offences

and/or safety-disturbing behaviors may not in a strict sense be a “crime” but they

affect PT users’ safety perceptions, such as shouting or what Moore (2011) calls

“low-level behavior,” ranging from groups of young people behaving boisterously

to people talking loudly on mobile phones on trains or buses.

Safety perceptions is used here as an umbrella term for fear of crime and other

anxieties that are expressed by PT users along the trip and can vary over time. How

individuals perceive transit environments depends on their individual characteristics

(age, gender, previous victimization) and the features and contexts of these transit

environments (transport mode, type of transport node—bus stop or station—and

quality of the environments they spend time in, from their home to a transport

node).

For the purposes of this article, we adopted the term public transportation (PT) to
capture what North American readers may think of as “public transit,” “mass

transit,” “rapid transit,” or just “public transport” systems. Note that we use the

terms “PT users,” “PT travelers,” “PT riders,” and “PT passengers” interchange-

ably. As suggested by Newton (2014), there is no clear consensus of a definition of

public transport. PT refers here to “a system used by the public, often a means of

transporting passengers in mass numbers, generally a for-hire system that occurs

across a fixed route or line,” consisting of a range of transport modes, including rail-

bound (railroads, light rail, metro/subway/underground railway, high-speed rail, and

intercity rail), buses, trolleybuses, and trams. We limit this literature review to PT

only, excluding taxis and Uber services that may be connected to PT. We exclude

also studies devoted to events of accidents and suicides and focus instead on crime

and safety perceptions only. This perspective includes studies focused on safety

during the trip on buses and rail-bound modes, at transport nodes, such as bus stops

and stations, and/or on the way to them.
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1.2 Research questions

The study is based on materials from an open search from several databases

(Scopus, ScienceDirect, Google scholar) which were later split into two parts (a

bibliometric analysis and an in-depth analysis of materials both in English and

French from 1970). We used the software VOSviewer (https://www.vosviewer.com)

to organize and visualize the vast material spanning five decades. This literature

review aims to respond to the following questions:

1. When and where have most studies on transit safety been published?

2. Which are the main research domains in transit safety?

3. What are the most common characteristics of transit research in English and

French?

4. What is the nature and extent of crime in transit environments?

5. How do temporal, environmental, and other contextual factors influence transit

safety?

6. How do the physical and social characteristics of transit environments affect

safety perceptions of PT travelers?

7. How does safety vary by different types of PT users?

8. How does technology affect safety in transit environments?

9. Which are the safety interventions used to tackle safety problems in transit

environments?

10. Which are the recommendations for future research and practice?

This study is composed of six parts. First, we briefly present the methodology,

then we report the results by answering the above questions. In the final section, we

identify gaps in the literature and suggest a research agenda as well as policy

implications of the current knowledge.

2 Methodology

We used two complementary methods: (1) one was the systematic review using

Scopus, Science Direct and Google Scholar database (in French) and (2) the other

was a list of publication from the Transit crime network.

1. We conducted a comprehensive search for academic publications (focus was on

articles but a bit over 30% were other relevant publications, such as reports and

conference papers). We used a variety of bibliographic databases, Scopus and

ScienceDirect in particular because they are reliable sources of internationally

published research in English language (note that duplets were excluded). In

French, because the literature in this area is composed of a mixture of articles

and reports distributed in different databases, we used Google Scholar as a

search engine to capture multiple sources (Cairn.info, Erudit, Persée, Hal, etc.).

A list of keywords used during this process is shown in “Appendix” Table 3.

2. In addition, the literature review used a pre-selected list publication from transit

safety researchers provided by a user list Transit crime network (https://maillist.
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sys.kth.se/mailman/listinfo/abe.kth.se_tcr-network). This sample of references

is a convenient sample based on the contributions of experts that actively

participate in a forum that discusses transit safety. Although the decision of

including the literature in a specialized research forum such as this user list

might have created a bias in the sample since many members were experts in the

area, we believe that the benefits outweigh the problems. Eventually, we

included a few articles by hand during the finalizing process to include newly

published articles, resulting in 3137 publications (Fig. 1).

From these 3137 publications, 245 were selected (Fig. 1), first eliminating

duplicates and later excluding those that were not relevant. We adopted the

systematic review protocol of type PRISMA-P 2015 (Moher et al. 2015) to support

inclusion based on five criteria of importance:

1. Studies aiming at explaining the link between the transit environment, the

perceived safety of riders, and the actual crime occurrences in PT. By “transit

environment” we mean the design (e.g. size and layout of platform, lighting,

visibility), the technology (e.g. CCTV, apps, RTI), the users (flow, crowded-

ness), the personnel (e.g. patrols), and the immediate context of the PT node

(safety door-to-door).

2. Studies should preferably show temporal patterns of crime and users’ safety

perceptions (hours, days, and seasons).

3. Studies that distinguish safety perception and victimization in transit by

individual and socio-demographic characteristics, in particular by gender but

also by age, ethnic background, disabilities, and socio-economic status. Studies

that analyze fear of crime in transit from the user’s perspective.

4. Studies with a focus on crime prevention initiatives. Studies that show

qualitative and quantitative evaluation of the impacts of programs or

environmental changes that tackle crime and/or perceived safety and/or crime

rates in PT.

5. Studies that provide perspectives on the topic that are as varied as possible, in

different contexts. We cover therefore publications from 1970 to 2020, in

English and in French. Because there is less material in French and a large part

consists of reports resulting from surveys (often having a looser structure

compared to English-language journal articles). We made the criteria 1–4 more

flexible. For instance, we accepted reports from the French Ministry of

Transport that were relevant to the topic (e.g. Barjonet et al. 2011).

2.1 Bibliometric analysis

The bibliometric analysis included all English-language articles obtained through

the user list and in the data collection process in *.ris (Scopus, Sciencedirect and the

TCR network; the French publications were too few to produce meaningful

visualization on their own). We used VOSviewer version 1.6.12 (https://www.

vosviewer.com) to create bibliometric maps based on the terms cited in the titles of

each article and to group the terms in clusters according to their linkages. With these
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Fig. 1 The methodological steps to perform the literature search based on five criteria of selection
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clusters, we were able to visualize several topics. The co-occurrence analysis was

performed using the terms in titles adopting the full counting method. For VOS-

viewer mapping of most frequent terms in titles, a minimum occurrence of two was

used as a cutoff point for inclusion of the terms in mapping analysis. From a total of

675 terms, only 106 met the threshold of the minimum number of two occurrences/

repetitions. This criterion of a minimum of two repetitions was selected to avoid

terms without links or with weak links to the topic and at the same time to ensure the

coverage of the terms and representativeness of the articles. The final selection

resulted in 62 items out of the 106 keywords. We did not apply any filter based on

the software “score relevance.” Instead, we selected the relevant terms ourselves to

fit our subject. The map of words was created using a minimum cluster size of 10 to

maximize the readability of the map; the rest of the parameters were the default

ones. Output files from the database were used to produce informative network

maps by topic and a heat map showing the frequency of keywords indicating

potential research domains. An example of each is discussed in the section

“Findings.”

2.2 In-depth analysis

The bibliometric analysis supports the selection of “research domains” that are

discussed in detail. The in-depth analysis was guided by our research questions,

namely our interest in knowing about studies on the nature and extent of crime in

transit environments, the temporal, spatial, and other factors influencing these

crimes, and the potential impact of physical and social environments on safety

perceptions of travelers. We also investigated using the literature review to

determine whether and how safety perceptions vary by different types of users as

well as how technology affects safety in transit environments. In addition, we

collected literature about safety door-to-door as well as the types of strategies and

interventions that are used to reduce crimes and improve perceived safety in transit

environments. From the initial 245, about two thirds are discussed in detail in a set

of tables and appendices referenced in the next section.

3 Findings

3.1 Bibliometric analysis

3.1.1 Number and types of retrieved documents

From 245 eligible publications that constitute the base for the analysis, 70% are

articles and the remainder are reports, chapters, and conference papers; 77% are in

English, and 23% in French. Figure 2a shows the annual share of total publications

on transit safety (N=245). The same is shown in Fig. 2b but divided by language.
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3.1.2 Evolution of the field over time

The earliest publication within the defined time period was written by the National

Technical Information Service (SRI - Stanford Research Institute 1970). This study

discussed the nature and causes of robbery and assault of bus drivers and suggested

solutions. One of the most recent articles was published by Jun et al. (2020) and was

devoted to the gap between users’ needs and the practitioners’ prioritization of

accessibility features. A focus on users’ perspectives on safety, particularly on

women’s safety, became more common in the last decade. From 1970 to 2010, the

number of publications grew slowly, but note that 56% of publications (131) came

out in the last 10 years, 37% of the total in the last 5 years (86 publications). The

maximum number of publications was recorded in 2017. In addition, 24 papers were

published in 2017, and a double special issue in “Crime Prevention and Community

Safety” on this theme contributed to almost half of these publications.

The literature is dominated by the English literature. While publications in

English are characterized by academic articles published in peer-reviewed journals,

the French publications are often reports directed at security professionals,

organizations, and practitioners. Therefore, it is no surprise that the French

documents follow a looser structure than the English publications do. The target of

publications in French is mostly the transit system in France (38 publications), while

four reports focus on Canada (Montréal only) and two focus on Belgium. The

remainder is about different transit systems in cities around the world.

In terms of content, there are differences between the English and French

literature. While the English-language literature has focused more on the causalities

between transit environments and crime, the French literature has a more

sociological/psychological nature, focusing on travelers’ surveys and users’

behaviors and perspectives on safety (e.g. Barjonet et al. 2010; Noble 2015a, b;

Wilow 2015; Vanier and D’arbois 2018a). Examples of the French literature include

the seminal work of Bradet and Normandeau (1987) and one of the latest by Noble

and Fussy (2020) on feelings of insecurity in public transit. A few deal with issues

of safety and governance, including the interplay between public and private sectors

(Malochet 2015; Castagnino 2016; Hamelin 2010; Bonnet 2008,2006). Reports

Fig. 2 Annual share of total publications on transit safety, 1970–2020 in percentage, a Total and b by
language. Source: Selection from Scopus, ScienceDirect, Google Scholar, TCR users list (in percentage).
Up to June 2020 only
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written in French are mostly about safety perceptions, with a strong focus on sexual

crimes and sexual harassment in PT (e.g. d’Arbois de Jubainville and Vanier 2017;

HCEEFH 2015; Debrincat et al. 2016; Colard 2018; Alessandrin et al. 2016).

3.1.3 Most active countries

Most publications are based on examples from the United States (Table 1), with

nearly twice as many as in France, followed by the United Kingdom, Sweden, and

Canada. However, the United Kingdom is in second position if we exclude reports

and count the number of published articles only. More recently, the literature has

been expanded by contributions from Latin America (Brazil, Colombia, Mexico),

Australia, India, Norway, Malaysia, Japan, and Hong Kong, with more than three

publications each (e.g. Shibata et al. 2014; Javier and Ceccato 2020; Otu and

Agugua 2020; Chowdhury and van Wee 2020; Fillone and Mateo-Babiano 2018).

3.1.4 Publications by type of geographical area

Public transit systems such as metro, commuting trains, and bus lines in global and

capital cities are often the focus of transit safety studies (44% of all publications).

Cities such as New York, London, Paris, Tokyo, Los Angeles, Sao Paulo, New

Delhi, and Santiago belong to this group. Next, studies that are devoted to an entire

country, such as the United Kingdom, United States, France, and Sweden, account

for 28% of the publications, followed by transportation systems in cities, such as

Liverpool, Lucknow, Manchester, Lyon, and Milan. Thus, 6% of the papers focus

on other areas and 10% do not specify the location of their study.

Table 1 Top ten most active countries publishing in transit safety

Countries Number of publications

USA 71

Francea 45

UKb 26

Sweden 13

Canada 10

Brazil 9

Australia 7

India 6

Norway, Malaysia, Japan, Hong Kong, Colombia 4

Mexico 3

Others (less than 2) 51

Total 245

aFrance takes the second position because reports and other publications written in French were included
bThe UK takes the second position if we exclude reports and count the number of published articles only
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3.1.5 Visualization of author keywords

The visualization map of author keywords from the English literature shows that

“crime,” “safety,” “public transport,” “environment,” “fear,” and “transit” were the

most frequently encountered keywords (Fig. 3a). These maps show how keywords

in the papers’ titles are linked to each other and their occurrences in our sample. The

maps are divided into four clusters, which show families of terms based on their co-

occurrences in titles. In the density visualization (Fig. 3b) the strength of each

keyword is shown in different shades. The words “crime” and “public transport” are

linked to many other keywords and have many occurrences.

Note that “crime,” “public transport,” “environment,” “fear,” “safety,” “crime

prevention,” “bus,” and “women/woman” are recurrent terms in these publications;

in particular, the word “crime” constitutes the major hotspot. The keywords

“women/woman” signal a growing literature on sexual transit crime, a safety

problem that is largely underreported (e.g. Ding et al. 2020; Solymosi and Newton

2018; Newton et al. 2020; Priya Uteng et al. 2019; Chowdhury and van Wee 2020;

Jun et al. 2020; Whitzman et al. 2020; Dunckel-Graglia 2013, 2016; Natarajan

2016; Moreira and Ceccato 2020). These keywords in the titles are also represented

when the network visualization map is created for the selected English publications

(N=188), centered on the words “crime” (Fig. 3c) and “public transport” (Fig. 3d).

Fig. 3 a Network visualization map of words contained in the titles of the English publications, b Density
visualization map and c Network visualization map for the English selected publications (N = 188),
centered in the words “crime” (c) and “public transport” (d)
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In the next section, we discuss the interconnections between these terms as research

domains.

3.1.6 The nature of studies in transit environments

Based on a title search of 245 articles, we found that 81 (33%) publications were

about crime, 29 (12%) were about fear and/or safety perceptions, 129 (53%) both

crime and safety perceptions, 6 on other topics (2%).

Among those articles that were devoted to the analysis of crime, 70% focused on

violence, 18% on property crimes with aggravated violence, such as robberies, 2%

on property crimes only, and 10% on vandalism and other types of crime.

Vandalism is often associated with the analysis of other crimes (either violent or

property crimes), rarely studied by itself. Studies that are devoted to violent crimes,

assaults of all types, such as fights and attacks, are common, followed by gendered

and sexual crimes and terrorism, which are a minority. With regards to transport

mode, as many as 76% (188) of the publications deal with rail-bound PT; of these,

about half relate to trains and the other half the metro. About 65% are related to

buses, while 8% (22) of these focus on other types of transportation, such as ride-

hailing services “Tourist Vehicle with Driver” (Weber 2019) or Vikram transports

in India (Tripathi et al. 2017). In other words, many publications deal with both

buses and rail-bound modes.

3.1.7 The types of methods

Quantitative analyses (descriptive or confirmatory statistical analyses) are used in

63% (155) of all 245 publications, 19% (47) are qualitative publications, and 18%

(43) used mixed methods. Among the quantitative analyses, the majority used

descriptive statistics, such as frequency analysis of crimes and/or perceived safety,

cross-tables, and different types of regression models. These publications are often

in English and intend to assess the impact of traveling conditions of one or more

aspects of the environment on crime and/or safety. As many as 17% (33) of these

quantitative publications use regression models. Among them, half (17) were

classical multivariate linear regressions and half (15) were logistic regressions (nine

binomial, three multinomial, and three ordinal). Publications using Geographic

Information Systems (GIS) and interstitial analyses have appeared at the end of the

twentieth century and represent 12% (25 out of 198) of quantitative papers. None of

them are from the French literature. These methods are useful to study certain

aspects of transit safety and crime, such as socio-economic characteristics (e.g.

Buckley 1996; Sung-suk 2009) and transit surroundings (e.g. Liggett et al. 2001;

Newton et al. 2014b). Out of 47 qualitative publications, half were in French. These

findings show the dominance of qualitative analyses in the French literature, while

the English publications are denominated by more quantitative approaches.

Exceptions are publications in French from Canada that follow an Anglo-Saxon

tradition of taking a more quantitative approach to analyze transit safety

(Grandmaison and Tremblay 1997; Ouimet and Tremblay 2001; Browne 2010).
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The studies based on mixed methods are varied in nature and often aim at producing

results relevant for practice; see for instance Newton et al. (2004).

3.2 In-depth analysis by research domains

3.2.1 The temporal patterns of crime and perceived safety

The flow of passengers both at peak and off-peak times create the necessary

conditions for crime, namely the presence of a possible motivated offender, a

desirable target, and a lack of people ready to intervene if anything happens (Cohen

and Felson 1979). This temporal dimension has been recognized by the international

literature as key to understanding safety conditions in transit environments. Of the

total publications, 22% investigate one or several dimensions of the temporal

variations of crime and/or safety perceptions in transit environments. Nearly all

publications refer to hourly patterns of crime and/or perceived safety, often

differences between peak and off-peak hours. These “time windows” are important

for transit safety conditions because crowded environments tend to attract certain

types of offenses, such as pickpocketing (Zahnow and Corcoran 2019; Ceccato et al.

2015), while empty stations or bus stops tend to promote crimes that demand

anonymity, such as robbery. “Appendix” Table 4 summarizes findings from these

studies split into different time windows.

Studies show that morning peak hours attract robberies (Block and Davis 1996;

Newton et al. 2014b), assaults, thefts, public disorder (Stringer 2007; Ceccato

2018), and sexual crimes (Ceccato and Paz 2017), while Smith (1986) finds fewer

crimes in the early morning hours. Research suggests that people feel unsafe during

morning rush hours, especially women (Mitra-Sarkar and Partheeban 2011), which

is when sexual crimes can take place (Ceccato et al. 2011, 2017). As exemplified by

Vanier and D’arbois (2018b), seven articles deal with peak hours in the mornings, a

time that is both “anxiety-inducing” and criminogenic. However, almost half of the

papers focusing on the nighttime describe it as the time of day when most people

feel the least safe, especially women (e.g. Austin 1984; d’Arbois de Jubainville and

Vanier 2017). This feeling is stronger when travelers have to wait for transportation

(Chowdhury and van Wee 2020; Mahmoud and Currie 2010), or when the location

is associated with a particular land use, such as being near nightclubs (Gosselin

2012). Fear may reflect the risk of different crimes. For instance, violent crimes are

said to be prevalent after rush hour, after 6:00 pm (Moreira and Ceccato 2020;

Newton 2014), while robberies seem to occur more often late at night than in the

early evening (Block and Davis 1996; Chaiken et al. 1974; Clarke et al. 1996).

Among the publications that deal with the temporal dimension of crime or

perceived safety in transit environments, 43% made a distinction between crime

occurring on weekdays or on weekends. Seven of these (30%) suggest that more

crimes occur on weekends (e.g. Ceccato et al. 2011,2017). The end of the week

(Thursday to Saturday) witnesses increases in robbery (Newton 2018a). Finally, one

article (Smith 1986) suggests that maybe there are fewer crimes during weekends in

absolute numbers but, after the author compares the number of crimes with the

number of travelers, crime rates are actually higher. In addition, despite the fact that
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Monday is posited as a low-crime day (TCRP 2001; Capasso da Silva and

Rodrigues da Silva 2020), 22% of the publications suggest that most crimes

happened on a weekday, especially on Wednesday (e.g. Chaiken et al. 1974; Le

Grâet and Vanier 2016). There are indications that lack of surveillance and fewer

patrols affect crime during weekends (Ouimet and Tremblay 2001). Also, trains are

less frequent on weekends, the density of passengers decreases and waiting times

increase, affecting safety perceptions (Yavuz and Welch 2010; Mahmoud and

Currie 2010). Weekends tend to be perceived as unsafe, especially by women

(Vanier and d’Arbois 2017). “Appendix” Table 4 summarizes the remaining time

windows.

3.2.2 The influence of environment on transit safety

According to Smith and Clarke (2000) “crimes cannot be properly explained, nor

effectively prevented, without a thorough understanding of the environments in

which they occur. Nowhere is this more apparent than in urban public transport.”

(page 169). Transit environments can be planned in a way that reduces the

possibility of crime occurring, by stimulating surveillance, fostering territoriality,

and reducing areas of conflict by controlling access and improving overall perceived

safety. These principles are based on what is called Crime Prevention Through

Environmental Design (CPTED) and on situational crime prevention theory (Clarke

1983) that, among other things, seek to enhance natural surveillance through

planning and modifying the environment. CPTED asserts “that the physical

environment can encourage or discourage opportunities for crime by its very design

and management” (Cozens et al., 2003a, b, c). Research shows that crime and safety

in transit environments depend on the physical and social environmental attributes

at the transport node, either bus stops or train/subway stations, the characteristics of

the immediate environment and neighborhood, and the relative position of both the

station and neighborhood in the city (Loukaitou-Sideris et al. 2001; Ceccato 2013).

Yet, how do the physical and the social characteristics of transit environments affect

safety perceptions of PT travelers? Below we discuss the importance of the quality

of transit environments, in particular, design, layout, obstacles and hiding spots that

affect visibility and surveillance; maintenance and lighting conditions, CCTV

cameras; the presence and flow of passengers over time, specially crowdedness, and

the quality of immediate areas.

3.2.2.1 Visibility, obstacles and hiding spots Elements of the station, such as

elevators, pillars or facilities should not hinder visibility for PT users. Instead,

elevators with large glass side panels should be endorsed (La Vigne 1996).

Similarly, columns no wider than necessary, glassed internal walls and ticketing in

one central location in the station (Felson et al. 1996) should be encouraged. In an

underground station with long corridors, often with sharp corners and restricted

sight lines, a solution is the establishment of corner convex mirrors that increase

visibility and natural surveillance (Crime-Concern 2004; Felson et al. 1996).

Moreover, it is important to ensure visibility from any point in a station (Umaña-
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Barrios and Gil 2017; Mohamed and Stanek 2020); high-domed and/or white

ceilings in the station are encouraged (e.g.: Felson et al. 1996; Sham et al. 2013) as

is avoiding spiral ramps (Atkins 1990). Moreover, the design of bus stops is

important. Transparent bus shelters are recommended by seven articles (27%)

focusing on buses and bus stops. They insist on the avoidance of enclosed brick

shelters; indeed, the lack of visibility is an opportunity for offenders to commit

crimes (Noble 2015a; Sham et al. 2013). Moreover, curved shelter structures can be

a solution that gives the feeling of an open and secure space for users (Diec et al.

2010). Finally, bus stops should be located in front of a place that provides natural

visibility (Liggett et al. 2001). Regarding the interior of the buses, large, transparent

windows are encouraged, while dark-tinted windows reduce visibility from the

outside during daylight and should be avoided (Levine and Wachs 1985). Thus, the

same article suggests that seats in the back could be arranged in a circular pattern to

allow better visibility between passengers and to cut down on pickpockets. Overall,

the internal design of the bus should maximize clear sight lines and visibility for

both driver and passengers (Sham et al. 2013).

The external and internal design of the stations are essential elements that can promote

visibility and opportunities for surveillance. Uittenbogaard (2015) suggests that visibility
as the possibilities (promoted by the environment) a person has for observing others or

situations while surveillance, in contrast, relates to the possibilities for others to observe a
person, an object or a place. It can also be carried out by CCTV cameras or involving a

diverse array of agents in a train station, for example: from police, security guards, safety

hosts to drivers, shop owners, passengers and residents. More recently, with the wide use

of cameras inmobile phones, ‘surveillance’ (‘eye-in-the-sky’watching fromabove) gives

room to the process of ‘sousveillance’ which denotes bringing the camera or other means

of observation down to a human level (Ceccato 2019).

Impaired visibility is clearly associated with fear of crime (e.g.: Cozens et al.

2003b,2004; Ceccato and Paz 2017). Having control of where others are, the capacity to

see and be seen by others, increases the confidence of travelers (Umaña-Barrios and Gil

2017). When passengers feel isolated, they feel themselves becoming an easy target for

criminals (Noble 2015b; Buckley 1996). Research shows that underpass platforms are

often related to higher rates of disorder and crime (e.g. Ceccato 2013a; Loukaitou-

Sideris et al. 2002). However, the literature shows unexpected findings when vandalism

is often associated with increased visibility, perhaps because it reflects the size of

passenger flows (Ceccato and Uittenbogaard 2013). Ten articles (45%) raise the

question of visibility inside stations. These focus on the importance of a wide-open

design, which straightening sight lines provides, and avoiding obscured areas, corners,

hiding spots, and enclosed spaces (e.g. CEMT 2003; Ceccato et al. 2011). In addition,

plants should not become obstacles and impede the field of view (Mohamed and Stanek

2020; Crime-Concern 2004; Diec et al. 2010).

3.2.2.2 Management and maintenance Mechanisms linking poor management

and maintenance of transit environments to crime and poor safety perceptions have

long been associated with Wilson and Kelling’s broken window syndrome (Wilson

and Kelling 1982), which suggests that unrepaired damage to property encourages
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further vandalism and other types of crime. We argue that poor management and

maintenance of transit environments indicate other types of underlying problems

that can have a direct effect on safety perceptions and also lead to victimization (see

also Eck 2019). The effect of poor management and maintenance is well

documented in the international literature. It may reflect poor cleaning practices

in and around transit nodes (e.g. Liggett et al. 2001; Ceccato and Masci 2017;

Loukaitou-Sideris 2012) or poor lighting conditions, as further discussed below.

3.2.2.3 Lighting The effect of illumination (either artificial or sunlight) is

documented in the international literature on transit environments with 71

publications out of 245 publications: 60 in English and 11 in French. From 245

articles, 27 publications deal directly with the effect of illumination of bus stops

and/or stations. Out of these publications, 17% deal with the effect of illumination

on crime, 76% on perceived safety, and 7% on both. For example, according to La

Vigne (1996) suggested that stations well-lit and well-maintained contribute to the

overall feeling of safety among Metro users in Washington, DC. Overall, lighting

seems to have a reductive effect on crime: as many as 66% of publications that

focus on crime state that good illumination decreases crime, while 11% have found

that lighting can increase crime or fear in certain conditions (e.g. a Canadian study

shows that good lighting should extend from the bus stops to the adjacent streets so

that bus stops avoid the passengers to be exposed to the ‘fishbowl effect’ (Women’s

Centre/METRAC 1991). As many as 14% have found inconclusive results in the

sense that lighting can increase or decrease crime, and 9% found that illumination

shows no significant effect on crime. For a summary of these findings on safety

perceptions, see Appendix Table 5.

3.2.2.4 Crowdedness The literature lacks quantitative reference for what would be

a ‘crowded’ station (Appendix Table 6). Evidence shows that nearly empty transit

environments (e.g. platforms, stations, bus stops) increase certain types of crimes in

western countries, such as exhibitionism and sexual assaults (e.g. Beller et al. 1980;

Colard 2018; Mohamed and Stanek 2020), but also robberies (Clarke et al. 1996),

social disorder (Ceccato et al. 2011), and violent assaults (Noble 2015b). These

findings show that the absence of informal surveillance motivates offenders to

consider crime as an alternative. People are worried about empty transit places,

especially women (Vanier and d’Arbois 2017), perhaps because, as suggested by

Ball and Wesson (2017), unwanted sexual behavior is perceived to be more severe

in empty transit environments.

However, crowdedness also has an impact on transit safety. Some studies show

an increase in fights, insults, and pickpocketing in crowded transit environments

(Ceccato et al. 2015b; Noble 2015b). Pickpocketing in particular occurs at

overcrowded spots at which offenders can take advantage of a high density of

people who are close together (Loukaitou-Sideris et al. 2001; Ceccato et al. 2015).

Research shows that these conditions are affected by the transit environment, for

instance, Solymosi et al. (2015) refer to a pedestrian motion analysis that found that

in crowded environments safety problems occur due to bottlenecks, which are areas
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in which there is a significant capacity drop in pedestrian movement, such as a

narrow doorway in a corridor, when jamming occurs when the incoming flow

exceeds the capacity of the bottleneck. Other studies found a diminution of overall

crime under crowded circumstances (e.g. violence, and vandalism) or just

inconclusive results (Marteache et al. 2015; Ceccato et al. 2011).

In very crowded transit environments, sexual harassment and especially groping

are recurrent problems since they are observed in 54% (6) of the 11 selected

publications. Crowdedness in transit environments facilitates women’s sexual

harassment (Beller et al. 1980; Alessandrin et al. 2016; Colard 2018), and unwanted

sexual behavior appears to be more ambiguous for men (Ball and Wesson 2017).

Poor safety conditions in crowded places impact women’s behavior and force them

either to avoid crowded transportation (Mitra-Sarkar and Partheeban 2011) or to use

women-only carriages (Bachok et al. 2014; Horii and Burgess 2012; Dunckel-

Graglia 2013) in India, Malaysia, and Japan. In South America, Kash (2019) found

that even if women experience high stress in crowded transports, they have no

choice but to commute in them. However, Gaylord and Galljher (1991) found that

crowdedness decreases crime in the Hong Kong transit system.

3.2.3 The technology and safety in transit environments

From 245 articles, 18 (7%) directly deal with some aspect of transport technology

and how it has influenced safety. Only six publications are quantitative. Most

articles fall within the spectrum of Information Communication Technology (ICT),

access control systems, smartphone apps, emergency alarms, crime-resistant

materials, ITM machines, RTI, apps, and social media. As a target of crime,

mobile phones are said to be the first target by theft offender in transit environments

in the United Kingdom and the United States (Newton 2016, 2018a; Newton et al.

2014a; Gentry 2015). They may also facilitate certain types of transit crimes, such

as cyber-theft, thanks to Wi-Fi or cyber-harassment (Newton 2016). On the other

hand, technological innovations might decrease transit crime and enhance

perceptions of safety. For instance, researchers found that emergency alarms and

ICT are efficient in preventing and controlling crime (Debrincat et al. 2017; Shen

1997). The use of big data analysis in PT is a growing research area; for instance, a

recent study shows how passengers’ routine mobility patterns can be analyzed using

information from subway travel cards and how pickpocketing suspects can be

detected by matching abnormal cardholder trajectories and occurred crime locations

(Gu et al. 2019).

To prevent vandalism, the use of new resistant materials has been suggested by

previous research (La Vigne 1997; Shen 1997), while some access control systems

and exact fare transaction machines may decrease fare evasion to the detriment of

perceived safety (Weidner 1996; La Vigne 1997). More recent technologies such as

safety apps (McCarthy et al. 2016; Debrincat et al. 2017) and real-time information

(RTI) (Abenoza et al. 2018; Newton 2016) increase safety perceptions at transport

nodes. However, technologies used to prevent the occurrence of crime may not be

efficient everywhere in transit environments (Shen 1997; Swain 2015) and has to be

adapted to different types of users. For instance, Sochor (2012a) presents the use of
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ICT to enhance mobility in a case of a navigation system for visually impaired users

in Sweden [see also (Sochor 2012b)]. Modern analytical tools and visualization

software, such as Geographical Information Systems (GIS), free of charge software,

and virtual reality (VR) have the potential to improve communication when

implementing safety intervention, in particular between practitioners, researchers,

and/or PT users and to create a better basis for improving transit safety (Cozens and

Hillier 2002; Cozens et al. 2003a, c; Newton 2007; Smith et al. 2013; Ceccato et al.

2015). Finally, big data and social media provide useful data for the analysis of

passenger flow and safety (Marteache et al. 2015; Casas and Delmelle 2017;

Zahnow and Corcoran 2019). For more in-depth discussion of the effects of

technology on transit safety, see the next section.

3.2.3.1 CCTVs in transit environments and BWCs Closed-circuit television (CCTV)

is associated with a modest but significant decrease in crime, particularly property

crime, vehicle crime, and drug crime in public places in general (Piza et al. 2019).

We found 30 publications (12%) focusing on CCTV. Findings show conflicting

evidence. CCTVs can reduce the risk of violence in metro stations in Sao Paulo,

Brazil (Moreira and Ceccato 2020) and car crimes, such as breaking into cars in

parking lots in the United Kingdom (Tilley 1993; Webb and Laycock 1992). They

are also depicted as being efficient in increasing perceived safety in several studies

(Cozens et al. 2003b; Debrincat et al. 2017). On the other hand, CCTV impact on

crime reduction and/ perceived safety was not evident in transit systems in Sweden

or in the United States (e.g. Priks 2009; Shellow et al. 1974). The reason is most

likely that, most of the time, CCTV cameras are installed together with other

interventions, making it difficult to know which intervention influenced the outcome

(Tilley 1993). Other studies show no significant impact on safety, such as in Los

Angeles (Loukaitou-Sideris and Fink 2008), mostly when they are implemented

alone, with no other intervention (Ceccato 2013a; Newton and Bowers 2007).

Women are the most skeptical about CCTV (e.g. Vanier and D’arbois 2018a;

Yavuz and Welch 2010). Indeed, CCTV may be seen as an intrusion of privacy

(Ceccato 2013a) or even voyeurism (Smith and Clarke 2000). Yet, studies claim that

when they are visible, CCTV may enhance perceived safety (Ceccato 2013a; Riley

and Dean 1985). They claim that the preventive effect of a camera is greater if it is

positioned in a visible place (e.g. Mariotte et al. 2004; Burrows 1980). In addition,

publicity and communication around the installation of these devices may help users

to feel safer and may have discouraged potential criminals (e.g. Richards 1980;

Tilley 1993). People cannot feel safer if they do not know that the cameras exist

(Vanier and D’arbois 2018a). It is interesting to note that CCTV may have a greater

positive impact on older adults’ perceived safety than on other riders’ (Wallace et al.

1999).

The way CCTV is implemented is important. Grandmaison and Tremblay (1997)

suggest that to improve the effect of CCTV, the systems must be “credible”,

meaning that the products of the system must have good resolution, agents must be
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trained to use this tool, and specific objectives should be identified (Mariotte 2004).

If someone is monitoring the live feed, CCTV can be useful to find the criminals or

suspects, especially if the camera’s sight field is continuous, in a tight mesh

(Malochet and Le Goff 2013). In addition, the effectiveness of CCTV depends on

the situation (Riley and Dean 1985), for instance, on how much potential criminals

fear the system and see in it an increased risk of getting caught (Webb and Laycock

1992). Scholars have claimed that the effectiveness of CCTV as a deterrent of crime

has to do to some extent with its novelty in a station, even if the cameras are “fake”

(Burrows 1980). Cameras with face-recognition software might be used in the future

(Nourani et al. 2020) to the detriment of personal privacy.

Another technological development is the use of Body Worn Cameras (BWC).

These systems seem to generate fewer use-of-force reports and complaints from

citizens, yet there is little research as yet in the use of BWC in transit environments.

In one of the few studies in transit systems, Ariel et al. (2019) indicate that BWC

reduce assaults on staff members unequipped, yet working close to equipped

colleagues and the cameras also provide train operating company staff with an

effective protection that reduces physical aggression toward them.

3.2.4 Location and surrounding areas

A transportation node, such as a train station, is often planned to facilitate the

movement of as many passengers as possible. It tends to be within walking distance of a

residential area, working place, industrial area, or commercial center. This centrality

feature of transportation nodes has criminogenic implications. Different types of land

use affect the social interactions at those places and, consequently, their geographies of

crime (Ceccato 2018). The literature also indicates that transport nodes can become

crime attractors, crime generators, crime absorbers, or crime radiators (Brantingham

and Brantingham 1995; Bowers 2014; Sedelmaier 2003; Newton 2018) partially

because they contain or are close to risky facilities. Clarke and Eck (2007) suggest that

certain facilities can be called risky and affect crime occurrence at their locations as well

as within their vicinities. Examples of risky facilities are bars, restaurants, stores,

shopping malls, ATMs, bus stops, railway stations, parking lots, apartment buildings,

mobile home parks, libraries, hospitals, schools, public swimming pools, and marinas.

Adams et al. (2015) suggest that these different land uses interact to form what they call

“malignant mixes” because individually or in combination, they engender a greater risk

of crime and according to La Vigne (2015) should be approached by crime prevention

initiatives in a different way. These areas are important because they embody the safety

needs of travelers along the trip from home to the closest transport node and vice-versa

(what is also called the safety in the “last mile.”).What makes these areas unsafe?

The location of transport nodes in cities also has an independent impact on crime

levels and geography (Newton et al. 2014a; Phillips and Sandler 2015; Liggett et al.

2003). While Newton et al. (2014b) found that terminal stations were at lower risk,

Marteache et al. (2015) showed that central stations and one terminal station are

more criminogenic than others. Ceccato et al. (2011) found more crime happens in

inner city areas (where the central station is located) but also in the so-called “end

stations.” On the other hand, Ihlanfeldt (2003) found no evidence that transit in
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suburbs increases crime. The size of transport nodes may also matter for the safety

of passengers. For instance, Marteache (2018) found that smaller airports

experience higher theft rates than larger ones, while Ceccato et al. (2011) suggested

that larger subway stations attract more crime, controlling for station and

neighborhood contexts. More interestingly, there seem to be gender differences in

victimization by station location. Moreira and Ceccato (2020) found that women are

at higher risk of victimization than men in central metro stations, while men run a

higher risk of violence at end stations—both notably during late-night periods.

Some suggest that it is the surrounding contexts that affect crime and/or the

perceived safety of riders. While Abenoza et al. (2018) showed that mixed land use

tends to increase perceived safety of users at night, two other studies found that

liquor stores, bars, and pawnshops near transit increased robberies (Liggett et al.

2001; Sung-suk 2009). They also found that transport nodes near vacant lots had

higher property crime rates. It appears that the direct surroundings of transport

nodes have great influence on transit crime (Buckley 1996), but also the other way

around, namely research suggests that crime concentrates in close proximity to

public bus stop locations. Hart and Miethe (2014) noted that robberies around bus

stops occur when specific combinations of risk factors are present, and Gerell (2018)

found that for violent victimization the risk was highest in local centers of

disadvantaged neighborhoods having low collective efficacy, but such a risk was

dependent on temporal and city contexts.

Out of 245 publications, 15% (36) deal with the safety conditions around

transportation nodes. Evidence of transport nodes functioning as crime absorbers is

found in the literature (Pearlstein and Wachs 1982; Newton 2008). Scholars have

found crime on bus routes mostly associated with high crime neighborhoods.

Similarly, Loukaitou-Sideris et al. (2002) suggest that crimes at subway stations are

related to overall crime in the neighborhood, as a crime absorber. There are also

examples of transportation nodes that radiate crime. Several studies showed that

transit environments seem to radiate crime to their surroundings (Block and Davis

1996; Buckley 1996; Kooi 2013; Piza and Kennedy 2003; Liu et al. 2020; Poister

1996). In addition, Spicer and Song (2017) demonstrated how the perception of

crime increased and intensified over 10 years: as a public transit hub grew in size

and ridership, crime increased and became more concentrated. Transit nodes might

have a positive effect on safety. For instance, Billings et al. (2011) found that the

opening of a transit line led to a decrease of property crimes. It seems that the link

between transit systems and crime is dependent on multiple factors (Ihlanfeldt

2003). For instance, Sedelmaier (2003) found that a new small transit system had

not generated more crime than usual, and this was confirmed by Sedelmaier (2014).

Liu et al. (2017) found that only the bus stops with high capacities attracted property

crimes. More recently, Gómez et al. (2020) suggested that the development of major

highways benefitted mobility in a metropolitan area but compromised the

sustainability of particular places and called for a more holistic approach when

assessing the effects of transit nodes on urban environments.
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3.2.5 Safety perceptions by types of user

Victimization and safety perceptions are often influenced by gender and other

individual characteristics (Whitzman 2007; Madan and Nalla 2015), but it is the

intersection of some individual and contextual characteristics that determines an

individual’s vulnerability to crime and fear of crime (Crenshaw 1989). For instance,

scholars have indicated that previous victimization continues to be an important

determinant of perceived safety in public places (Otis 2007; Hirtenlehner and Farrall

2014; Yates and Ceccato 2020; Hale 1996). The risk of victimization is expected to

vary across types of individuals (age, gender, (dis)ability, LGBTQI status, IT

literacy, previous victimization, frequency of use of public transportation, length of

trip, etc.) (Gekoski et al. 2015).

The level of service appears to be linked to people’s perceptions of safety.

Indeed, a high frequency of service—especially at late hours- increases perceived

safety and consequently, people rely more on public transportation when they feel

safe (e.g. Reed et al. 2000). The gender dimension is the one that is by far the most

studied in transit safety studies. Not only PT passengers but also transit personnel

express a variety of safety perceptions (Browne 2010); some personnel refrain from

coming to work because of previous experience with crime (Bradet and

Normandeau 1987).

From our analysis, 40% of the publications (100) deal with the issue of perceived

safety by type of user. Among them, 72 publications focus on women’s safety

perceptions. Women feel less safe than men while transiting (e.g.: Cozens et al.

2003b; Levine and Wachs 1986); some researchers argue that women feel three

times less safe than men (Wilow 2015) and express greater precautionary behavior

than men (Ingalls et al. 1994; Newton et al. 2020; Ceccato and Nalla 2020). Women

are far from being a uniform group of passengers. Vanier and d’Arbois (2017)

distinguished four types of female PT users: daily workers (63% of whom feel

unsafe), young women (66% of whom feel unsafe), inactive women (who feel the

safest) and casual users (the most unsafe, 70% of them do not feel safe). Safety

perceptions are affected by whether or not women are alone (Ceccato et al. 2017;

Crime-Concern 2004). Worldwide, women are often “transit captives” (Yu and

Smith 2014; Ceccato 2017a, b; Guimarães et al. 2019), which means they do not

have any other choice of transport than PT. It is also this group who is

overrepresented among those who feel unsafe (D’Arbois 2019; Vanier and D’arbois

2018a), compared to non-captives. Gender status is another determinant of

perceived transit safety. LGBTI?(and especially ethnic minorities) feel particularly

unsafe and fear the reactions of other PT users (Lubitow et al. 2020; Nourani et al.

2020), as do disabled people, who declare that their transit safety needs are not

entirely satisfied (e.g. Currie et al. 2013; Barjonet et al. 2011; Jun et al. 2020; Iudici

2015; Iudici et al. 2017).

The ages of users also influence the declared transit safety. Young people’s safety

seems not to be a priority (but see e.g. Wiebe et al. 2014; Mahmoud and Currie

2010; Currie et al. 2013). Young people, especially women, are often said to feel

particularly unsafe while in transit, especially those who fear sexual harassment and

violence (e.g. Natarajan et al. 2017; Nourani et al. 2020; Gekoski et al. 2015; Wiebe
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et al. 2014). Interestingly, the elderly feel less safe in transit environments than the

rest of the population (e.g.Loukaitou-Sideris 2009; Bon et al. 2009) even if they

have never previously been victimized (Bradet and Normandeau 1987), perhaps

because, as suggested by Delbosc and Currie (2012), age and gender have an

indirect effect on safety.

Another characteristic that influences users’ transit safety is the neighborhood

context in which they are exposed along the trip. The relationship between

surrounding land uses and crime incidents at stations tends to be statistically

significant, as certain environmental features either attract offenders (i.e. offer good

opportunities) or influence criminal activities by concentrating potential offenders

and encouraging anti-social behavior (Loukaitou-sideris 1999). Poor perceived

safety may reflect more than crime. Evidence from the United States shows that

ethnic minorities are more likely to declare they feel unsafe when using public

transport, in particular Asians, who show more safety concerns than members of

other ethnic groups (e.g.Buckley 1996; Loukaitou-Sideris and Eck 2007). In

addition, travelers from poor neighborhoods have higher levels of fear of crime and

property damage in public environments (e.g. Loukaitou-Sideris 2006; Vilalta

2011). Finally, despite these relationships, keep in mind that social groups are not

uniform or stereotypical and that every user is different from another (Loukaitou-

Sideris and Fink 2008). Hong and Chen (2014) suggest that residents in safe and

high-density areas are more likely to walk and that the built environment is

significantly related to walking behavior as well as people’s perception of safety.

3.2.6 Safety door-to-door: the whole journey approach

When we refer to transit safety, the journey not only involves the bus ride or the trip

by train; it includes safety throughout the whole trip, from door to door (e.g.

Ceccato and Newton 2015), for instance, safety in the environments to which an

individual is exposed when walking to the bus stop, waiting for the bus to come,

inside the carriage on the trip, changing transportation modes, arriving at a

destination, and returning back home. Empirical studies are now being informed by

this “whole journey approach” dealing with victimization and safety perceptions.

Kim et al. (2007) analyzed factors that influence the mode choice for trips between

home and light rail stations and found that the risk of crime made women more

likely to be picked up and dropped off at the station, especially when it was dark.

Recent research shows that the perceived “walk accessibility” of metro stations was

found to be highly influenced by micro-aspects of the landscape, such as streetlights,

police patrols, and traffic signs and signals (Bivina et al. 2019, 2020). There are a

number of studies that deal with barriers that disrupt mobility, such as gated

communities (e.g. Smit et al. 2015; Landman 2012). In a study by Cao and Duncan

(2019), they show that park-and-riders are willing to walk longer if they experience

safer intersections, better pedestrian infrastructure, and an attractive building

appearance. Other studies that focused on youth safety, in particular women’s

safety, showed different degrees of perceived safety along the trip and by

transportation mode (see e.g. Ceccato and Loukaitou-Sideris 2020; Evans 2009;

Natarajan et al. 2017).
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3.2.7 Strategies and interventions in transit safety

Ensuring transit safety is not a task for a single stakeholder. There is a range of

actors that are supposed to share the responsibility of dealing with safety problems

together with the major actors in public safety. Recent research recognizes that

safety depends on the coordinated cooperation of transportation service providers,

safety experts (security guards, security hosts), municipalities, the private sector,

and NGOs (e.g. Levin 2015; Uittenbogaard and Ceccato 2014). Despite the rapid

proliferation of these constellations, few efforts have been made to determine their

effectiveness in reducing either crime or its related fear in transit environments. Out

of the 245 publications, 167 publications deal with interventions or make

suggestions for better preventing crime and/or improving safety perceptions. Some

of these interventions have their effectiveness tested, while the great majority of

authors state them as potential solutions for the pressing safety problems dealt with

in their studies. These recommendations can be split into five types: design of

transport nodes, policy/cooperation, campaigns/education, data/knowledge, and

technology (Table 2). Note that our initial intention was to split these interventions

into two categories, against crime and for safety perceptions, but this was not

possible for two reasons. First, many interventions belonged to a program or

package with multiple interventions. Second, there was an overlap of the intention

to prevent crime and, at the same time, improve safety perceptions of PT users.

Table 2 also lists examples of the most important recommendations.

As much as 26% of the publications suggested improving the knowledge base by

building up better data and knowledge. These involve better statistics, codes,

surveys, and consultations with groups of users (e.g. d’Arbois de Jubainville and

Vanier 2017; Smith 2008; Riley and Dean 1985). Because many of these problems

go beyond the transport nodes, also involving the surrounding areas, establishing a

better cooperation between public and private actors (e.g. multi-agency police

cooperation) is pointed out in 26% of these studies (e.g. Church et al. 2000; Ceccato

et al. 2020; Kenney 1986). Other policy changes include female police forces, more

patrols, increased supply of public transportation/schedule, women-only carriages/

spaces, and stop on demand, as exemplified by Chantal (2011), Gilbert and Schultz

(1996), or Horii and Burgess (2012).

Recommendations emphasize that safety is a serious problem often linked to the

environment of bus stops and train and subway stations as well as their design. As

many as 19% of publications mention crime prevention through environmental

design (CPTED), which is largely based on the principles of situational crime

prevention and seeks to enhance natural surveillance by modifying the transit

environment (e.g. Noble 2015a; La Vigne 1996). They suggest improvement of

lighting, enhanced visibility and surveillance via design through mirrors and

transparent shelters, and also improving maintenance and changes in the internal

land use of these transport nodes. Additional ideas include, for instance,

adjustable sizes for carriages and platforms to fit passenger density (e.g. Vanier

and d’Arbois 2017; Shellow et al. 1974), and lighting, because 11 articles agree that

sufficient lighting increases the perceived safety but that the fishbowl effect must be

taken into account (e.g. Nordfjærn et al. 2014; Reed et al. 2000). Eight articles claim
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Table 2 Recommendations to improve transit safety 1970–2020, N=167

Design Policy Campaigns/

education

Data/knowledge base Technology

Identify and minimize

barriers to

movement, alcoves,

number of

entrances, blind

spots

Fix uneven surfaces

Possibilities to reduce

the length of

platforms and to

adjust the size of

carriages location of

bus stops

Cleaning and

maintenance

Sufficient lighting

increase perceived

safety (beware of

the fishbowl effect)

Enhance visibility and

surveillance via

design through

mirrors, transparent

shelters

Less vegetation,

because it increases

the fear of assault

and robbery for

women

More commercial,

retail premises and

staffed entrance

kiosks

More emergency

buttons, alarms,

emergency phones

in transit

Environment

Groups of tables and

benches enhance

perceived safety

Planning with CPTED

principles in mind

Female police

force

Staff, security,

police, patrols

Users’

perspectives

Visible station

staff

Police plan clothes

patrolling

More informal

social control

Exact-fare

transactions

Adaptation of

transit

Network for

women’s needs

Stop on demand

(bus lines/

evenings)

Women’s only

wagons/facilities

Increased supply

of PT/schedule

More female

employees,

involved in PT,

planning

Staff training

Strict penalties—

inappropriate

behaviour

To fix vandalism

asap

The whole journey

approach to

safety

Hotlines to report

harassment

Formation for transport

agents, guards

(education relating to

gender identity, for

instance)

Bystander attention,

intervention and

denunciation

campaigns

Campaigns should focus

less on improving

people’s trust in the

transport provider, and

more on improving

people’s trust in their

fellow passengers

Promote citizens’

initiative (safety walks

for instance)

Any campaign that had to

change both the

perception ‘‘victim’’

and the attitude of the

‘‘perpetrator’’

To publicize safety

improvements (CCTV,

their presence)

To reduce exposition on

sexism (sexist adds,

gender-conforming

rider’s image on signs)

Communication about

sexual assault to

prevent them

(emergency

numbers…), deter them

and reassure women

Police should consider

other ways for women

to report crime

(supports groups)

Increase reporting

The reluctance of

‘bystanders’

Exchange knowledge

between agencies,

police, planners,

justice, government,

municipalities, NGOs

Cooperation between

public and private

polices multi-agency

police operations

More detailed databases

Gendered

statistics/codes

Data collection via

surveys and

consultations

The whole journey

approach to safety

Real-time bus

arrival

information

at bus stops

CCTV

Graffiti and

vandal

resistant

Materials

Apps

Social media

Body Worn

Cameras

(BWC)

Smart bus

stops

N=32 publications

19%

N=43 publications

26%

N=32 publications

19%

N=43 publication

26%

N=17

publications

10%
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that visibility should be enhanced by promoting transparent materials, mirrors, a

minimum of blind spots, and high arched ceilings (e.g. Mohamed and Stanek 2020;

Cozens et al. 2004). Finally, 19 articles suggest improvements in the environment,

such as locating bus stops far from alcohol retailers and high crime streets (Levine

and Wachs 1986; Liggett et al. 2001) Re-plan vegetation, because such cover

increases the fear of assault and robbery for women (Cozens et al. 2003b; Rišová

and Madajová 2020). Other suggestions are focusing on facilities, claiming that if

there are no tables, bathrooms, benches, people do not have the opportunity to loiter

in the public space, affecting safety positively (e.g. Gaylord and Galljher 1991;

Turner 2012). Authors also suggest putting more emergency buttons and alarms in

transit environments (Debrincat et al. 2017; Mahmoud and Currie 2010) to facilitate

reporting. However, there is some controversy about implementing women-only

solutions to tackle sexual crime in transit environments (Shibata 2020; Dunckel-

Graglia 2013).

Although the need for campaigns, education, and information was highlighted by

19% of the publications, limited evidence exists to evaluate their effectiveness.

Studies often suggest educational programs, information, media, and awareness

campaigns to communicate the level of risk and to sensitize users to the important

issues in transit environments (e.g. Loukaitou-Sideris 2006; Marteache et al. 2015),

with particular emphasis on sexual violence (Ceccato and Paz 2017; HCEEFH

2015). They insist that these campaigns should focus on changing people’s

perceptions of other users’ attitudes and not the image of the public transport itself

(Fyhri and Backer-Grøndahl 2012; Currie et al. 2013) or the role of bystanders

(Orozco-Fontalvo et al. 2019; Lubitow et al. 2020). Levin (2015) mentions the need

of developing work on gender mainstreaming and gender impact assessment in

transport planning, and in particular more interdisciplinary research as a basis for an

increased cooperation between different types of professionals. There are sugges-

tions that focus on agents’ training (e.g. CEMT 2003; SRI - Stanford Research

Institute 1970) and on the promotion of safety and security policies, reminders that

the station is under surveillance (Richards 1980; Mariotte et al. 2004). Finally, 10%

of recommendations involve security technology solutions, from CCTV and

telephone hotlines, to RTI and newer technologies, such as online platforms and

smartphone apps, for example, to encourage people to report transit crimes (e.g. Lea

et al. 2017). As some of these technologies may have the potential to follow riders

door-to-door, ICT technologies can be a useful tool to promote safety along the

whole journey. Concerns with staff safety have been globally recognized across

professions, and transit staff members are no exception. BWC are assumed to have a

“calming effect” on personnel and reduce crime in rail-bound transit (Ariel et al.

2019).

4 Conclusion

This article reviewed and analyzed a growing literature on transit safety. We carried

out this review covering five decades of studies from 1970 to 2020 written in

English primarily, but extending also to the French literature as a benchmark.
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Although records of research on transit safety are found in the early 1970s and

1980s, this field of knowledge truly took off in the mid-1990s with simultaneous

efforts from disciplines such as Criminology/Psychology and Urban planning/

Architecture, especially with efforts by scholars in the United States. Transit safety

as a research field steadily developed, to peak after the 2010s, covering a variety of

subjects. However, a shift in focus has been noticed, from research on crime and

victimization at bus stops and train stations, to the perceived safety of PT users (and

to a lesser extent of personnel), focusing on gender and the intersectionality of

safety and particular groups. More recently, transportation and ICT are also

becoming a distinct field of research. Following different theoretical traditions,

transit safety is nowadays an interdisciplinary field of research and is executed by a

mixture of sociologists, criminologists, safety experts, architects, urban planners,

psychologists, economists, geographers, engineers, computer scientists, and others.

The body of research is dominated by the English literature (mostly from large

cities, often more “quantitative pieces” using situational crime prevention

approaches), with a particular focus on rail-bound environments. While the

English-language literature is focused more on the relationship between crime and

features of transit environments, the French literature has more of a qualitative

nature. French studies adopt a more sociological approach, focusing on individuals’

perspectives on safety (mostly on sexual crimes) as well as the governance of transit

safety, in particular the relationship of public and private sectors in delivering

transportation/safety services.

A research domain that is recurrent is the one devoted to the transit environment

at micro-scale, for example, links between bus stop features and crime. Research

over the five decades shows definitive links between the type and quality of lighting

and crime and/or perceived safety. Physical features, obstacles, and transparency are

all elements associated with passengers’ opportunities to exercise guardianship in

transit environments. It is important to notice, however, that targeting the

microenvironments of crime (e.g. Ding et al. 2020; Cozens et al. 2005), may not

be enough to adequately address issues of transit safety. Findings from research

clearly show that the quality of the social environment, both in the transit nodes and

surrounding areas (also their location in the urban environment, i.e. center-

periphery), have an impact together on levels of crime and fear of crime experienced

by PT users (Smith and Cornish 2006). The literature review shows many examples

of a multi-pronged approach to tackle these safety problems in transit environments.

Many studies are devoted to the understanding of how passenger flow affects

temporal variations in crime and/or perceived safety, because transit nodes, such as

bus stops and train stations, vary in the amount of people they concentrate. Thus, it

is expected that crime and safety perceptions would also vary over time. However,

drawing conclusions from the results in temporal patterns of crime is not an easy

task, because findings vary by crime type, hour of the day, day of the week, as well

as seasonally—and, not least, in relation to their urban and country contexts. It is

worth pointing out that many of the current studies lack data to directly capture the

flow of passenger numbers, which means they often rely on proxy measures. Despite

a relatively large body of literature we lack a strong empirical evidence base that

demonstrates the association between more passengers and more crime.
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Crowdedness at peak hours tends to facilitate violence, sexual crimes, and

pickpocketing. Desolated transit spaces may trigger feelings of insecurity and

perhaps create the necessary conditions for crimes that demand anonymity, such as

robbery and rape.

Overall, more than half of the publications are devoted to the study of both crime

and safety perceptions, followed by publications about crime in transit environ-

ments. The remaining studies are about safety perceptions or other topics, such as

safety interventions. We identify five common research domains, some with

overlapping features.

1. The relationship between transit environments (type, size, design, social

environment) and a wide variety of crimes (assault, rape, robbery, pickpock-

eting, vandalism, terrorism). Issues of context are also considered here, as well

as how to tackle safety problems. Environmental criminology theories (e.g.

situational crime prevention, CPTED and routine activity) often provide the

theoretical bases for these studies.

2. Safety perceptions of PT users with a recent clear dominance of women’s transit

safety though covering a wide group of riders, including “transit captives.” Fear

of crime, overall anxieties related to surveillance, and, more recently, the

“whole journey approach” characterize studies working with surveys and a

more individualized, psychological perspective.

3. Temporal aspects of crime and perceived safety—These studies attempt to

identify the relationship between passenger flow and safety over time, in

particular peak and off-peak hours, seasonal variations, and between weekdays

and weekends/holidays/special events. Some identify the potential effects of

transport nodes in a neighborhood.

4. Technology and safety—These studies follow the evaluation of a wide range of

products and systems, some not necessarily related to safety, from CCTV

cameras to smart cards (e.g. electronic ticketing), real-time information (RTI)

systems, body-worn cameras (BWC), and safety apps. This domain also

includes “technology” as a crime target, such as mobile phones.

5. Management practices and crime and safety interventions—These studies

covered the effects of interventions, roles of stakeholders, types of cooperation,

legal systems, campaigns, and overall performance of crime prevention

practices. It is difficult to draw conclusions on specific measures, as “what

works” is often dependent on the types of safety problems as well as

transportation modes and contexts.

Caution should be exercised when conclusions are drawn from findings. Our

search of the literature was limited to the set of keywords (see “Appendix” Table 3)

reflecting the concept of crime and disorder but also the ones related to fear and

other overall anxieties. There is a chance that publications on terrorism and minor

events, such as fare evasion, may not be captured by the search. Other words that

turned out to be relevant during the execution of the study were not part of the initial

pool of keywords and may have been misrepresented in the sample of publications,

an example was ‘personal security’ or ‘personal safety’. In addition, there is a risk of
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bias using a combination of systematic search of the English literature (from Scopus

and Science direct) complemented by a list of studies provided by expert members

of a user list (TCR-network) specialized in the topic. However, we believe that the

benefits of having a list of studies from this group of expertise outweigh the risk of

bias. In addition, the French literature was mostly collected using Google scholar.

Moreover, conclusions are drawn here based on hundreds of publications, but it is

important to remember that these publications are more likely to show positive

“expected” results than results that are uncertain, negative, or “unexpected.” It is

therefore a difficult task to estimate how many studies had negative or unexpected

results and were not published, which means it is virtually impossible to estimate

the “dark figure” of unpublished materials. Finally, the studies used different

methods, which makes it difficult to compare findings. Various studies showed, for

instance, that the effect of transit environments on safety was dependent on crime

types, levels, and contexts, but it is unclear to what extent these differences might be

merely an artefact of the types of employed methods.

Despite the limitations, a literature review of this type can be helpful for

researchers, as it provides an up-to-date structured review of the relevant research

domains in public transit safety. The review itself “adds value” (Wee and Banister

2016), because research gaps have been revealed, it is hoped, functioning as

guidance for researchers who plan to do research in this area. A systematic

international review of topics of this type can inform practitioners about the most

common safety transit problems as well as the types of interventions that have been

implemented around the world.

5 Recommendations

Our review of the literature points to several areas where more research is needed on

the topic of crime and safety in transit environments, so we conclude this article

with recommendations for further research and policy in specific areas.

First, we need to recognize that the literature is quite definitive about the

complexity of transit environments and their impact on safety. Our findings show

that it is not possible to find a single “physical (or social) characteristic of these

environments” that, if tackled, will solve a safety problem. There is no doubt that

transit safety demands a situational and dynamic perspective that is framed to the

different stages of the trip at micro-level—the bus stop, the station, within the

station, and so on—and at particular times. Conditions at any time will affect PT

riders, environments, and contexts in different ways, against different types of

problems—this is essential to the quality of both research and policy in the future.

Another important area for future research is the testing of rigorous longitudinal

methodologies that can provide assessments over time and be applied in contexts

other than those that were initially tested. In addition, a minority of studies dealt

with acts of terrorism in transit environments—an area of research that deserves

more attention in the future. In particular for the French literature, more research

that would inform planners and transit operators about the importance of

understanding the relationship between crime and transit environments is desirable.
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Data permitting, a more quantitative take on this subject by French researchers

would allow a generalization of the results in other contexts.

Second, safety conditions in transport nodes are not the same as the ones

experienced or perceived on the way to them. Additionally, if policies are to be

tailored to attend to the safety needs of those who declare they are most in fear,

“fixing” the problem of victimization does not solve issues related to poor perceived

safety. This distinction between crime and safety perception remains, yet it is still

treated as unproblematic in transit environment research. Despite a growing

literature on women’s safety (Ding et al. 2020; Gekoski et al. 2015; Kunieda and

Gauthier 2007; Law 1999; Kirchhoff et al. 2007; Keane 1998), there is still a lack of

research on the practical implementation of programs tackling the safety needs of

vulnerable groups of PT users (e.g. disabled individuals, elderly, LBQTI status) or,

if they exist, they disregard an intersectional perspective. In addition, more research

is needed in a variety of areas that include the implications of excessive concern for

safety expressed by vulnerable groups, the costs of “women’s safety work” in

different country contexts, the normalization of inappropriate behaviors while in

transit as well as an in-depth characterization of victims’ agency. There is also the

need to further investigate the role of bystanders in PT environments and beyond

(applying a “whole journey approach” to safety), and precautionary measures and

their long-term impact on life opportunities for transit captives, particularly in

contexts where the supply of public transportation is limited, for other suggestions

see Ding et al. (2020). For policy, it is essential that personnel recruitment in transit

systems aims at reducing safety inequalities among PT rider groups. Mobility and

safety are essential qualities of sustainable cities. Yet, women around the world

declare being victims of sexual harassment on a daily basis. Therefore, tailored

education programs for university students in Architecture, Engineering, Urban

Planning, Transport Sciences—to name a few—are essential to sensitize new

generations to the omnipresent problem of unequal transit safety and to make them

aware of possible ways to combat it.

Third, the quality of the cooperation between actors (transport operators, police,

municipalities, crime prevention councils, NGOs, and private citizens) in tackling

transit safety is worth investigation. The role of municipalities is fundamental,

because they are responsible for day-to-day spatial planning decisions, ranging from

designing a new residential area or subway station, to placing and maintaining

physical infrastructure (e.g. streets and sidewalks)—all of high relevance for

individuals’ safety and accessibility to public transportation. Safety and mobility

with a “whole journey approach” require understanding the barriers of governance

that lead to poor cooperation between actors within and across sectors and

organizational scales. It is often unclear who is in charge of the safety conditions in

the immediate vicinities of transportation nodes or in environments that are

privately owned but are public, such as a station. The safety of PT travelers is

compromised when the assignment of tasks between these stakeholders is unclear,

creating a gray zone in which few actors are willing to take charge of problems or

share costs beyond their predefined roles. This demands more than quick fixes to the

physical environment at transportation nodes. Despite encouraging results with

multi-pronged approaches to transit and safety, research is needed to inform “what
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works and what does not work” in terms of cooperation between public and private

sectors and overall governance of PT. At the same time, achieving cooperation

should not be the main goal of getting together. Partnership should be a means to

support different actors to solve safety problems at transportation nodes—not an end

in itself. Safety as an individual right and a public good needs to be further

investigated in the context of mobility.

Fourth, we echo Newton (2004) on the need for studies that investigate if certain

paths on the public transport network facilitate crime. In the past, the work by

Belanger (1999) has investigated this subject by examining how far offenders

traveled from their place of residence to the place where they committed subway

crimes. The use of big data analysis in PT systems is a growing research area.

Information from travel cards can provide information about erratic travel patterns

that can be associated with criminal behavior or suicides (Ceccato et al. 2020), yet

these research areas are in their infancy. Future research can work out how

passengers’ routine mobility patterns can be analyzed using information from travel

cards and better detect hotspots of crime by time slices, such as minutes—crucial

information for crime prevention. By having the total number of passengers,

measures of risk can be more precise in comparison with the traditional traveler-

flow estimates. These types of measures will certainly allow us to implement a

place-oriented public health perspective to transit safety (e.g. Branas et al. 2018) in

which crime in PT can be treated as any other preventable harm, such as fall

incidents, self-harm/suicides, or acts of terrorism.

Finally, transit safety research will open up research questions for a wider

spectrum of sciences, from ethics to computer science. With the use of current

technologies (e.g. CCTV, information from travel smart cards, apps, MaaS mobility

as a service), on top of the new technologies under way (e.g. micromobility

vehicles, virtual reality (VR), artificial intelligence (AI), autonomous vehicles

(AV)), solutions as well new safety challenges will appear. One area of research is

related to the potential impact of AVs on current PT supply, while prioritizing and

accommodating the safety needs of travelers. Assessments of the efficiency of

autonomous buses in ensuring the safety of PT riders along the trip and in “the last

mile” are already opening a new research frontier. When autonomous buses are

implemented, issues of trust and safety by passengers, particularly vulnerable users,

will be relevant for further investigation. Not least, concerns about trust and data

privacy are bound to become more important than they are today. When they do, it

is important to evaluate the opportunities and risks for all types of users. Moreover,

there is a need to promote in-depth critical discussions with city planners, transit

operators, policy makers, real estate developers, architects, and designers about the

impact of AVs on future cities’ designs and PT infrastructures. Research that

examines the impact of new technologies on PT users is vital to ensuring mobility

and safety for all.
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Table 3 Search on keywords in Scopus, ScienceDirect and Google Scholar

Database Example of keywords Results

Scopus TITLE ((crim* OR fear* OR safe*) AND (transit OR transport* OR bus OR

buses OR train OR trains OR subway* OR walk* OR metro* OR Tube OR

taxi* OR plane*) AND (environment* OR light* OR crowd* OR

surveillance OR patrol* OR bystand* OR cctv OR facilities OR time) AND

(LIMIT-TO (SUBJAREA, ‘‘ENGI’’) OR LIMIT-TO (SUBJAREA, ‘‘SOCI’’)

OR LIMIT TO (SUBJAREA, ‘‘ENVI’’)) AND (EXCLUDE (SUBJAREA,

‘‘COMP’’) OR EXCLUDE (SUBJAREA, ‘‘MATE’’) OR EXCLUDE

(SUBJAREA, ‘‘MEDI’’) OR EXCLUDE (SUBJAREA, ‘‘EART’’) OR

EXCLUDE (SUBJAREA, ‘‘MATH’’) OR EXCLUDE (SUBJAREA,

‘‘BUSI’’) OR EXCLUDE (SUBJAREA, ‘‘PHYS’’)) AND (EXCLUDE

(EXACTKEYWORD, ‘‘Accident Prevention’’) OR EXCLUDE

(EXACTKEYWORD, ‘‘Safety Engineering’’) OR EXCLUDE

(EXACTKEYWORD, ‘‘Accidents’’)) AND (LIMIT-TO (DOCTYPE, ‘‘ar’’)

OR LIMIT-TO (DOCTYPE, ‘‘cp’’) OR LIMIT-TO (DOCTYPE, ‘‘ch’’) OR

LIMIT-TO (DOCTYPE, ‘‘re’’))

31

ScienceDirect Sexual Assault in Public Transit 323

Sexual Harassment in Public Transit 212

Pickpocket in Public Transit 38

Robberies in Public Transit 485

CCTV in Public Transit 387

“Crime Prevention Through Environmental Design” CPTED Transit 40

“Theft prevention” Public Transit 37

“Perceived Safety” in Public Transit 298

Lighting crime safety Public Transit 432

Offense fear Public Transit 374

Google

Scholar

“sécurité dans les transports en commun” 1

“peur dans les transports en commun“ 12

“crime dans les transports en commun” 2

“violences dans les transports en commun” 19

“harcèlement sexuel dans les transports en commun” 1

“vols dans les transports en commun” 3

“vidéosurveillance dans les transports en commun” 12

“prévention situationnelle” “transports en commun” 152

Total 3119

Appendix See Tables 3, 4, 5, and 6.
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dans le système de transport en commun de Montréal
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Crossonneau N (2003) L’insécurité dans les transports publics urbains: bibliographie commentée. Centre
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Mariotte S (2004) La vidéosurveillance dans la sécurisation des transports collectifs franciliens. IAURIF,

Paris
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