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Abstract: Travel safety for women is a concern, particularly in India, where gender-based violence
and harassment are significant issues. This study examines how the perception of safety influences
women’s travel behaviour and assesses the potential of technology solutions to ensure their safety.
Additionally, it explores how AI and machine learning techniques may be leveraged to enhance
women’s travel safety. A comprehensive mobility survey was designed to uncover the complex
relationship between travel behaviour, reasons for mode choice, built environment, feelings, future
mobility, and technological solutions. The responses revealed that security and safety are the most
critical factors affecting women’s travel mode choices, with 54% and 41%, respectively. Moreover,
over 80% of women indicated a willingness to change their travel behaviour after experiencing
fear, anxiety, or danger during their everyday journeys. Participants were 24% less willing to use
ride-sharing services than ride-hailing services, which could affect the transition towards more
sustainable transportation options. Furthermore, AI-based sentiment analysis revealed that 46% of
the respondents exhibited signs of ‘anger’ regarding what could help women feel safer in transient
environments. The practical implications of this study’s findings are discussed, highlighting the
potential of AI to enhance travel safety and optimise future sustainable transport planning.

Keywords: AI; future mobility; safety; sentiment analysis; sustainability; technology solutions;
transient environments; travel behaviour; women

1. Introduction
1.1. Safety Issues Faced by Women While Traveling

Globally, there is a growing recognition of the importance of promoting sustainable
travel behaviour. However, shifting towards more sustainable transportation modes may
face challenges if people do not perceive travelling as safe. Governments worldwide are
debating the global challenge of transport planning for climate neutrality, with the initiative
to reduce greenhouse gas (GHG) emissions fostering sustainable transitions towards net-
zero and future shared mobility being a key focus. For urban centres, a crucial element
in creating sustainable, healthy, and liveable cities is to increase active travel (such as
walking and cycling), along with the adoption of public transport and shared mobility
services. Active travel benefits the environment and significantly enhances personal health
by promoting physical activity and reducing traffic emissions. Still, travel behaviour varies
widely both geographically and by gender, which shows differences in the types of trips
made and the modes of travel used by men and women. Women and caregivers make
50% more trips than men and non-caregivers, and they also travel more often on foot [1].
Women use cars less frequently than men, rely more on public transport, and have more
daily destinations [2,3]. In the UK in 2021, a national travel survey revealed that women
made more trips but travelled shorter distances by car (14%), made fewer trips by cycling
(308% less), and longer and more trips by walking (7%) than men [4]. In India, women
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mostly walk (57%) compared to men (22%), while men use more motorised vehicles (43%)
compared to women (12%) [5]. Beyond the gender differences in travel behaviour, there
is a critical need for gender-sensitive planning to ensure more equitable and sustainable
transportation systems.

Safety, observed or perceived, is a fundamental aspect that often determines how
people travel. While women use cars less often, use public transport more frequently,
and walk to more destinations per day than men, they also face higher risks than men in
transit environments while walking, and waiting for and using public transportation [6,7].
Furthermore, women are more vulnerable to transportation-related risks due to unequal
access to resources, education, and job opportunities. This inequality can be attributed to
factors such as societal norms that limit women’s mobility, a lack of safe and affordable
transportation options, and the gender pay gap, which affects women’s ability to afford
private transportation [8]. Furthermore, around the world, women face issues related to
gender-based violence during their daily travel. In the UK, women, ethnic minorities, and
individuals with disabilities are more likely to experience harassment while walking (42%)
and on public transport (28%) [9]. This issue is further aggravated in developing economies,
as detailed below.

Several studies have used questionnaires to explore the issue of gender-based violence
and women’s mobility [10–13]. In Colombia, 73% of women claim to have experienced
some gender-based violence, though 93% of incidents go unreported [11]. In this Latin
American country, women account for over 50% of public transport users, and they were
are afraid of sexual harassment—a type of crime they are more likely to experience than
men—which often goes unreported [11]. Fear and perception of safety while travelling
are also of concern in emerging economies. In India, a staggering 91% of women feel
that public transport is unsafe [14]. This is not a minor issue, but a widespread problem
that affects a significant portion of the population. A comprehensive study across India’s
major cities, including Bangalore, Chennai, Delhi, Hazaribagh, Mumbai, Pune, Ranchi,
and Visakhapatnam, revealed that 60% of women feel insecure while travelling to work by
public transportation [12]. Another study in India found that 33% of women feel unsafe
during the entire bus commute, while 80% feel unsafe specifically when boarding and
getting off buses [15].

Safety concerns affect how women travel. A study in Austria reported that women
who experience frightening situations during everyday mobility adopt various precautions:
64% avoid certain routes or destinations, 30% avoid some modes of transport, and 24%
carry repellents [16]. Another study in Colombia revealed that 55% of women changed
their travel mobility choices or behaviour following a gender-based violence incident; 14%
avoided using public transport or shifted to taxis, 12% decided to travel accompanied, and
2% started carrying a non-lethal weapon [12]. Consequently, women’s travel behaviour
is constrained by security concerns, and they may be forced to use undesirable transport
options when they cannot change their route or travel time [16].

1.2. Shared Mobility with the Intersectionality of Gender

Worldwide, new forms of mobility are emerging, and the surge in on-demand ride
services, such as Uber and Lyft, where individuals can book their rides, is transforming
transportation provision. This shift could significantly reduce private car ownership and
congestion, offering opportunities to reduce air pollution and promote more efficient
mobility. Frequent long-distance travellers, individuals with a higher degree of familiarity
with modern technologies, and those with stronger pro-environmental attitudes are likelier
to adopt on-demand ride services [17]. However, there are factors affecting the adoption
of these services, such as safety and security risks. A study in Ghana, Sub-Saharan Africa
revealed that 56% of participants indicated that they would feel unsafe travelling with
strangers in a ride-sharing vehicle, suggesting a lack of trust in internet-based ride-sharing
mobility services [18]. A study in India that assessed the service quality of ride-sourcing
services using an online survey found that the most impactful factor regarding ride-sharing
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services was security [19]. Additionally, the perception of security has dropped significantly
for ride-sharing services due to the presence of unknown co-passengers during the ride [19].
However, this study was focused on the factors affecting the service quality of ride-hailing
and ride-sharing services, rather than women’s safety or security perceptions.

According to an online survey on Indian women’s perceived safety and comfort during
ride-sharing services [20], unemployed young women have less trust in ride-sharing
services, and women generally feel less safe and uncomfortable when sharing a ride
with unknown men, particularly at night [20]. Although this study focused on women’s
safety while using ride-sourcing services, it did not address how travel behaviour and the
built environment, such as the safety of ride-sharing service waiting areas, may influence
women’s experiences. In India, the government’s unregulated taxi services (e.g., Uber)
often operate with insufficient attention to women’s safety [21]. These unregulated services
aggravate feelings of fear while women are considering booking them, highlighting the
urgent need for policy changes.

1.3. Influence of Environment on Women’s Travel Safety

It is important to note that beyond the choice of transport mode, the built environment
and temporal factors significantly influence women’s everyday travel experiences, feelings,
and safety (both perceived and observed). For this study, the built environment is defined
as the human-made or human-altered space where individuals live their daily lives [22].
Factors such as residential density, land use mix-access, street connectivity, aesthetics, and
safety have all been identified as having a significant positive effect on active travel for
women [23–26]. Similarly, it has been found that women with access to safe and convenient
infrastructure tend to cycle more [27].

Negative environmental characteristics include street isolation, poor lighting, poor
visibility, confined spaces, and insufficient maintenance (e.g., litter and vandalism). On the
other hand, positive environmental characteristics include good lighting, good visibility,
maintenance/cleanliness, active surveillance through closed-circuit television (CCTV),
and the presence of people [13]. However, there are issues regarding the level of CCTV
monitoring. Some studies suggest controversy over whether CCTV is effective in reducing
the fear of crime [7,28].

Nevertheless, assessing mobility safety in the transit environment is challenging due
to the complex interactions between the individual and other users of the public space,
the built environment, and temporal factors, which are difficult to predict due to the
transient nature of the environment itself. In recent decades, many research studies in
transportation safety have employed machine learning models (e.g., logistic regression)
to predict risk factors associated with motor vehicle crashes [29]. Other efforts have been
made to improve crime prevention using machine learning techniques and training models
on extensive datasets of crime reports. Some of these efforts have successfully identified
crime hotspots and tracked the evolution of crime activity, providing law enforcement
with insights for resource allocation and promoting community involvement in these crime
areas [30]. From a different perspective, a surveillance system combining camera sensors
and advanced machine learning technologies (e.g., Hybrid LSTM Classifier) on buses has
been proposed to enhance both perceived and actual security on buses [31]. The system
is designed to detect unusual behaviours, such as vandalism and accidents, while also
improving safety by identifying minor crimes like aggression and bag-snatching. This
work [31], along with that of many others [32,33], highlights significant advancements in
computer vision and CCTV image analysis over the past decade. These advancements
have enabled technology to replace human supervision in numerous areas, including
abnormal behaviour detection. However, no academic studies have yet proposed a machine
learning-based model specifically designed to detect anti-social behaviours towards women
commuters [34].

Additionally, the application of machine learning techniques, such as logistic regres-
sion models, in developing safety-tracking solutions has been observed. For instance,
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Akram et al. [35] have developed a prototype Smart Safety Device for Women using IoT,
specifically targeting safety concerns in India [35]. This device aimed to identify threatening
situations and automatically alert nearby individuals and law enforcement. However, it is
essential to note that these solutions would benefit from further research and evaluation
regarding user acceptance and device performance. While these solutions still need refine-
ment, the rapid evolution of machine learning and artificial intelligence (AI) is offering new
avenues to enhance transport systems. The complexity of the interplay between the char-
acteristics of travel mode users and the spatial and temporal characteristics of the transit
environment—varying across individuals, cultures, and spatial orientations—uncovers the
potential for AI to enhance predictive analytics for safer mobility.

In the literature, several studies have investigated women’s safety in transport mobil-
ity, and some have explored the influence of the built environment on women’s perception
of safety. However, one area that has not received sufficient attention is how temporal
factors may influence women’s perception of safety while travelling, beyond the char-
acteristics of built environments. This is a unique aspect that previous studies have not
explored. The intersectionality between women’s travel safety, the built environment, and
the transient nature of the mobility environment is a complex, yet crucial, aspect that
requires attention. Moreover, identifying potential solutions to enhance women’s safety in
transient environments is a pressing need that will aid in promoting gender inclusivity in
transport planning.

1.4. Study Aims

India has been ranked as the most dangerous country for women due to the alarming
prevalence of sexual and non-sexual violence, especially in public transportation and on
the streets [36]. In India, gender-based violence against women and harassment in public
transport or mobility environments are issues of significant concern. These issues often
gain widespread attention and occasionally lead to public protests. Unfortunately, a large
portion of these incidents goes unreported, particularly those occurring during travel,
which poses a challenge for victims seeking to report such offenses [12]. Understanding
the impact of women’s fear on their travel behaviour is essential for developing effective
policies and interventions.

This comprehensive study takes a unique approach to explore individuals’ attitudes
towards women’s safety while traveling in India. It aims to understand how the perception
of women’s feelings and their interconnectivity with the built environment can impact
their travel behaviour and overall experience. To better understand the survey participants’
responses, we have applied AI-based sentiment analysis to uncover the hidden emotions
in the responses. The study also assesses various technological solutions to improve safety
through a travel mobility survey. By analysing data related to environmental safety and
emotional responses, AI can help identify risks and improve safety measures, ultimately
making transit environments safer and more responsive to women’s safety needs.

2. Materials and Methods

This study aims to understand individual’s perceptions of women’s safety while
travelling in India and how their feelings and interconnectivity with the built environment
may affect their travel behaviour and experience. For this study, the built environment
is defined as the human-made or human-altered space where individuals live their daily
lives [22]. Women’s travel safety is investigated by exploring how individuals perceive
safety, or their real experiences if they have suffered threatening situations. In the literature,
several studies [26,37–39] have used the term ‘safety’ to encompass traffic safety and
personal safety. In line with this, our study defines ‘safety’ broadly, not limited to traffic
safety, but also personal safety and security in public spaces and transport systems.

In the context of women’s safety during travel, it is fundamental to understand that it
is not just about the mode of travel. The safety of women, their everyday travel experiences,
and their feelings, even if they have not encountered serious threats, are shaped not only
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by the mode of travel and the built environment, but also by temporal factors. These
factors, such as the time of day and how crowded or deserted the street, bus stop, or train
platform is, significantly influence travelling safety. Hence, we propose the term ‘transient
environment’ to better capture this influence, not only on the built environment, but also
on the ever-changing nature of the mobility environment.

This paper is a survey-based study. We adopt a comprehensive approach by analysing
the survey data using both traditional descriptive statistics and innovative AI-based senti-
ment analysis. The details of the research methodology, statistics, and sentiment analysis
methods follow.

2.1. Travel Mobility Questionnaire Design

A mobility survey was designed to address interactions across seven components that
are relevant in understanding perception towards women’s safety in transient environments:

• Mode choice,
• Reasons linked to mode choice,
• Built environment,
• Impact of fear and feelings,
• Future mobility,
• Technology, and
• Socio-demographics.

The survey gathered participants’ opinions across five groups:

Group 1: Travel behaviour, which included questions about mode choice and reasons
associated with this choice;
Group 2: Impact on travel behaviour, which included questions about the influence of the
built environment on the travel experience and impact of these feelings on travel behaviour;
Group 3: Future mobility options, which included questions about participants’ willingness to
adopt future travel options related to ride sources (e.g., ride-hailing and ride-sharing services);
Group 4: Technology solutions, which presented potential solutions to reduce gender-based
violence in transient environments;
Group 5: Socio-demographic characteristics (e.g., questions about participants’ gender
and age).

For multiple choice questions where multiple answer choices may apply, e.g., fre-
quency of use of different travel modes (in Group 1), the participants had the option to
select all that could apply. Characteristics of the built environment that could influence
perception of safety and impact of women’s fear and feeling on everyday journeys were
assessed (Questionnaire items in Group 2). Additionally, in Group 1, the questionnaire also
presented Likert-type statements using measures of participants’ reasons behind travel
mode choice using a five-point scale ranging from 1 (Strongly disagree) to 5 (Strongly
agree). Technical solutions to enhance women’s safety while travelling (i.e., Group 3) were
presented to the respondents to evaluate their effectiveness using a five-point scale ranging
from 1 (Not at all effective) to 5 (Extremely effective). Other questionnaire items regard-
ing willingness to use future transport options (ride-hailing and ride-sharing services) in
Group 4 were presented as binary, i.e., ‘yes’ or ‘no’.

Lastly, an open-ended question was used to collect participants’ valuables opinions
about what, in their view, could help women feel safer when travelling using public
transport or walking as part of everyday journeys. Additionally, this question aimed to
reveal the participants’ underlying emotions and feelings about safety issues, which may be
reflected in their responses. This includes identifying sentiments such as negative, neutral,
and positive, and emotions such as anger, sadness, joy, and optimism. The length of each
response ranged from 1 to 50 words.

The survey was in the English language. Carefully crafted questions were designed
to gather valuable insights while ensuring the safety and comfort of the participants.
Sensitive questions about being a victim of gender-based violence during travel (e.g.,
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being exposed to verbal or physical sexual harassment) were excluded to prevent any
discomfort. The electronic copy of the survey was implemented as a Google Form. Email
invitations to participate in the online survey were sent via colleagues at the Symbiosis
Institute of Technology, India, for dissemination within their community and via the social
network LinkedIn.

To participate, individuals had to meet the eligibility criteria approved by Aston
University Ethical Approval and regulations, which included being at least 18 years old,
having sufficient knowledge of the English language, and living in India. The questionnaire
was expected to take about 10 min to complete. Participation was voluntary, and no reward
or compensation was offered to the participants.

This study originated from a mini-project conducted as part of the British Council-
funded Going Global Partnerships Exploratory Grant Top-Up project (Ref: 877629610) at
Aston University in collaboration with Symbiosis Institute of Technology (SIT) in Pune,
India. Prior to conducting the survey, this study was reviewed by the Research Ethics
Committee at the College of Engineering and Physical Sciences at Aston University via
delegated approval authority for the CS4700/CS4705 Dissertation module. Approval was
received on 16 June 2023 (Ref: 23MINIPRJ_2).

2.2. Data

The UK researchers administered the survey online to gather responses from partic-
ipants living in India. Data collection spanned from June to September 2023. Fifty-five
participants consented to participate, and following a data quality check, 14 observations
were excluded.

The study comprised responses from 41 participants with 33 women (accounting
for 81% of the participants), seven men, and one individual identifying with the gender
category “other”. The original aim of this study was to examine the differences in safety
perception between men and women living in India to understand better how their daily
travel experiences could shape safety perception. However, due to the limited number
of responses, non-binary individuals were also included in the analysis, and data were
analysed for the overall sample.

2.3. Data Analysis

The analysis was performed for the overall sample without gender stratification
due to the low response rate (Section 2.2). Given the high prevalence of gender-based
violence in India, it is reasonable to assume that the “non-female” participants were
sensitive to women’s safety risk exposure while travelling in India. The analyses were
conducted using IBM SPSS Statistics version 26. Non-parametric methods were applied to
explore potential relationships across the seven constructs (i.e., mode choice, reasons, built
environment, the impact of feelings, future options, technology, and socio-demographics,
Section 2.1). Spearman correlation rank-order correlation coefficients (ρ) were calculated
between respondents’ travel mode choice, the reason for mode choice, the influence of the
built environment, and travel safety perception impact on travel behaviour.

Furthermore, AI-based sentimental analysis and emotion detection were applied to
textual answers to further analyse answers to an open-ended question from the participants
and help uncover potential hidden emotions. This was crucial to identifying underlying
feelings, such as anger, joy, or optimism, which can inform improvements, refine strate-
gies, and ensure that questionnaire analysis is accurately interpreted for more effective
decision-making. To detect sentiment and emotions in the responses, we employed a
RoBERTa-based model [40]. RoBERTa is essentially an enhanced version of the BERT (Bidi-
rectional Encoder Representations from Transformers) model, which has been trained by
Liu et al. [41] on a much larger dataset, resulting in a more robust model with significantly
improved performance.

BERT and RoBERTa, both encoder-only models, have been designed for understanding
text, not for generating it. They employ a ‘self-attention’ mechanism, which processes the
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input sequence (text) by creating three components: query, key, and value. The mechanism
calculates the similarity between the queries and keys, and this similarity determines the
relevance of the values, thereby helping the model to highlight important information.
The combined information, along with the original input, is then passed through a neural
network to determine the hidden sentiment in the input text. Mathematically, this involves
assigning importance (also called attention) scores to tokens based on their relevance to
each other. The equation for calculating attention scores is as follows, with ‘Q’ as the query,
‘K’ as the key, ‘V’ as the value, dk as keys of dimensions, and ‘QKT’ as the scalar product
between the query and key [42]:

Attention(Q, K, V) = so f tmax
(

QKT
√

dk

)
V

The RoBERTa-based model by Barbieri et al. [40] is employed in this work. It is built
upon RoBERTa by optimising and refining its training procedure. It was pre-trained on
approximately 124 million tweets [43] and fine-tuned for two tasks: sentiment analysis with
three labels: positive, neutral, and negative, and emotion classification with four labels:
anger, joy, sadness, and optimism.

3. Results and Discussion

This section presents the results from the comprehensive travel mobility survey in
India. First, it presents exploratory data analysis for participants’ socio-demographic and
travel behaviour and the influence of the built environment on safety perception while
travelling. Second, it highlights the key interactions based on the correlation analysis
across travel behaviour, built environments, and technology for women’s safety in transient
environments, showcasing potential solutions. Lastly, this section presents the results of
our AI-based sentiment analysis and emotion detection on the open-ended question about
what measures could enhance women’s safety in public transport or while walking.

3.1. Participants Socio-Demographics

On average, the participants in the study were 27.9 years old (SD = 9.3), indicating that
they were young adults. Although all the questionnaire items related to socio-demographics
were optional, the participants were required to provide their age and gender information
to comply with the study design. According to the results, most participants were either
full-time employed or students (46.3% and 39.0% respectively). While 4.8% were homemakers
or stayed at home, 2.4% were retired, and 2.4% preferred not to say. The study also revealed
a high level of education among the participants, with 80.49% holding a university degree
and 2.44% having technical/vocational training. Regarding total annual gross income, only 18
participants responded. Amongst the respondents, 19.5% were at the very high income level
(above Rs 5–8 lakh per annum), 4.8% had high income (between Rs 5–8 lakh per annum), 7.32%
had medium income (between Rs 3–5 lakh per annum), 2.44% had low income (Between Rs
1–3 lakh per annum), and 9.76% were at the very low-income level (less than Rs 1–3 lakh per
annum). Though it is questionable as to how the most significant proportion of respondents
would fit into the highest income level (19.5%), in particular given that the average participant
was a young adult, it is worth noting that the response rate for the annual gross income
question was very low: 56% of respondents chose ‘prefer not to say’.

3.2. Travel Behaviour and Perceptions towards Women’s Safety in Transient Environments

This section presents the means, standard deviation, and frequency distributions for
the travel mobility survey.

3.2.1. Travel Behaviour

Table 1 displays questionnaire items for travel mode (Q1_1–Q1_8) and reasons behind
travel mode choice (Q2_1–Q2_7), mean standard deviation, and frequency distributions.
Regarding the travel mode, the most used modes were walking, followed by public trans-
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port use and motorcycle (or moped), as shown in Table 1 by the highest mean values for
the M = 3.8, SD = 1.3; M = 3.2, SD = 1.4; and M = 3.1, SD = 1.6, respectively. Addition-
ally, walking was the most popular option for everyday travel, with 42% of participants
choosing this mode, while 29% used motorcycles, and 20% used public transport. This
would be expected as the average participant was young (~28 years old), and they were
mostly full-time employed or students. Various factors influenced the participants’ travel
mode choices; for example, these options are deemed more suitable for commuting to the
university or workplaces for their daily travel. Additionally, these modes of transport are
easy and affordable, catering to the lifestyle of young adults.

Table 1. Frequencies for the travel mode and reasons linked to travel mode choice.

Questionnaire Item M SD Relative Frequencies (%)

Travel mode (Q1_1–Q1_8) Never or on rare
occasions

1 to 3 days
a month

Few days
a week

Several days
a week Everyday

Q1_1: Walking more than
500 metres per trip. 3.8 1.3 9.8 9.8 12.2 26.8 41.5

Q1_2: Bicycle. 1.6 1.4 70.7 9.8 7.3 9.8 2.4
Q1_3: Electric bike. 1.3 0.9 87.8 0 4.9 7.3 0
Q1_4: Electric shared
scooter (e.g., rental or
chartered electric
scooter/motorcycle).

1.6 1.0 70.7 9.8 9.8 9.8 0

Q1_5: Motorcycle or moped. 3.1 1.6 22.0 19.5 12.2 17.1 29.3
Q1_6: Car (as the driver). 1.9 1.3 56.1 14.6 9.8 14.6 4.9
Q1_7: Car (as a passenger of
private cars/taxis). 2.9 1.2 12.2 31.7 22.0 24.4 9.8

Q1_8: Public transport
(buses/trains/metro). 3.2 1.4 17.1 17.1 19.5 26.8 19.5

Reason (Q2_1–Q2_7) Strongly
disagree (1) Disagree (2) Neutral (3) Agree (4) Strongly

agree (5)

Q2_1: Choosing the most
low-cost travel mode. 3.3 1.1 2.4 24.4 26.8 29.3 17.1

Q2_2: Choosing the fastest
travel mode. 3.9 1.0 2.4 4.9 24.4 34.1 34.1

Q2_3: Choosing the most
comfortable travel mode. 4.0 1.1 2.4 7.3 17.1 31.7 41.5

Q2_4: Choosing the safest
travel mode to avoid traffic
accidents.

4.2 0.9 0.0 7.3 14.6 31.7 46.3

Q2_5: Choosing the securest
travel mode to avoid
crime/violence/harassment.

4.3 1.9 2.4 2.4 9.8 31.7 53.7

Q2_6: Choosing an active
travel mode to physically
exercise (walking/cycling).

3.3 1.2 4.9 24.4 26.8 26.8 17.1

Q2_7: Choosing the most
environmentally friendly
travel mode.

3.2 1.3 7.3 29.3 17.1 26.8 19.5

As evidenced by the data in Table 1, travel security and safety were the most important
factors for choosing a travel mode, as shown by the highest means ratings: M = 4.3, SD = 1.9
and M = 4.2, SD = 0.9, respectively, with 54% and 46% of respondents rating them highly.
Among the respondents, 54% strongly agreed with choosing the most secure travel mode
to avoid crime/violence/harassment, while 46% strongly agreed with choosing the safest
travel mode to avoid traffic accidents. On the other hand, according to Figure 1, among the
seven factors influencing travel mode selection, the preference for the most eco-friendly
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travel mode (green category) was surprisingly the least important factor, as indicated by
the high number of “strongly disagree” and “disagree” responses, shown by the brown
and orange bar series in the graph. Ultimately, it is essential to prioritise safety and security
when selecting a travel mode while also considering other factors relevant to individual
preferences, women’s needs, and comfort. These results highlight the need for providing
secure and safe travel modes for women in India, and the importance of identifying means
to do so.
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Figure 1. Reasons associated with travel mode choice based on participants’ ratings.

3.2.2. Perceptions towards Women’s Safety during Travelling

The travel mobility survey asked the participants to select all the attributes of the
built environment that could influence perceptions towards women’s safety during travel
(questionnaire items Q3_1–Q3_7) in the context of transient environments, meaning not
only while walking or using public transport, but also while waiting for a bus or for the train.
The results revealed that all attributes related to built environment factors that could impact
women’s perception of fear or discomfort were considered relevant. Most participants, 76%,
believed that suspicious individuals in a public space would increase the risk of danger and
make women feel fear or discomfort (Table 2). Poor street lighting and being in lonely bus
stops without surveillance were also relevant factors identified by 66% of the respondents.
Additionally, 61% of participants pointed out that deserted streets or roads and deserted
train stations influenced women’s perception of safety. These findings are in alignment with
the positive environmental characteristics (e.g., good lighting, maintenance/cleanliness,
surveillance) and negative environmental characteristics (e.g., poor lighting/darkness,
confined spaces, and poor maintenance) identified by Ding et al.’s [13] review study.

This study also investigated the potential impacts on women’s travel behaviour as
related to the possibility of experiencing gender-based violence incidents or situations
during their daily journeys (questionnaire items Q4_1–Q4_7). According to the respondents’
perceptions, among women who have felt fear or anxiety during their travel, women would
avoid walking at night (66%), prefer to travel with a companion (63%), and take a different
route (51%), as shown in Table 2. This impact of women’s fear and feelings on change in
travel behaviour aligns with a study in Colombia, which found that 47% of women altered
their mobility travel choice when a gender-based violence incident occurred [10]. Not going
out for a while was only reported by 44%; however, a significant proportion of participants
viewed this as a negative impact of fear during everyday travelling. Women chose longer
walking routes, where they felt safer, avoiding public transit when it was empty or full [10].

It is worth noting that only 12% of the respondents considered that even though
women could have been exposed to such uncomfortable travel experiences, they would not
change their travel (Table 2). Based on the results presented in this study, it is suggested that
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88% of the respondents understood that women would change their travel behaviour due
to feelings of fear. This finding corroborates with the claim that women, have constrained
travel behaviours because of fear about their security, and they can be captive to using
unwanted transport options when it is not feasible to change route or travel time [16].

Table 2. Perceptions of women’s safety in transient environments: influence of the built environment
and impact of feelings on travel behaviour.

Questionnaire Item Relative Frequencies (%)

How may the built environment influence the women’s perception of safety during travel?
(Q3_1–Q3_7)

Q3_1: Poor street lighting. 65.9
Q3_2: Deserted streets or roads. 61.0
Q3_3: Characteristics of sidewalks (e.g., poor line of sight due to
walls/trees). 43.9

Q3_4: Public space occupied by suspicious people. 75.6
Q3_5: Stations/train platforms deserted or without surveillance. 61.0
Q3_6: Bus stop in lonely place or without surveillance. 65.9
Q3_7: Other 9.8

How would feelings of fear during everyday journeys change women’s travel? (Q4_1–Q4_7)

Q4_1: Travelling accompanied. 63.4
Q4_2: Avoiding walking at night. 65.9
Q4_3: Avoiding cycling at night. 29.3
Q4_4: Change route. 51.2
Q4_5: Using taxicabs or private vehicles. 43.9
Q4_6: Not going out for a while. 26.8
Q4_7: No change, keeping the same travelling habits. 12.2

However, when investigating the responses reporting no change in travel behaviour
(12%) further, it was found that three of them also chose other responses (e.g., “Travel-
ling accompanied” or “Using taxicabs or private vehicles”). This indicates an incoherent
response from those three participants, as if they had chosen “No change”, no other op-
tion should have been chosen. The participants’ contact information (e.g., email) was not
available, and hence prevented further clarification. This inconsistency could potentially
impact the accuracy of our data, as we were unable to determine whether this contradiction
was a typo or a misunderstanding of the change or no change in travel behaviour. Our
finding highlights one potential issue with survey-based perception studies on travel safety.
As such studies rely on participants’ ability to recall and/or summarise past experiences,
the participants’ answers could be somewhat distorted by their mental state or simply by
failure to recall at the time of completion. We should highlight that AI could also be em-
ployed to identify and analyse incoherent responses by using advanced natural language
processing techniques. These techniques, which detect inconsistencies, errors in reasoning,
and deviations from expected patterns in responses, are key features we plan to integrate
into any subsequent activities within this project. Furthermore, perception-based studies
may also be enriched with virtual reality-based everyday travel scenarios to help gauge the
respondents’ reactions.

3.2.3. Future Travel Options

As the availability and popularity of on-demand ride services are growing, the travel
mobility survey included questions about participants’ willingness to use these services
to explore how comfortable they would feel and potential implications regarding safety
perception while using them. The questionnaire items Q5 (focused on booking ride-
sourcing services), Q6 (focused on ride-hailing services), and Q7 (focused on ride-sharing
services) were all designed with binary responses (‘yes’ or ‘no’) and were used to gather
participants’ opinions about these options. For these questionnaire items, participants were
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given the following explanation: ride-hailing services provide access to only an individual
during the ride, while ride-sharing services allow more than one passenger to book the
same vehicle for different destinations. Thus, unknown co-passengers can join during the
use of a ride-sharing service, for the entire or part of the journey.

Figure 2 shows the frequencies for participants’ willingness to use ride-source services.
Most participants generally seem optimistic about new mobility options and technolo-
gies, such as using a mobile app to adopt these services (93%). This makes sense as the
average participants were young adults (about 28 years old on average, as presented in
Section 3.1). This finding is in line with existing literature, which suggests that younger
individuals are more inclined to experiment with new technologies during their early
stages of introduction [44,45]. Moreover, 89% of the participants expressed comfort in
utilising ride-hailing services. This favourable adoption of on-demand service booking
is conditional on not sharing the ride with a stranger. It is important to notice that this
acceptance diminishes significantly when considering the possibility of an unknown co-
passenger (i.e., a stranger) booking the same cab for part or the entire journey, with only
42% of participants responding positively. These findings suggest that the comfort level of
participants with the interplay of safety perception imposes barriers to using ride-sharing
services in the future, as evidenced by the notable 24% decrease in positive responses, from
83% to 59%, as shown in Figures 2b and 2c, respectively.

Sustainability 2024, 16, x FOR PEER REVIEW 12 of 27 
 

finding highlights one potential issue with survey-based perception studies on travel 
safety. As such studies rely on participants’ ability to recall and/or summarise past expe-
riences, the participants’ answers could be somewhat distorted by their mental state or 
simply by failure to recall at the time of completion. We should highlight that AI could 
also be employed to identify and analyse incoherent responses by using advanced natural 
language processing techniques. These techniques, which detect inconsistencies, errors in 
reasoning, and deviations from expected patterns in responses, are key features we plan 
to integrate into any subsequent activities within this project. Furthermore, perception-
based studies may also be enriched with virtual reality-based everyday travel scenarios to 
help gauge the respondents’ reactions.  

3.2.3. Future Travel Options  
As the availability and popularity of on-demand ride services are growing, the travel 

mobility survey included questions about participants’ willingness to use these services 
to explore how comfortable they would feel and potential implications regarding safety 
perception while using them. The questionnaire items Q5 (focused on booking ride-sourc-
ing services), Q6 (focused on ride-hailing services), and Q7 (focused on ride-sharing ser-
vices) were all designed with binary responses (‘yes’ or ‘no’) and were used to gather par-
ticipants’ opinions about these options. For these questionnaire items, participants were 
given the following explanation: ride-hailing services provide access to only an individual 
during the ride, while ride-sharing services allow more than one passenger to book the 
same vehicle for different destinations. Thus, unknown co-passengers can join during the 
use of a ride-sharing service, for the entire or part of the journey. 

Figure 2 shows the frequencies for participants’ willingness to use ride-source ser-
vices. Most participants generally seem optimistic about new mobility options and tech-
nologies, such as using a mobile app to adopt these services (93%). This makes sense as 
the average participants were young adults (about 28 years old on average, as presented 
in Section 3.1). This finding is in line with existing literature, which suggests that younger 
individuals are more inclined to experiment with new technologies during their early 
stages of introduction [44,45]. Moreover, 89% of the participants expressed comfort in uti-
lising ride-hailing services. This favourable adoption of on-demand service booking is 
conditional on not sharing the ride with a stranger. It is important to notice that this ac-
ceptance diminishes significantly when considering the possibility of an unknown co-pas-
senger (i.e., a stranger) booking the same cab for part or the entire journey, with only 42% 
of participants responding positively. These findings suggest that the comfort level of par-
ticipants with the interplay of safety perception imposes barriers to using ride-sharing 
services in the future, as evidenced by the notable 24% decrease in positive responses, 
from 83% to 59%, as shown in Figure 2b and Figure 2c, respectively. 

   
(a) Q5 Ride-sourcing (b) Q6 Ride-hailing without sharing (c) Q7 Ride-sharing 

Figure 2. Participants’ willingness to use ride source services. (a) Q5: In the future, would you feel 
comfortable using ride-sourcing services?; (b) Q6: In the future, would you feel comfortable using 
Figure 2. Participants’ willingness to use ride source services. (a) Q5: In the future, would you
feel comfortable using ride-sourcing services?; (b) Q6: In the future, would you feel comfortable
using ride-hailing services, which provide access to only an individual, and no other unknown
co-passengers can join that particular ride (e.g., Uber)?; and (c) Q7: In the future, would you feel
comfortable using ride-sharing services (or shared cabs), where more than one passenger can book
the same cab for different destinations?

These findings corroborate with other research studies identifying issues of perceived
safety while using ride-sharing services. Another online survey study in India found
that the perception of security dropped significantly for ride-sharing services, related to
the presence of other unknown co-passengers during the ride [19]. However, the study
focused on the service quality of ride-hailing and ride-sharing services and did not focus
on women’s safety as in our study. Our study results also align with another study in
India, which reported that women feel less safe and comfortable when sharing a ride with
unknown males or travelling at night [20]. Furthermore, noting that 42% of the respondents
in this study were not willing to use ride-sharing services (Figure 2), it is essential to reflect
that amongst those participants who would change their travel behaviour to using taxicabs
(44% as presented previously, Table 2) to cope with potential feelings of fear while travelling,
in the future, new ride-sharing services are unlikely to offer an efficient means to reduce
GHG emissions, as participants seem to be reluctant to use those services. Although ride-
sharing services represent environmental and traffic benefits that contribute to reducing
emissions and congestion, there is a critical need to explore potential solutions to enhance
comfort and safety while travelling, particularly for women, which will be explored next.
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3.2.4. Technical Solutions to Enhance Women’s Safety on Transient Environments

The transient nature of travel environments can significantly impact safety perceptions,
especially for women. Inadequate or poor street lighting, empty streets, bus stops, and
train platforms all contribute to increased risks for gender-based violence and crime. Given
these risks, our travel mobility survey focused on identifying potential technical solutions
to enhance women’s safety in transient environments (Questionnaire items Q8_1 to Q8_4).
Participants were requested to rate these solutions on a five-point scale, ranging from ‘Not
at all effective (1)’ to ‘Extremely effective (5)’.

Results show that current solutions, such as carrying a personal safety alarm and
calling the helpline for women, were not perceived as being as effective as they should be.
The lowest scores for technical solution effectiveness were M = 3.2, SD = 1.2 and M = 3.2,
SD = 0.9, respectively, as shown in Table A1 in Appendix A. Additionally, as shown in
Figure 3, the respondents rated carrying a personal safety alarm as the least effective
solution, with the highest rating for “Not effective at all” at 10%. Some personal safety
devices have been used for a long time worldwide, such as women carrying repellents
in Austria [16]; these could, to some extent, help some women to feel more protected.
However, there is an urgent need for more robust solutions. Participants identified “Using
a fist band which has an in-built sensor that tracks the heart rate and body temperature
allowing it to detect an emergency and send an alert signal along with GPS location to the
nearby police station and family members” and CCTV cameras installed and visible in the
transit spaces as the most effective technical solutions as evidenced by the highest means
ratings of M = 3.8, SD = 1.1 and M = 3.9, SD = 1.2, respectively, (Table A1, Appendix A). It is
interesting to note that although “Using the helpline for women” and “Carrying a personal
safety alarm” have been used for many years in different countries, those showed the lowest
‘Extremely effective’ scores of 12% and 17%, respectively, and had low scores compared
to the perceived effectiveness attributed to wearing a fist band (27%) and CCTV (42%)
solutions, as shown in Figure 3. This suggests that some current worldwide-established
means to enhance travel safety for women are not perceived as being as effective as they
need to be for women travelling in India. A focussed review on why there is a lack of
confidence in the effectiveness of such worldwide-established solutions would help identify
potential improvements. New means and measures to promote travel safety for women
may be needed to alleviate concerns surrounding travel safety for Indian women.
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Figure 3. Technical solutions to increase women’s safety in transient environments: Q8_1: Carrying a
personal safety alarm; Q8_2: Using the helpline for women; Q8_3: Using a fist band, which has an
in-built sensor that tracks the heart rate and body temperature, allowing it to detect an emergency
and send an alert signal along with GPS location to the nearby police station and family members;
and Q8_4: Feeling safer if CCTV cameras are installed and visible in transit spaces.

It is worth noting that based on this study’s results, the use of CCTV was identified as
the most effective technical solution (rated by 42% of the participants), which corroborates
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with other research arguing that women consistently see CCTV as effective [13]. However,
although some public spaces, such as streets, bus stops, train stations and train platforms,
may already have visible CCTV systems installed, sometimes these need to be more consis-
tently monitored. This could be especially aggravated in some developing economies with
resource constraints. Additionally, the literature reveals that there is also some controversy
as to whether CCTV is truly recognised as effective in reducing fear of crime [7,28].

3.3. Relationship between Responders Rating for Travel Behaviour, Influence of the Built
Environment, and Safety Perception

Spearman correlation rank-order correlation coefficients (ρ) were run to determine
potential relationships across respondents’ ratings throughout the seven components of
the travel mobility survey: mode, reasons linked to mode choice, built environment,
impact of fear and feelings, future mobility, technology, and socio-demographics. Table A2
(Appendix B) shows the correlation matrix across these components (37 × 37 matrix). This
section highlights the most relevant components in the context of women’s travel safety.
It is known that, in general, safety and security are strongly correlated, and this is also
evidenced in this study. Although the discussion of the results is centred on perceived safety,
it is also related to comfort, safety, and security, as these three elements are intertwined.
Here, ρ represents the Spearman correlation coefficient, a measure of the strength and
direction of the relationship between two variables, and p < 0.01 and p < 0.05 indicate the
level of statistical significance.

Results show a strong statistically significant correlation between prioritising afford-
ability (Q2_1, choosing the cheapest travel mode) and walking (ρ = 0.432, p < 0.01). On
the other hand, affordability was negatively correlated with the presence of suspicious
people in the transient environment (ρ = −0.34, p < 0.05), (Table A2 in Appendix B). This
suggests that those who tend to choose the cheapest travel modes (either voluntarily or
due to financial constraints) do not consider that the presence of suspicious people would
influence the perception of women’s safety during travelling. Comfort (Q2_3) strongly but
negatively correlates with bus stops in lonely places (ρ = −0.31, p < 0.05). This would be
expected, as being at a bus stop in a lonely place may make women and other travellers
uncomfortable. Regarding the impact of feelings and fear on changes in women’s travel be-
haviour, travelling accompanied (Q4_1) showed a strong statistically significant correlation
with being in public spaces occupied by suspicious people (ρ = 0.39, p < 0.05).

Regarding future mobility options, the responders’ ratings regarding willingness to
use ride-sourcing services (Q5) was strongly negatively correlated with using a bike or a
motorcycle (ρ = −0.31 and ρ = −0.35), respectively, both p < 0.05 (Table A2, Appendix B).
This suggests that participants who cycle and use motorcycles for their everyday travel may
be more reluctant to adopt ride-sourcing services in the future. Interestingly, ride-hailing
services (Q6) were strongly negatively correlated with avoiding walking at night (ρ = −0.33,
p < 0.05). As previously presented in Section 3.2.2, the likelihood of using ride-sourcing
services drops significantly by 24% when moving from willingness to use ride-hailing
services (83%) compared to ride-sharing services (59%). This finding prompts us to consider
potential impacts on future transportation choices. Participants with a higher willingness
to use ride-hailing services may consider it safe, and thus avoiding travelling at night may
be considered unnecessary. A possible reason for feeling comfortable to do so could be the
assurance that no unknown co-passenger will join the ride during ride-hailing services.

Regarding technological solutions to enhance safety for women in transient environ-
ments, respondents’ ratings for personal safety alarm (Q8_1) were statistically negatively
correlated with travelling accompanied (ρ = −0.42, p < 0.01) and travelling by car as a
driver (ρ = −0.34, p < 0.05) (Table A2, Appendix B). These results could be explained by the
fact that if women travel accompanied or are driving a private car, using such a device may
be unnecessary as women would be in the presence of a friend or relative, or they would
be ‘shielded’ by their own vehicle. On the other hand, respondents’ ratings for personal
safety alarms were statistically significantly correlated with prioritising travel modes that
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enhance exercise or are eco-friendly (greener travel options) (both ρ = −0.34, p < 0.05, in
Table A2, Appendix B). It is known that women have constrained travel behaviour because
of fear about their security, which may lead them to use unwanted transport options [16].
Thus, using a personal safety alarm seems to provide those who prioritise active travel
modes (walking and cycling) to exercise and that value eco-friendly mobility with the
perception that this solution gives freedom of mobility to women without restricting their
mobility preferences. Even so, as presented in Section 3.3, only 17% of responders rated the
personal safety alarm as extremely effective. Additionally, respondents’ ratings showed a
positive statistically significant correlation between using the helpline for women (Q8_2)
and choosing a travel mode that provides the opportunity to exercise and willingness to use
ride-hailing services (ρ = 0.36, and ρ = 0.35, respectively, both p < 0.05). This suggests that
if a helpline is available, women’s perception of safety while walking, cycling, or running
and using a ride-hailing service could increase. As presented in Section 3.3, none of the
participants rated this option as ‘Not at all effective’ (0%, Table A1, Appendix A). Still, only
12% of participants considered this solution to be extremely effective.

Participants’ ratings for using a fist band, which would include an in-built sensor that
tracks the heart rate and body temperature, allowing it to detect an emergency and send an
alert signal along with global positioning system (GPS) location to the nearby police station
and family members (Q8_3) was strongly statistically negatively correlated with travelling
by car (as passengers) (ρ = −0.40, p < 0.01; Table A2, Appendix B). This is sensible because
those respondents travelling by car could feel that such a solution may not be needed, as
they are used to travelling in private cars. However, using a fist band with in-built sensors
to detect emergency situations was strongly correlated with participants’ ratings for those
prioritising safety while choosing their travel mode (ρ = 0.38, p < 0.05). A total of 27% of
participants considered this solution as extremely effective in enhancing women’s safety in
transient spaces. This solution could be further investigated, because perceived safety and
security are statistically strongly correlated, as our study shows (ρ = 0.69, p < 0.01, Table A2).

As an initial investigation, we found that advancements in AI have enabled the suc-
cessful development of Internet of Things (IoT)-based health-monitoring wristbands and
systems that are user-friendly, accurate, and easy to operate. For instance, Zhang et al. [46]
worked on a system designed to monitor key health parameters, including blood pressure,
blood oxygen, pulse, and exercise metrics. This intelligent health service system’s design
integrated key health metrics and was able to successfully provide effective monitoring.
Such systems can be further adapted to detect fear, discomfort, and panic in women based
on these key health metrics, to then send alerts to designated personnel for assistance.
However, more research is required to bring about such adaptations before the effectiveness
of such IoT technology in promoting travel safety for women could be assessed.

Further, respondent ratings for ‘Feeling safer if CCTV cameras will be installed and
visible in the transit spaces’, Q8_4, were strongly negatively correlated with prioritising the
cheapest travel mode (ρ = −0.36, p < 0.05; Table A2, Appendix B). This could indicate that
those who do not value transport affordability as a primary criterion in choosing their travel
mode may consider that CCTV in buses, the metro, or trains, or in transient spaces, could
be regarded as necessary. A total of 42% of participants rated CCTV as highly effective.
Finally, the participant age was negatively correlated with participant ratings regarding
prioritising an eco-friendly travel mode (ρ = −0.36, p < 0.05). This could be explained by
the fact that younger people are more aware of environmental issues and have stronger
pro-environmental attitudes. It would be interesting to explore other socio-demographic
variables, such as participants’ incomes and gender differences. However, the response
rate for this online survey was very small, resulting in a sample size of 41 valid responses.

Many other scholars also face the challenge of small-N. We have reflected on the chal-
lenges of actual techniques of causal inference in small-N and whether the interpretation of
the data can be based on p values. We did not acquire the minimum sample size acceptable
for an online survey gathering quantitative (e.g., ordinary and binary responses) and quali-
tative data (open responses). However, a recent publication by Lakens [47] about sample
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size justification provided the following example: when performing a power analysis based
on a two-sided test, with “α = 0.05, and N = 30, only effects larger than r = 0.361 or smaller
than r = −0.361 can be statistically significant”. Lakens [47] claimed that when the sample
size is relatively small, “the observed effect needs to be quite substantial to be statistically
significant”. Firstly, with N = 41, our sample was slightly larger than N = 30. Furthermore,
as presented in Section 3.3 and evidenced in Table A2 (in the Appendix B), most of the
correlation coefficients were ≥0.36 and ≤−0.36, and therefore can be considered statistically
significant, meaning that they are unlikely to have occurred by chance. Furthermore, our
results also echo the findings of other established studies, such as [6,7,10,13,20].

Secondly, other scholars have presented considerations beyond statistical power [48,49].
We recognise that the answers provided by a larger sample could be different. Still, we
recall the work by Fugard & Potts [48], who stated: “‘N of 1’ quantitative studies are also
run, so ‘quantitative’ need not imply ‘large sample’. However, the questions answered
by a single case study differ from those answered by a large-scale probability sample”.
Thirdly, small sample research is critically important as it often represents serious concerns
in vulnerable and underrepresented populations [49]. In India, women and girls are
particularly vulnerable to gender-based violence and harassment in their everyday journeys.
In this study, we focused on complex interactions across multiple factors (e.g., travel mode
choice, built environment, and influence of feelings and fear) and how these interactions
may impact travel behaviour, and explored potential solutions to enhance women’s safety
while travelling. Etz & Arroyo [49] wrote: “We must remain open to how this work has
the potential to be highly valuable despite recognising that not all aspects will generalise”,
and we share the same view. Therefore, while we recognise the challenges posed by the
small sample size used in this study, our findings capture the interplay between travel
behaviour, built environment, and user feelings. We have also explored the use of AI-based
sentiment analysis on textual answers from the participants to help uncover potential
hidden emotions. Our findings highlight the potential of applying AI techniques to analyse
survey data and offer insights into potential ways to advance the development of AI-based
solutions for promoting transport safety and inclusivity.

3.4. Sentiment Analysis

The travel mobility questionnaire also featured an open-ended question to further
explore the factors that can contribute to improving women’s safety in transient environ-
ments, as follows: “Q9. Regarding safety and the risk of violence or harassment, what do
you think it could help women feeling safer when using public transport or walking as
part of everyday journeys?” This question aimed to gather qualitative insights on what
could help women feel safer when using public transport or walking as part of their daily
journeys, particularly in terms of safety and the risk of violence or harassment. This open
question was intended to provide a more comprehensive understanding of influences on
women’s safety in transient environments.

Furthermore, AI-based sentimental analysis and emotion detection were applied to
textual answers to further analyse the open-ended question answers from the participants and
help uncover potential hidden emotions. This was crucial to identifying underlying feelings,
such as anger, joy, or optimism, which can inform improvements, refine strategies, and ensure
that questionnaire analysis is accurately interpreted for more effective decision-making.

Of the total survey participants, 59% (N = 24) responded that they completed the
above open-ended question. Our sentiment analysis, which classified the answers into
three categories (i.e., positive, neutral, and negative), revealed that 79% of the responses
showed neutral sentiment, with only 13% of the responses showing positive sentiment
and 8% showing negative sentiment, as shown in Figure 4. These results aligned with
expectations, as the participants were asked to suggest potential solutions to an identified
issue, which was the main purpose of the open-ended question.

Nevertheless, it is important to point out that our results of emotion analysis were
more surprising, with 46% of the responses showing ‘anger’, 13% showing ‘joy’, and the
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remaining responses showing equal amounts of ‘sadness’ and ‘optimism’ (i.e., 21% each).
While only 8% of the responses showed negative sentiment, two-thirds of the responses
showed negative emotions, and only 21% showed optimism. Considering the fact that
the participants were asked what they think “could help women feeling safer when using
public transport or walking as part of everyday journeys”, an answer showing ‘anger’
suggests that the participants may either have had unpleasant experiences during their
travel in the past or be aware of someone who had such an experience. The lack of optimism
shown in the answers also indicates the urgent need to restore confidence in using public
transport and walking as part of everyday journeys amongst women in India through
improved means to promote travel safety.
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3.5. Limitations

Due to a low number of responses (N = 41) and the relatively small number of male
and female participants, i.e., 7 and 33, respectively, the planned gender-stratified analysis
on the travel behaviour mobility needs and differences between females and males could
not be carried out. It has been reported that survey samples from lower-income countries
tend to contain a higher proportion of males [50]. Therefore, it is reasonable to conclude
that Indian men perceived this study as women-focused and did not prioritise participating.
This could have contributed to the low response rate for male participants. Additionally,
there is evidence that some gender-based violence incidents go unreported [12]. This
could explain why, although the topic of women’s transport safety is important, Indian
women may consider that there is a lack of appropriate governance and, thus, chose not to
engage in this online survey. It is crucial to note that this study did not have the benefit
of external funding, which would have allowed for participant rewards or compensation.
This financial constraint, as pointed out by Lakens [47], is a common challenge faced by
many scholars and can significantly impact the sample size of a study.

It is important to note that while this study’s findings may not be universally transfer-
able to the Indian population, even with a larger sample size, the key factors influencing
travel experience, including safety, security, and the built environment, may remain consis-
tent. As mentioned in Section 3.3, despite the limitations posed by this study’s small sample
size, our findings emphasise the complex interrelationships between travel behaviour, the
built environment, and respondents’ sentiments. However, due to the limited responses
from individuals, the findings may not be universally transferable to the Indian population.
Despite the sample size constraints, the insights from this study reveal the potential for AI
techniques to expand the range of preventive measures for improving future transportation
safety and inclusivity.

4. Implications

In emerging economies, perceptions of fear and safety while travelling are relevant.
India has been ranked as the most dangerous country for women due to alarming rates of
gender-based violence, especially in public transportation and transit environments [36].
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This study emphasises this sensitive issue by addressing how individuals perceive women’s
feelings of safety while travelling in India, which may influence travel behaviour. Recog-
nising the influence of women’s fear on their travel patterns is crucial to crafting impactful
policies and initiatives and promoting shifts to more sustainable modes of travel. The prac-
tical implications of the findings presented in this study for policymakers and professionals
in transportation, urban planning, and gender studies are significant. These implications
can directly contribute to improving the understanding of key factors influencing the
perception of travel safety and expand the understanding of the complex interrelationships
between travel behaviour, the built environment, and user sentiments.

Governments worldwide are developing strategies for achieving climate neutrality
and net zero mobility. This includes a strong focus on promoting active travel, such as
walking and cycling, and reducing private car dependency in favour of public transport and
shared mobility services. However, these initiatives will be inadequate if they ignore the
safety and security needs of women, potentially exposing them to gender-based violence
or providing services that they are not comfortable using.

Our study in India has uncovered significant insights that have practical implications
for travel mode choice. We found that concerns about security and safety, which appeared
in 57% and 46% of responses, respectively, play a crucial role. Moreover, our research has
brought to the forefront the impact of the built environment, the transient nature of its
surroundings, and the influence of women’s feelings, such as fear, on travel behaviour.
These elements (built environment, feelings, and transient spaces) can lead to car depen-
dency (44% of participants) or even avoidance of travel due to feelings of fear (27% of
participants). This impact on travel behaviour creates barriers to sustainable mobility. It
constrains women’s mobility, possibly leading them to use unwanted transport options,
corroborating the claim by Stark & Meschik [16] about women with feelings of fear being
prisoners or using unwanted transport options.

Furthermore, the influence of human feelings on safety perceptions needs to be ac-
knowledged in urban and transport planning and provision. This is evident in the reduced
acceptance of ride-sharing services (59%) compared to ride-hailing services (83%), which
impedes a sustainable transition towards future mobility options. These findings stress the
urgent and immediate need to integrate safety perceptions into sustainable mobility planning,
prompting swift action from policymakers and ride-sourcing providers (e.g., Uber and Lyft).

To enhance travel safety for all individuals, particularly women and vulnerable groups
such as the elderly and the disabled, it is crucial to incorporate innovative approaches.
These approaches are necessary for more effective identification of risks and predictability
of emergencies. Hence, it is essential to develop solutions with a human-centred design
approach, which requires a deep understanding of how safety is perceived and what factors
may influence this perception. This understanding is a key part of our research study. Due
to its subjective nature, ‘perception’ should be further investigated. On the other hand, most
studies considering the issue of gender-based violence and women’s mobility are based on
questionnaires, such as [10–13]. Survey data relies on participants to accurately record their
experiences or perform self-assessment. However, participants may not accurately recall
previous experiences, and their opinions may be subject to unconscious bias. Beyond the
traditional questionnaire data analysis, there is the opportunity to explore new techniques,
such as AI and machine learning, to uncover what is crucial to providing unique insights
into subjective data analysis, as demonstrated in this study. Our results based on the
application of AI and emotion analysis were particularly revealing in uncovering potential
hidden emotions, showing that 46% of participants expressed ‘anger’. In comparison,
13% showed ‘joy’ when discussing what could help women feel safer when using public
transport or walking as part of their everyday journeys.

Perception, by nature, is somewhat subjective. To help policymakers and relevant
professionals develop effective and sustainable interventions to promote travel safety for
women, it is essential to understand the built environment and its transient nature that
evokes insecurity or even fear. For example, our participants expressed that “public spaces
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occupied by suspicious people” (76% of participants) and “bus stops in a lonely place or
without surveillance” (66% of participants) are the top two influential built environments
for women’s perception of safety. It is unclear what “suspicious people” and “lonely place”
entail for different individuals and whether the notion of “suspicious people” and “lonely
place” have been affected by unconscious bias to some extent. A better understanding of
what “suspicious people” and “lonely place” mean would help policymakers, government,
and other relevant professionals to develop appropriate interventions for the community
concerned, e.g., improved CCTV provision and monitoring, increased availability of home-
less shelters, unconscious bias, etc. Future research could supplement subjective data (e.g.,
questionnaires) with other objective data or subjective data to gain a better understanding.
More recently, researchers have acknowledged the benefits of augmenting questionnaire
data with additional sources of information. For instance, a study examining gender differ-
ences in the adoption of future mobility options between men and women by surveying
8412 participants across eight European countries has taken a similar approach [51]. De-
spite the extensive sample size, the study revealed that integrating country-level economic
indicators such as gross development product (GDP) and social equality indicators as the
gender equality index equality can be a valuable method for forecasting gender-based
variations in the acceptance of future mobility options [51]. Likewise, other data such
as social media posts with AI-supported sentiment analysis can be used to analyse the
meaning behind terms such as ‘safety’, ‘security’, ‘lonely’, and ‘suspicious people’. Addi-
tionally, travel diaries and location trackers could be used to collect objective data on travel
patterns and route changes to analyse potential root causes of travel safety concerns among
women. This will then help inform policymakers to implement appropriate interventions
to promote safer and more gender-inclusive travel for women.

Finally, based on our study findings, it is clear that participants preferred technological
solutions, such as wearing a wristband or spaces monitored with CCTV, over using a
personal safety alarm or the women’s helpline to increase their safety while travelling.
These preferences must be considered, and further research is crucial to enhance the
effectiveness of these technological options. Recent advancements in AI offer a range of
services that can significantly enhance women’s safety on public transport and in transient
environments through various applications, as follows:

- Smart CCTV/AI-powered CCTV [31] systems can monitor public transport for sus-
picious activities or unusual behaviour. They can alert security personnel in real
time if they detect potential threats or harassment. Additionally, AI-driven facial
recognition [52] enhances these systems by identifying known offenders or tracking
suspicious individuals, aiding authorities in taking preventive action.

- Crime hotspot prediction [30]: AI can analyse historical data and current trends
to forecast high-risk areas and times for incidents, enabling authorities to allocate
resources more effectively. Additionally, AI can recommend safer routes based on
real-time data, historical patterns, and predictive insights, which could help women
avoid potentially dangerous areas.

- Personal safety [53]: AI-enhanced safety apps can enable women to send instant alerts
to emergency contacts or authorities if they feel threatened. These apps can include
features such as location tracking and automatic notifications. Additionally, AI can
support voice-activated safety functions, allowing users to send alerts or request help
without manual interaction, or even through health metrics monitoring.

- Sentiment analysis [54]: AI can efficiently analyse passenger feedback and reports to
identify common safety issues and emerging trends, providing valuable and quick
insights to transport authorities to enhance safety measures, without the need for
manual, time-consuming review.

The AI applications mentioned above are not specifically geared towards addressing
women’s safety concerns, despite their contribution to general public safety. They lack
features tailored to the unique safety needs of women. Developing specialised AI solutions
aimed at women’s safety is crucial to significantly improve their effectiveness and provide
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more personalised protection in transient environments, influenced by both the built
environment and temporal factors, such as the time of day and crowd levels in public
spaces. Moreover, it is imperative to recognise the intricate relationship between travel
behaviour, the built environment, and the sentiments of travellers. These relationships
can significantly impact individuals’ readiness and willingness to adopt future mobility
solutions, contributing to reduced GHG emissions, traffic noise, congestion, and need for
allocated car parking. Understanding these complex connections is vital to comprehending
how they can influence individuals’ trust in safety interventions such as CCTV or intelligent
wristbands. An in-depth understanding of these factors is crucial to maximising the
adoption of sustainable transportation solutions such as active travel and shared mobility
and ensuring safer gender inclusivity.
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Appendix A

Table A1. Potential technical solutions to increase women’s safety in transient environments.

Technical Solutions (Q8_1–Q8_4) M SD Relative Frequencies

Not at All
Effective (1) Slightly (2) Moderately (3) Very

Effective (4)
Extremely
Effective (5)

Q8_1: Carrying a personal safety alarm. 3.22 1.22 9.76 17.07 31.71 24.39 17.07

Q8_2: Using the helpline for women. 3.24 0.92 0.00 19.51 48.78 19.51 12.20

Q8_3: Using a fist band, (in-built sensor
for heart rate and body temperature, to
detect an emergency and send an alert
signal along with GPS location to police
and family members.

3.76 1.07 4.88 4.88 26.83 36.59 26.83

Q8_4: CCTV cameras will be installed
and visible in the transit spaces. 3.90 1.18 2.44 14.63 14.63 26.83 41.46
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Appendix B

Table A2. Spearman rank-order correlations (ρ) matrix between.

Q1_1 Q1_2 Q1_3 Q1_4 Q1_5 Q1_6 Q1_7 Q1_8 Q2_1 Q2_2 Q2_3 Q2_4 Q2_5 Q2_6 Q2_7 Q3_1 Q3_2 Q3_3 Q3_4 Q3_5 Q3_6 Q3_7 Q4_1 Q4_2 Q4_3 Q4_4 Q4_5 Q4_6 Q4_7 Q5 Q6 Q7 Q8_1 Q8_2 Q8_3 Q8_4 Age
Q1_1 1.000
Q1_2 0.021 1.000
Q1_3 −0.115 0.635

**
1.000

Q1_4 −0.165 0.434
**

0.667
**

1.000

Q1_5 0.139 0.233 0.089 0.091 1.000
Q1_6 −0.338 0.323

*
0.475

**
0.291 −0.024 1.000

Q1_7 0.008 0.290 0.405
**

0.471
**

0.077 0.198 1.000

Q1_8 0.397
*

0.260 0.402
**

0.365
*

0.080 −0.104 0.447
**

1.000

Q2_1 0.432
**

−0.143 −0.123 −0.125 0.054 −0.313
*

−0.297 0.043 1.000

Q2_2 −0.038 −0.373
*

−0.500
**

−0.424
**

0.111 −0.020 −0.157 −0.250 −0.027 1.000

Q2_3 −0.079 −0.088 −0.254 −0.140 −0.041 −0.022 −0.022 −0.262 −0.122 0.417
**

1.000

Q2_4 −0.117 0.051 −0.043 0.066 −0.079 0.186 −0.054 −0.096 −0.003 0.200 0.493
**

1.000

Q2_5 −0.130 0.036 0.013 0.072 −0.022 0.158 −0.071 −0.085 0.061 0.157 0.559
**

0.693
**

1.000

Q2_6 0.329
*

0.351
*

0.247 0.246 0.053 −0.257 −0.053 0.263 0.223 −0.109 −0.110 0.191 0.012 1.000

Q2_7 0.185 0.143 0.119 0.280 −0.146 −0.242 −0.032 0.210 0.156 −0.063 0.165 0.183 0.225 0.653
**

1.000

Q3_1 0.089 −0.227 −0.061 −0.100 0.172 0.046 0.000 0.111 0.040 −0.014 −0.175 −0.086 0.084 −0.233 −0.087 1.000
Q3_2 0.277 −0.282 −0.305 −0.292 0.134 −0.012 −0.002 −0.054 0.170 0.246 −0.054 −0.048 0.009 −0.239 −0.231 0.478

**
1.000

Q3_3 0.196 −0.078 −0.190 −0.176 0.479
**

−0.211 −0.152 −0.047 0.144 0.004 −0.136 −0.083 −0.067 −0.090 −0.272 0.533
**

0.305 1.000

Q3_4 0.179 0.078 0.030 −0.132 0.005 −0.013 0.087 0.056 −0.342
*

−0.035 −0.076 −0.072 −0.133 −0.012 −0.168 0.190 0.128 0.274 1.000

Q3_5 −0.098 0.084 −0.004 0.053 0.290 0.150 0.083 −0.179 0.048 0.229 0.089 −0.027 0.049 −0.146 −0.139 0.162 0.488
**

0.204 0.011 1.000

Q3_6 0.091 −0.227 −0.061 −0.054 0.185 −0.070 −0.114 0.069 0.225 0.041 −0.313
*

−0.280 −0.084 −0.069 0.004 0.566
**

0.373
*

0.430
**

0.070 0.373
*

1.000

Q3_7 0.248 −0.208 −0.122 0.113 −0.139 −0.088 0.050 −0.039 0.201 0.102 −0.162 0.019 0.023 0.061 0.068 0.237 0.263 0.206 0.187 0.263 0.237 1.000
Q4_1 0.198 −0.211 −0.185 −0.307 0.094 0.085 −0.130 −0.109 0.062 0.223 −0.159 −0.391 −0.178 −0.443

**
−0.555

**
0.307 0.327

*
0.264 0.394

*
0.119 0.201 0.250 1.000

Q4_2 −0.023 −0.227 −0.207 −0.344 −0.136 0.113 −0.296 −0.124 0.040 0.084 −0.014 0.098 0.060 −0.013 −0.049 0.024 0.162 0.119 −0.050 −0.049 −0.085 0.063 0.094 1.000
Q4_3 0.236 −0.048 −0.068 −0.268 −0.016 0.065 −0.026 0.076 0.089 0.048 −0.077 −0.197 −0.085 −0.100 0.014 0.124 0.295 0.079 −0.009 0.075 0.011 0.150 0.043 0.463

**
1.000

Q4_4 −0.162 0.018 −0.069 −0.121 −0.017 0.135 −0.102 −0.080 0.030 0.162 0.074 −0.058 0.222 −0.234 −0.100 0.120 0.120 0.077 0.127 0.220 0.120 0.156 0.272 0.018 0.306 1.000
Q4_5 −0.247 −0.212 0.124 0.184 0.017 0.126 0.036 −0.017 −0.107 −0.072 −0.106 −0.020 −0.113 −0.229 −0.081 0.222 0.204 −0.089 −0.070 0.103 0.119 0.206 0.060 −0.088 −0.029 0.077 1.000
Q4_6 0.093 −0.171 −0.070 −0.049 −0.184 0.088 0.050 0.024 −0.017 −0.103 −0.172 −0.165 −0.075 −0.276 −0.366 0.204 0.146 0.130 0.088 −0.306 −0.028 0.172 0.346

*
0.088 0.094 0.040 0.019 1.000

Q4_7 0.013 −0.106 −0.139 −0.236 0.165 −0.314 0.091 −0.164 0.007 0.010 −0.033 −0.190 −0.217 −0.091 −0.117 0.111 0.145 0.121 0.038 0.298 0.268 −0.123 −0.026 −0.360 −0.240 −0.382 −0.179 −0.226 1.000
Q5 −0.079 −0.311

*
0.105 −0.025 −0.353

*
0.109 0.037 0.045 −0.082 0.112 0.075 0.072 −0.097 0.069 0.053 −0.005 −0.033 −0.129 0.059 −0.225 −0.005 0.092 −0.019 −0.005 −0.231 −0.274 0.249 0.170 0.105 1.000

Q6 0.124 0.126 0.169 0.287 −0.104 0.058 0.237 0.157 −0.204 0.066 0.151 0.130 −0.033 0.277 0.138 −0.190 0.036 −0.121 0.195 0.036 −0.190 0.149 −0.210 −0.327
*

0.007 −0.183 0.010 −0.018 −0.029 .370
*

1.000

Q7 0.174 0.102 0.155 0.104 0.234 −0.009 −0.019 0.139 −0.050 −0.112 −0.151 −0.304 −0.172 0.108 0.192 0.125 −0.064 0.146 −0.017 0.139 0.229 0.110 0.080 0.020 0.106 −0.227 0.146 −0.161 0.162 0.144 0.013 1.000
Q8_1 0.062 −0.144 −0.074 −0.002 −0.198 −0.335

*
−0.122 0.150 0.200 −0.230 0.071 0.195 −0.022 0.341

*
0.385

*
0.090 −0.172 0.169 0.012 −0.085 −0.018 0.068 −0.421

**
0.217 −0.019 −0.251 −0.098 −0.204 0.062 0.155 0.045 0.142 1.000

Q8_2 0.074 0.061 −0.009 0.166 −0.046 −0.021 0.048 0.174 0.018 −0.063 −0.038 0.213 0.104 0.362
*

0.214 −0.124 −0.161 0.016 −0.227 −0.039 −0.189 0.183 −0.303 0.229 −0.083 −0.175 −0.205 −0.067 −0.179 0.183 0.350
*

0.254 0.314
*

1.000

Q8_3 0.114 −0.194 −0.248 −0.142 −0.087 −0.052 −0.403
**

−0.060 0.006 −0.007 0.160 0.378
*

0.193 0.092 0.077 0.059 −0.075 0.241 −0.003 −0.027 0.020 −0.098 −0.164 0.237 −0.019 −0.052 −0.107 −0.083 −0.204 −0.157 0.069 −0.149 0.350
*

0.253 1.000

Q8_4 −0.292 −0.131 −0.288 −0.042 0.125 −0.121 −0.168 −0.250 −0.358
*

0.099 0.205 0.185 0.191 0.029 0.025 0.103 −0.071 0.214 −0.124 0.182 0.000 0.044 −0.151 0.231 −0.041 −0.111 0.131 −0.135 0.063 −0.062 0.052 0.264 0.241 0.361
*

0.375
*

1.000

Age −0.251 −0.042 −0.130 −0.053 0.249 0.272 −0.101 −0.278 −0.287 0.197 0.027 0.211 0.005 −0.178 −0.357
*

0.107 0.252 0.394
*

0.101 0.148 0.031 −0.003 −0.026 0.190 0.084 0.014 0.110 0.044 −0.089 −0.032 0.137 −0.193 −0.190 −0.047 0.239 0.202 1

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
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