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ABSTRACT

Improved transportation facilities are necessary for ensuring the participation and
accessibility of women for ensuring women empowerment and gender equity all
over the globe including developing country. Socio-economic characteristics, such
as income, education level, etc., and trip characteristics, such as; frequency, purpose
etc. were found to have significant impacts on boarding and alighting experience of
women in their daily mobility pattern. The role of women contribution in the society
has been changing than that of the traditional norms, they are moving out of their
houses to carry out the duties in order to contribute to the society. Although their
mobility, use of transit has been increasing day by day, their need of customized
policy still remains unaddressed. Through literature review, it was found that the
developed countries have tried to address these issues in their policy making.
However, the perspective is far different in developing countries in terms of factors
affecting the mobility as well as trip purposes. Based on their response a Bayesian
model was developed to identify the key factors resulting the gender differences in
mode choices by using GeNle and policies were recommended.

Key words: 'Women, transportation, mobility, trip purpose, trip distance, safety
and security, Bayesian analysis.
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CHAPTER 1

1 INTRODUCTION
1.1 Background

The role of women contribution in the society has been changing than that of the
traditional norms, they are moving out of their houses to carry out the duties in order
to contribute to the society. Although their mobility, use of transit has been
increasing day by day, their need of customized policy still remains unaddressed.
Through literature review, it was found that the developed countries have tried to
address these issues in their policy making. However, the perspective is far different
in developing countries in terms of factors affecting the mobility as well as trip
purposes. This paper aims to address the gender based differences in mobility in
developing society. This paper identifies the factors affecting the mode choice based
on trip distance and trip purposes varies based on gender differences in developing
society. Unlike previous papers, the field studies in this paper includes gender based
differences in mode choices in both short and long trips in urban and suburban region
in developing society. A questionnaire survey was performed on 1602 respondent
across different locations of Dhaka city, Gazipur, Narayanganj and Tangail in
Bangladesh. Based on their response a Bayesian analysis was developed to identify
the key factors resulting the gender differences in mode choices and policies were

recommended.

1.2 Problem Statement

Very few statement about the gender based commuter cyclist route choice, stated

preferences, cycling facilities in terms of adverse traffic conditions. (Garrard et al.,

2008).
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A gendered based study is required considering larger number of variables such as-
personal, environmental, cultural and economic determinants of cycling in countries
with lower bicycle transport mode share and also to identify the characteristics of

urban environment with female friendly infrastructure. (Garrard et al., 2008).

The gendering of driving and mobility needs a quantitative approach in terms of

socio-cultural practices (Siren & Hakamies-Blomqvist, 2006).

Socio-demographic considerations such as gender, occupations, education, vehicle
ownership are taken into consideration while deciding the modes for short trips

(Khan & Habib, 2021).

In order to have perspective about women’s mobility issues in urban areas at a
network level in BRT corridors or other public transit modes, a detailed gendered

disaggregated data is needed. (Malik et al., 2020)

Car-ownership, income, education should be incorporated to find out the influence

on public transportation usage behavior (Fu & Juan, 2017)

The role of sustainable transportation system such as bicycle for lower income
women and associated insecurities in terms of confidence, local culture and changes

in mobility patterns (Mark & Heinrichs, 2019)

In UK, female are more likely to use public transport than that of male as male uses
personal vehicles (Policy, 2021). Whereas in developing country female are less
willing to use active transport (Baig et al., 2021). So, there is a cultural, geographical

and demographic differences than that of developed ones.

1.3 Purpose and Objective

The preferred travel mode for a woman on short trips was analyzed. If it was
different than that of existing infrastructure and whether it is the same or different

for both cases was studied.
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Despite being equally educated, the women employment rate is low in developing
countries like Bangladesh. And the rate of women footsteps outside the home is
noticeable. The number of women using public transport is not up to the mark. The
study will determine whether women are shifting near the workplace, so they don't
need to travel on public transport. Or the travel mode generally for women's

workplace, which distance is more than Skm or long

1.4 Scope of the Study

Very few study have been made about gender perspective on mode choice in terms
short and long trips specially in developing countries where the parameters of

service quality differ from that of developed ones in terms of infrastructure.

1.5 Organization of the thesis

Through literature review, the study gap was found out about the need of research
in developing country about women’s mobility. A questionnaire was formed based
on literature review and technical knowledge about transportation. Afterwards,
questionnaire survey was conducted across different location in Dhaka city, Gazipur,
Tangail and Narayanganj which covered both rural and urban society. A Total of
1602 participants answered the questions. These data were processed though GeNle

academic and based on the outcome policy was recommended.
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CHAPTER 2

2 Literature Review
During transportation planning and policy, women’s necessity and experiences are

not represented adequately which is very different than that of men(America,

2021)

Through prioritizing NMV lane there is a potential of promoting women’s cycling
as well as for safer pedestrian facilities drone surveillance can promote green

mobility (Porter et al., 2021).

Gender disparity is commonly observed in case of active commuting in terms of
developing country as female are less mobile than male due to the influence of
essential social factors like- safety and security, infrastructure and attitudes (Baig et

al., 2021)

Due to traditional norms the travel pattern of women is very different than that of
men. They tend to travel shorter distance and carry out various household shopping
as well as carry the goods and children which greatly affects their mode

selection(America, 2021)

Women are more likely to take shorter trips as they have to stop for doing different
household chores, collecting children from schools, taking care of elderly people in

family

Transport planning and policies needs to be modified based on potential gender

differences with respect to their daily mobility and travel patterns (Havet et al., 2021)

The female who drive to work has well-being losses due to congestion are willing to
pay to avoid congestion hence higher speed associated with lower wages

(Dilmaghani, 2021)

10
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Passengers with higher education and income caring more about comfort,
punctuality and efficiency were more likely to choose high-speed railway (HSR) and
plane; passengers caring about travel expense were more likely to choose ordinary

train (Wang & Yan, 2020)

In urban mobility, gender differences in mode choices and share of active transport

to school in daily mobility has been observed (Montoya-robledo et al., 2020)

The influence of socioeconomic characteristics, land use and travel time
considerations on mode choice for medium- and longer-distance trips (Khan &

Habib, 2021)

The conservative society promotes private car as the primary mode of mobility for
women due to various social factors such as — social, cultural, economic, political

and urban factors (Badawi & Aboelmakarem, 2021)

Travel time and income affects mode choice of women and they tend to select

cheapest mode over time efficient mode (Pablo et al., 2017)

During peak hour, there are more chances of being harassed as the public transport

are mostly crowded (Natarajan et al., 2017)

Women mostly prefers flexibility, safety and security over fare and travel time(Pablo

et al., 2017)

During women’s mobility accompanied by children and goods, they prefers car over
public transport because of the adequate spacing inside public transport for carrying

goods and children (Kawgan-kagan & Popp, 2018)

There are few factors affecting the mode choice of women in terms of budget, safety
and socio-demographic context which often affects their participations and

contribution to the socio-economic developments (Mark & Heinrichs, 2019)

11
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Geographical context as well as demographic indicators impacts the
transportation planning which shows a differentiated mobility patterns of women
based on metropolitan cities, urban and rural areas as in rural areas the young
working forces migrate to cities in search of work resulting the elder citizens staying

there who barely goes outside and are engaged in household chores (Xu, 2020).

Despite the existing database from different surveys, the needs of female passengers
are often ignored which hinders the comfort, safety, security in their mobility (Safe

transport modes for women can only mean better connectivity / 14, 2021)

Car ownership and having a driving license may change the mode choice of women

in urban area and affect their mobility experience(Siren & Hakamies-Blomqvist,

2000).

In urban areas, the vehicle choice largely depends upon the purpose and destination

of travelling hence affects the mobility pattern (Khan & Habib, 2021)

Elderly women use non-driving mode of transportation than men for having fewer
driving license, higher dependency on mobility on their family which often leads to
poorer mobility than men resulting unfulfilled travel needs and restricted mobility

(Siren & Hakamies-Blomgvist, 2006)

The unplanned and underdeveloped section of the city in which public
transportation design are not taken into consideration may hugely impact their access

to healthcare. (Mark & Heinrichs, 2019).

In a study based on Melbourne city, on busy arterial roads the provision of on-road
lanes may not be attractive enough to increase the female commuter cyclists (Garrard

et al., 2008).

12
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In urban areas, increased use of private cars increases congestion, reduces
productivity, wastes time, increases injury and fatality as well as less provision to

non-motorized vehicles hampering sustainability by emitting more green-house

gases (Polk, 2003)

In order to improve mobility, the use of smartphones for map orientation can
contribute to gender equity by improving access and choice (Mark & Heinrichs,

2019).

13
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CHAPTER 3

3 Methodology and Data

3.1 Introduction (Overall workflow)
This paper addressed the study gap about the differences in the necessity of

infrastructural point of view as well as unaddressed necessity of women in policy
making. Through rigorous literature review of existing studies across the globe, the
study gap was found out and then a questionnaire survey was performed in different
zones in Dhaka city. The main was to collect data from age groups and diversified
demographic characteristics. Then processing the data, it was evaluated though
GeNle2.5 Academic version and the result were interpreted. Policy was

recommended based on the outcome.

3.2 Methods

Bayesian network can be framed utilizing three principles; an expert can
layout the network where the dependencies between the parent and child nodes can
be intellectually defined, or otherwise, applying the structural learning technique, or
combining structural learning and expert opinion. In this study, GeNle2.5 Academic
Version was used for structure and parameter learning. GeNle implements
Expectation Maximization (EM) algorithm for parameter learning which can deal

with both complete and incomplete datasets.

A sensitivity analysis was conducted with the objective to visualize and quantify the
impacts of parameters’ variations on the target node. The color of the bar indicates
the extent of change in the target node state; the red color symbolizes negative

changes, and the green color stands for positive changes.

14
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3.3 Study area and data

Our study area consisted of various locations across Dhaka city, Tangail, Gazipur
and Narayanganj in Bangladesh. 1602 people answered the questionnaire survey
which was segmented as follows- demographic characteristics (such as- age, income,
profession etc), trip distance and choices and factors affecting the choices and so on.
The questionnaire survey was prepared based on literature review as well as

transportation judgement.

We were interested in gender based differences in mode choice based on trip distance

and trip purposes in the sensitivity of income, nature of job, education level.

15
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CHAPTER 4

4 Analysis and Result

4.1 Introduction
Data file was imported in GeNle academic from the csv folder of data base. After

learning the parameters network was developed. The PC algorithm is used and the
obtained network is modified according to the correlation between variables,
literature review, and engineering judgment. Utilizing the built-in EM algorithm

for parameter learning, marginal probabilities of all nodes are generated.

The tornado diagram, sensitivity analyses as well as well evidence and target were

set to find the changes in the network.

4.2 Descriptive Statistics
From the obtained 1602 data, few variables were considered including trip

purpose, fare, mode choice selected, gender, education level, factors affecting

mode choices and so on.

It was found that among the trip purposes, trips related to education and job had the
highest percentage for travelling and they chose non-motorized vehicles for
movement in the shorter distance. The factor responsible behind the selection was
safety and security. While the other factors like comfort, fare, availability didn’t play

any major role behind their selection.

4.3 Model output and Explanation

The PC algorithm is used for structure learning from a complete data set. The
obtained network is modified according to the correlation between variables,
literature review, and engineering judgment. Utilizing the built-in EM algorithm

for parameter learning, marginal probabilities of all nodes are generated.

16
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The color of the bar indicates the extent of change in the target node state; the red

color symbolizes negative changes, and the green color stands for positive changes.

(@] Age
below_18 6%
from_18_to_35 S6%|[l |
from_35_to_50 29%
|greater_than_50 9% =

greater_than_50 11% |}
less_than_20 36%

O Dist_loc_to_pickup_..

greater_th . 28%
less_than_...72%

Figure 1:Model Development
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Figure 2: Sensitivity Analysis (Target- Trip purpose)

Sensitivity for Factors=Safety_and_security
Current value: 0.634924 Reachable range: [0.627494 .. 0.642355]

0.63 0.635

1: Gendey=Female
2: Factors=Safety_and_security | Gender=Fenjale, Education=Graduate, Fare_=less_than_20
3: Factors=Safety_and_security | Gender=Mgle, Education=Graduate, Fare_=less_than_20
4: Factors=Safety_and_security | Gender=Fgmale, Education=HSC, Fare_=from_20_to_50
5: Factors=Safety_and_security | Gender=Femgle, Education=Graduate, Fare_=from_20_to_50
6: Factors=Safety_and_security | Gender=Wale, Education=HSC, Fare_=from_20_to_50
T: Factors=Safety_and_security | Gender=Male, Education=Graduate, Fare_=from_20_to_50
8: Fare_=frgm_20_to_50

9: Education=Graduate | Fare_=lesg_than_20, Marital_status=Married

10: Factors=Safety_and_security | Gender=Female, Education=Secondary, Fare_=from_20_to_50

Figure 3: Tornado diagram
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ROC curve for Trip_purpose=Job_Education (AUC=0.767492)
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Figure 4: ROC curve (Trip purpose)

Scanned with CamScanner

20



True posttive rate (sensitivity)
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Figure 5: Setting safety and security as evidence

Scanned with CamScanner

22



CHAPTER 5

5 Conclusion and Recommendations

5.1 Introduction
From the analysis, based on the factors affecting the mode choice from the study

policy is recommended to address the issued relating to gender based mode choice.
Through sensitivity analysis, significant variables were selected and correlation was

established.

5.2 Major findings

Sensitivity factors such as age, income, level of education determines the mobility

pattern of women as well as mode choice.

From the result analysis, we found that safety and security is the major concern
while choosing any mode. Women tend to use non motorized vehicles for
travelling shorter distances and the trip purpose dominating is education and job

which denotes women empowerment and their tendency of becoming independent.

5.3 Policy Implications
Transport inequality is the result of “gender blind planning” which should be

addressed through gender audits just like EIA report during the planning of transport

infrastructure(Issue et al., 2021)

Creating time efficient mode doesn’t necessarily improve accessibility of women
mobility rather more flexible, less crowded and secured mode are to be considered

for planning transportation facilities for women (Pablo et al., 2017)

Women who frequently needs travelling can drive motorbike themselves instead of

using crowded public transport (Kawgan-kagan & Popp, 2018)

23
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Public transportation waiting zone should be designed in such a way that female
passengers can feel more secured with the presence of police enforcement

(Chowdhury & van Wee, 2020)

Public transport can be build on road network of shorter distance where non-
motorized vehicles can play role in ensure safe mobility. This can ensure sustainable
development by creating separate walking lane, cycling lane with proper lighting

system and monitoring body for ensuring their safety and security.

5.4 Limitations and future scope
Lack of inadequate datasets regarding bicycle riders and relevant datasets is one of

the major drawback of this study. Future studies can be made to find out the active

mode of transportation and their available scopes to implement them.

Discrete choice modelling can be implemented to find their mode choice based on

trip distances.

24
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