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Executive Summary
India is a rapidly developing country, and this development is backed by its
augmenting economic growth. For any economy to grow, it needs a supporting strong
transportation system which helps in the transfer of goods and people alike from one
place to another. With the ever increasing population of the country, the transportation
demand of the people has also seen a rise. This increase in demand has not only put a
significant of pressure on the existing city infrastructure but also the resources of the
city.
People have been endowed with a number of options to choose from for their daily
commute; this includes their private vehicles and the city-provided public
transportation.
Everywhere there have been talks and discussions as to how public transport mode is
better than a private transport mode and what steps can be taken in order to increase
the public transport patronage. All such discussions are based on the facts that public
transport has an advantage over private transport in terms of:
 Cheaper costs
 Environment friendliness
 Less degree of congestion
The city of Ahmedabad is catered with three modes of public transport:
 Ahmedabad Municipal Transport Service (AMTS)
 Bus Rapid Transport Service (BRTS)
 Auto-rickshaws
All the three modes have their share of riders in the city and sometimes act as the
feeder to one-another. But studies have shown that the percentage of public
transportation users is still very less than those using their private vehicles (16%
versus 42%). These figures pose us with questions such as:
 Why are not people using the public transport?
 What are the preferences of the people when they choose their mode of travel?
 What factors/interventions will help in increasing the public transport
patronage?
These questions form the crux of this research. Research aims at assessing the various
mode choice factors of the residents of Ahmedabad which might provide us with a
view to their perception of needs from the public transport, which probably might
further help in increasing the public transport patronage. This aim is supported by
three research objectives:
 To identify the factors influencing the mode choice of people
 To identify a methodology to establish the mode choices
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To evaluate the mode choices

The research is focused on the non-users of public transport in Ahmedabad city. The
reason of choosing the non-users as the focus group of the research is to gauge the
preferences of the people who at present are not using the service, so that with the
help of their preferences, such interventions could be done to probably make them
shift from private to public transportation systems.
To establish the first two objectives of the research, a number of literatures were
referred to, from different sources. The literature reviews helped in understanding as
to what are mode choices and how different studies of different cities have evaluated
them and further used them to analyse their public transport. With the learnings and
data from the literature referred, a composite list was prepared of factors that tend to
influence an individual‟s choice of travel mode. These factors were then further
classified in context to Ahmedabad. It was seen that the factors were majorly
classified into three categories:






Characteristics of the traveller
a. Vehicle ownership
b. Household structure
c. House and individual income
d. Age of the trip maker
e. Sex of the trip maker
Characteristics of the journey
a. Purpose of the trip
b. Trip distance
c. Trip cost
d. Time of the day of the trip
e. Total journey time
f. Total in-vehicle time
Characteristics of the service
a. Comfort of the journey
b. Safety while travelling
c. Accessibility of the service
d. Reliability of the service
e. Availability of last mile connectivity
f. Frequency of the service

In many cases, the urban form/ the settlement fabric also influenced the choices of the
people.
Based on these factors, a survey form was designed to determine how important they
are in their decision of a travel mode. They were also posed with some willingness
questions which tried to capture the preferences of the people in shifting to public
transport if a certain intervention is proposed in the various mode choice factors.

Assessing Possible Mode Shift to Public Transport: A case of Ahmedabad city

The research was conducted along the BRTS corridor from ISKON BRTS to L.D.
Engineering BRTS, covering a total of 12 BRTS stations and 5.4km of stretch. The
sample population taken was 130 non-users. The surveys were spread around the
BRTS station within a walking distance of 500m. The surveys were distributed across
the stations based upon the ratio of densities of residential as well as employment
population. 95% of the surveyed population was from the age group of 18-60 years
with equal proportions of male and female respondents. It was observed among the
respondents, the major transport mode used for their daily commute was two-wheeler
(60%) followed by four-wheeler (33%).
The data was then analysed used analysis of variance method (ANOVA). For the
analysis, four focus groups and four parameters were considered. Focus groups
considered were:
 Gender of the respondent
 Age of the respondent
 Occupation of the respondent
 Vehicular ownership per household per person
The parameters considered for the analysis were:
 Sensitivity towards travel cost
 Sensitivity towards travel time
 Sensitivity towards accessibility of the service
 Sensitivity towards service quality
Each of the parameters had certain choice parameters and willingness parameters
which were drawn from the survey form.
The answers to the choice and willingness parameters were assigned a certain weight
and then analysed using the ANOVA test in SPSS.
From the analysis, it was observed that females were most sensitive to travel cost and
the service quality since, cost and safety of an individual are of utmost importance
while travelling by a public transport. Along with gender, age of an individual also
plays an important role in his/her decision of travel mode choice, be it co-related to
travel cost or accessibility. Vehicular ownership of an individual also influences an
individual‟s decision of travel mode as one perceives an own vehicle as more
comfortable and safe and hence opting it over a public transport. The analysis also
indicated that the journey time did not have significant influence over an individual‟s
mode choice decision and hence all the other factors need to be focused upon.
To encourage people to shift to public transport, specific target group interventions
are required with respect to travel cost, service accessibility and service quality.
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1

INTRODUCTION

This chapter introduces the city of Ahmedabad along with an overview of the
transportation system in the city, with a focus on the importance of public transport and
the different modes available in the city of the same. This helps in defining the research
problem. The chapter further elaborates on the research aim and its objective along
with the scope and limitations of the research.
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1.1

City of Ahmedabad

Ahmedabad city is the administrative capital to the state of Gujarat, with a population of
5.8 million people and an extended population of 6.3 million people (Census 2011). It is
the sixth largest city and the
seventh largest metropolitan area
of India. It is located on the
banks of River Sabarmati and
accounts for an area of 464
sq.km.
The Sabarmati River divides the
city physically into two distinct
regions: western and the eastern
Ahmedabad.

Eastern

Ahmedabad, also known as the
old city is characterised by the
traditional housing and urban
forms of the city. It houses the
traditional pol system of clusters
of houses closely built together
and marked by numerous places
of worship. The old city is also

Map 1: City of Ahmedabad
Source: Centre for Urban Equity, CEPT University (Mahadevia,

remarked for its colourful variety Desai, & Vyas, 2014)
of markets. Some of the iconic
areas and buildings of the Ahmedabad are situated in the eastern part of the city, like the
main railway station, the general post office (GPO) and the famous night food market at
Manekchawk.
Over the years, the city witnessed massive expansion towards the western banks of the
Sabarmati River, now known as the Western Ahmedabad, and is characterised by modern
day architecture and urban layout. Western Ahmedabad is adorned with a number of
shopping malls, flyovers, modern architecture buildings and planned road-network
systems.
Anshita Aggarwal (UP0112)
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Ahmedabad was once known as the „‟Manchester of the East‟‟ owing to its large base of
textile and related industries. Since then, the economic base of the city has transformed
and has evolved itself to establish a strong ground for commerce, trade and
manufacturing. Ahmedabad houses some of India‟s leading institutions such as the Indian
Institute of Management (IIM-A), National Institute of Design (NID), Mudra Institute of
Communications Ahmedabad (MICA), Centre for Environmental Planning and
Technology (CEPT) etc.

1.2

Transportation System

Economic activities form the backbone of a city and to provide for those activities, a city
requires a strong support system in the form of transportation, not only of goods but also
of the people. This support system has to provide for the existing flow of goods and
people as well as for the future needs and hence, has to be sustainable enough to cater to
all needs. All the economic sectors require a well functioning transportation and
communication system to contribute to the nation‟s growth.
Ahmedabad has seen a significant growth of all the three economic sectors, primary,
secondary and the tertiary. This growth has been felicitated by its efficient transportation
network and means. This transport network provided for the movement of goods and
people alike for private as well public transport.
In 2011, according to the census, 42% of the total population of Ahmedabad used their
private vehicles as the mode of daily travel while only 16% of the population was
dependent on the public transport (Figure 1). This percentage seems quite low when
compared to other global cities and their public transport patronage (Table 1). Indian
cities as well, such as Mumbai, Bangalore and Delhi have high public transport ridership
at 45%, 35 % and 42% respectively.
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Figure 1: Modal split of Ahmedabad
source: (Passenger Transport Mode Shares in World CIties, 2011); Data source: Census 2011
Table 1: Public Transport patronage comparing global cities

City

Public transport patronage (in percentage)

Ahmedabad

16

Bangalore

35

Delhi

42

Mumbai

45

Barcelona

26

Beijing

21

Berlin

26

Bogota

62

Curitiba

45

Paris

62

Source: (Passenger Transport Mode Shares in World CIties, 2011)

1.3

Public transport in Ahmedabad

With a population of 6.3 million people, Ahmedabad is a fast growing and rapidly
urbanising city of India (7th largest metropolitan area of India). A large population implies
that more and more people travel in and out of the city on a daily basis. This requires the
city to be prepared with a sound transportation network to facilitate both public as well as
private usage of transport. At present, public transport available in the city of Ahmedabad
Anshita Aggarwal (UP0112)
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include two bus services namely, AMTS (Ahmedabad Municipal Transport Service) and
BRTS (Bus Rapid Transit System) and para-transit modes such as auto rickshaws which
also acts as the IPT (Intermediate Public Transport). Even with the provision of various
means of public transport, the ridership percentage of the city remains low at 16% with
people opting for their private vehicles as their mode of travel.
1.3.1

Ahmedabad Municipal Transport Service (AMTS)

Ahmedabad Municipal Transport Service (AMTS) is one of the main departments of the
Ahmedabad Municipal Corporation (AMC) and is primarily responsible for providing
public transport system in the city of Ahmedabad. AMTS started with a fleet of 112 buses
in the year 1947 under the Bombay Provisional Municipal Act. As the city expanded in
the consequent years, the fleet and the network of AMTS also expanded. As of 2015,
AMTS has a fleet of around 800 buses operating over a network of 550 kilometres and
catering to approximately 7,00,000 passengers daily. It operates over 150 routes around
the city (DMRC, 2015).
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Map 2: AMTS network
source :(DMRC, 2015)

1.3.2

Bus Rapid Transit System (BRTS)

Ahmedabad Municipal Corporation (AMC) has incorporated Special Purpose Vehicle
(SPV) called Ahmedabad Janmarg Ltd in order to run and to operate BRTS buses. The
service was initiated in the year 2009 and as of 2014, caters to a population of 1.4 lakh
people on a daily basis on 154 stations over a distance of 96 kilometres with 230 buses
(Janmarg, 2016).
Each station is spaced at a distance of 600-700 meters from each other which provides the
maximum walking distance from one station to another. As of 2014, it operated on 12
trunk lines and 21 feeder routes (EMBARQ, 2014).
Anshita Aggarwal (UP0112)
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Map 3: BRTS network
source:(DMRC, 2015)

1.3.3

Auto rickshaws (Para-Transit)

Ahmedabad also has a wide spread network of auto rickshaws and shared auto rickshaws,
which are used either as the end means of travel from origin to the destination or as a
feeder to the nearest bus service (AMTS or BRTS). All the auto rickshaws registered after
1991 were converted to compressed natural gas (CNG), and by the year 2014,
Ahmedabad had a total of 1,12,515 such auto rickshaws running around the city. Their
easy accessibility and affordability is one of the major competitors to the city bus services
(Swamy, Pai, & Kulshrestha, 2014).
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Figure 2: Auto rickshaws in Ahmedabad
source: (Munshi, 2012)

With the availability of a number of public transit options, the mode share of public
transport in the city has been declining. This decline is accompanied by a parallel increase
in the usage of private transit modes (Madhusudhan, 2014).

1.4

Research Problem and Aim

With the ever increasing population, the travel demand of the people also increases. With
the availability of a number of travel modes, both, private (cars, two-wheelers etc.) and
public transit modes (city bus services, auto-rickshaws etc.), the commuters are exposed
to a wide range to choose from. The purpose of this research is to assess the various
factors influencing the mode choices/preferences of the people of Ahmedabad city.
The research aims at evaluating the factors that influences the people to choose private
transit mode over public transit modes and further what factors would make them
possibly shift from their current mode to public transport and hence will focus on the nonusers of public transport in the city.
‘’Assess various mode choice factors that might lead to a possible mode shift to public
transport in Ahmedabad’’
The research is focussed on high frequency corridors of Ahmedabad to assess the factors
of choice of travel mode in areas where public transport is readily available, either
through accessibility or frequency. Therefore, such areas of Ahmedabad would be chosen
for the study where there is high frequency of AMTS (Ahmedabad Municipal Transport
Service) and has an available BRTS (Bus Rapid Transit System) network. This would
Anshita Aggarwal (UP0112)
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also include areas where there is easy accessibility to IPT (Intermediate Public
Transport), such as auto rickshaws.

1.5

Research Objectives

In coherence with the research aim, it mainly focuses on achieving the following three
objectives:
1. To identify the factors influencing the mode choice of people
2. To identify a methodology to establish the mode choices
3. To evaluate the mode choices
The above stated objectives would be achieved by the following methods:
Objective

Method of Achieving the objective

To identify the factors influencing
the mode choice of people

Literature Reviews from different sources and
studies
-Literature Reviews

To identify a methodology to
establish the mode choices

-Case studies where a similar study might have been
conducted and to see its significant in this research‟s
context and to establish a composite list of the
desired factors and choosing an appropriate
methodology of analysing them

To evaluate the mode choices

To analyse the factors listed from the first objective
by the method chosen by the second objective in
order to have some conclusive inferences

1.6

Scope and limitations

This research is focussed on the perceptions and choice parameters of the non-users of
public transport in Ahmedabad and thus, does not consider the opinions of the users.
Since, the research aims at bringing out the factors influencing the choice mode of the
people to which the public transport service is readily available; it does not take into
account the people living far away from the public transport stops/stations.
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1.7

Research Outline
Introduction
This chapter introduces the research problem and the
Chapter 1

objectives along with the current scenario of the city of
Ahmedabad.
Methodology

Chapter 2

This chapter describes the methodology adopted for the
purpose of this research and the flow of the same.
Literature Review

Chapter 3

This chapter elaborates the learning from different literatures
that were referred to in context to the research.
Study Area

Chapter 4

This chapter introduces the study area chosen for the research
describing the method and reason for choosing that particular
area.
Data Collection

Chapter 5

This chapter details out the method of data collection and the
general information of the socio-economic characteristics of
the study area.
Data Analysis

Chapter 6

This chapter covers the detailed analysis of the data collected
on the basis of the pre-decided focus groups.
Conclusion

Chapter 7

This chapter brings out the final inferences about the data
collected in accordance with the set objectives of the research.
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2 METHODOLOGY

This chapter details out the methodology adopted in order to carry out the research and
the sequential manner in which they were carried out. It elaborates each step with its
need in the research process.

Anshita Aggarwal (UP0112)
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The methodology adopted for the research has been described below:
Step-1: A research problem was identified and relating to it an aim was defined and a few
objectives of the research were laid down.
Step-2: Based on the research problem and objectives, various articles were referred to, to
understand the problem and possible solutions better. Based on this literature review,
various other components of the research objectives were also studied and summarised.
The factors and parameters of the research study were established through the literature
review. The parameters of mode choice were established from the various readings, and
the methods to analyse and assign them a utility and to evaluate them later were also
noted.
Step-3: With the understanding of the research problem and objectives and the
understanding gained from the literature review, few possible study areas of Ahmedabad
were noted.
Step-4: After finalising the study area, a survey form was designed to record answers
according to earlier established objectives.
Step-5: A field survey was carried across the study area and the answers so recorded were
analysed using the various methods identified during the literature review.
Step-6: According to research aim and objectives, and the analysis, few inferences were
made.

Anshita Aggarwal (UP0112)
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Figure 3: Methodology
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3

LITERATURE REVIEW

This chapter covers a wide range of literature related to the said research. Literature
from different sources, namely, online articles, journals, earlier done studies, etc were
considered for this research, in order to gain a wide view on the topic. The literature
review was focussed on elaborating various terms used in the research aim to
understand the parameters considered for this research along with the various methods
that could be used to analyse the results to achieve the objectives of the research.

Anshita Aggarwal (UP0112)

15

Assessing Possible Mode Shift to Public Transport: A case of Ahmedabad city

The literature review has been done based on various topics in order to understand the
research problem better, and to analyse the given problem in context to India and other
countries.
The articles were referred in order to gain an understanding of various components of the
posed research problem and to come up with possible solutions which can then be used in
the given research. Another aim of the literature review was to assess if a similar problem
has been addressed elsewhere outside the city of Ahmedabad, if yes, then what have been
the various parameters and solutions to the situation and how can it be used in the
proposed research.
For this purpose, the review has been divided under the following heads with inputs from
varying articles and reports, which have been extensively mentioned in the bibliography
later.

3.1

Mode choice

Since the research focuses on the factors influencing the mode choice of an individual and
the factors that would probably make him/her shift onto a public transit mode, it is
essential to understand what we mean by mode choice and what would be the possible
factors that influence one‟s decision regarding the mode of travel.
Mode choice refers to the preferences of travel mode of the users, be it private transport
or public transport. These mode choice are dependent on a number of factors and
parameters which can broadly be categorised under three heads; firstly, characteristics of
the traveller, secondly, characteristics of the journey and lastly, characteristics of the
service being used. The various parameters of each of factors are mentioned below.
(Waerden, Borgers, Timmermans, & Berenos)
1. Characteristics of the traveller:
i. Vehicle ownership
ii. Household structure
iii. House and individual income
iv. Age of the trip maker
v. Sex of the trip maker
These characteristics are directly related to the trip maker, such as how many and what
kind of vehicles does he own, how many people in the household are dependent on the
Anshita Aggarwal (UP0112)
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available vehicles or need a mode of travel. It also includes the expenditure capacity of an
individual on a particular mode of travel.
2. Characteristics of the journey:
i. Purpose of the trip
ii. Trip distance
iii. Trip cost
iv. Time of the day of the trip
v. Total in-vehicle time
vi. Total journey time
These characteristics are related to the trip that is to be made. The mode of travel
essentially varies with the purpose of the trip, such as a person may choose to travel by a
private vehicle for a shopping trip but may choose a public transport mode for a work
related trip. The distance of the destination also accounts for the choice of mode of travel
as people tend to prefer a private mode of travel for longer distances also because of the
relative cost that is associated with the entire journey.
There have been studies that establish that there are major differences in the evaluation of
travel time for different user groups. For public transport users, the out-vehicle time is the
main focus whereas, for private transport users, in-vehicle time is something that becomes
the priority. This shows that as the mode of travel changes, user perception changes too.
3. Characteristics of the service:
i. Comfort of the trip
ii. Accessibility to the mode of travel
iii. Reliability of the service
iv. Safety of an individual during the trip
v. Availability of last mile connectivity
vi. Frequency of the service
These characteristics form an essential part of the services being provided, since if the
public transport service is not readily available to the people, i.e., if it is not accessible to
the people, people will have no other choice than travelling by private mode of transit.
Also, as mentioned earlier, for longer distances people tend to prefer private vehicles, this
happens not only because of the total travel time and the associated cost, but also by the
virtue of comfort of travel for longer distances. It also gives them a sense of safety while
travelling by their own vehicle as opposed to a public transport.
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Hence it can be concluded that a mode choice of an individual depends on a wide range
of parameters and can have varied degree of preference attached to it which may change
according to the situation at hand. One may choose a particular mode of travel for a
particular purpose at a particular time of a day and may choose another mode at some
other time for some other purpose. From all the literature readings, these parameters can
be summed up as the following:
Trip
Characteristics

Trip Maker's
Characteristics

Service
Characteristics

•Total travel cost
•Total in-vehicle
time
•total journey time
•Time of the day of
travel
•Waiting time
•Purpose of the
trip
•Nature of the trip
•Trip length
•Number of
transfers

•Traveller's age
•Traveller's gender
•Vehicle
ownership of an
individual
•Income of the
traveller
•Household
structure

•Comfort of the
trip
•Accessibility to
the mode of
travel
•Reliability of the
service
•Safety of an
individual during
the trip
•Availability of last
mile connectivity
•Frequency of the
service

3.2

Urban form
•Land-use
•Density
•Hierarchy of
nodes

Feeder systems

Feeder systems are an essential part of any public transportation network of a city. They
are designed to pick up passengers from a point and take them to a transfer point where
they make an onward journey on a trunk service which can either be BRT, Metro, city bus
or a train. (Mulukutla & Vasudevan, 2013)
They are essentially short trip modes
where the stations are spaced within
walking distance of each other and
near the trunk services. They ought to
Figure 4: Feeder System network

have high frequency to facilitate easier and accessible commute. They also act as a means
of last mile connectivity to the trunk services. Since, last mile connectivity is one of the
major mode choice factors, it is essential to understand the
Anshita Aggarwal (UP0112)
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such a system in order to provide a better service to the people to enhance public transport
ridership.
In Ahmedabad, auto rickshaws are seen as a source of a feeder service for the existing bus
services.
3.2.1 Trunk and feeder systems
Feeder

services

help

in

a

consolidated

integration of the various available modes of
transit in a city. In a conventional transit system,
the same mode of transit is used throughout the
journey from the origin to the destination,
whereas, in a trunk and feeder system, there is
an integration of various modes which involves
an interchange amongst the available transit
modes.
Figure 5: Concept of Trunk and Feeder

Feeder systems are majorly of four types:

System

1. Non-motorised transport: Bicycles and Pedestrian
2. Shared Services: Shared Cycles or Shared Auto-rickshaws
3. Intermediate Public Transport: Auto-rickshaws and taxis
4. Buses (which act a feeder system to another bus service)
A detailed study of these feeder systems would be done over the course of the research
depending upon the need of each type.

3.3

Factor Analysis

As mentioned earlier, a number of factors tend to influence an individual‟s choice of
mode of travel, therefore, it is essential to analyse those factors to see which factor
dominates one‟s travel mode decision and which factor does not have significant
influence. Such an analysis helps in designing and providing for future needs as it
provides the decision makers with specific parameters to work on in order to encourage
people to use more of public transport in lieu of their private transport.
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Factor analysis methodology takes into account the score given to an individual factor
and the subsequent weight associated with it. These scores are then evaluated on a mean
basis. The mean of the scores of a particular attribute are evaluated against another
attribute to see the influence of each of the attributes in relation to one another. Two
methods of such factor analysis have been understood from the example of the following
case studies.
3.3.1

Case study

3.3.1.1 Edinburgh
A study on passenger perception and ideal urban bus journey experience was conducted
for the city of Edinburgh by Napier University in the year 2007. The study focused on the
transport patterns and choices of the people living close to the Quality Bus Corridor
(something similar to the BRTS corridor in Ahmedabad), as it was found from earlier
studies that although the public bus patronage had increased by 2 percent from the
previous year, the car ridership still dominated the modal split of the people of Edinburgh.
The study aimed at analysing the choice factors of the people for choosing a particular
mode of travel and included the regular bus users, people who used the bus services
sometimes as well as people who have never used the bus service at all. This was done in
order to gather a 360 degree view on the factors that encouraged and discouraged people
from using the bus service in the city. But throughout the sample, one thing that was held
constant was that all people were within the proximity of a bus stop (10 minutes of
walking distance) and therefore had an opportunity of using it. It was largely thought that
the differences in the travel obligations and inclinations of the people would yield
variations in their view on the use of the bus service.
The respondents were asked questions based on 68 factors which were based on earlier
done literature studies as well the local bus users. The analysis was done based on mean
endorsement score and the covariance analysis. In the research, no one factor emerged as
the most dominant, as none got a majority. But a total of six factors were ranked as the
highest amongst the extensive list. Some of these factors were:


Avoiding night rides because of drunk people



Annoyance due to delay in the bus arrival



To having to produce the exact fare



The behaviour of co-passengers
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The driving skills of the driver



The lack of information about the journey time

The variations in the factor score were found to be influenced most by the age of the
respondent and the frequency of the bus use, while the income of the household and the
motor vehicular ownership had a lesser influence. Gender of the respondent was found to
have the least of the influence on the scores.
Along with a quantitative analysis, the study also included a section of qualitative
analysis, where the respondents could provide the researcher with write-in comments.
This section offered the respondents with an opportunity to express their likes or dislikes
about the bus service in words. People also mentioned their individual bus service
experiences in this section. The analysis of these comments suggested a common
psychological mechanism of the respondents. Some of the comments which were
recorded at the same score level were:





Poor staff quality such as harsh braking, jerky driving, rude drivers
Cramped, crowded and overheated buses
Smoking in the bus
Co-passenger behaviour: mobile phones and noisy passengers

The findings from the study revealed that although people lived in close proximity to the
bus corridor, being well served by the bus service, they had a wide range of reasons to
avoid the use of the public bus despite having an of opportunity to do so. (Strading, 2007)
3.3.1.2 New Zealand
A research was carried out in three cities of New Zealand, Auckland, Wellington and
Christchurch, to carry out an in-depth analysis of the factors influencing the public
transport patronage of the cities and further develop a model to forecast future patronage
demands. Broadly five factors were considered for the study, namely, bus service, bus
fare, car ownership, income of the household and the fuel prices. These five factors were
analysed for short-term and long-term trends and it was found that the three cities
exhibited different characteristics for the five factors as well the two trend factors.
Factor analysis for the three cities was carried out through two methods, a trend analysis
and a correlation analysis. The analysis was carried out for all the five factors for each of
the cities separately. For the correlation analysis, a linear association between one of the
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factors stated above and passenger trips per capita per quarter was made and then
analysed.
For Auckland, the analysis showed a strong relationship between city‟s bus patronage
with the service and the fuel prices with the correlation coefficient having a value of
0.7352 and 0.6104 respectively. Generally, there should have been a negative relationship
between the patronage and the bus fares and car ownership but that seems not to be case
in Auckland, as these factors too exhibit a positive relationship though not very high
correlation coefficient value.
As stated above, bus patronage and the bus fares generally tend to have a negative
relationship, and Wellington seems to showcase just that. It had the coefficient value of
0.7057, which is quite a strong relationship. With a coefficient value of 0.8774 and
0.8942, Willington portrait a strong positive relationship of patronage to car ownership
and income.
As in the case of Auckland, even Christchurch showed a positive and a strong relation of
patronage to the service with the coefficient value of 0.8188, along with car ownership
and income with values at 0.7394 and 0.8961 respectively. Although the correlation
coefficient value for fuel price is low at 0.4844, it showed a positive relationship to the
bus patronage. (Wang, 2011)

3.4

Analysis of Variance (ANOVA)

ANOVA is a statistical test which analysis difference between two or more means by
analysing their variances. This method works on the underlying principle of null
hypothesis:



H0= 0; implies that the means of all the factors are equal (µ1= µ2= µ3= µ4)
Ha≠0; implies that the means of all the factors are not equal and that one or more
factors have a significant effect on the data.

Three assumptions used in ANOVA are:




The population is normally distributed.
Assumption of homogeneity of variance, i.e., the population has the same variance
The sample is a random sampling

ANOVA is measured in two ways:
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Variation between the groups; which measures the difference between the
particular group mean and the overall mean. This is also known as the mean
square group (MSG).



Variation within the groups; which measures the difference between the particular
value and its group‟s mean. This is also known as mean square error (MSE).

Where:
= mean of the entire data set
= mean of group i
= value of an individual j in the group i
The ratio of mean square group to mean square error is known as the ANOVA F-statistic,
where a large F value results in rejecting the null hypothesis, thus, indicating that the
differences between the groups of data are more than the differences within the groups.

This is similar to the p-value (probability value); if the p-value is lesser or equal
to the alpha value (α), then we reject the null hypothesis, whereas the null
hypothesis is accepted if p-value is greater than the α value. Here alpha value is
the significance level at which the null hypothesis is tested, which is preferably
0.01, 0.05 or 0.1 (1%, 5% or 10%).
ANOVA is performed according to the following steps:
Step-1: A null hypothesis is stated

H0= µ1= µ2= µ3= µ4
Step-2: An alternative hypothesis to the null hypothesis is stated

Ha= not all µi are equal
Step-3: The significance level at which the null hypothesis is to be tested for the data set
is decided (0.01, 0.05, 0.1)
Step-4: F-static value for the data is calculated
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Step-5: P-value of the data set is calculated
Step-6: From the so obtained p-value, null hypothesis is either rejected or accepted
Step-7: Accordingly, appropriate conclusions are drawn
This test helps us to arrive at the conclusion that whether or not any of the factors have a
significant impact on the data but fails to indicate as to which factor in particular, has that
significant impact. This information is obtained by performing a Post Hoc Test, also
known as the turkey test. This test compares the data pair-wise and helps to identify the
factor with the most significance.
There are two types of ANOVA test:


One-way ANOVA:
If only one factor is tested in the data set then it is called a one-way ANOVA. For
example, if only the effect of the age of a person on his/her reading skills is tested,
it becomes a one-way ANOVA.



Two-way ANOVA:
If the test includes more than one factor that is to be tested, then it is a two-way
ANOVA. For example, if along with the age of the person, his gender was also to
be tested for his reading skills then it would become a two-way ANOVA.

For each of the ANOVA, a factor is a characteristic that is thought to affect the data set
such as the gender whereas the values of these factors are called the levels. So, „male‟ and
„female‟ becomes the levels of the factor „gender‟.
(Akademi) (Lane) (Analysis of Variance (ANOVA))

3.5

Transportation Models

Transportation models are an important part of transportation planning as they forecast
travel demand based on the changes in the transportation system. As the land-use,
demographics and socio-economic conditions of a city change, these models help in
predicting the consequent changes in travel demand and utilization, and for this, a number
of models have been developed.
Human behaviour show cases of varied behaviour in terms of choices between various
alternatives and the recognition of such patterns of variables is regarded as mode choice
modelling. These variables range between the various factors such as described in section
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Mode choice models help us to identify the various trade-offs that an individual is willing
to make amongst these factors. In cases, dependent variables are discrete and hence,
linear regression does not provide the desired results. Generally, transportation modelling
involves the following steps:
1. Specification of a model like Logit, Importance & Satisfaction Analysis, Gap
method etc.
2. Identification of variables
3. Consideration of the form in which the variable enter the utility function
4. Identification of individual‟s choice set
Research has shown that the major factors influencing a preferred mode of travel are
complexity of the tour, residential location, neighbourhood type and the urban form. It
also establishes that the total travel time is of utmost importance in transportation analysis
and hence, VOT (Value of Time) is being considered as an influencing parameter in
choosing a mode of travel, where VOT refers to how much an individual is willing to pay
in order to avoid any increase in total travel time (Minal & Sekhar, 2014). A number of
models and methods are used to derive and evaluate these mode choices, some of which
have been described below.
3.5.1

Utility Theory

Utility is an indicator of a value associated with an attribute to an individual. The choice
of an attribute from amongst a set of alternatives runs on the principle of utility
maximisation, i.e., an individual tends to choose an alternative only when its utility is
greater or equal to utility of all the other alternatives in the choice set. These utilities tend
to change and vary from person to person. A particular alternative may be of higher utility
to one individual but of lower utility to another, depending upon the characteristics of the
individual as well as the alternatives themselves. This way, an individual is able to rank
the various alternatives in a choice set according to their utilities to him. Generally, the
utility theory works on the differences between two alternatives than their absolute value
and thus requires no base value to compare an alternative with. This way, alternatives
evaluated based on different utility functions can still be compared and would generate
the same results regardless of their actual values.
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It is perceived that a person chooses an alternative with
the highest utility, but sometimes some deviations do

Various mode
choice alternatives

occur in this trend. A person may choose an alternative
with a lower utility over a higher utility alternative for

Assigning a utility

various reasons and thus, utilities keep varying.
While using the utility function, an individual/analyst is

Application of a modechoice modelling tool

likely to make errors; and these errors occur majorly due
to following three reasons:

Preferred mode
choice

1. The individual may possess incomplete or incorrect
information about the attributes of one or all the alternatives. Hence, his perception
and understanding of the attribute may be limited for him to assign an appropriate
utility.
2. The analyst may be unaware of the characteristics or the attributes used by an
individual while assigning the utility to a particular alternative. The perceptions of
both, the concerned individual and the analyst may conflict and hence the perception
of the alternative for the analyst may be corrupted.
3. Another error is likely to occur when the analyst is unaware of the circumstances in
which a particular utility is being assigned to an alternative by an individual. An
individual assigns the utility based on a number of factors and therefore, utility is
circumstantial. An individual may assign a higher utility to an alternative under a
particular circumstance and may also assign the same alternative a lower utility under
different circumstances. If the analyst is unaware of such inconsistencies, he is likely
to make an error in his observation.
Therefore, to predict an accurate mode choice, the analyst must be free of any preassumed notions and should be aware of all the circumstances and attributes of the
alternatives. Hence, while computing the mode choice, generally the probability of
choosing a mode (based on its assigned utility) is considered rather than maximum utility
function (Bhat & Koppelman, 2006).
3.5.2

Logit Model

A logit model represents the complex travel behaviour of any population with simple
mathematical techniques and hence is a widely used transportation mode choice model
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(Minal & Sekhar, 2014). The theory behind the logit approach in transportation modelling
is of utility maximization, incorporating a random factor for the representation of
stochastic choice or decision elements, i.e., assigning a utility factor to elements that have
random probability distribution or pattern and which may be only be analysed statistically
as precisely predicting them may not be possible (Rajalaksmi, 2013).
Logit models can be categorised into three categories depending upon whether the data or
the coefficients are choice specific or chooser specific;
1. Multinomial logit model- a chooser specific model, where the coefficients vary over
choices
2. Conditional logit model- a choice specific model, where the coefficients are equal for
all choices and the data itself is choice specific.
3. Mixed logit model- considers both types of data and coefficients(Minal & Sekhar,
2014)
For any model, the underlining principle is that the choice probability of any alternative
depends only on the difference between the utilities of different alternatives and not their
actual values, and therefore, the mode choice of an individual differs from that of the
other and they assign different utilities to different alternatives in a different hierarchy.
For this, a base value of zero is assigned to one of the alternative with least utility to the
individual and the rest of the alternatives are then assigned their utilities in relation to the
base value. This helps in ranking the alternatives.(Bhat & Koppelman, 2006)
Probability of an individual i selecting a mode n, out of M number of total available mode
is given as:

V(in)- utility function of mode n for an individual i
V(im)- utility function of any mode m in the choice set for an individual i
P(in)- probability of individual i selecting mode n
M- total number of available travelling modes in the choice set for individual i
The logit model has three classifications:
1. Binary logit model
2. Multinomial logit model
3. Nested logit model
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3.5.2.1

Multinomial Logit Model

Multinomial logit model is a chooser specific choice model where the coefficients vary
over the choices made by an individual. The model undertakes three assumptions:
1.

The random components of the utilities of the different alternatives are

independent and identically distributed.
2.

It maintains homogeneity in responsiveness to attributes of alternatives across

individuals.
3.

The error variance-covariance structure of the alternatives remains identical across

individuals
(Minal & Sekhar, 2014)
All the above assumptions together provide the choice probabilities of each and every
alternative as a function of the utility of the alternatives. The general expression for the
probability of choosing an alternative „i‟ (i=1,2,...J) from a set of J alternatives is:

Pr(i)= probability of an individual choosing alternative i
V(j)= systematic component of the utility of alternative j
(note: exp(Vj) is always positive and increases monotonically with Vi)
This implies that the probability of choosing an alternative amongst the choice set,
increases with an increase in its utility and decreases with an increase in the utility of any
other alternative. But, it also implies that if the utility of an alternative is too high or too
low in comparison to other alternatives, then a small increase or decrease in its utility will
not affect its probability of being chosen or rejected. Only when the utility of an
alternative is equivalent to the combined utilities of all the other alternatives, will a small
change affect its probability of being chosen.
One of the main aspects of a multinomial logit model is its independence from irrelevant
alternatives (IIA) property. According to this property, the ratio of the probabilities of
choosing between two alternatives by an individual is independent of the presence of any
other alternative. The fact that this property allows the addition or removal of any
alternative from the choice set without affecting the parameters of the model, has its own
advantages and disadvantages. Advantages being:
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1.

This model can be applied to any number of populations (sample), even if they

have different set of alternatives.
2.

This property helps in application of the model in prediction of probabilities of

mode choice for a new alternative
Along with the above advantages, this property also brings in few disadvantages.
1.

Not always do the rest of the alternatives become irrelevant while measuring the

probability of a mode choice and hence, the property may not provide with the correct
interpretation.
(Bhat & Koppelman, 2006)
3.5.2.2

Binary Logit Model

A binary logit model is a discrete choice model, where an individual has two choices, the
current modes and an option of an alternative mode. Thus, the utility function associated
to an alternative (mode) i, is given by the following equation:

U = ASC + β1i (X1i) + β2i (X2i) + ………… + βki (Xki)
Where;
X1i, ... Xki = value of attribute of mode;
β1i, … βki = the weight (or parameter) associated with attributes;
ASC = parameter not associated with any of the observed and measured attribute, called
alternative-specific constant, which represents on average, the role of all the unobserved
sources of utility.
The above equation implies that every individual associates a utility for each and every
alternative but with varying weights. These alternatives include not only the ones that the
user has had a chance to sample but also the ones that he has not had the chance to sample
as yet, still, the alternative holds a significant utility for the individual‟s choice set.
For Binary logit model, where there are only two alternatives, it is written as:

The utility component associated exclusively with alternatives includes variables that
describe the attributes of alternatives. These attributes influence the utility of each
alternative for all people in the population of interest. The attributes considered for
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inclusion in this component are service attributes which are measurable and which are
expected to influence people‟s preferences/choices among alternatives (Ajudia, 2011).
Therefore, a binary logit model forms a regression set model, where a utility associated
with alternative provides us with the variables according to the preferences of an
individual. This associated utility tends to vary from an individual to an individual and
hence, a composite analysis yields the preferred mode choices of a population.
3.5.2.3

Nested Logit Model

A nested logit model helps in estimating proportions of people among selected submodes, before estimating the proportions between the modes. (Minal & Sekhar, 2014)
This model overcomes the IIA drawback of the multinomial logit model as all the
alternatives are correlated in this model (Figure 6) (for example, a person opting for a bus
as a transit mode, may choose either BRTS or the AMTS) and multi-dimensional choices
are considered (Figure 7) (for example, a person may change the route of his travel
depending upon his/her departure time or may board a different route bus depending on
his waiting time) (Akiva, 2008).
Mode Choice (Correlated Alternatives)

Nonmotorised

Motorised
Transit

Cycle

Drive Alone

Bus

Walk

Car-pool

Metro

Auto

Figure 6: Tree Representation of Nested Logit Model with Correlated Alternatives
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Mode Choice (Multi-dimensional choice)
Departure Time

Route
Route 1

...

..

Route 2

Route 3

8:10

...

8:10

8:20

8:30

...

...

Route-1

8:20

Route-2

8:30

Route-3

8:40

...

8:40

Figure 7: Tree Representation of Nested Logit Model with Multi-dimensional Choices

3.5.3

Kano Model

Kano Model developed by Noriaki Kano in 1984 talks about customer satisfaction
through the products or the services. For this, he identified three types of requirement that
influences an individual‟s satisfaction, namely, must-be requirement, one-dimensional
requirement and attractive requirement (Qiting, Uno, & Kubota).
3.5.3.1 Must-be Requirement
These are the basic requirement, i.e., the basic criteria to be fulfilled by a product or
service for the satisfaction of an individual. If these criteria are not fulfilled the individual
will not be satisfied with the product or service, and when the individual is satisfied, the
satisfaction level will not increase after a certain neutral level.
3.5.3.2 One-dimensional Requirement
One-dimensional requirement needs are the needs directly related to an individual‟s
satisfaction. The more functional a product/service is, the more satisfied the individual is,
and hence, these requirements are of high priority in any product/service development.
3.5.3.3 Attractive Requirement
These requirements include the factors/attributes of a product/service which does help in
increasing an individual‟s satisfaction when in function but doesn‟t form the source of
dissatisfaction when not in function.
The adjoining figure represents the fundamentals of a Kano Model, where the horizontal
axis represents the extent of the product‟s/service‟s aspect that fulfils an
Anshita Aggarwal (UP0112)

individual‟s
31

Assessing Possible Mode Shift to Public Transport: A case of Ahmedabad city

requirement, while the vertical
axis represents the extent of an
individual‟s satisfaction from the
product/service.
mentioned

three

Above
requirements

have been represented in the
diagram, where their underlying
principles can be seen. For the
must-be requirements, it can be
inferred that as the requirement

Figure 8: Kano Model Diagram

fulfilment keeps on increasing, source: Kano Model Analysis of Customer Needs and
the satisfaction of the individual Satisfaction at the Shanghai Disneyland
decreases

and

after

a point

becomes stagnant. Whereas, the one-dimensional requirements, as the name suggests
keep increasing the satisfaction with its function and the attractive requirements fall only
in the positive quadrant of customer service even when the requirement fulfilment goes
into negative factors, therefore, their absence causes no dissatisfaction amongst the
population or even to a single individual.
Using this model helps in understanding the factors that bring about satisfaction to an
individual from a product/service. It helps to identify the most important and least
important factors of the concerned product/service from the user perspective in terms of
satisfaction. The must-be requirements form the highest priority in any product/service
development, but fulfilment of such requirements beyond a limit would not yield any
higher satisfaction. For example, comfort of journey in a transit mode may be called as a
must-be requirement but making the mode comfortable beyond certain limits will not
change the satisfaction of the users from what they have already derived.
The one-dimensional requirements are yet again a high priority needs for an individual‟s
satisfaction and the continuous provision of which keeps providing the individuals with
more satisfaction, for example, in a transit mode, the frequency factor is something that
can be regarded as a one-dimensional requirement. The satisfaction of the users keep
increasing as the frequency of any transit mode is kept high. As far as attractive
requirements are concerned, they are momentarily satisfying factors, absence of which
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causes no dissatisfaction to an individual. For example, if food packages were to be
offered to the passengers in a transit mode, it would help in increasing their satisfaction,
but if the service was to be rescinded, the users would not be dissatisfied with the transit
service as a whole, as the food provision was an incentive provided to them and not the
sole service.
Kano further developed a table to classify any given requirement according to the three
requirements given above. For this, his evaluation rule states “M>O>A>I”, i.e, the mustbe requirements are of the utmost importance followed by one-dimensional and attractive
requirements. He even states that there are some requirements which fall under no
category and the presence or absence of which causes neither satisfaction nor
dissatisfaction to an individual. These requirements are classified as indifferent
requirements.

Figure 9: Kano's evaluation table
source: Kano Model: How to delight your customers by Elmar Sauerwein, Franz Bailom, Kurt Matzler,
Hans H. Hinterhuber (1996)

With the evaluation table, Kano also gave a co-efficient of customer satisfaction, which
according to him lies between -1 and 1. The more closer the value is to 1 the more
satisfied is the individual and if the value is closer to -1, it indicates that the individual is
dissatisfied. A value of 0 would imply that the individual is only marginally influenced by
the presence of the attribute of the product/service (Shah, 2015).
Extent of satisfaction =
Extent of dissatisfaction =
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3.5.4

Importance and Satisfaction Model (IS Model)

The IS model helps in performance appraisal of any given product/service by measuring
the importance and satisfaction levels of the efficiency of allocation of resources. Such a
model helps in measuring the relationship between consumer perceptions and priorities of
improving the quality of products/services through customer satisfaction index (CSI).
This model is also known as quadrant method, as it divides the importance and
satisfaction levels of an attribute in four quadrants (Figure 10).
Quadrant 1- Keep up the good work
Quadrant 2- Concentrate here
Quadrant 3- Low priority
Quadrant 4- Possible overkill
Each attribute is rated on the bases of its importance and satisfaction to an individual and
then the ratings are plotted against the matrix.


An attribute in quadrant one
(Q1) implies that both, the
importance and the satisfaction
gained from that attribute meet
or exceed the service quality
standards.



Quadrant two (Q2) indicates
that the attributes holds great
importance to an individual but
the he/she is not satisfied by its
performance/functioning and hence
needs attention for further

Figure 10: Importance-Satisfaction Matrix

improvement.


Quadrant three (Q3) is of the least priority as here the attributes are of the
product/service although do not meet the standards of service quality, they also do not
hold ay importance to the individual and hence need not be considered for any
improvement.
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Quadrant four (Q4) is again a quadrant of concern as here the resources might be
being over-used since the attributes hold negative importance to the individual yet
they provide positive satisfaction to him/her, i.e., the standard of service quality is
being met even when the service itself holds no importance to the concerned
individual (Madhusudhan, 2014).

For any mode choice factor as well, these interpretations of the four quadrants hold true,
and the factors falling in the second quadrant are the ones which need to be addressed the
most. For example, in a transit mode, frequency of the service is of high importance to an
individual but the lack of buses on a particular route may cause dissatisfaction to him/her,
hence, frequency of the service falls under quadrant 2. Therefore, while analysing the
mode choice of the individual, the frequency factor would be seen as something that
needs to be attended to, to make the individual use more of public transport.
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4

STUDY AREA

This chapter introduces the study area chosen for the purpose of this research. It
elaborates on the various parameters taken into consideration in accordance with the
research aim and objectives while choosing the site.
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4.1

Introduction to study area

For the proposed research, the city of Ahmedabad was chosen. The city has a population
density of 119 persons per hectare and have has distinct characteristics across the
Sabarmati River. While the eastern Ahmedabad caters to dense development (234 pph),
closely built urban form and narrow streets, the western Ahmedabad is characterised by
better planned road network, lesser population density (194 pph) and accommodates some
of the newer and upcoming areas of Ahmedabad, like the new-west zone (DMRC, 2015).
Research focuses on the non-users of public transport in the city and hence, an area along
the BRTS corridor in the western Ahmedabad was chosen for the field study. The aim of
this choice being: to capture the reasons/factors that discourages people to use the public
transport service even when the facility is provided within an easy reach. Since, the
AMTS bus stops have a fair distribution over the city, and only the BRTS has few
dedicated corridor service, the area being catered by the latter was taken up. Therefore a
stretch of 5.4 km covering twelve (12) BRTS stations was chosen.
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Map 4: BRTS network of Ahmedabad indicating the chosen site

The twelve stations covered in the study are:













ISKON Crossing
Ramdevnagar
ISRO
Star Bazaar Crossing
Jodhpur Cross roads
Shivranjani Cross roads
Jhansi ki Rani
Nehrunagar
L. Colony
Panjrapole
Gulbai Tekra Crossing
L.D. Engineering College
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ISKON Temple

ISRO

GSRTC Bus Stop

L.D. Engineering
College

Nehrunagar
Street market

Map 5: Study Area
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The stretch is characterised by a varied urban form, ranging from a number of institutions
such as Indian Space Research Organisation, Sehjanand College, L.D. Engineering
College and CEPT University; it also accounts for various housing typologies,
bungalows, high rise apartments, low rise apartments as well slums. The stretch also has a
good amount of commercial sites such as the ISKON mega Mall, Gulmohar Mall, Maruti
Complex etc. Bus terminal at Jhansi ki Rani serves as the major GSRTC (Gujarat State
Road Transport Service) node, and facilitates the movement of inter-city buses.
At all the 12 stations, a buffer area of 500m was taken into consideration for the field
survey, as 500m is considered as a walkable distance a person would walk through at a
stretch. Hence, all the people who had an access to a BRTS station within 500m of
walking distance were considered for this research.

Table 2 below represents some statistical information about the site such as the
population density around each BRTS station along with the employment density. The
former refers to the residential density, i.e., density of the people residing around that
particular BRTS station, while the latter refers to the density of the people engaged in any
economic activity around those stations and hence the employment density. The table also
provides information regarding the ridership at each of the station under study. The figure
indicates the average number of people boarding a bus from that particular station on a
daily basis. This data helps us in understanding the daily patronage of the BRTS service.
Table 2: Site Statistics

Population Density

Employment

Ridership

(pph)

Density (pph)

(people per day)

<50

51-150

3637

Ramdevnagar

51-150

151-250

1075

ISRO

51-150

151-250

483

Star Bazaar Crossing

51-150

151-250

1415

Jodhpur Cross Roads

151-250

151-250

902

Shivranjani

151-250

151-250

5069

Jhansi ki Rani

151-250

151-250

1063

Nehrunagar

251-500

151-500

2425

Station name
ISKON Cross Roads
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Population Density

Employment

Ridership

(pph)

Density (pph)

(people per day)

L. Colony

51-150

151-250

250

Panjrapole

51-150

151-250

991

Gulbai Tekra Crossing

51-150

151-250

1001

L.D. Engineering College

51-150

151-250

1924

Station name

source: Density Data: (DMRC, 2015) | Ridership Data: Centre of Excellence- Urban Transport (July 2015)
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5 DATA COLLECTION

This chapter elaborates on the methodology adopted to carry out the data collection on
and off-site. It describes the survey form used to collect the data required for the
research along with the limitations faced during the collection of the data. It also
mentions the socio-economic character of the study area
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5.1

Survey form

For the data collection, a survey form was designed (Error! Reference source not
ound.) in view of capturing and recording the necessary data according to above stated
objectives of the research. The form was divided into seven sections, each section
covering a specific set of information:
Section A covered the basic survey details such as the survey date and time along with
the station, name where the survey was conducted.
Section B covered the personal details of the respondent, which included details about his
age, occupation and monthly travel expenditure.
Section C provided details about the household of the respondent, covering their
education level, occupation and the mode of travel to their destination (work or
education).
Section D covered the connectivity details of an individual to the nearest AMTS and
BRTS stations, both at the point of origin as well as the destination.
Section E presented the respondent with an option of rating few factors as very
important, important, less important, not important or not relevant depending on how that
factor plays a role in their overall decision of choosing a particular mode of travel. These
factors included trip and service characteristics.
Section F, the willingness parameter section presented the respondent with few options to
capture the fact that if those options are improved/ provided, will encourage people to
shift to the use of public transport.
Section G, presented the respondent with an opportunity to comment any other factor that
influenced his mode choice decision or to state any issues he/she would like to mention.

5.2

Survey distribution

A total of 135 surveys were distributed over the twelve stations mentioned earlier. The
number of surveys to be conducted at each station depended on the population as well as
the employment density at the station. Therefore, according to the average combined
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density around the station, the proportion of the number of surveys was deduced. At each
station, the survey was conducted so as to cover all the focus groups of the research, and
therefore, the respondents comprised of men, women and children alike. It was also noted
that not working class is included but also the students have an equal proportion in
research. The survey was conducted not only from the origin point of view but also the
destination point of view and hence, the employment density was considered.
Table 3: Survey Distribution

Average density (pph)
Station name

(population +
employment density)

Number of surveys
conducted

ISKON Cross Roads

145

5*

Ramdevnagar

300

10

ISRO

300

10

Star Bazaar Crossing

300

10

Jodhpur Cross Roads

400

13

Shivranjani

400

13

Jhansi ki Rani

400

13

Nehrunagar

625

20

L. Colony

300

10

Panjrapole

300

10

Gulbai Tekra Crossing

300

10

L.D. Engineering College

300

10

Total

130

*the minimum number of surveys conducted at a station was 10 and hence instead of 5 surveys, 10 surveys were
conducted around ISKON BRTS

5.3

Limitations of data collection

While conducting the field survey, few limitations were faced, such as:
1. The survey around ISRO BRTS station has been conducted only one side of the
station, as carrying out surveys at the institution (ISRO) was difficult due to the
permission process.
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2. The surveys were conducted either during late evenings or the weekends as the
target group were daily travellers and hence, to have respondents during the day
time at their point of origin was not possible.

5.4

Socio-economic characteristics of sample population

Understanding of the socio-economic composition of the sample population is important
as the analysis of the data is based on the focus groups (as discussed in Chapter 6) derived
from such characteristics.
The sample was selected on a random basis amongst the non-users and no further stratum
of classification was applied while conducting the survey. For the sample data collected,
we find that the data comprised of female and male respondents in equal proportion while
differences can be seen in their composition. The sample comprised majorly of the people
belonging to the age group of 18 to 60 years, an age group which is most likely to use any
mode of transport independently.

Gender Composition

Age Composition
3% 2%

upto 18 years
Female

50%

50%

30%

35%

18-25 years
25-35 years

Male

35-60 years

30%
Figure 11a: Gender Composition
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The occupation composition of the sample indicates that majority of the respondents are
working people with more of service oriented people. The sample also comprises of
considerable number of business oriented people and students. While considering the
modal split of the sample population, it can be seen that the majority sample uses twowheeler for their daily commute, followed by people who use cars as their daily mode of
travel. Only marginal percentage of total sample, use auto-rickshaws or school
buses/company buses as their mode of travel to commute on a daily basis. The people
who use school buses not include the students but also the school teachers.

Modal Split of Respondents

Occupation Composition

1%
6%
25%

30%

2-Wheeler
Students

33%

4-wheeler

60%

Service

Auto Rickshaw
Public Transport

Business

45%

*public transport includes
school and company buses

Figure 12a: Modal split
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6 DATA ANALYSIS

This chapter details out the analysis done for the data collected on-site. The data
has been analysed on the basis of pre-decided focus groups and parameters. This
chapter elaborates on the method of the analysis and the results of each parameter
of each focus group.
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Data Analysis was carried out in two stages:


Firstly, a statistical summary of the collected data was made to understand the
existing scenario at the site.



Secondly, the factors were assigned weight according to the chosen focus groups
and hence, a further analysis based on those weights was done.

6.1

Focus Groups

For the purpose of analysis, few focus groups were identified, based on which the data
collected was analysed. The analysis was done based on the following four focus groups:


Gender of the respondents



Age group of the respondents



Occupation of the respondents



Vehicular ownership per household per person

Figure 13: Focus groups and their categories

For the above four focus groups, the parameters considered for analysis were:


Sensitivity towards travel cost



Sensitivity towards travel time



Sensitivity towards accessibility of the service



Sensitivity towards service quality

All the parameters were analysed on an overall basis followed by the perspective of the
above mentioned focus groups.
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Figure 14: Parameters and their sub-category

6.2

Weights assigned to the responses

All the respondents were asked to rate each choice parameter as either very important,
important, less important, not important or not relevant based on the level of influence
that particular factor has on their decision of choosing their mode of travel (private or
public transport). For the willingness parameter, the respondents were asked to rate the
parameters as yes, maybe, no or not relevant, depending upon their willingness to shift to
public transport if the given interventions are proposed to them. All these ratings were
then given an associated weight, which would help in analysing these factors further.
The weights given to choice and willingness parameters are as follows:
Choice Parameters

Weights

Willingness Parameter

Weights

Very important

5

Yes

4

Important

4

Maybe

3

Less important

3

No

2

Not important

2

Not relevant

1

Not relevant

1
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6.3

Measure of Central Tendency

A measure of central tendency is calculated to measure and describe the data of central
position within the given dataset. It can be calculated in three forms:


Mode



Median



Arithmetic mean

6.3.1

Mode

Mode forms the most frequently occurring data value in the data set. Mode measure of
central tendency is done when the data presented is nominal data in categorical form. The
disadvantage of using mode is that it is not unique, i.e., two different categories can have
a similar frequency and hence have same modes. This creates a problem for the
researcher in choosing the correct and appropriate result.
6.3.2

Median

Median is the middle value of the data set, which separates the highest half values and the
lower half values. This is carried out for ordinal data, where the data is presented in the
form of ranks and not absolute data. To carry out such an analysis, the data set needs to be
skewed on either the higher end or the lower end. Median does not get influenced in the
event of the data being skewed and thus presents appropriate results even with skewed
data.
6.3.3

Arithmetic Mean (AM)

Arithmetic mean is essentially the average of all the values in the data set, i.e., the sum of
all the values divided by the total number of values. Analysis though AM is carried out
when the values are normally distributed over the data set and can be used for both,
discrete as well as continuous data sets. For any data in a central tendency calculation, the
sum of deviations of each of the mean value is always zero. AM does not provide the
correct measures when the data is skewed as the results get influenced by the skewness of
the data and thus presents the wrong results.
6.3.4

Normal and Skewed distribution

For the purpose of this research, it was tested whether to use the median or the mean of
the data to obtain the desired results in order to achieve the objectives.
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Figure 15: Example data distribution

As can be seen from the above two example graphs, that data collected for this research is
normally distributed, and for a normal distribution, either of median or mean can be used
to calculate the central tendency of the data. However, the arithmetic mean is preferred to
calculate the central tendency since it takes into account the value of each data and any
change in even one value of the data would bring about a change in the mean of the data
set, which is not true for either median or mode. Median is best suited for data sets that
are skewed, as, in such cases mean value of the data tends to get greatly influenced by the
skewness, presenting a biased data (Measures of central Tendency, 2013). Hence, for the
purpose of this research, the mean values of the data sets are being used to carry out any
analysis.

6.4

Analysis of Variance (ANOVA)

For each of the parameter, ANOVA was carried out in order to analyse the data.
The focus groups were treated as the independent variables (or fixed variable) whereas
the parameters formed the dependent variables, hence, for each of the dependent
variables, all the independent variables were analysed and summarised.
A null hypothesis for every parameter was stated and on the basis of the p-value obtained
it was either accepted or rejected, thus stating the conclusions of the ANOVA test.
Further, for the parameters where the null hypothesis was rejected, indicating that the
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parameter had a significant influence on the dependent variables, with the help of means,
the sub-category of the parameter was identified which had the maximum influence.
The analysis has been carried out in SPSS (Statistical package for Social Sciences), and
as a default α value (alpha value) for the analysis was taken at 5% (0.05). Therefore, for
every parameter, null hypothesis for which the p-value was less than or equal to 0.05, was
rejected and for which the p-value was greater than 0.05, it was accepted. For each of the
parameters, the independent variables remain constant, gender of the respondents, age of
the respondents, occupation of the respondents and the vehicular ownership per
household per person; whereas the dependent variable keeps changing depending upon
the parameter in question. The null hypothesis for each parameter remains the same i.e.,
H0= there is no significant differences between the means of the four independent
variables with respect to the dependent variable, and this hypothesis is then tested in
context to each of the above stated parameter.

6.5

Sensitivity towards travel cost

Here, the mean of total travel cost as a parameter for the respondents was analysed in the
categories of age, gender, occupation and vehicular ownership per household per person;
and further analysis was conducted on the fact that if any intervention in the cost of the
service is proposed, would it encourage people to use more of public transport. This
intervention analysis was also carried out based of the age, gender, occupation and
vehicular ownership per household per person. The respondents were asked to rate the
total travel cost as a deciding factor of their mode of travel as very important, important,
less important, not important or not important. For the intervention analysis, the
respondents were asked if they were to change their mode of travel if the public transport
offers them a reduction in their current travel cost by 5%, 10%, 15% or more than 20%.
They also had options of „no‟ and „not relevant‟ where the former would record instances
wherein no matter how much the costs reduces, people would not prefer public transport
over their private mode of travel and the latter would record instances wherein the
reduction of travel cost would not matter to the respondent.
For this parameter, the dependent variable is the choice parameter of travel cost.
The null hypothesis for this parameter is:
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H0= there is no significant differences between the means of the four independent
variables with respect to the travel cost as a choice parameter.
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 4: Choice parameter-total travel cost ANOVA table
Type III Sum of
Source

df

Squares

Mean Square

F

Sig.

Corrected Model

a

10.146

10

1.015

2.219

.021

Intercept

350.404

1

350.404

766.437

.000

3.793

1

3.793

8.296

.005

Age_Group

.298

4

.074

.163

.957

Occupation

1.588

2

.794

1.736

.181

VO

2.867

3

.956

2.090

.106

Error

50.748

111

.457

Total

1655.000

130

Gender

a. R Squared = .167 (Adjusted R Squared = .092)

From the results it is observed that travel cost has effects on the travel mode choices of
the people if seen through the gender factor as only its significance value (p-value) is less
than the α value of 0.05. Therefore, when we further investigate as to which gender is
more sensitive to travel cost as their mode choice factor, we observe that female
respondents are more sensitive than male respondents, with a mean value of 3.80 over
3.43.
While calculating the effects of choice parameters, we also calculated the effects of
dependent variables‟ willingness parameters on the dependent variable. The null
hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the travel cost as a willingness parameter.
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
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Table 5: Willingness parameter-total travel cost ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

Corrected Model

a

17.187

10

1.719

1.686

.093

Intercept

230.350

1

230.350

225.975

.000

Gender

4.280

1

4.280

4.199

.043

Age_Group

5.881

4

1.470

1.442

.225

Occupation

7.871

2

3.935

3.861

.024

VO

3.000

3

1.000

.981

.404

Error

113.149

111

1.019

Total

1175.000

130

a. R Squared = .132 (Adjusted R Squared = .054)

As can be seen from significance factor (p-value), the values of gender and occupation
factors are less than the α value while for the age group and vehicular ownership per
household per person factors, this value is greater than 0.05, therefore, we reject the null
hypothesis for the first two factors while accept the null hypothesis for the latter two. This
implies that the means of the values of intervention in reduction of cost have significant
differences as far as gender and occupation of the respondents are concerned and if
specific interventions are to be proposed in the fare structure with respect to gender and
different occupations, it might lead to an increase in the public transport patronage.
Along with this we also observe that females and service sector employees are more
willing to shift to public transport than others in their respective categories.
Table 6: Mean values of willingness to shift to public transport with respect to travel time

Category
Subcategory
Mean

6.6

Gender

Occupation

Male

Female

Student

Service

Business

2.79

3.07

2.92

3.13

2.58

Sensitivity towards journey time

Total time taken to complete a journey plays an important role for an individual on a daily
basis. He/she tries to reduce and save as much time as possible during any trip made and
therefore, the mode of travel is chosen on the basis of which one would help them reach
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their destination at the earliest. To capture this factor, the respondents in this survey were
asked questions based on four time related parameters:


The total journey time



The waiting time (time taken to wait for a particular mode to arrive)



Number of transfers between their origin and destination



Frequency of the mode, as low frequency would result in long waiting hours and
hence, extended travel time.

The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the journey time as a choice parameter.
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 7: Choice parameter-total travel time ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

Corrected Model

a

10.131

10

1.013

2.390

.013

Intercept

324.301

1

324.301

765.029

.000

.415

1

.415

.979

.324

Age_Group

3.682

4

.921

2.172

.077

Occupation

.406

2

.203

.478

.621

2.642

3

.881

2.077

.107

Error

47.054

111

.424

Total

1289.563

130

Gender

VO

a. R Squared = .177 (Adjusted R Squared = .103)

For the dependent variables, we observe that journey time has no visible significance as
all the α values are greater than the p-value of 0.05 and hence we accept the stated null
hypothesis. This suggests that people are not sensitive to the overall journey time while
choosing a mode of travel.
For sensitivity towards journey time, two interventions were proposed to the respondents:
firstly if the overall journey time was to be reduced by a factor of either 10%, 15%, 20%
or more than 20%. Here, again they had an option of „no‟ and „not relevant‟. Secondly,
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they were asked about the change in the mode of travel if the frequency of the public
transport was to be increased.
The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the journey time as a willingness parameter
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 8: Willingness parameter-total travel time ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

a

7.087

10

.709

1.000

.448

188.420

1

188.420

265.972

.000

.117

1

.117

.164

.686

Age_Group

5.948

4

1.487

2.099

.086

Occupation

2.537

2

1.269

1.791

.172

.410

3

.137

.193

.901

Error

78.635

111

.708

Total

951.500

130

Corrected Model
Intercept
Gender

VO

a. R Squared = .083 (Adjusted R Squared = .000)

Yet again, similar to choice parameters, people are not sensitive to journey time in their
willingness quotient. As the p-value suggests, we accept the null hypothesis for all the
dependent variables, suggesting that people are not encouraged to shift to public transport
with the provision of either of interventions with respect to journey time.

6.7

Sensitivity towards accessibility to the service

Accessibility to the service accounts for two factors: how accessible the service is to the
traveller and also if it is not easily accessible by walking then is there any availability of
last mile connectivity to make the accessibility easier. For an individual to use any public
transport, its accessibility is very important, since no one would use the service if it is not
easily accessible; which would lead to both extended journey time and cost. Also, if the
service is not accessible in terms of walking distance, people may use a feeder system to
reach the service and then avail it or use the feeder system to reach their destination from
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the bus stop; in both the cases availability of last mile connectivity is important which
would transfer the users from their point of origin to the bus stop and from the bus stop to
the destination. Both these factors have been tried to be captured in this study.
The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the service accessibility as a choice parameter.
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 9: Choice parameter- service accessibility ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

a

4.041

10

.404

2.223

.021

458.197

1

458.197

2520.026

.000

.392

1

.392

2.156

.145

Age_Group

2.087

4

.522

2.870

.026

Occupation

.048

2

.024

.133

.875

1.277

3

.426

2.342

.077

Error

20.182

111

.182

Total

2168.750

130

Corrected Model
Intercept
Gender

VO

a. R Squared = .167 (Adjusted R Squared = .092)

We observe, the p-value of service accessibility with respect to age groups of the
respondents is lower than the α value of 0.05 while the p-values of other variables are
greater than 0.05. thus we reject the null hypothesis for age-groups while accept it for all
the other variables, suggesting that only people of specific age groups have significant
effect due to service accessibility while the same cannot be concluded for any other
variable.
Among the various age groups, it is observed, that those belonging to the age group of 60
years and above are the most sensitive to service accessibility. They are closely followed
by those belonging to 25-35 years and 35-60 years age groups.

Table 10: Mean values of choice parameters with respect to service accessibility
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Age Group

Upto 18
years
2.00

Mean

18-25 years

25-35 years

35-60 years

2.46

2.93

2.88

60 years
and above
3.25

In response to such factors, intervention was proposed to the respondents in four stages:


If they were to be provided with an integrated feeder system (IFS) with the public
transport



If the integrated feeder system and the public transport had a common ticket
which would save them time of buying separate tickets



If the common ticketing system was to be done through a smart card like plastic
money, it would mean much less hustle for the people.



If the people were to be provided with parking at the transfer stations, where they
could park their own vehicle and continue the journey in the public transport,
more like a park and ride mechanism.

The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the service accessibility as a willingness parameter.
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 11: Willingness parameter- service accessibility ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

a

5.248

10

.525

1.346

.215

236.845

1

236.845

607.277

.000

.064

1

.064

.164

.686

Age_Group

2.113

4

.528

1.355

.254

Occupation

1.273

2

.637

1.632

.200

VO

1.059

3

.353

.905

.441

Error

43.291

111

.390

Total

1102.000

130

Corrected Model
Intercept
Gender
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a. R Squared = .108 (Adjusted R Squared = .028)

The proposed interventions do not encourage the people to shift from their private
vehicles to public vehicles as it is observed from the ANOVA results that none of pvalues are lesser than the α value hence, leading to accepting the null hypothesis for all
the variables.

6.8

Sensitivity towards service quality

The quality of any service provided is important in order to attract more users. These
quality parameters range over factors such as:


Comfort of the journey by the service



Safety of an individual during the journey



Behaviour of the co-passengers



Behaviour of staff

The last two parameters play an important role in the service quality since poor
performance in either of them would put people off from using the service. Also, if
people are not comfortable during the journey or do not feel safe, they tend to avoid
public transport and opt for their own private transportation modes.
The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the service quality as a choice parameter
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
Table 12: Choice parameter- service quality ANOVA table
Type III Sum of
Source

Squares

df

Mean Square

F

Sig.

4.278a

10

.428

2.974

.002

438.735

1

438.735

3050.675

.000

.555

1

.555

3.859

.052

Age_Group

1.005

4

.251

1.747

.145

Occupation

.201

2

.100

.699

.499

Corrected Model
Intercept
Gender
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Type III Sum of
Source

Squares

VO

df

Mean Square

1.910

3

.637

Error

15.964

111

.144

Total

2007.600

130

F

Sig.
4.427

.006

a. R Squared = .211 (Adjusted R Squared = .140)

Here, since the p-values for the variables of gender and vehicular ownership per
household per person is either equal or less than the α value, we reject the null hypothesis,
indicating that the mode choice of at least one of the sub-categories of these variables is
significantly influenced by the quality of the service.
On further analysis, it is observed that females and households having more than 1
vehicle per person are the most sensitive service quality while making travel mode choice
decision. This can be attributed to the fact that safety is one the factors that females look
for while travelling and if they do not feel safe while travelling by a particular mode, they
would avoid the same, also people having their own vehicle feel more comfortable and
safe while travelling on their own than travelling by a public transport mode and hence
choose their personal mode over public mode.
Table 13: Mean values of choice parameters with respect to service quality

Category
Subcategory
Mean

Gender

Vehicular ownership per household per person

Male

Female

0-0.25

0.25-0.50

0.50-0.75

0.75-1.00

>1.00

3.96

4.11

0

4.06

4.12

3.92

4.42

Interventions for the service quality were proposed in the form of provision of more AC
buses and any form of entertainment source such as the radio, WiFi, etc. These two
interventions would help increase the comfort level of the users and hence, enhance the
quality of the service.
The null hypothesis for this parameter is:
H0= there is no significant differences between the means of the four independent
variables with respect to the service quality as a willingness parameter
With this stated hypothesis, ANOVA test was conducted for the independent variables
and the following results were obtained:
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Table 14: Willingness parameter- service quality ANOVA table
Type III Sum of
Squares

Source

df

Mean Square

F

Sig.

Corrected Model

a

32.862

10

3.286

6.090

.000

Intercept

156.030

1

156.030

289.165

.000

.183

1

.183

.339

.561

Age_Group

9.792

4

2.448

4.537

.002

Occupation

2.993

2

1.496

2.773

.067

VO

1.139

3

.380

.704

.552

Error

59.894

111

.540

Total

789.250

130

Gender

a. R Squared = .354 (Adjusted R Squared = .296)

From the results it can be observed that the proposed interventions only encourage people
of a particular age-group to shift from their private transport mode to public transport.
These people who are the most sensitive to shift to public transport belong to the agegroup of 18-25 years. Most of the youngsters are encouraged to use more of public
transport due to the provision of sources of entertainment such as music, WiFi etc.
Table 15: Mean values of willingness to shift to public transport with respect to service quality

Age Group
Mean

Upto 18
years
2.75
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18-25 years

25-35 years

35-60 years

2.96

2.50

1.78

60 years
and above
2.50
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7 CONCLUSION

This is the concluding chapter with the inferences drawn from the previous data
analysis. The data analysed is then concluded and reasoned with the initial
research objective.
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The conclusion for this research is represented in three phases, each phase corresponding
to one of the research objectives stated earlier.
Objective 1- Conclusion
First objective was to identify the various factors that tend to influence the mode choices
of the people. These factors were identified from various literature reviews as mentioned
in Chapter 3. A list of the articles referred and the subsequent mode choice factors
identified are listed below.
Reference Article

Mode choice factors

1. Number of activities to be performed in
a trip chain
Activity Based Travel Behavioural 2. Vehicle travel time
3. Access point to the transit point
Study and Mode Choice Modelling 4. Waiting time
5. Interchange time
(Phillip, T, & George, 2013)
6. Travelling fares
7. Parking fee
8. Household structure
1.
2.
Mode Choice Modelling based on Work 3.
Trips- Artificial Neutral Network Model 4.
5.
(Rajalaksmi, 2013)

Travel time
Travel cost
Travel comfort
Vehicular ownership
Socio-economic characteristics of
people
6. Distance between origin and destination
7. Household income
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Reference Article

Mode choice factors

Analysing Modal Shift: Case of BRTS
Jaipur (Nivesh, 2009)

Passenger’s

perception

transport (Shah, 2015)

of

1. Socio-economic characteristics of the
people
2. Purpose of the trip
3. Time of the day the trip is made
4. Characteristics of the service
5. Vehicular ownership
6. Household structure
7. Household income
8. Travel time
9. In-vehicle time
10. Waiting time
11. Accessibility of the mode
12. Availability of the mode
13. Cost of parking
14. Comfort of journey
15. Convenience of the journey
16. Reliability of the service
17. Safety of an individual

1.
2.
3.
4.
public
5.
6.
7.
8.
9.
10.

1.
2.
3.
4.
Users’ evaluation of transport mode 5.
6.
characteristics with special attention to
7.
public transport (Waerden, Borgers, 8.
9.
Timmermans, & Berenos)
10.
11.
12.
13.
14.
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Condition of the service
Cleanliness in the service
Comfort of journey
On-time arrival of the service
Waiting time
Information out-reach of the service
Safety of an individual during journey
Behaviour of co-passengers
Behaviour of staff
Travel cost
Household and individual income
Vehicular ownership
Household structure
Trip purpose
Time of the day of trip
Travel time
Monetary cots
Availability of parking
In-vehicle time
Out-vehicle time
Frequency of the service
Service accessibility
Distance between origin and destination
Comfort of journey
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Reference Article

Mode choice factors

1. Service accessibility
2. Land use/ urban fabric
3. Socio-economic characteristics of the
people
4. Travel time
5. Travel cost
Study on the mode choice behaviour of 6. Income of the individual
7. Vehicular ownership
the
public
transport
users 8. Availability of parking
9. Parking cost
(Madhusudhan, 2014)
10.Accessibility to the service
11.Time of the day of trip
12.Trip purpose
13.Distance between origin and destination
14.Availability of service information
15.Safety and security during journey
16.Comfort of journey
1.
Segmenting Preferences and Habits of 2.
3.
Transit Users and non-users (Krizek & 4.
5.
El-Geneidy, 2007)
6.
7.
8.

Household and individual income
Age of an individual
Household structure
Physical abilities of an individual
Vehicular ownership
Travel cost
Service quality
Availability of alternative travel mode

The authors of different reports and case studies considered varied parameters and
categorised them under different headings. This objective helped in identifying all those
parameters and the context in which they were used. It is important to identify these
various factors into suitable categories according to the case study as the impact and the
subsequent results would vary.
After identifying all the factors that would influence an individual‟s mode choice, a
composite list of factors was prepared, combining some of the above listed factors and
categorising them.
Category
Characteristics of the traveller
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4. Age of the trip maker
5. Sex of the trip maker

Characteristics of the journey

1.
2.
3.
4.
5.
6.
7.
8.

Purpose of the trip
Trip distance
Trip cost
Time of the day of the trip
Total journey time
Waiting time
Trip length
Number of transfers

Characteristics of the service

1.
2.
3.
4.
5.
6.

Comfort of the journey
Safety while travelling
Accessibility of the service
Reliability of the service
Availability of last-mile connectivity
Frequency of the service

Urban Form

1.
2.
3.

Land-use
Density
Hierarchy of modes

Of the above listed factors, characteristics of the journey and the service were utilised in
the survey and further analysis.
Objective 2- Conclusion
The second objective was to identify a methodology to establish the above stated factors.
For this, a number of methodologies were studied; pertaining to both, statistical methods
and transportation models.
The sample data presented the following attributes
1. Random sampling
2. Limited number of factors (dependent variables)
3. More than 30 samples and therefore normally distributed data
These characteristics fulfil all the requirements of ANOVA test and hence ANOVA test
was chosen as the method of analysis for this research.
For this method, further hypothesis formation was done in order to carry out the analysis.
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Objective 3- Conclusion
The third objective was to evaluate the factors enlisted from the first objective with the
help of the method chosen in the second objective. A comprehensive analysis was carried
out and subsequent inferences were made.
From the analysis conducted on the dependent and independent variables under the above
stated focus groups and parameters, it was observed that the gender of the respondent was
an important factor in the decision making process of the people with respect to travel
cost and the service quality, while for service accessibility, the age of the respondent
plays an important role. The quality of service is an important factor and is sensitive to
the number of vehicles people own per household per person; the more the number of per
person vehicle ownership, the less they are intended to use public transport owing to the
perception of more comfort and safety in their personal vehicle.
Table 16: Relevance Matrix- Choice parameters

Travel

Journey Service

Cost

Time

Service

Accessibility Quality

Gender
Age
Occupation
Vehicular ownership per household
per person
Relevant factor
Irrelevant factor
Since gender is both, travel cost and service quality sensitive, we also analyse as to which
factor influences the people more based on their gender. Analysing the means of the two
parameters, it is observed that people of a particular gender are more sensitive to service
quality than travel cost.

Gender

Total Travel
Travel
Service
Service Quality
Cost
Time
Accessibility
3.18
2.77
3.61
4.04
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The willingness parameters were also evaluated in a similar manner and as can be seen
from the matrix, that if gender specific interventions are provided with respect to the
travel cost, people would be encouraged to shift their mode of travel to public transport.
People of specific age group and specific occupation are encouraged to shift to public
transport if interventions in service quality and travel cost are proposed respectively.
Table 17: Relevance Matrix- Willingness parameters

Travel

Journey

Service

Service

Cost

Time

Accessibility

Quality

Gender
Age
Occupation
Vehicular ownership per household
per person

Relevant factor
Irrelevant factor
The two matrices above show that target group specific interventions in the travel cost
and service quality would encourage people to shift from their private mode of travel to
public transportation modes. These interventions may be in the form of planning
interventions or policy interventions.
The two matrices also indicate that although there are some factors that the people are
affected by, but an intervention in it would not encourage them to shift to public
transport. Travel cost is only gender sensitive, but gender as well as occupation specific
travel cost interventions would encourage people to shift over to public transport.
Whereas, for service accessibility; on one hand it is age sensitive, but none of the specific
interventions would encourage people to willingly shift to public transport. Service
quality factor is age as well as vehicular ownership sensitive but an age specific
intervention would result in shift of mode of travel of the people from private transport to
public transport.
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Conclusion
From the various observations and conclusions above, the research can be concluded by
the following points:
1. Journey time has no significant influence on the mode choice of the people.
2. Since, travel cost, service accessibility and service quality have major influence
on the travel mode choices of the people, interventions specific to them should be
introduced in order to encourage them to shift from private mode of travel to
public transport.
3. The interventions may be in the form of planning interventions or policy
interventions.
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Appendix 1: SURVEY FORM
A) Survey Details
Area:

Time:

Date:

Form no.

B) Personal Details
Name of the respondent:

Age:

Gender:
Male

Female

Occupation:
Student

Service

Others

Business

Daily wage worker

Mode of travel
Work/Education
Leisure
Travel expenditure per month: Rs.
C) Household Details
Household size:
Number of rooms in the house:
Household Income (monthly):
<5000

5000-15000

15000-30000

>30000

Vehicle Ownership:
2-Wheeler

Name

4-Wheeler

Age Gender

Cycles

Education Occupation

Others

Work/Education Distance Mode
Destination

(km)

of
Travel

Monthly travel expenditure: Rs.
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D) Connectivity Details
Nearest bus stop:
Origin
Name

of

stop

Destination

the Distance

Name of the stop

Distance (km)

(km)

AMTS
BRTS
Availability of feeder service at the origin: yes / no
Availability of feeder service at the destination: yes / no
Parking facility available at destination: yes/no
If

no,
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they

where

paid parking: yes/no
do

you

park?
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E) Choice Parameters
Rate the following parameters according to importance while considering between
public and private transport
Category

Sr.

Very

Parameter

Important

important

No
1

Total travel cost

2

Total travel time

Trip

3

Waiting time

Characteristics

4

Purpose of the trip

5

Nature of the trip

6

Trip length

7

Number

Less

Not

Not

important

important

Relevant

of

transfers
8

Comfort of the trip

9

Accessibility to the
mode of travel

10

Reliability of on
time arrival

11
Service

Safety
individual

Characteristics

of

an
during

the trip
12

Availability of last
mile connectivity

13

Frequency of the
service

14

Behaviour of copassengers

15

Behaviour of staff

F) Willingness Parameters
Sr.

Parameters

No.
1

If travel cost is

Anshita Aggarwal (UP0112)

No

5%

10%

15%

More

81

reduced
2

If travel time is

No

10%

15%

No

yes

Maybe

No

Yes, at the

Yes, at the

origin

destination

Yes, at the

Yes, at the

origin

destination

Yes, at the

Yes, at the

origin

destination

Yes

Maybe

20%

More

Maybe

Not

reduced
3

If frequency of
service is
increased

4

If feeder system
is provided

5

If feeder system

No

with common

Relevant
Maybe

Not
Relevant

ticket is provided
6

If feeder system

No

with common

Maybe

Not
Relevant

ticket through a
smart card is
provided
7

If Parking is

No

provided at the

Not
Relevant

transfer points
8

If AC buses are

No

Yes

Maybe

provided
9

If any source of
entertainment is

Not
Relevant

No

Yes

Maybe

Not
Relevant

provided (radio,
WiFi etc.)
G)Any other comment

.
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Appendix 2: ANALYSIS TABLES
Choice parameters
The following table represents the means of all the focus groups with respect to the
parameters for the choice parameters preferences of the respondents.

Table 18: Means of the choice parameters

Gender

Male
Female

Age

Upto 18 years
18-25 years
25-35 years
35-60 years
60 years and
above

Student
Occupation Service
Business
Vehicular
Ownership
(per
household
per person)

0-0.25
0.25-0.50
0.50-0.75
0.75-1.00
>1.00

Total
Travel
Service
Service
Travel Cost Time
Accessibility Quality
3.43
3.15
2.77
3.96
3.80
3.20
2.76
4.11
3.50
3.81
3.47
3.58

3.38
2.99
3.15
3.26

2.00
2.46
2.93
2.88

3.70
3.97
3.94
4.18

3.50

4.31

3.25

4.15

3.83
3.58
3.42

3.05
3.15
3.39

2.36
2.76
3.24

3.98
4.03
4.10

3.50
3.81
3.47
3.58
3.50

3.38
2.99
3.15
3.26
4.31

2.00
2.46
2.93
2.88
3.25

3.70
3.97
3.94
4.18
4.15

Willingness parameters
The following table represents the means of all the focus groups with respect to the
parameters for the willingness parameters preferences of the respondents.

Table 19: Means of the willingness parameters

Gender

Male
Female
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Total Travel Travel Service
Service
Cost
Time
Accessibility Quality
2.79
2.63
2.91
2.32
3.07
2.70
2.97
2.46
83

Total Travel
Cost

Age

Upto 18
years
18-25 years
25-35 years
35-60 years
60 years and
above

Student
Occupation Service
Business
Vehicular
Ownership
(per
household
per person)

0-0.25
0.25-0.50
0.50-0.75
0.75-1.00
>1.00
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Travel
Time

Service
Service
Accessibility Quality

3.00
2.78
3.11
2.91

2.00
2.70
2.68
2.57

3.00
3.09
3.00
2.74

2.75
2.96
2.50
1.78

2.75

3.50

3.00

2.50

2.92
3.13
2.58

2.74
2.68
2.55

3.06
3.00
2.70

2.96
2.32
1.85

3.00
2.78
3.11
2.91
2.75

0.00
2.80
2.60
2.68
2.72

0.00
3.13
2.95
2.91
2.89

0.00
2.25
2.20
2.56
2.22
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