Planning and Transport Research Centre (PATREC)

TECHNICAL REPORT
Factors Affecting Travel Behaviour Choice

Project No
Authors
Steering Committee
Date

Project 2
Cath Ferguson, David Lamb, Craig Standing, Susan Standing, Brett
Smith, Tim Perkins, Laura Gladstone, Jessica Crisp, Sharon Biermann
Simon Grieve (DOT), Rafal Gorecki (PTA), Renlong Han (DOT), Kath
Merrick (DOT)
November 2017

2 of 424

TABLE OF CONTENTS
EXECUTIVE SUMMARY

3

1.

7
7
7
8
8
8

INTRODUCTION
1.1
1.2
1.3
1.4
1.5

Project Initiation
Project Components
Background
Aims and Objectives
Structure of the Report

2.

METHODOLOGY

8

3.

RESULTS

8

4.

CONCLUSION

9

5.

REFERENCES

10

6.

SUB COMPONENT PARTS

11

PATREC: Factors Affecting Travel Behaviour Choice

Page 2

3 of 424

EXECUTIVE SUMMARY
This project comprises of four discrete research studies, each of which plays a role in the understanding of
the factors that are related to behaviour for travel. Each of these four studies has provided a report which
enables readers to direct their attention to what is of most interest to them.

Part One – Literature Review and Comparison of Two Theories
Part One of this project comprised of a literature review on behaviour change theories/models that might
be useful to underpin interventions to change travel behaviour choice; and the comparison of two theories.
One of these theories (Theory of Reasoned Action/ Theory of Planned Behaviour - TPB) has been in use
across a number of different behaviours for nearly 40 years. The second theory (Comprehensive Action
Determination Model- CADM) was initially promoted around 2010 and is based on the Theory of Planned
Behaviour which it extends including additional variables.

In the literature review, seven key theories were examined, their elements and uses in previous research
presented. A number of the theories have strong similarities and a table is included in the Appendices to
the review from which the reader can determine, the elements of each. Within the literature review,
pictorial representations of several of the models provide the reader with details of how the elements are
related to behaviour.

In the comparison of two theories, an online instrument was used to determine the behaviour of two
discrete age groups, 18 – 25 years and 55 years plus. Participants The instrument included a number of
questions that were relevant to the theory test and also provided useful quantitative and qualitative data
that were required for use in the research in Part Two of this research. Part Two is detailed later in this
Executive Summary.

The analysis of the two theories indicated that there was little difference between the two models.
However, the contribution of habit in the CADM revealed the importance of habit to the intention to use a
vehicle for completing daily tasks which was the behavioural context for the research (daily tasks were
defined as going to work, shopping, school run, or any other venture outside the home). However, if habit
is not included in the CADM, the two models provided similar results.

PATREC: Factors Affecting Travel Behaviour Choice

Page 3

4 of 424

Part Two – Comparisons between two different age groups
In this part of the research two separate studies were conducted: a literature review and analysis of the
online instrument that sought to consider differences between the two groups with a view to determining
if separate interventions are required for different groups. The literature review was conducted with a
focus on the travel behaviour of the two disparate groups: 18 to 25 year olds and 55 years plus.
The literature review focused on active travel (cycling and walking) and the use of public transport. The
review reported that according to the existing literature, infrastructure was one of the main keys to
increasing active travel and this should provide useful information for planners in relation to these
activities.

In the second part of this research, the online instrument was analysed with a view to determining
differences between the two age groups. The context of this instrument has been detailed above. The
instrument also sought information on how respondents felt about congestion.

Results indicated that there were concerns about congestion, especially in the 55 years plus group, but
respondents did not recognise their ownership of the concern/problem they raised with their high use of a
private vehicle. Several other factors were examined in this research. Travel mode choice seemed to be
dependent on a number of key variables including, safety, weather, availability, access to information
about services, season of travel, travel with friend/partner and the estimated time taken to complete the
journey. Respondents did report issues with the most used form of travel (by car) as this caused many to
feel stressed, because of excess traffic, lack of parking, and cost of parking. Some respondents
were concerned with public transport in Perth, often being impractical and unrealistic in the timeframes
they had. In these instances, using public transport was not deemed as a viable option or indeed at times
reliable as a number of respondents remarked on the limited bus and train networks in Perth.

Nevertheless, for some respondents using public transport caused less stress, reduced their environmental
footprint and was generally seen as a cheaper option than the car. Special mention was made of the
Smartrider system in Perth and the free bus transport in the CBD, both of which were seen as good
transport practice. Similar concerns to public transport were reported about active travel modes, in
particular safety concerns and the general lack of infrastructure and signage for cyclist. Respondents that
commented on active travel issues reported that those responsible for travel and planning policy could do
much more to encourage people to walk and cycle, by highlighting the associated mental and physical
health benefits of this mode of travel. In this latter case, the application of a health behaviour change
model (see Part One research) might be useful.
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Part Three – The Sharing Economy
The collaborative economy or sharing economy is growing at a rapid pace and is making a significant impact
on business and society. It can be defined as systems that facilitate the sharing of underused assets or
services, between individuals or organisations, with or without charge. The sharing economy domain is
different to traditional business activities in significant but sometimes subtle ways. For example, sharing
activities focus on networks, are asset light, depend on information and technology platforms, are
customer centric and can provide on-demand real-time services. The transportation sector has been
affected by sharing economy developments and this report aimed to take stock of the wealth of literature
available and provide guidance on future growth and concerns.

Planning and transportation strategies that maximize transportation sharing, in autonomous
environmentally friendly vehicles, fuelled and manufactured from non-polluting energy sources is the ideal
solution presented in the literature for the future of transportation, but this is far from reality and will have
to overcome many challenges on its way to fulfilment. Western Australia has a high rate of car ownership
and private vehicle usage. Sharing options have the potential to reduce car ownership levels and reduce
vehicle miles travelled. The range of commercial and community sharing options related to transport
include car-sharing, car-pooling, ride-sharing, and bike-sharing. Fundamental change to transportation
behaviour will only occur if attitudes to car ownership and self-efficacy change. Evidence suggests that
people are most prepared to change transportation behaviour if it provides economic or convenience
related benefits. Environmental concerns are generally less important. There is conflicting evidence on how
demographics and local context affect attitudes to travel and sharing but it is apparent that local context,
available transport and ease of use have the greatest effects on transportation sharing behaviour.

Freight will continue to have a major impact on road congestion as small haulage firms continue to try and
compete with large companies by carrying smaller micro loads. Freight sharing apps can make shipping
more efficient for large and small freight if information is shared between multiple actors and across
multiple platforms. On the other hand freight apps that allow carriers to source loads directly from shippers
could turn into a cost war, akin to the taxi vs. Uber conflict, pitching large carriers against smaller operators,
and social freight operators, squeezing margins and reducing labour costs. If shippers and carriers can work
together and share information better load balancing would reduce congestion and shipping costs without
negatively impacting on wage rates. How social freight operators, such as Uber Freight, will develop in the
sharing economy is uncertain but they could add to congestion and vehicle miles travelled in the same way
as car sharing services if vehicle journeys are more frequent and replace balanced load journeys.

Transportation and logistics increasingly rely on technology and technological skills but the sector reports a
lack of expertise in these areas. These skills will become even more important as big data, open data, the
internet of things and vehicle technology develop. Expert knowledge of the transportation domain is
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needed to understand how the data can be used, and pose questions that need answering. Technical
knowledge and analytical skills are equally important in order to access and understand the data and
implement and design transportation solutions. Sharing information across multiple domains will deliver
innovative, integrated, holistic transportation solutions.

Government regulations are potential barriers to the sharing economy’s penetration but are needed to
protect users and the economy. Partnerships with transportation sharing firms have to be carefully
considered to avoid the possibility of monopolistic activity and inequality in service provision. The sharing
economy has produced different business models and will continue to evolve as technology develops and
behaviour changes. These developments need to be integrated in transportation planning, balancing the
need for modal choice and equality of service provision. Future research can consider people’s perceptions
and acceptance of the various forms of transport sharing and the readiness of the freight sector to engage
in collaborative commerce.

Part Four – Technology Take-up and 2050 Travel Demand and Acceptance of
Autonomous Vehicles
This futuristic work considered the intersection of technology (low and high takeup) with mobility (private
and shared) and how these aspects would affect travel behaviour in the future. The second part of the work
is a collaboration which is still under way. The data provided on this part of the project is therefore limited.
Each of these reports is noted below.

In Technology Take-up and 2050 Travel Demand certain changes and uncertain potentials are detailed to
provide the reader with the perspective from which the scenarios have been developed. The report
considered a wide range of different aspects of life for both individuals and included a section on freight
and logistics. In this regard, its content is important for a number of different professionals who play a role
in the planning of future transport needs.

Autonomous vehicles are becoming a clear part of the future with trials occurring across Australia
(including Perth). A key to their acceptance by a majority of individuals is to understand what makes them
acceptable or not acceptable. Such understanding enables the development of appropriate interventions to
support increased usage. The work undertaken in this regard included a number of aspects of the sharing
economy and the use of autonomous vehicles and linked that to personality attributes of drivers/owners of
vehicles. The intention in this research is to develop latent class models that will support an understanding
of the decisions made by individuals. Preliminary analyses suggest that personality profiles may underlie
the propensity to share.
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1

INTRODUCTION

1.1

Project Initiation

This project comprises of several discrete parts the aims of which were to explore and provide information
to assist PATREC associates understand factors affecting travel behaviour choice. The project was initiated
through the call for proposals in 2016 for research in 2017 that met the needs of various PATREC members.

1.2

Project Components

The project comprised of four parts, each with their own knowledge base. The first three parts were
conducted by researchers at Edith Cowan University, the fourth part was conducted at the University of
Western Australia.
The first part was a literature review about behaviour change models, their elements, and how these might
be applied in interventions that were intended to change travel behaviour choice. This first part of the
project also included the comparison of two theories that might be used to underpin such interventions.
The second component of the research was designed to compare two key target groups. The groups were
18 – 25 years and 55 years plus. It was thought that perhaps these two decision-making groups might have
different perspectives and responses towards travel behaviour. This work comprises a literature review and
analysis of data collected through an online instrument.
The third component comprised of a review and analysis of the literature in relation to the sharing
economy and its potential effects on personal sharing of vehicles and transport services and the
transporting of goods in relation to business to business activity. This research provides information on
potential policies and practices that may assist in the reduction of congestion and result in more effective
and efficient means of moving both people and goods.
The fourth component involved an analysis of the future for travel behaviour choice linking technology
take-up and future travel demand with a reference date of 2050. In a second part to this research a pilot
study for the adoption of autonomous vehicles was conducted with a sample from Perth and Sydney. These
two reports are described separately below.

This review considered a number of different aspects of life for individuals and businesses and brought
together future automation, future infrastructure, the future workplace. It included a section on aging,
which is an important social aspect that will affect the planning and transportation domains. This work
included a number of scenarios that may play out and provided policy recommendations based on future
PATREC: Factors Affecting Travel Behaviour Choice
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certainties and uncertainties. The reviews support a scenario analysis of the possible transport futures in
Australia, considering how and why individuals will travel.

The second piece of work in this part of the project was a collaborative project about the potential
acceptance of autonomous vehicles through a peer-to-peer car-sharing set up, and how such acceptance
may be based on personality variables. This collaborative project is ongoing and will be completed in 2018.
This research brings together utilitarian (spatial, costing, chance of being late) and cognitive aspects of car
ownership and sharing behaviour, as well as socio-psychological factors that may affect willingness to share
AVs in the future.

Individual reports were provided for each component of this project. These reports are attached to this
document.
1.3

Background

The background to each part of the project is included in the particular reports for each component.

1.4

Aims and Objectives

The aims and objectives of each component are detailed in the individual reports.
1.5

Structure of the Report

This report is provided as a guide to the overall project with each component of the project being described
in the individual reports which are attached as Appendices to this document.

2

METHODOLOGY

2.1

Each component in the research comprised of a different methodology. These methodologies are
explicitly described in the individual reports.

3

RESULTS

The results of the research are detailed in the individual reports. A brief summary is provided here.

The results of the theory comparison in the first component of the project were disappointing with no clear
outcome as to the best theory to apply. There were some indications of elements within these theories
that may be useful for the development of behaviour change interventions. The behaviour used to
underpin this research (using a private vehicle to attend to daily tasks) appears to have a strong habitual
PATREC: Factors Affecting Travel Behaviour Choice
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base and breaking habit appeared to be the best option for changing travel behaviour choice. High private
vehicle use was evident within the respondents to the online instrument employed to collect the data.

The results of the second part of the research revealed a number of aspects that respondents felt inhibited
their use of active travel and public transport and supported their high private vehicle use. There were few
differences between the different age groups and this makes the potential development of interventions
easier and it may be that a one size fits all approach may be useful.

The work undertaken in Part Three of the research has provided eight recommendations in relation to the
Sharing Economy. These recommendations are based on developing situations that need to be monitored
to ensure that the best decisions for the future are made. The area is still evolving and progressing with
work required at the individual and business level to ensure community willingness to adopt sharing
strategies in general and for transport sharing such as car sharing or car-pooling. The benefits of such a
strategy may need to be highlighted to encourage participation. Within the business communities,
collaboration in relation to the freight of small amounts may require some government promotion to
facilitate participation. They key issues in this part of the research are that those involved in planning for
the future need to maintain an awareness of how technology and human behaviour may change (or need
to be changed). Expertise in data analysis and technology must continue to be developed.

The results in Part Four of the research indicate that a number of current travel behaviours (such as single
vehicle occupancy) are not sustainable and that if travel is to meet the needs of the community in the
future, changes to individual and business behaviours need to change. The underpinning to these
behaviours needs to be considered. Decisions regarding the use of policies and procedures, infrastructure
and motivations of the population need to be made and an understanding of how each of these aspects to
managing future travel behaviour choice need to be considered in relation to sustainability and effects.

The collaborative project on car-sharing and use of autonomous vehicles has suggested that the personality
of the driver/owner plays a part in their decision to share. In a design that provided opportunity for the
owner to drive the vehicle or not drive the vehicle in the sharing arrangement, the initial results suggest
that consumers who are unwilling to share their current vehicle, do not seem to be more open to sharing in
a future where cars are autonomous. In itself this is an interesting finding as it suggests the deterrents to
renting out a private vehicle to a stranger still dominate even with the removal of the driver element.

4

CONCLUSION

Each part of this research project has played a role in assisting the understanding of travel behaviour choice
within the population of Perth. Parts One and Two of the Project emphasise the current situation with a
PATREC: Factors Affecting Travel Behaviour Choice
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clear high vehicle usage and preference for the majority of the sample. The results from Part One suggested
that normative behaviour is the key to changing individual behaviour. Surprisingly, there were few
differences across the two age groups and based on normative aspects of behaviour, this could be
expected. The younger generation will follow the lead of their elders, therefore changing the behaviour of
the elder generation may be a key to overall culture change. Such change takes time. A number of
behaviours are driven by the attitudes of the group, however the analysis in relation to the theory
comparison revealed that for travel choice behaviour based on using the private vehicle, attitudes did not
appear to be important, nor were they different across the two age groups.
Some results in Parts One and Two were less conclusive than expected and this may be in part due to
various limitations of the research, such as the non-inclusion of elicitation interviews in relation to the
theory test. Elicitation interviews would likely have indicated the low importance of attitude and the
greater importance of the effects of norms and having access to a vehicle.
Parts Three and Four of the Project moved to the future and what might be expected in relation to travel
needs across a number of aspects of life. Part Three based in the current situation and moved to make
recommendations for the future with the importance of maintaining knowledge and expertise in data
management and analysis that can assist in the development of strategies for the transportation of both
people and goods.
Part Four was much more futuristic with scenarios based on the intersection of technology (low and high
take-up) with mobility (shared and private). The scenarios are based on current best knowledge and the
uncertainties are detailed to enable the reader understand the perspective taken. This work also details
some of the current behaviours in transport that are really unsustainable in the future; and potential
linkages with health that may be useful for future decision-making for planning travel in the future.
Recommendations are included. The pilot research on car-sharing and autonomous vehicles has already
provided useful information that will assist in the development of strategies to support increased carsharing whether that be an autonomous vehicle or not.

5

REFERENCES
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EXECUTIVE SUMMARY
“Individual behaviours are deeply embedded in social and institutional contexts. We are
guided as much by what others around us say and do, and by the ‘rules of the game’ as we
are by personal choice. We often find ourselves ‘locked in’ to unsustainable behaviours in
spite of our own best intentions.” (Jackson, 2005, p. iii)

“Behaviour is highly complex with many external and internal influences on
perceptions, attitude and action” (Hartwell, 2014, p. 2)

This Literature Review is part of a PATREC project on Factors affecting Travel Behaviour Choice. The review
considers seven behaviour change theories/models, their elements and potential use for the development
of interventions to change travel behaviour.

Many of the theories, models have a similar structure, so all may be considered useful depending upon the
circumstances of the intervention. The target group, behaviour and context all play a role in how these
models may perform in relation to an intervention.
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INTRODUCTION
The purpose of this literature review is to provide information on psychologically based behaviour theories
and to facilitate the application of theory based interventions to change travel behaviour. It has been
recognised that across a number of contexts theory based interventions are more successful than those that
are not underpinned by theory (Craig, Dieppe, Macintyre, Michie, Nazareth, & Petticrew, 2008; Michie &
Prestwich, 2010; Schwarzer, Lippke, & Luszczynska, 2011). The review commences with some general
comments about behaviour change and then presents a number of well-known psychologically based
behavioural theories that may be useful. This literature review differs from the more traditional literature
review in which research methodologies are analysed; instead it focuses on the theories applied in travel
behaviour choice and supported by a limited number of examples of usage. This review focuses on
psychological theories and does not include specific models of travel behaviour that have been focused
primarily on travel demand and include analysis and synthesis of three dimensions: geographic space, time,
and social space (Goulias, in press).

It must also be acknowledged that there is a plethora of literature on behavioural models and behaviour
change. Limited resources for this project have meant that a limited number of peer reviewed articles could
be accessed, read, and analysed. The authors have endeavoured to provide a wide range of information to
support the aim of this research which was to provide information that would assist practitioners working in
the transport industry develop an understanding of the importance of applying theory to their work
(interventions); and to assist them in the use of appropriate theories. However, due to the complexity of
some of these theories which cannot be fully demonstrated within this review, readers who are interested
in a particular theory are advised to access further information. Behaviour change is complex and a good
understanding of a theory being employed in research is important to ensure that appropriate results can
be achieved.

This review includes seven theories and includes the history of the theory, the elements that underpin the
theory, its demonstrated use through the academic and grey literature, its strengths and weaknesses, and
how it may inform and be useful for predicting, understanding and changing behaviour, in particular travel
behaviour throughout the population. Although the information has been gathered from international
literature, the application of the knowledge provided here will be considered in the environment of Perth
in Western Australia. It should be noted also that most of these models have been developed through
health research and then applied where applicable to other areas.

Lewin (1951) indicated that there is "nothing more practical than a good theory" (p.169) and a number of
researchers have indicated the importance of underpinning behaviour change with appropriate theory.
Rothman (2004) acknowledged the challenges in choosing an appropriate
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theory and presented a case for the integration of applied research with theory to advance knowledge on
behaviour change to determine what works and what does not work and the circumstances under which
various conditions make a difference. Successes and failures should be disseminated to advance knowledge
(Rothman, 2004). Additionally, it is important to differentiate between behavioural theories which provide
an understanding of behaviour and theories of behavioural change, although there is often a link between
them (van der Linden, 2013, p. 209 - 210). Those wishing to change a behaviour need to understand the
factors that support the behaviour and how they may be used to modify it (van der Linden, 2013, p. 210).

Behaviour is not always rational, with emotional responses playing a greater role than cognition (Weber,
2017). Accordingly, the economic perspective that often underpins a rational action may not have that
desired effect when reasons for a particular behavioural choice are provided (Weber, 2017). When people
make decisions about their mode of travel a number of different issues may be considered and
professionals working within transport planning need to understand that individual behaviour should be
considered amongst these variables (Nieuwenhuijsen, 2016). Nieuwenhuijsen suggested that collaboration
amongst a number of different professionals such as urban planners, mobility and transport engineers,
architects and landscape architects, environmental scientists, behaviour change specialists, and those
working in public health is required to facilitate successful behavioural change interventions. The result of
collaboration amongst these professionals should result in a city that is “a green city, a social city, an active
city, a healthy city.” (p. 168).

Some of the theories included in this review work at the individual level and others at the population level.
This aspect of each theory will be indicated in the list of the theories presented later in the review. The
majority of behavioural theories are based in the beliefs of individuals and groups. Some theories include
the context or external factors that may affect the behaviour whereas some others do not. The more
complete theories take the context and external factors into account as behaviour may not only be driven
by an internal motivation, but also by the situation in which the individuals find themselves. Although
individuals are generally consistent in what they do, habit may be interrupted by contextual or external
factors. The diversity of situations, contexts, and individual preferences makes the domain of changing
behaviour complex and often ‘a moving feast’ as circumstances, individual and public perceptions, and
norms change over time and place.

Various theorists have commented upon the vagaries of behaviour change, its complexity, and
contextuality (Craig, Dieppe, Macintyre, Michie, Nazareth, & Petticrew, 2008; Kosters & Van der Heijden,
2015; Michie & West, 2013; Middlestadt, 2007). For best results in changing behaviour, the specificity of
behaviour needs to be considered in terms of target, action, context and time (TACT) (Middlestadt,
2007). TACT is a key aspect of the Theory of Reasoned Action and the
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Theory of Planned Behaviour which are discussed in this review. Using TACT may increase the prediction of
a specific behaviour but limits the generalisability of behavioural change research. Where TACT is not
employed in the research design, the prediction of the behaviour is less reliable. This is a limitation in many
attempts to change behaviour.

Different theories may be applied in different circumstances and may include different levels of motivation,
and differing identities of individuals. As an example, self-identity has been included as an extension of the
TPB (Conner, & Armitage, 1998) despite the proponents of the TPB (Ajzen & Fishbein, 1980) indicating that
identity and personality are encompassed within attitude, subjective norms, and perceived behavioural
control. Self-identity is relative to an individual’s belief system about specific aspects of life and the
environment. Motivation has a continuum between intrinsic and extrinsic and is relevant to an individual’s
goals. Intrinsic motivation is based on the performance of an action which fulfils the individual internally;
the action is undertaken for the pleasure that it brings the individual. Extrinsic motivation is based on
external benefits/ rewards or punishments. Kasser and Ryan (2001) reported that intrinsic motivation is
related to increased well-being and is driven by known ability to attain the desired goals

An issue in the current literature is that researchers apply some elements of a theory without explaining the
reasons for not including others. An example of this is in Scott, George and Prybutok (2016) who indicated
that they were applying the Theory of Reasoned Action (TRA) and the Theory of Planned Behaviour (TPB) to
their research on building a decision-making model for the use of public transport. In reality however, the
only element of these theories applied in their research was attitude. Subjective norms and perceived
behavioural control both elements in the TPB were omitted. Scott et al. included other contextual issues
such as security, knowledge, price, and convenience, which are elements that could have been added to the
full model. What is often forgotten when planning research is that the full theory should be included, or if
elements are omitted, an explanation of why should be provided.
Theories reviewed
1. Theory of Reasoned Action/ Theory of Planned Behaviour (population)
2. Integrated Behaviour Model (population)
3. Stages of Change (individual and targeted groups)
4. CADM (population)
5. HBM (population)
6. HAPA (population)
7. Behavioural economics theories (Nudge) (individual and population)
Also reviewed were a number of practitioner reports.
8. Various practitioner reports
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The theories presented are general theories of behaviour and behaviour change. A search for specific
behavioural theories for travel behaviour was conducted and one proposed behaviour change model
for travel behaviour was located. This model was developed by Van Acker, Van Wee and Witlox (2010)
and despite Google scholar indicating a large number of citations (174, Google, 28th September, 2017),
no demonstrated use or test of this model’s abilities were located, although the introduced concept of
lifestyle was the subject of a 2016 paper (Van Acker, Goodwin, & Witlox, 2016). The majority of the
theories employed in travel behaviour research have been contextualised from general behavioural
theories, an accepted methodology supported by different theorists such as Ajzen (1991).

Knowledge and understanding of a number of these theories can support efforts to change individual
and group behaviour (Davies, 2006; Michie, Johnston, Francis, Hardeman, & Eccles, 2008). Davies
indicated that “any one approach or by any one model is clearly insufficient, however, each can offer a
partial explanation of reality” (2006, p. 253). However, using parts of different theories together can
cause confusion unless the research has been clearly designed to inform the readers of the successful
aspects. Interventions based on theory are often more successful than those that do not include a
theoretical aspect and if applied appropriately in terms of the theory can inform which parts of the
intervention worked or did not work (Michie, Johnston, Francis, Hardeman, & Eccles, 2008). It is
interesting to note that in general evaluations of behaviour change interventions often indicate “that
there is no clear correspondence between theoretical inspiration and adoption of particular change
techniques.” (Michie & Abraham, 2004, p. 29).

Working from the health perspective Michie and Abraham (2004), provided six conclusions about the
reported effectiveness of behaviour change interventions. First, research design limitations affect
results and potentially reduce the effectiveness of the research and intervention. Second, there is
evidence that psychological interventions have been successful across a number of health behaviours.
Third, reports on the conduct of the intervention do not clearly identify the intervention, its delivery,
intensity, and duration. Fourth, as a result of the foregoing, recommendations are often based on
imprecise information. Michie and Abraham state that “they are evidence-inspired rather than
evidence-based” (p. 46). Fifth, ideally experimental studies should be undertaken to support the nature
of the interventions and the combinations of aspects that aid in intervention effectiveness. Sixth,
reports about interventions should fully describe their methodology and the theory that underpinned
them in order to allow replication and to enhance the opportunities for evaluation. Michie and
Abraham indicated that theoretical detail is an important aspect of behaviour change interventions.

The literature specifically about travel behaviour indicated that often theory is not applied (Arnott,
Rehackova, Errington, Sniehotta, Roberts, & Araujo-Soares, 2014). In a meta- analysis and narrative
analysis of specific travel behaviour articles, Arnott et al. reported that all of the interventions
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included in their analysis were developed using a top-down approach, with no user engagement or
public involvement in their development. The most common interventions were theprovision of
information, and self-regulation skills or action planning and these interventions provided little to no
change in behaviour. In a number of instances, theory was mentioned in the research, but was not
appropriately applied or considered as part of the analysis. The lack of theoretical application reduces
the opportunity for progress in addressing travel behaviour. However, this lack of application of
theory is not limited to travel behaviour with Prestwich et al. (2014) reporting that 56% of the studies
reviewed in their meta-analysis of behavioural change in the health domain did not include theory.
Other research in the area of environmental behaviour also indicates issues with research design
(Steg, & Vlek, 2009) and the long-term success of interventions (Abrahamse, Steg, Vlek, &
Rothengatter, 2005).

In the following section, each of the theories listed previously is described, examples of its applications
are provided and situations in which it may be useful for developing travel behaviour change
interventions are suggested.
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METHODOLOGY
In this section, each of the reviewed theories is presented.
1. Theory of Reasoned Action (TRA) and Theory of Planned Behaviour (TPB)
2. Integrated Behaviour Model
These three theories have been placed together in this review as they are closely related. History
The Theory of Reasond Action was developed in the mid 1970s (Fishbein & Ajzen, 1975; Azjen & Fishbein,
1980). It was extended by Azjen in 1991 to establish the TPB. The TRA is based on intention to undertake a
behaviour as the immediate precursor of behaviour, with attitude towards the behaviour and subjective
norm predicting intention. Perceived Behavioural Control (PBC) was added by Azjen in 1991 to account for
non-volitional behaviours resulting in the TPB. The establishment of the TRA and TPB at the height of
cognitive psychology has meant that it does not expressly include the affective aspects of attitude,
although both proponents indicate that it is not an expressly cognitive model. For brevity in this review the
abbreviation TPB will be used to describe aspects that are in the TRA or the TPB. Where specific issues
relate only to the TRA, they will be clearly identified.

The Integrated Behaviour Model (IBM) was initially developed in 1991 through a meeting of a number of
behavioural model experts (Fishbein, et al., 2001). These well-known theorists included Albert Bandura
(Social Cognitive Learning), Marshall Baker (Health Belief Model), Martin Fishbein (Reasoned Action),
Frederick Kanfer (Self Regulation, Self Control), and Harry Triandis (Subjective Culture and Interpersonal
Relations). They discussed and identified the prime variables to enable prediction and understanding of
behaviour (Fishbein, et al., 2001). Eight variables thought to account for the most variance in any behaviour
were identified: intention, environmental constraints, ability, anticipated outcomes, norms, self-standards,
emotion, and self-efficacy.
The first five of these variables are included in the TPB and the first three elements, intention,
environmental constraints, and ability were considered necessary by the theorists for any behaviour to
occur. The other five variables have an effect upon the strength and direction of the intention (Fishbein et
al., 2001) and have worked well with the TPB (anticipated outcomes/component of attitude;
norms/subjective norms; self-standards/moral norms; emotion/component of attitude; and selfefficacy/PBC). Fishbein has continued to work and promote this integrated model (Fishbein, 2004) which is
for the most part an extension of the TPB. The IBM has been recognised by a number of researchers for its
inclusion of concepts from the Theory of Reasoned Action (TRA), the Theory of Planned Behavior (TPB), the
Health Belief Model and social cognitive theory (Bandura, 1994; Fishbein & Ajzen, 2010; Fishbein et al.,
2001; Montaño & Kasprzyk, 2008). In common with the TRA and TPB the most important component of IBM
is the intention to perform a behaviour as without the required motivation a person is unlikely to
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undertake that behaviour (Montaño & Kasprzyk, 2015). Intention or motivation is identified as the
strongest determinant of behaviour (Fishbein & Ajzen, 2010; Hennessy & Ajzen, 2012).

Elements of the TPB
The TPB includes attitudes, subjective norms (SN), perceived behavioural control (PBC), intention to
undertake a behaviour, and the behaviour. Ajzen and Fishbein (1980; Fishbein & Ajzen, 2010) set out a
range of issues in relation to the prediction of behaviour based on the relationships amongst these
variables. Figure 1 shows the TPB in a pictorial form.

Underlying Beliefs

Attitude
Subjective
Norms

Intention

Behaviour

Perceived
Behavioural
Control

Figure 1-Theory of Planned Behaviour (adapted from the literature)

As the figure shows, all three predictors (attitude, SN, and PBC) are based on beliefs held by the individual or
group. This theory works best at the group level (Ajzen & Fishbein, 1980). Individual behaviour is highly
variable and depends upon not only internal aspects of the individual but also external issues such as the
physical environment and context of the behaviour (Hartwell, 2014). As some of the elements of the TPB are
included in the Integrated Behaviour Model (IBM), their description is included in the next section.

Elements of IBM

While the number of elements outlined in the model vary, some authors point to four that directly affect
behaviour and their interactions are important in the development of interventions used in the promotion
of health behaviours (Fishbein et al., 2001). These include:
1. A strong intention to undertake the task
2. Self-efficacy through having the required skill and knowledge
3. There is no serious environmental constraint
4. The behaviour is relevant (or is important to the individual)
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A fifth aspect that can support or facilitate behaviour is its previous performance (Jaccard, Dodge,
& Dittus, 2002; Montaño & Kasprzyk, 2008). A model for the IBM is shown in Figure 2.

Figure 2 – A representation of the Integrated Behaviour Model
Although Fishbein et al. (2001) identified eight variables as accounting for most behaviours these
researchers stated that the first three above are considered necessary and sufficient for performing a
behaviour. Within IBM (similar to TRA/TPB) behavioural intention includes three psychosocial
components: attitude towards the behaviour; social influence; and self-efficacy or personal agency
(Montaño, Kasprzyk, Hamilton, Tshimanga, & Gorn, 2014). Attitude in this context contains both
cognitive and affective dimensions (Conner, Godin, Sheeran, & Germain, 2013; Montaño & Kasprzyk,
2015) and two aspects: experiential; and instrumental. Experiential is the emotional response to the
idea of performing the behaviour while instrumental relates to the beliefs of the consequences of the
behaviour (Montaño et al., 2014). The inclusion of the affective dimension and the experiential and
instrumental aspects provides an extension to the TPB which has often been represented as a cognitive
model, although Ajzen (2011) provides some examples for the inclusion of affect. Social influence
includes two normative aspects: injunctive or others’ expectations of the behavioural performance; and
what others are doing regarding the behaviour or descriptive norms (Montaño et al., 2014).
Self-efficacy or personal agency is a major factor influencing behavioural intention. In the IBM,
personal agency consists of the concept of perceived control and self-efficacy. Perceived control
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is determined by the perception of the factors that make the behaviour easy or difficult. In contrast, selfefficacy relates to the individual’s confidence in performing the behaviour despite the obstacles or in
different circumstances (Fishbein et al., 2001; Montaño & Kasprzyk, 2015). Some theorists refer to the
importance of using both constructs, Montaño and Kasprzyk (2015); Montaño et al. (2014) comment
that discussions of the similarities and differences are under-represented in published literature
(Fishbein, 2007; Fishbein & Ajzen, 2010).

Within all three of these models the weighting given to the three psychosocial factors of attitude,
social influence and self-efficacy depends on the nature of the behaviour and the population in
question (Fishbein & Cappella, 2006; Fishbein et al., 2001; Montaño & Kasprzyk, 2008), although in
practice, often the weighting issue is not applied, and each construct has an equal weighting in the
statistical analysis. One behaviour may be more dependent on attitude while another may be more
reliant on self-efficacy (Fishbein & Cappella, 2006). Similarly, a behaviour that is driven by attitude in
one population or culture may be more related to norms in another. It is therefore important to
establish whether attitude or norms are more important in working with a particular population
(Fishbein & Cappella, 2006). The psychosocial factors inform the beliefs of performing the behaviour,
the norms associated with the behaviour and the facilitators or barriers. Thus the more an individual
believes that performing the behaviour is associated with achieving a ‘good’ outcome the more
favourable his/ her attitude will be towards performing the behaviour (Montaño & Kasprzyk, 2008). As an
example, researchers have commented that in designing strategies to promote health behaviours
knowledge of the particular health service (internal to the individuals) and environmental barriers
(external issues) such as lack of transport to attend the health service need to be considered.

In all three models, demographic, personality factors or individual differences may be associated with the
behaviour but these factors are indirect or distal variables and accounted for within attitude, subjective
norms and perceived behavioural control (Ajzen & Fishbein, 1980, p. 9). However, there may be other
groups that hold more positive attitudes and stronger intentions to undertake the behaviour due to
demographic differences on the proximal variables (Fishbein et al., 2001; Montaño & Kasprzyk, 2015;
Montaño et al., 2014). To examine and understand the differing levels of belief across groups based on
external variables it is useful to tailor interventions based on differing patterns of belief (Fishbein et al.,
2001; Montaño & Kasprzyk, 2015). Researchers using the TRA/TPB or IBM should investigate underpinning
beliefs from which the interventions and elements of the theory that are important can be developed. As
Arnott et al., (2014) indicated in relation to the research on travel behaviour this does not often happen.
In relation to IBM researchers have provided a number of examples from the health domain
regarding the effects that normative, efficacy, and control beliefs have upon peoples’ motivation to
engage in behaviours. The behavioural beliefs associated with having a mammogram, which may involve
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pain, may be different from using a condom with a partner where there may be trust issues 9(Montaño &
Kasprzyk, 2015). Similar behaviours may have different underlying meanings such as the condom use
with different partners depending on the nature of the relationship (Von Haeften, Fishbein, Kaspryzk, &
Montano, 2000).

As a result of variation in beliefs across populations, it is suggested that researchers need to
identify measures of attitudes, norms, self-efficacy, and perceived control of the population being
investigated (Fishbein & Ajzen, 2010; Fishbein & Cappella, 2006; Montaño & Kasprzyk, 2015).
Conducting open–ended qualitative elicitation interviews can be a critical step in the development of
behavioural outcomes, referents, facilitators and barriers for each behaviour and the target
population involved (Fishbein et al., 2001; Montaño & Kasprzyk, 2015). The ideal time to undertake these
interviews is at the stage of developing the interventions (Craig et al., 2008). Such action on the part of
researchers ensure that interventions are not ‘top down’ as noted by Arnott et al. (2014). It is
recommended that the interviews should contain four areas of questioning. These include positive
and negative feelings about performing the behaviour, addressing the experiential attitude or affect;
positive and negative feelings about performing the behaviour, to determine behavioural beliefs;
seeking information about individuals or groups who are in favour or opposed to the behaviour,
to determine the potential normative referents; and situational facilitators or barriers relating to the
behaviour, indicating control beliefs and self-efficacy (Montaño & Kasprzyk, 2015).

A process of saturation or no new information being elicited on the areas of questioning informs the
number of elicitation interviews to be undertaken (Hennessy & Middlestadt, 2012). A content
analysis process can be employed to identify the behavioural outcomes, normative referents,
facilitators and barriers which in turn informs the questionnaire content for a defined behaviour and
population (Montaño & Kasprzyk, 2015).

Applications of these theories (TRA/TPB and IBM)
The TPB has predicted and/or developed understanding of behaviour across a wide range of contexts as
demonstrated in several meta analyses (Armitage & Conner, 2001; Godin & Kok, 1996; Sheppard,
Hartwick, & Warshaw, 1988); including behaviours that are not socially desirable (Conner & McMillan,
1999; McMillan & Connor, 2003), frequency of behaviour (Conner & McMillan, 1999), and patterns of
behaviour (Sheeran, Conner, & Norman, 2001). These results indicate that the TPB is a useful model for
the prediction and understanding of behaviour.

The TPB is described as a general theory for describing, predicting and understanding behaviour. However,
many researchers have included contextual aspects to their research which easily converts the TRA or TPB
to a contextualised model that takes into account the specific requirements of a particular behaviour
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(Ajzen, 1991). Regular additions to the TRA/TPB include belief salience measures, past behaviour and
habit, moral norms, self-identity, and affective beliefs (Connor & Armitage, 1998).

Overall the TPB has been useful for the prediction and understanding of behaviour with a meta- analysis
of behaviour change interventions revealing an average medium effect size of .50 (Steinmetz,
Knappstein, Ajzen, Schmidt, &, Kabst, 2016). Effect sizes are a useful statistical mechanism that indicates
whether a result has a real impact. Effect sizes are less affected by the sample size than statistical
significance which can be affected. Therefore effect sizes provide a better source of information. Cohen
(1992) described effect sizes of .30 or less as small, .50 as medium, and .80 or above as large. It has been
applied to travel behaviour research and was one of the more often mentioned theories in Arnott, et al.,
(2014) meta-analysis of travel behaviour research.

Most of the applications of the IBM have been in the area of health. IBM has been used in studies to
understand behavioural intention and behaviour for HIV/STD prevention behaviours (Kenski,
Appleyard, von Haeften, Kasprzyk, & Fishbein, 2001; Montaño & Kasprzyk, 2008; Montaño &
Kasprzyk, 2015). It has also been employed as a theoretical framework to inform interventions in two
multi-site studies (Kamb et al., 1998; Montaño & Kasprzyk, 2015; Rhodes, Stein, Fishbein, Goldstein, &
Rotheram-Borus, 2007). One study was used to evaluate the use of an intervention to increase condom
use with steady partners in Zimbabwe (Montaño & Kasprzyk, 2015). The second involved an application
of IBM in the design of evidence-based interventions in Zimbabwe to motivate men to get
circumcised and to evaluate the effects of these messages (Montaño et al., 2014). The cultural
responsivity of the IBM model has been demonstrated through its application to behaviours in developed
and developing countries (Fishbein & Ajzen, 2010; Montaño & Kasprzyk, 2015).

Advantages and limitations of the TRA/TPB and IBM
The TRA, TPB and IBM models provide frameworks to conceptualise, measure and identify factors that
affect behaviour. These theories also represent progressive development of the research into describing,
predicting and understanding behaviour. The emphasis of the TRA is on the role of beliefs and values
that determine motivation and is “useful in explaining behaviours particularly those under volitional
control”, where there are no external barriers to the performance of the behaviour (Montaño &
Kasprzyk, 2015, p. 118). The TPB model broadens the TRA model through the inclusion of the facilitative
and constraining conditions that impact on intention and behaviour, that is perceived behavioural
control. The IBM uses concepts from the TRA and TPB models and adds the concept of self-efficacy which
draws on other theories of behaviour (Montaño & Kasprzyk, 2015).

There is debate on the cross-cultural application of the model. Some researchers have referred to its
western orientation which limits its application to non-western cultures (Obregon & Rafael, 2000).
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Supporters of the model argue that the theoretical constructs have cross-cultural relevance and it has
been used across a range of countries in the developing and developed world (Fishbein & Ajzen, 2010;
Montaño & Kasprzyk, 2015).

The detailed data collection processes for these theories makes them more expensive options when
designing interventions and their evaluations. Elicitation interviews add to both the financial cost and
the timeframe. Overall these theories work best if the research team has a clear understanding of the
theory and how the elements contribute to the enactment of the behaviour (Montaño & Kasprzyk,
2015).

There are other limitations in the use of these theories. An intention-behaviour gap is evident
across all applications of the TRA/TPB and IBM, that is where the full model is applied. Often model
use is only up to the intention stage, partly because to collect behaviour either self-report or observed
adds to the time required to undertake the research, the additional cost, and the need for the same
participants to provide information at two points in time. This is necessary as a research design so that
respondents to not conflate intention and behaviour. People do not always do what they intended to do
and this may be for a variety of reasons (internal to the person) or changing environments (external
to the person). A variety of research has revealed that the intention- behaviour gap can be
reduced by the use of implementation intentions (Gollwitzer, 1999; Gollwitzer & Brandstaetter, 1997;
Gollwitzer & Schall, 1998; Gollwitzer & Sheeran, 2006) and action control (Abraham, Sheeran,
Norman, Conner, de Vries & Otten, 1999; Sniehotta, Nagy, Scholz & Schwarzer, 2006).

Similarly, the time between measuring intention and then behaviour can be short, and this also
affects the intention-behaviour gap although implementation intentions may assist in reducing the gap
where behavioural enactment is delayed (Sheeran & Orbell, 1999). The longer the time between
the measurement of intention and the measurement of behaviour, the weaker the correlation. This may
be partly due to the inhibitors preventing the behavioural enactment, or changes in intention to
undertake the behaviour as a result of new information, different environment or different context.
This gap has been the focus of considerable research and it has been suggested that where there is a
considerable time interval between stating the intention and undertaking the behaviour a cueing
strategy should be implemented (Hennessy & Middlestadt, 2012; Montaño & Kasprzyk, 2015). A
cueing strategy sets the circumstances in which the behaviour is to be enacted and is part of the planning
process. Another method of reducing the gap may be the use of self-regulation (de Bruin, et al., 2012).
This research reported that monitoring behavioural enactment and failures to act was important with
such monitoring improving the intention-behaviour enactment by 6% for one behaviour and 11% for
another (de Bruin et al., 2012).
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Conclusions
These three models are complex and require an understanding of their elements and the interactions
amongst these elements to facilitate successful interventions. Inappropriate or incorrect application of the
theory is likely to produce less than desired results.

The IBM was developed in 1991 however, it has only been applied in health research in particular. As an
extension of the TRA/TPB it is subject to similar challenges to these theories.

The TRA/ TPB is one of the most commonly applied theories across a variety of contexts for the describing,
understanding, and prediction of behaviour. More recently these theories have been acknowledged as
being useful for the development of interventions.

There are specific instructions that assist researchers develop an instrument based on the TPB (Ajzen, nd;
Francis et al., 2004) and instructions for the development of an intervention (Ajzen, nd). Readers interested in
this theory can also access a website dedicated to research involving the TPB. This website provided
theoretical information and access to a number of peer reviewed articles that have been based on the theory
(http://people.umass.edu/aizen/tpb.html)

THE TRANSTHEORETICAL MODEL (Stages of Change)
The Transtheoretical model (TTM) is the dominant stage model in health psychology and health
promotion drawing a range of theories into a single coherent framework (Sutton, 2005). TTM was initially
developed to demonstrate the processes and stages of change that can be applied to addictive
behaviours (Bamberg, 2007; Prochaska, DiClemente, & Norcross, 1992, p. 1102). It aims to consider the
processes involved in behaviour change and the resources that may be needed to facilitate the change.
Elements of TTM
This model incorporates four connected elements: stages of change; the process of change; self- efficacy,
and decisional balance (Parkes, Jopson, & Marsden, 2016). The focus of the model is on change at the
individual level rather than population level as a result of the use of personal strategies and/or
treatment by professionals (Parkes et al., 2016; Prochaska et al., 1992). However, it can also be applied at
the group or population level, although members of the targeted group needs to be at the same stage in
relation to change, as the strategies for one stage are not likely to impact on people at a different stage.
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The first element (stages of change) identifies five stages in the change process. These are:
a. Pre-contemplation - a stage in which the individual is not wishing to change the
‘problem’ behaviour in the foreseeable future
b. Contemplation – change is being considered but there is no commitment to action
c. Preparation - the individual is committed to act
d. Action – the individual has modified his /her behaviour
e. Maintenance - the individual is proactive in the use of strategies to maintain the change
(Prochaska et al., 1992) .
TTM is one of the stage theories that maintain that behaviour change can be identified in distinct
phases rather than a continuous process (Bridle et al., 2005). The number of stages varies
between models but all identify three different groups; those who do not wish to change their
behaviour; those who have decided to change; and a group who are overtly involved in making
changes (Bridle et al., 2005). In addition to the five stages outlined in TTM, the model includes ten
processes of change as the second concept. These are activities or strategies that assist individuals to
overcome barriers at particular stages and include consciousness raising, dramatic relief, self-reevaluation, environmental re-evaluation, self-liberation, helping relationships, counter conditioning,
reinforcement management, stimulus control and social liberation (Prochaska, Redding, & Evers, 2008,
p. 99).

Examples of the processes of change include increasing awareness of the effects of the behaviour and
seeking help and support from others (Bridle et al., 2005). Depending upon the stage at which the
individual is at, behaviour change may be some time away (Bamberg, 2013). Individuals need to be
proactive in evaluating strategies, engaging with and enacting or practising them to achieve behavioural
change (Bamberg, 2013; Baumeister, 2005; Ridder & Wit, 2006). In connection with self-efficacy
identified as the third element of the model, Prochaska and Velicer (1997) emphasise the need for
confidence in the individual’s self-belief as he /she progresses through the stages of change to the
maintenance phase. The fourth element of the TTM model is decisional balance or the pros and cons of
changing (Parkes et al., 2016).
Applications
The model has been applied to smoking, exercise, alcohol consumption, and contraceptive use
(Sutton, 2007; Zimmerman, Olsen, & Bosworth, 2000). It has also been adopted by researchers,
clinicians and practitioners to inform interventions and the use of treatment resources in the health area
(Bridle et al., 2005; Littell & Girvin, 2002). It is one of the most commonly applied theories in health
behaviour in particular.
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Application to transport decisions
The TTM model has been used in differing areas of transport and for a range of purposes. These include
cycling Gatersleben and Appleton (2007); Nkurunziza, Zuidgeest, Brussel, and Van Maarseveen (2012);
Rose and Marfurt (2007), car use Bamberg (2007); Beatty, Meadows, and White (2003) and broader
modal change in commuting (Shannon et al., 2006).
Bamberg (2007) successfully reduced vehicle use with a medium effect size (Cohen 1992) of .51,
indicating a good result for the intervention. Using a control group and two experimental groups one
of which received information and the other which received a combination of personal communication
with the information, Bamberg indicated that the double intervention was more successful in
changing behaviour than the provision of information only.

Effectiveness of interventions
Some studies have investigated walking and cycling in the general population and used TTM as a means
of evaluating the effectiveness of an intervention (Mutrie et al., 2002; Rose & Marfurt, 2007). Rose
and Marfurt (2007) reported on the successful behaviour change that emanated from the ‘Ride to Work
Day’ in Melbourne in 2004. Cycling to work increased with ‘new’ cyclists continuing to ride to work some
five months later. Mutrie et al. (2002) reported increased walking to work in a group in Glasgow, Scotland,
however their attempt to increase cycling behaviour was not successful. The researchers indicated that
the environment was not suited to cycling and this most likely had an effect on cycling decisions. While
these studies show that TTM can be an effective model in assessing interventions they did not
consider socio-demographic, attitudinal, or other individual differences in the various stages of change
(Thigpen, Driller, & Handy, 2015). Thigpen et al. (2015) reported that attitudes towards cycling assisted
in the differentiation of the different stages of TTM.
University populations
Studies have used university settings to apply the TTM model to survey data to assess individuals’
willingness to use alternative modes of transport to commute to work (Fu, Mundorf, Paiva, &
Prochaska, 2012; Gatersleben & Appleton, 2007; Shannon et al., 2006; Thigpen et al., 2015). This model
has been used to tailor specific stage interventions to promote behavioural change. As an example
Gatersleben and Appleton (2007) examined cycling to work at a university using the stages of
change component for differing groups. This research was conducted in the United Kingdom where
cycling is not popular. They found that a two-week intervention targeting non- cyclists resulted in a
shift for these individuals from not wishing to engage in cycling to the action phase; however, this was
mostly young men who accepted the benefits of cycling. They also demonstrated a more positive
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attitude to cycling and a more positive view of certain barriers (Gatersleben & Appleton, 2007;
Thigpen et al., 2015). Shannon et al. (2006) used a three stage modified version of TTM in Australia
and found that participants in the action/maintenance stage attached less importance to barriers such
as travel time and distance compared with those in the pre- contemplation and contemplation phases.
In a US study, Fu et al. (2012) commented that commuting distance negatively influenced study
participants to adopt non-driving modes of transport. A number of studies have identified that attitudes
towards cycling and barriers to cycling are important contributors to the stages of change model
(Gatersleben & Appleton, 2007; Shannon et al., 2006; Thigpen et al., 2015).
Advantages of using this theory
An advantage of this model is that it enables a more tailored approach to interventions by targeting the
stages or phases rather than a general approach to behaviour change (Bridle et al., 2005; Prochaska
et al., 1992; Thigpen et al., 2015; Zimmerman et al., 2000). The rationale is that individuals
encounter different challenges as they move through the change process (Bridle et al., 2005). In
supporting stage models researchers have commented that large scale interventions such as mass
media campaigns targeting large groups or the general public are rarely effective, and the TTM works
better with targeted groups and at the individual level (Bridle et al., 2005).
Studies are divided on the efficacy of stage based interventions (Bridle et al., 2005). Some suggest
higher levels of behaviour change as a result of staged interventions compared with non- staged
approaches (Campbell et al., 1994; Prochaska, DiClemente, Velicer, & Rossi, 1993). Other research
suggests that there is a lack of evidence to support increased levels of behaviour change (Bunton,
Baldwin, Flynn, & Whitelaw, 2000; Littell & Girvin, 2002). West (2005) critiques the model and outlines
the following shortcomings: the demarcations between the stages are arbitrary; the plans that
individuals make are much more fluid than the model assumes; the stage definitions includes
concepts that lack coherence such as in relation to the behaviour time since quitting, previous
quitting attempts and intention. Researchers also point to the exclusion of reward and punishment in
developing habits that are hard to break within the model (West, 2005). The model was initially
developed to assist in reducing addictive behaviours, however in their review on addictive
behaviours, Robinson and Berridge (2003) suggested that addictive behaviours are complex and that
strategies to address such behavior come from a variety of sources.
Conclusion

Despite criticisms, this theory has shown considerable success within the domain of travel behaviour. It
allows the targeting of groups with different interventions that may engage people in particular
behaviour. It works at both the individual level and with targeted groups, rather than with large groups.
Effecting behaviour change at the individual level is clearly more costly and time consuming
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compared to planning interventions for groups. Therefore, the TTM may be useful to effect behaviour
change in key individuals who have the ability to influence groups.

4. Comprehensive Action Determination Model (CADM)
The Comprehensive Action Determination Model (CADM) was developed by Klöckner and Blöbaum
(2010) to explain ecological/ environmental behaviour. Dissatisfaction with the range of theoretical
models for the prediction of behaviour had been noted for some time (Klöckner & Blöbaum, 2010).
Theorists proposed a combining of models or an integration of differing perspectives as a way of
contributing to improved prediction of behaviour (Bamberg, Hunecke, & Blöbaum, 2007; Ofstad,
Tobolova, Nayum, & Klöckner, 2017). There is an interplay of contextual factors on the individual
behaviour within the CADM model. These include interpersonal influences, community expectations,
government policy and financial factors (Ofstad et al., 2017).
Elements of CADM
The CADM integrates the TPB (see earlier section on TPB and IBM for an explanation of the
elements of the TPB) and Norm-Activation Model (NAM) and includes the concept of habit. Habit or
past behaviour have not been included in the TPB as they are not causal antecedents of intention
(Ajzen, 2011). Ajzen has admitted that past behaviour is the best predictor of future behaviour and
has suggested that when the focus is on prediction rather than understanding, past behaviour may be
added to the TPB. The term ‘habit’ is often used in the literature when the behaviour is a ‘past
behaviour’. Some theorists more clearly define habit, but an analysis of this literature is outside the
scope of this review i. A pictorial representation of CADM is shown as Figure 3.

Figure 3 – Comprehensive Action Determination Model (adapted from the literature)
Attitudinal factors are explained by the TPB (Ajzen, 1991; Fishbein & Ajzen, 2010). The NormPATREC: Part One – Theory Literature Review
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Activation theory (NAM) assumes that altruism or moral obligation is a behaviour motivator (Hopper &
Nielsen, 1991; Schwartz, 1977). NAM identifies personal norms such as intrinsic feelings, socio-political
dimensions such as the protection of the environment and the impact of personal behaviour (Nayum,
Klöckner, & Mehmetoglu, 2015; Schwartz & Howard, 1981). The NAM includes an individual’s belief in
their ability to execute behaviour which compares to concept of behavioural control of the TPB (Nayum
et al., 2015). The inclusion of the concept of habit aims to deal with the limitation of other behavioural
models in predicting repetitive behaviour (Klöckner & Blöbaum, 2010; Klöckner, Matthies, & Hunecke,
2003).
CADM incorporates intentional, normative, situational, and habitual inﬂuences in explaining proenvironmental behaviour (Klöckner & Blöbaum, 2010; Ofstad et al., 2017). Intentional, habitual and
situational factors have a direct effect while the normative processes have an indirect one on
behaviour.
The concept of habit extends the TPB as previous research indicates that car choice habits for example
directly affect travel mode decisions and moderate the relationship between intention and behaviour
(Klöckner & Blöbaum, 2010; Lanken, Aarts, Knippenberg, & Knippenberg, 1994). Habits are predictors of
repeated environmental behaviour (Klöckner & Matthies, 2004; Ofstad et al., 2017; Verplanken, 2006).
In the context of environmental issues habits can be barriers to the promotion of environmental
behaviour but habitual behaviours can be changed through the targeting of the environmental context
(Klöckner & Matthies, 2004; Ofstad et al., 2017; Thøgersen
& Ölander, 2006).
Although TPB as a general behaviour theory is supported by strong empirical evidence, the lack of inclusion
of the morality dimension of environmental issues is a viewed as a limitation (Klöckner, 2013). In contrast
NAM explains the behaviour of altruism, although the connection between NAM and environmentally
relevant behaviour is not obvious (Klöckner, 2013). Stern (2000) developed a value–belief–norm (VBN)
theory to link the personal general values proposed by NAM to environmental behaviour and attitudes.
The assumptions of Stern’s (2000) VBN include the activation of personal norms through the acceptance of
behavioural consequences which related to a general ecological worldview (Klöckner, 2013). The general
ecological worldview is measured by the New Environmental Paradigm (NEP) (Dunlap, Van Liere, Mertig,
& Jones, 2000; Klöckner, 2013; Nayum et al., 2015).
The CADM proposes that individual environmental behaviour is directly determined by intention and
perceived behavioural control (Klöckner, 2013; Klöckner & Blöbaum, 2010; Ofstad et al., 2017). It also
includes habit strength as a further direct predictor of behaviour (Ofstad et al., 2017). In addition social and
personal norms are an indirect influence on behaviour and are mediated by intentional and habitual
processes (Ofstad et al., 2017). Situational influences deactivate personal norms if the behaviour which
concurs with norms is not easy to perform (Klöckner & Blöbaum, 2010; Ofstad et al., 2017).
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Applications
CADM has been applied to studies in different areas such as recycling, travel mode choice and energyefﬁcient investment (Ofstad et al., 2017). A study examining waste separation behaviour in a Norwegian
university setting and applying the CADM, reported findings demonstrated that the most important
indicators for behaviour were intention, perceived behavioural control, habits, social norms and personal
norms (Ofstad et al., 2017). These findings suggested that a sense of control over the behaviour increased
waste separation behaviours (Ofstad et al., 2017).
A Norwegian study compared the socio-psychological characteristics of conventional and electric car
buyers. Findings from the study indicated low intrinsic motivation (awareness, responsibility, social and
personal norms) for both groups of car buyers (Nayum et al., 2015). The authors commented on the
mismatch between the high levels of environmental concern observed among all the car buyers,
suggesting that the low levels of intrinsic motivation may be the result of a defensive strategy which
concurs with previous findings in different contexts (volunteering, and reading with blind students)
(Nayum et al., 2015; Schwartz & Howard, 1980). The defensive denial position may be due to the high
cost of purchasing cars failing to activate personal norms. Although the Norwegian government offered
extrinsic tax incentives on low emission cars at the time, these may have crowded out or reduced the
effects of intrinsic motivations (Nayum et al., 2015).
Klöckner and Friedrichsmeier (2011) undertook a study among university students in Germany based
on CADM variables with the aim of broadening the understanding of travel mode choice and gaining a more
precise picture of travel mode decisions. Findings demonstrated that the CADM is a promising theory for
determining the separate effects of person specific influences and the effects of the situation
(Klöckner & Friedrichsmeier, 2011). At the trip level, car access was the strongest predictor of car use, an
effect supported by previous research (Dieleman, Dijst, & Burghouwt, 2002; Simma & Axhausen, 2001).
Other trip predictors included shorter journeys, work or leisure travel, adverse weather conditions or
disruption in the public transport network (Klöckner
& Friedrichsmeier, 2011).
In 2010 Klöckner and Blöbaum (2010) used CADM to establish if it was a better model for
prediction than the TPB and NAM. The context for this research was travel mode choice. It was
anticipated that the NAM would increase the accounted for variation in intention and that intention
should be a greater predictor of car choice when car access was easy (Klöckner & Blöbaum, 2010).
Results confirmed the usefulness of the CADM in this context. Intentional, normative, situational,
and habitual predictors explained car choice behaviour either directly or as a mediator. The variation in
travel mode choice was substantially higher using CADM compared with the less complex models, with
NAM accounting for 54% of intention, the TPB 59% and the CADM 65% (Klöckner & Blöbaum, 2010).
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Conclusions

In a meta-analysis study of the CADM it was found that its application to a range of environmental
situations and behaviours provided greater predictive power than the individual models which inform
it (Klöckner, 2013; Ofstad et al., 2017). The meta-analysis included 97 articles published after 1980
(Klöckner, 2013). The model provides a general framework in identifying proximal and distal factors of
environmentally relevant behaviour. The key constructs were attitudes, personal norms, perceived
behavioural control and social norms which together form intention (Klöckner, 2013). This theory has
already been applied in European contexts in relation to travel behaviour choice. It is however a new
theory that requires further demonstration of its applicability in different contexts and situations.

HEALTH BELIEF MODEL
The health belief model (HBM) developed as a result of applied research problems within public health
services in the United States between 1950 and 1960 (Carpenter, 2010; Rosenstock, 1974). The HBM
maintains that individuals are more motivated to act in healthy ways if they believe they are susceptible
to a particular negative health outcome (Rosenstock, 1966). Examples of healthy behaviours include
seeking medical advice, taking medication or participating in exercise programs (O'Connor, Martin, Weeks,
& Ong, 2014). The threat perception and behavioural evaluation are the main components of the model
(Abraham & Sheeran, 2005). The model asserts that where there is a strong personal belief in
susceptibility, such as a family history of lung cancer, the individual will increase his/her efforts in
undertaking protective behaviours such as screening or seeking assistance to quit smoking (Dodel &
Mesch, 2017). HBM incorporates demographic and psychosocial factors that have a less direct role in the
prediction of health behaviour, including age, social support, personality, self-efﬁcacy, knowledge and
education (Rosenstock, 1990).
Elements
The model argues that proactive health behaviour is primarily dependent on an individual’s assessment of
the following dimensions:
1.

The perceived severity of the condition

2.

The perceived susceptibility to the condition

3.

The cues to action

4.

The perceived beneﬁts of taking a specific action

5.

The perceived barriers /costs related to commencing or continuing the advocated behaviour

6.

The individual’s health motivation (O'Connor et al., 2014, p. 2578).

The final element was added in subsequent versions of the model (Abraham & Sheeran, 2005).
Abraham and Sheeran (2005) confirm that the cues to action can include individual ones such as
symptoms or social triggers for example health education campaigns.
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Applications to health

HBM has been used in a broad range of health behaviours and populations. The health behaviours include
three main categories: preventative health (diet, exercise, smoking, vaccination and contraception);
adherence to medical regimes; and doctors’ visits for a range of reasons (Abraham
& Sheeran, 2005).
Applications to transport
HBM does not appear to have been used with travel behaviour choice most likely due to the elements
relating to the perceived severity of the condition and the perceived susceptibility to the condition. It
does however also have the elements of cues to action, perceived beneﬁts of taking a specific action;
perceived barriers /costs related to commencing or continuing a particular behaviour, and motivation
towards the behaviour. These aspects are however included in other theories that are better suited to
travel choice behaviour. It has however been applied to transport in the reduction of risky driving
behaviour including the use of seat belts in Turkey, (Şimşekoğlu & Lajunen, 2008); bicycle helmet use in
Finland, (Lajunen and Räsänen, 2004); and predictors of risky driving in Iran (Morowatisharifabad, 2009).
Lajunen and Räsänen (2004) reported that within the HBM elements applied in their research the
‘barriers’ and ‘cues to action’ were the strongest predictors of helmet use among teenagers while the
‘perceived severity’ and ‘health motivation’ had only a minor effect on the intention of using a bicycle
helmet. The results of this study suggest that having helmets readily available can lower the barriers for
teenagers (Lajunen & Räsänen, 2004). However, this research also applied the TPB and a locus of control
aspect that were greater predictors of intention than the HBM. In other research, a direct comparison of
the HBM and the TPB, investigating the use of safety helmets amongst schoolboy cyclists, found that the
TPB produced better prediction rates (Quine, Rutter, & Arnold, 1998). Şimşekoğlu and Lajunen (2008)
confirmed that the application of HBM to seat belt use in Turkey was poor. The findings were in line
with a previous study on bicycle helmet use in that the barriers were the strongest predictors of the use
of seat belts on urban roads (Lajunen & Räsänen, 2004; Şimşekoğlu & Lajunen, 2008). Research on risky
driving behaviours within an Australian sample (speeding, drink driving, driving while tired and restraint
use) employing the HBM reported that each of these behaviours was predicted by different elements in
the HBM (Fernandes, Hatfield & Job, 2006).

Advantages and disadvantages

Researchers are divided on the usefulness of HBM. Earlier meta-analyses identified that the HBM has
been effective in explaining and predicting health behaviour since the 1980s (Carpenter, 2010; Janz &
Becker, 1984; Jones, Smith, & Llewellyn, 2014). However, the more recent systematic reviews
comment that although HBM has been used as the basis of interventions the evidence of its capacity to
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predict behaviour is weak (Carpenter, 2010; Jones et al., 2014) and in other research, theories such
as the TPB provide greater prediction ((Lajunen & Räsänen, 2004; Şimşekoğlu & Lajunen, 2008).
Researchers have pointed out that areas of the model lack definition. Shortcomings include the
connections between the perception of susceptibility, severity, and the overall threat are not
adequately defined (Abraham & Sheeran, 2005). The model is therefore operationalised through up
to six independent elements detailed above (Abraham & Sheeran, 2005). This lack of operational
coherence is a weakness of HBM as a psychological model.
Conclusion
This theory does not appear to be relevant for changing travel behaviour. It may be useful if travel
behaviour is being linked to health issues and the intervention is to increase mobility/ improve
health outcomes. The HBM is reported as being outperformed by the TPB by several researchers
(Lajunen & Räsänen, 2004; Quine, Rutter, & Arnold, 1998; Şimşekoğlu & Lajunen, 2008) One of the
important aspects of the HBM is that it is based on beliefs and perceptions. Beliefs and
perceptions underpin a number of the theories included in this review.

HEALTH ACTION PROCESS APPROACH (HAPA)
The Health Action Process Approach (HAPA) was developed by Ralf Schwarzer and appears to be an
integration of a number of elements that have been found useful to describe, explain, and predict
behaviour (Schwarzer, Lippke, & Luszczynska, 2011; Schwarzer 2016). HAPA is focused on health
behaviours and appears useful in this context, although Schwarzer (2008) also includes the use of seatbelts in vehicles as one of his empirical examples of HAPA.

Elements of HAPA
There are a number of elements to this theory and they are best shown in Figure 4.

Figure 4 – Model of HAPA (from www.hapa-model.de)
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The elements indicate combinations of TPB (Intentions, Outcome Expectancies, Self-Efficacy; Action
Control); TTM (Preintenders, Intenders, Actors); HBM (Risk Perception, Barriers and Resources). This
identification with the TPB was noted in Sutton (2008). Sutton reviewed the supposition by Schwarzer
(2008) that the action planning could address the intention-behaviour gap evident in TPB research.
Action planning is similar to implementation intentions (Gollwitzer & Sheeran, 2006) and may have an
impact upon the gap, but not to the extent suggested by Schwarzer. The inclusion of preintenders,
intenders and actors allows HAPA to be used in a similar manner to the TTM as interventions can be
targeted to the specific groups (Schwarzer, Lippke, & Luszczynska, 2011).

Schwarzer (2008) indicated the processes and considerations in relation to the use of the theory. As is
demonstrated in the model above, there are two stages within the theory, motivation and volition.
Motivation is the precursor to intention. Once intention is formed, there are two steps to action, the
planning (intenders) and the taking of action (actors). Planning assists in the intention- behaviour gap
that can exist. Schwarzer indicated that self-efficacy was important across the whole process.

Applications of HAPA
A review of the accessible peer reviewed academic literature revealed that most of the applications of
HAPA are in the health and health related area. This theory is applied in the contexts of diet, nutrition,
breast-feeding and a range of health behaviours. Schwarzer and Luszczynska (2008) for example
investigated the structure of HAPA in groups that involved smoking reduction and dietary restraint.
Findings from this research supported the theoretical model but results differed within the two
populations; an older population in the dietary reduction and young population in the smoking reduction.
Such differences across behaviours and within different populations is expected across any of the
behavioural change theories.

There are examples where other behaviours such as drinking alcohol (Murgraff, McDermott & Walsh,
2003) have been employed but many of these examples are still investigating how HAPA works. Murgraff
et al. used their context of drinking alcohol to investigate the effectiveness of self efficacy within the
model. Similarly, Wilson, Sheehan, Palk, and Watson (2016) reported that self- efficacy and planning were
important aspects for avoiding drink driving and similar conclusions were made for the wearing of bicycle
helmets in an adult population (Karl, Smith, Piedt, Turcotte, & Pike, 2017). In other research, HAPA was
used as a framework for understanding the driving intentions of predrivers in Scotland. This research
provided varied results, but overall the researchers indicated that HAPA was a useful approach (Dale, Scott
& Ozakinci, 2017). Testing theoretical constructs and different contexts is common with a new theory.
HAPA was developed initially in 1992 by Ralf Schwarzer and in theoretical terms is still quite new.
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Conclusions
Unless there are specific health issues integrated with transport choice, this theory is probably not the best
choice for the travel behaviour context. It appears in some ways convoluted and there is currently no
evidence that it would perform better than some of the other theories presented in this review.

BEHAVIOURAL ECONOMICS (Nudge Theory)
There has been considerable interest from Governments following the publication of Thaler and Sunstein
(2008) book Nudge, in which libertarian paternalism has been promoted as a useful way in which
behaviour change at the population level may be effected. Nudges are suggestive and should influence
choices that benefit the individual, however at the same time nudges should avoid coercion (Finighan,
2015). Nudges can be useful but they only make a small difference to behaviour and are best used in
conjunction with other tools for behaviour change (Finighan, 2015). The book Nudge; Improving decisions
about health, wealth and happiness (Thaler & Sunstein, 2008) outlines the potential of the theory in
influencing peoples’ behaviour (Kosters & Van der Heijden, 2015; Oliver, 2013). The theory incorporates
understandings from behavioural economics in government policy and replaces the conventional
regulatory framework of command and control (Kosters & Van der Heijden, 2015; Oliver, 2015; Thaler &
Sunstein, 2008). Nudge works within the governance domain that seeks new ways of steering behaviour
to desired ends (Kosters & Van der Heijden, 2015; Van der Heijden, 2013). Behavioural economics as a
discipline in applying philosophical frameworks to areas of public policy in the last decade has increased
(Camerer, Issacharoff, Loewenstein, O'Donoghue, & Rabin, 2003; Oliver, 2013; Thaler & Sunstein, 2003,
2008). Nudge theory is framed within a ‘libertarian paternalism’ philosophical position (Thaler & Sunstein,
2008). This ‘libertarian’ concept assumes the idea of preserving choice and the ‘paternalism’ relates to
wanting to make consumers alter their behaviour in improved ways as judged by their better selves
(Oliver, 2013). The theoretical underpinnings of behavioural economics are based in practical aspects of
both cognition and emotion; and more specifically in relation to present bias, reference points, loss
aversion, probability transformation, reciprocity, and identity (Oliver, 2015).

Oliver indicates that true behavioural economic behaviour change should preserve the liberty of the
individual to make decisions about the change, and therefore regulation or bans in respect of the
behaviour detract from this theoretical basis.
“Libertarian paternalism rules out using significant financial incentives or overt persuasion
to change behaviour. The essence of the approach is that behavioural economic insights,
such as those summarized above [present bias, reference points, loss aversion, probability
transformation, reciprocity, and identity], can and should inform the design of what Thaler
and Sunstein call the choice architecture, or in other words, the context or the
environment, so that more people make automatic
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would like to make and yet, due to bounds on their rationality and human error, ordinarily
fail to do so.” (Oliver, 2015, p. 703).
Elements of Nudge Theory
Thaler and Sunstein (2008, p.6) define a nudge as “any aspect of the choice architecture that alters
peoples’ behavior in a predictable way without forbidding any options or significantly changing any
economic incentives”. The premise is that an individual or a group designs the environment to
facilitate a certain choice. Examples of Nudge include the placement of items at eye level in a
supermarket rather than closer to the floor, or a reduction of the size of food servings through the
use of smaller serving utensils (Arno & Thomas, 2016). Oliver (2013) commented that the purpose
of behavioural economics is to change the environmental context so that people are more likely to
make voluntary decisions that on reflection they would like to make but fail to do so due to human
error and economically defined rationality. Selinger and Whyte (2011) explain ‘nudges’ as changes
that work with cognitive biases, below the level of awareness, within the decision-making context to
prompt citizens to make improved personal and societal decisions. However, “there is no precise,
operational definition of nudging” (Marteau, Ogilvie, Roland, Suhrcke, & Kelly, 2011. p. 1; Vlaev,
King, Dolan, & Darzi, 2016).
Nudge seeks to change behaviour through a range of strategies: providing relevant information;
financial incentives; or blocking an inappropriate choice, although this latter strategy is in
opposition to Thaler and Sunstein’s definition above as blocking a choice is forbidding an option.
Examples of a nudge include medical insurers providing a monetary reward to members to
undertake prescribed activities to improve their health; and a computer filtering system that checks
emails for strong language to prevent the sender from sending an email which he/she may later
regret demonstrates a blocking mechanism (Kosters & Van der Heijden, 2015).
A true ‘nudge’ should address intrinsic motivation rather than extrinsic, however this may not always
be the case, especially as the environment is often manipulated to guide individuals to a particular
behaviour; and the intentions of the manipulator are often covert rather than overt. However, the
theoretical underpinnings of libertarian paternalism are different from those of psychological models
of motivation in which the most long-lasting form is intrinsic motivation which comes from within
the individual in the form of decision making. Nudges are developed in a “specific context” to alter
behaviour (Vlaev, King, Dolan, & Darzi, 2016, p. 551). This specificity of context suggests that if not
continuously present, it is likely that the individual may return to their previous actions. Additionally,
the nudge behaviour may not be expressed in other contexts where the nudge is not present. This
supposition is based on the specific contextuality that other behaviour change theories identify, such
as target, action, context, time (TACT) in the TRA/TPB. However, if a nudge is present in the longer
term, individuals may develop a habit and continue the behaviour in the face of the removal of the
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nudge. This theoretical aspect appears however still to be tested, as no academic publication on this
was located. The fact that most behaviour is contextual suggests that if nudges are to be applied to
modify behaviour, they require to be long- lasting or in some cases, forever present and they need to
be present across a number of situations, an issue acknowledged by Vlaev, King, Dolan and Darzi
(2016).

Within Australia, the State of Victoria hosted David Halpern from the Behavioural Insights Team in the
United Kingdom. During his time in Victoria David Halpern established a number of behavioural
change interventions based on nudge theory, the results of which have been considered successful
and the costs of which were low compared with other previous public health interventions (VicHealth,
2016). Initially contracted to address the issue of obesity, Halpern’s research included the use of
behavioural insights across a number of other areas such as reducing alcohol consumption, increasing
water consumption (drinking water), encouraging exercise, improving mental health, and reducing
entrenched disadvantage.

Halpern agreed that the rational utility models about human behaviour do not represent human
behaviour (VicHealth, 2016, p. 15). In accordance with other behavioural change models Halpern
indicated that the acronym EAST was a useful strategy for the development of behaviour change
interventions. The new behaviour needs to be Easy, Attractive, Social and Timely (VicHealth, 2016,
p.17). EAST was useful within the development of TEST for trialling interventions (Target, Explore,
Solution, Trial) (VicHealth, 2016, p. 21). These easy to learn acronyms and structures around
behaviour change should support health promotion professionals and others involved in behaviour
change to become more creative and effective in researching potential solutions to a range of social
problems. As Halpern indicated not all interventions are successful but they do provide learning upon
which to base future interventions.

Despite the ease of developing interventions, any intervention is best applied when there is a thorough
understanding of the underpinning aspects to a particular behaviour. While EAST and TEST provide a
useful process for the development of interventions, they do not represent theory and should therefore
be applied with some theoretical basis. As Finighan (2015) indicated nudges are only part of the
behavioural policymaking toolkit and should perhaps not be the first choice. Rather, policymakers should
consider the range of behavioural manipulations that are available and choose the one that is expected
to be the most effective (Finighan, 2015).

Applications
Kosters and Van der Heijden (2015) outline some of the successful applications of the nudge
framework. A comparative study using nudge investigating organ donation across European countries
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found that the response rate was higher in countries that had an ‘opt out’ compared with those that had
an ‘opt in’ policy (Johnson & Goldstein, 2003; Oliver, 2013). A Behavioural Insight Team (BIT) installed by
the UK government examined the use of language in studies of response rates of payment of fines and
outstanding tax liabilities (Behavioural Insights Team, 2012). These studies found that the inclusion of
personal information in the fines study and more explicit language in relation to outstanding taxes
resulted in higher response rates (Behavioural Insights Team, 2012). Other studies highlight the
importance of relevant consumer information such as the setting of norms that relate to a town rather
than the nation for example (Behavioural Insights Team, 2012). These studies highlight the role of
this approach in influencing norms through changes in organisational practices. These include the use of
language and the relevant consumer information in the setting of norms. A review of the Behavioural
Insights Team website (http://www.behaviouralinsights.co.uk/) reveals the use of Nudge across a range
of domains, health, education, business, to name a few.

There are inconsistencies

in the literature regarding the success of nudge interventions. For

instance, Thaler and Sunstein (2008) predicted that students would select healthier food options subject
to this food being presented in an attractive manner. Hanks, Just, and Wansink (2013) examining a
similar context found that 23% were more likely to choose the healthier alternative which suggested
success. However, on further investigation the data indicated that where the healthy alternative was
not well presented 35.8% of the students still opted for the more healthy option. When the healthy
option was well presented 44% of the students chose it. The majority in both groups chose the less
healthy food option (Kosters & Van der Heijden, 2015). How statistics are presented needs to be
considered carefully by readers to avoid confusion between successful and less successful interventions.
Nudge applications developed in one specific context may not work similarly in other contexts
(Hausman & Welch, 2010; Kosters & Van der Heijden, 2015; Michie & West, 2013).
Government policy applications

Nudge theory has received widespread recognition in western democracies including the UK, the USA
and France (Hansen & Jespersen, 2013; Kosters & Van der Heijden, 2015; Oliver, 2015). Both Thaler and
Sunstein, the proponents of Nudge have held advisory positions to the former US President and the UK
Prime Minister (Hansen & Jespersen, 2013; Kosters & Van der Heijden, 2015; Oliver, 2013). The UK
government published a report in 2010 focussing extensively on the nudge approach and established BIT
to apply nudge insights to public policy and services (Dolan, Hallsworth, Halpern, King, & Vlaev, 2010;
Kosters & Van der Heijden, 2015). In France the Centre for Strategic Analysis to the Prime Minister
published a report on green nudges (Oullier & Saunero, 2011).

In the area of health policy some researchers point to the nudge concept as a stimulus for policy makers
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to consider environmental change as a catalyst for change at a population level (Marteau, Ogilvie, Roland,
Suhrcke, & Kelly, 2011). In some instances, nudges take away the psychological issues that affect
decision-making, often resulting in behaviour that is considered better for the individual, such as
drinking less alcohol, drinking more water (VicHealth, 2016).
Advantages of Nudge
Nudge as a ‘stand-alone’ theoretical approach has a relatively short history, although in practice it has
been around for a long time (Marteau, Ogilvie, Roland, Suhrcke, & Kelly, 2011). Some researchers with
a focus on health advocate for the potential of the nudge framework and argue that some of the
cueing approaches currently used for unhealthy eating could be used for the promotion of healthy
eating habits as an example (Marteau et al., 2011). Authors comment in particular on the present
use of packaging and food presentation that stimulate the automatic affective systems to consume
more than we need (Harris, Bargh, & Brownell, 2009; Marteau et al., 2011; Ruhm, 2012).

Nudge applications are considered price effective (Marteau et al., 2011) and a systematic review
involving 37 studies, undertaken in first world countries primarily the United States, reported that
overall nudge strategies successfully increased healthy nutritional choices (Arno & Thomas, 2016). Some of
the articles reviewed included less than 100 participants, but others included a large number >1,000.
The interventions were mostly delivered in a laboratory setting or in a fast food restaurant which
provided a more naturalistic approach to the research. The average increase in healthy choices was
15.3%. This review however was based on dietary research only and reviews of interventions in other areas
was recommended.
Disadvantages of Nudge

Some academics and public commentators have critiqued Nudge on practical, political and ethical grounds
(Hansen & Jespersen, 2013). Researchers have referred to the lack of clarity of the nudge concept
(Hausman & Welch, 2010; Kosters & Van der Heijden, 2015; Selinger & Whyte, 2011). The absence of
operational definitions of nudge has been identified as a weakness of the theory (Hollands et al., 2013;
Marteau et al., 2011). Individual researchers have to define the exact interpretation of nudge in their
research (Kosters & Van der Heijden, 2015). Within areas of health research, the lack of evaluation of
interventions in the general population has been discussed and the capacity of the model to effect
long term health behaviour change has been questioned (Marteau et al., 2011). As already indicated in
the Applications section of this review the inability to generalise interventions has been noted (Hausman
& Welch, 2010; Kosters & Van der Heijden, 2015; Michie & West, 2013).
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Concerns have been expressed about the ethics of nudge. Some comment that the approach works
through manipulating people’s choices which is contrary to the ideals of free choice, deliberation and
public dialogue in the development of public policy (Bovens, 2009; Hansen & Jespersen, 2013) and is
in opposition to the definition of nudge according to Thaler and Sunstein (2008). Oliver (2015) refers to
the link between behavioural economics and coercive paternalism in which there is an intrusion into
personal lifestyles and a dogmatic view of what is good for citizens. Also its popularity with
governments is due to its promise of inexpensive solutions to contemporary social problems (Oliver,
2015). Others while acknowledging the manipulation comment, indicate that those in a governing
position make choices on behalf of the citizens already, and nudge approaches are part of the toolkit
used by governments (Kosters & Van der Heijden, 2015).
Conclusion
This theory is new and still needs to be investigated fully to determine its use for changing travel
behaviour. It is based on behaviour management through the development of contextual interventions,
rather than the development of intrinsic motivation. The research to date has not demonstrated long
term behavioural change and this is something that requires attention to support the development of the
theory. It is attractive in terms of its potential cost-effectiveness, although some nudge research has
indicated that rewards or incentives may be used to support the behaviour change.

A REVIEW OF PRACTITIONER REPORTS
The final section of this review includes a review of various industry reports. Most of these reports were
based on local Western Australian interventions and were provided by the Department of Transport.
Others were sourced through the internet. A list of these reports is detailed at the end of this section. In
this section generalised comments regarding a number of aspects identified as strengths and weaknesses of
these reports are presented. Each of these documents was read and key points in relation to its content
and context were considered from a research perspective. Two key concepts mentioned in some of these
papers were also reviewed by the current researchers to determine their standing as potential useful
underpinnings for research. These were Community Based Social Marketing (CBSM) and Enabling Change
(Les Robinson, Changeology). Each of these is discussed below.

The practitioner reports indicated an economic perspective (Transport and Infrastructure Council, 2016, p. 8,
15) and although attempts were made to dissect the population, and the categories of interventions into
household-based initiatives, community-based initiatives, school travel initiatives, workplace-based
initiatives, and substitutes for travel (such as teleworking) (Transport and Infrastructure Council, 2016, p. 8)
these attempts do not fully account for personal differences that are likely to enhance behaviour change.

PATREC: Part One – Theory Literature Review

Page | 35

45 of 424

Strengths in the practitioner reports
•

Some of the reports indicated the use of a variety of elements within their interventions.

•

There were some interventions noted at the individual/household level which may increase
behavioural change (at least in the short term)

•

There is some inclusion of theory (Community Based Social Marketing [CBSM];
Changeology, the Situational Approach1)

•

The use of workplaces and schools as locations for participant recruitment and support for the
behaviour change is a positive strategy

•

Champions within organisations to support the behaviour change, supported by staff from
Department of Transport

•

Use of a number of online tools to engage with the public

•

Funding for installation or improvement of end-of-trip cycling infrastructure

•

There is evidence of extensive descriptive statistics although they are now over 10 years old,
and possibly out of date

Weaknesses in the practitioner reports
•

Often, similar to issues revealed in the peer review literature, there was no specific theory
mentioned.

•

Statistics presented were more likely to be descriptive rather than inferential. This is likely
related to the lack of theory applied. Application of theory may have facilitated more complex
analyses of the data, although even when theory was applied, it was not always used to
demonstrate why change had occurred and descriptive statistics were still presented.

•

The long term stability of any behaviour change was often missing. Much of the research cited
in these reports was conducted over the short term, limiting knowledge on the longer term
effects of the intervention.

•

Some interventions were intensive and operated at the individual level. This is expensive and
often not sustainable in the longer term

1 See later in report for comments
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Community Based Social Marketing (CBSM)
Community Based Social Marketing (CBSM) was applied in some of the above research. McKenzieMohr and Smith (1999) developed CBSM and the work on this theoretical application has been
continued in McKenzie-Mohr (2000, 2011).
CBSM is based on five steps which include choosing the behaviour(s) for change; identifying
barriers to and benefits of the change; developing strategies to facilitate the change; testing these on
these theories strategies in a pilot study, and finally implementation throughout the community
(McKenzie-Mohr, 2011). McKenzie-Mohr (2000) provided some early evidence that information only
interventions do not amend behaviour. In this research participants who were visited and provided with
a watering- gauge and reminders regarding water use reduced their lawn watering by 54% whereas those
who received only the information packet increased their watering behaviour. It is not clear how the
information packet was delivered, perhaps in the mail box which leads to the question of whether it was
actually read.

There are claims that CBSM interventions are “promising” (Ma, Mulley, & Lui, 2017, p. 1148)
although the research designs are not always sound and include self-report rather than objective
measures of behaviour. Additionally, any behaviour change is not measured over a sufficiently long
period of time (Ma et al., 2017). Interestingly, in their research Ma et al., incorporated the Theory of
Planned Behaviour as a conceptual framework, but did not report on the theoretical aspects in their
results. In addressing the self-report issue, this research included participants who carried a GPS
recorder for 15 days, providing objective data for the research and addressing the criticism of the use
of self-report behaviour. This monitoring of travel choices, may have affected the choices made by
participants, an issue not noted as a limitation of the data. Ma et al., (2017) also reported that the time
frames for behaviour change differed according to behaviour and that reduced car use was not
sustained in the longer term. Limitations of this research acknowledged by the researchers
included a small sample size of 179 people from 113 households. The sample size is considered small in
relation to the statistical analyses that were applied. One of the suggestions from this research was
that more continuous or extended interventions may be required to sustain long-term effects on travel
behaviour choice.

Other research has also acknowledged that CBSM approaches provide contradictory results and that
behaviour change is often limited to the short term and not sustained (Skamp, Bergmann, Taplin, &
Cooke, 2007). Similar to other behavioural models cited earlier in this paper, the elements in CBSM
such as barriers and benefits can vary depending on the population, context and the behaviour of
interest. There can also be multiple barriers. Barriers can be motivational, that is internal to the individual
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or structural, related to the external environment or context (Tabanico & Schultz, 2007).

Conclusion re CBSM
Although CBSM provides a practical application of behaviour change, it does not completely fulfil the
theoretical aspects of a good theory that is described as:
“. . . . a set of interrelated constructs (concepts), definitions, and
propositions that present a systematic view of phenomena by specifying
relations among variables, with the purpose of explaining and predicting the
phenomena.” (Kerlinger, 1986, p. 9)
CBSM may therefore provide practitioners with some form of structure for the development of an
intervention, but unless combined with a behavioural theory (such as the TPB in Ma et al., 2017) such
research will not advance the understanding of travel behaviour choice.
Enabling Change (Les Robinson, Changeology)
Whereas CBSM has been located in the peer reviewed literature, Les Robinson’s Enabling Change
was not found.

A review of the website http://www.enablingchange.com.au/ revealed several documents that
indicate that this theory is based on a number of well-established behavioural theories. Enabling
change indicates that there are four conditions for change, that is, the person must want to change, feel
able to change, be invited, and gain satisfaction from the activity that provides the change. This is
more of a process description (similar to CBSM) and is intuitively straight forward and easy to
understand (unlike some of the behavioural models that appear in the academic realm). However,
as it is not subject to peer reviewed work, it is difficult to establish its appropriateness as a theory to
underpin interventions. Comments made in relation to CBSM also apply to this model. On the positive
side, Les Robinson claims to have been involved in a large number of local government projects
and one would assume that if his strategies did not work, he would not continue to gain work
in this area. In reading the materials on his website, he appears knowledgeable and some of
his work is based on well-known work of others. In his book Changeology, there is evidence of the
specificity of behaviours (as indicated in the TPB research, TACT). Each behaviour is different and
situational/ contextual aspects form part of the behaviour. Therefore, an intervention that worked in
one context, may not be the best option for another context or population. This is an issue applicable
to all behaviour change theories. One of the main differences between the enabling change theory and
other behavioural theories is that it uses situational change rather than attitude change to alter
behaviour. This strategy may work in some instances, however the effects on motivation (intrinsic) are
not clear. Situational change could be considered coercive and/ or linked to lack of choice (a similar
aspect considered part of Nudge theory).

PATREC: Part One – Theory Literature Review

Page | 38

48 of 424

The Situational Approach
In research on travel behaviour, Collins and Chambers (2005) indicated that situational factors such as
access, cost, and time played a role together with psychological aspects of the individual in their travel
decisions. The inclusion of the situational factors significantly increased the accounted for variance by
27%. Situational aspects interact with the psychological to assist in the determination of environmental
behaviour (Corraliza & Berenguer, 2000) and health behaviour (Morse, Sweeny, & Legg, 2015). Les
Robinson in Changeology (2012) appears to favour the situational approach which suggests that
behaviour is more affected by external rather than internal personal factors. It is likely that as the
research above indicates, that there is an interaction between these aspects. The situational approach
may be useful where entrenched psychological aspects are unlikely to move individuals to new
behaviours. However, the situational approach may limit behaviour change across all contexts and may
only occur in the once context to which the intervention applies.
List of practitioner documents reviewed
Many of these reports did not provide full reference details. They were provided by a member of the
project Steering Committee.
Analysis Of Potentials To Change Modes Joondalup 2000 Vs. 2010
Baudains, C. M., (2003) Environmental Education In The Workplace: Inducing voluntary transport
behaviour change to decrease single occupant vehicle trips by commuters into the Perth CBD.’ PhD
Abstract, Murdoch University, Perth

Behaviour Change towards Sustainable Travel in Perth – the TravelSmart Workplace program - Amy
Thom
Your move- City of Wanneroo and Department of Transport Your
move- City of Cockburn and Department of Transport
Perth and regions travel survey (PARTS) (2002 – 2006) Key findings report
Potential analysis “Perth” Dec 2000
TravelSmart to School program review (2015)
Wake, D., (Australasian Transport Research Forum, 2016)
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CONCLUSION
It is clear from this review that many of the behaviour change theories are focused on the individual and
their beliefs and perceptions; and that these beliefs and perceptions are possibly different across gender,
age, ethnicity, and a range of other demographic variables. Some of the theories reviewed include
context or situation in which the behaviour is enacted with the individual aspects and these claim to be
more complete theories for the description, prediction, and understanding of behaviour, all precursors to
behaviour change. The TRA/TPB as a general theory that can be contextualised has provided the basis for
IBM and forms part of HAPA. Both these theories have expanded the TRA/TPB to include other variables
that have been identified as useful for predicting behaviour and providing an avenue for behaviour
change.

The transtheoretical model (TTM) has its place for the identification of stages across which people
may pass in the process of behaviour change. Its strength lies in the opportunity to target a
particular group.
Nudge theory takes a different perspective and does not focus on the individual but only on the context.
Nudges are expected to be cheap and easy to implement, providing a greater opportunity for behaviour
change for those who wish to make it. Despite this, there are concerns that nudges may be coercive and
several academics have raised issues around ethics. A review of the United Kingdom website for the
Behavioural Insights Team (BIT) reveals that this is now a partly independent body after previously being
established by UK government (http://www.behaviouralinsights.co.uk/). BIT has conducted nudges across
a wide range of social situations and there are a large number of reports on the website detailed above.
BIT indicates that they test and evaluate strategies before wholesale application. Whilst nudge theory
appears to be successful, the academic literature indicates that there are still issues that need to be
addressed. These issues include the sustainability of nudges for long term behaviour change and some
definitional aspects.

Behaviour change is complex and each behaviour needs to be fully understood within the population in
which change is being promoted. Practitioner reports need to include greater detail on theory applied
within their interventions and to assess how well that theory worked. In this way, greater success can be
generated across time, when both successes and failures are recognised with a reflection on why one
intervention is successful and another not. Whilst it would be ideal to be able to provide specific
information on what theory works best in a particular context or situation, this is difficult to do as results
from each theory can vary according to context and the population in which it is applied. The best advice
to practitioners seeking to change travel mode behaviour is to review the theory that they think will work
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best and ensure that they understand how it works. It may be that an ‘action research’ approach which
involves both researchers and practitioners working together on the design, operation, and evaluation of
intervention projects may assist in the accessibility of theory for practitioners and support effective
cooperation across those interested in achieving measurable outcomes for travel behaviour choice
interventions.

Additionally, although the cost of belief elicitation studies raises the overall cost of research and
interventions, such studies can add to the success of interventions if the beliefs elicited are used within the
same population. It is also useful for practitioners to reflect on the successes and failures of their work as
these can inform future projects. Sometimes theories do not work, on other occasions the theory has not
been used appropriately within the context or population, or a combination of both of these issues has
occurred (Brock, 2016).
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APPENDICES
Glossary

Action Control

This term relates to the planning processes in several theories
included in this review. It refers to actions that are under the control
of the individual rather than actions that can be affected by external
variables over which the individual has little or no control

Attitude

Attitudes are often described as evaluations of a behaviour. Some
theorists indicate different types of attitude (experiential and
instrumental). These terms relate to the particular behaviour. An
experiential aspect is a behaviour undertaken without any particular
outcome (link to intrinsic motivation – pleasure). An instrumental
behaviour has an outcome or certain purpose (extrinsic motivation)

Belief salience

This term is used to describe the importance of the belief to the
individual. The more important the belief, the stronger it is likely to
be and therefore the more difficult to amend/change

Habit

Habits need to be differentiated from previous behaviours. Habits are
“learned sequences of acts that have become automatic responsies to
specific cues”. Not all previous behaviour is a habit and the main
difference is the automatic response.

Implementation intentions

This term relates to planning for when and where the behaviour will
occur. It is often placed in the context ‘If I encounter situation X, then
I’ll perform behaviour Y’. Such planning is expected to improve the
intention-behaviour gap.

Referents

This term refers to norms and people who are important to the
individual. Often used in relation to subjective norms (see below)

Descriptive Norms

These are norms that are undertaken by others, generally behaviours
that are observed

Subjective Norms

These are norms that the individual thinks that others ( usually others
important to the individual) want them to adhere to

Volitional control

The individual’s ability to undertake a behaviour that is not subject to
external barriers or restrictions
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Theories and their Elements

Theory

Use
Elements
(Population/Individual)

Theory of
Reasoned
Action (TRA)/
Theory of
Planned
Behaviour
(TPB)

Population

Integrated
Behaviour
Model (IBM)

Population

(Beliefs that underpin attitude,
subjective norms and perceived
behavioural control)
Attitude, Subjective norm, Intention,
Behaviour
Perceived Behavioural Control (TPB) See
model on Page 10
Beliefs that underpin the next layer of
elements
Attitude (experiential and instrumental),
Norms (subjective and descriptive)
Personal Agency (control and self- efficacy)
Intention
Behaviour
Variables that affect behaviour directly
Knowledge and skill to perform the
behaviour
Salience of the behaviour
Environmental constraints
Habit
See model on Page 11

Stages of
Change

Individual and targeted groups
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This theory does not have elements
but stages in relation to potential
behaviour change. Stages are:
Pre-contemplation Contemplation
Preparation
Action
Maintenance
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Comprehensive
Action
Determination
Model (CADM)

Population

Normative Processes: Social norms
Personal norms
Awareness of need Awareness
of consequences
Habitual Processes:
Schemata
Heuristics
Associations
Intentional Processes:
Intentions
Attitudes
Situational Influences:
Objective
Constraints
Subjective Constraints
Behaviour
See model on Page 22

Health Belief
Model (HBM)

Individual/ Population
(useful if linking to health
behaviour)
Perceived benefits and Perceived
costs are the main elements for
travel behaviour, but these are
also represented in other
theories through attitudes, selfefficacy, control

Based on beliefs around 6 elements: The
perceived severity of the condition The
perceived susceptibility to the condition
The cues to action
The perceived beneﬁts of taking a
specific action
The perceived barriers /costs related to
commencing or continuing the
advocated behaviour
The individual’s health motivation

Health Action
Process
Approach
(HAPA)

Population

Combination of TPB, Stages of Change
(Preintenders, Intenders and Actors) and
has elements evident in other theories.
See model on Page 29

Behavioural
economics
theories
(Nudge)

Individual and Population

Not clearly defined. Environmental
changes that affect behaviour

i

Habits have been defined as “learned sequences of acts that have become automatic responses to specific cues
(Verplanken & Aarts, 1999, p. 104)
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EXECUTIVE SUMMARY
This report is part of the work of PATREC Project 2 Factors Affecting Travel Behaviour Choice.
It reports on the statistical comparison of two models that may be used to support travel behaviour choice,
the Theory of Planned Behaviour (TPB) and the Consolidated Action Determination Model (CADM). These
models are described briefly in this part of the report, with fuller descriptions available in the Literature
Review that forms part of the research.
The process of data analyses is described and the results of the comparisons are provided. The results are
not conclusive with the direct comparisons of the theories providing similar results. Overall the CADM
indicates a better result, however this is due to the inclusion in that model of habit. Habit is useful for the
prediction of behaviour, but proponents of the TPB indicate that it does not provide an understanding of
the intention to undertake a behaviour. In fact, habit attenuates or reduces an intention to undertake a
different behaviour.
Limitations of the research are noted and suggestions for future research are provided.
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1

INTRODUCTION

1.1

Project Initiation and Components
The information provided in this report is from part of the project initiated in 2016 for action in
2017. The title of the project was Factors affecting travel behaviour choice and this report is based
on part one of the project which included a literature review on behavioural models that can be
applied to interventions to amend travel behaviour choice. That review was presented as a
separate stand-alone document.

1.2

Background
It was proposed that two of the theories presented in the literature review would be compared
with a view to assisting practitioners decide on the better theoretical approach to interventions
that they plan.
The theories chosen for comparison were the Theory of Planned Behaviour (TPB) and the
Consolidated Action Determination Model (CADM). These theories are described in the literature
review and pictorial representations of each are shown below. The TPB has been examined over a
number of years (since 1991, (Ajzen, 1991) and prior through the Theory of Reasoned Action)
whereas the CADM model is a recent development having been established in 2010 (Klöckner &
Blöbaum, 2010). The CADM is partially based on the TPB and Norm Activation Model (Schwartz,
1977). There are also differences in the applications of the theories with the TPB being examined
across a number of behaviours, contexts, and populations. The CADM has to date been applied
mostly in the area of environmental concerns and within Europe, including travel behaviour.
Increased research investigating the usefulness of CADM in other contexts is required to extend
knowledge.
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1.3

Aims and Objectives
The aim of this part of the research was to compare the two theories in the context of congestion
which is an issue within the Perth metropolitan area. The analysis was designed to demonstrate the
usefulness of each of the theories to assist in understanding travel behaviour choice.

2

METHODOLOGY

2.1

Participants

An analysis of the number of participants required to effectively analyse the data was conducted. This
power analysis indicated that around 500 participants were required. Five hundred and nine participants
were recruited through QualtricsTM. QualtricsTM is an international company that provides an online
platform for research data collection. As part of its business it provides services that support researchers
through training, support, and recruitment of participants. The lead organisation in this research (Edith
Cowan University) has a license for access QualtricsTM.
The parameters provided to QualtricsTM for participant recruitment were that the project required 500
participants split by gender (50%) and split by age (50%). Age specifications were 18 – 25 years and 55 years
or more. These age specifications were applied as it was expected that there would be differences in the
travel behaviour according to age and gender, and differences in the variables that underpin travel
behaviour intentions. Therefore, four groups 18 to 25-year old males, 18 to 25-year old females, 55 years
plus males, and 55 years plus females were recruited.

2.2

Instrument

The instrument was developed to enable the researchers determine which of two behavioural models
provided the better option for use in understanding travel behaviour and to identify the elements of each
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that may assist researchers develop appropriate interventions to reduce vehicle use. The first part of the
instrument was based on the Theory of Planned Behaviour (TPB) and the Consolidated Action Determination
Model. Development (CADM). There are clear instructions for the development of TPB instruments (Ajzen,
nd; Francis et al., 2004). The questions for the CADM were adapted from Klöckner, & Friedrichsmeier, 2011).
The latter part of the instrument was designed by the research team to seek qualitative information about
active transport (walking, cycling, use of public transport). This data is subject to a separate analysis and
reported elsewhere.
The instrument was presented to the project’s Steering Committee and approved before dissemination
through QualtricsTM and is attached in Appendix A to this report.

2.3

Procedure

The research was approved by the Human Research Ethics Committee at Edith Cowan University. The online
data collection was delegated to QualtricsTM who recruited the participants through their various panels.
Specific demographics detailed above were applied to the recruitment. Qualtrics staff monitored the data
collection to ensure the required numbers were recruited across the four groups detailed above.

2.4

Data Analysis

Data analysis for this part of the project was undertaken in three phases. Phase one involved the
production of descriptive statistics that provided useful information on the variables that were later
included in the statistical analysis of each of the models (TPB and CADM). Phase two included analyses to
investigate differences for gender and age across a number of the predictor variables. In the third phase,
regression analyses (Hierarchical and Stepwise) were applied to determine the elements of the TPB and
CADM that made a contribution to the intention to drive rather than use other forms of transport.
Hierarchical regression analysis is the most common statistical analysis applied in TPB research. Hierarchical
regression analysis also enables a determination of which of the predictor variables makes the greatest
contribution to the criterion, thereby in this research allowing an identification of the more useful variables
for the prediction of intention to travel by vehicle, rather than use active transport. Hierarchical regression
is also based on theory and the order in which predictors are placed into the analysis is based on
theoretical knowledge. In this instance for the TPB, demographic data were entered first, to control for
their effect on attitude, subjective norms and perceived behavioural control. As the previous literature
does not indicate any weighting to be applied, the three constructs were entered together. A second
analysis using a stepwise regression analysis was applied to further investigate the predictor variables
effect on the intention. Stepwise regression is not theory based and the analysis is based on which
predictor has the greater relationship with the criterion (intention).
Similar analyses were conducted for CADM.
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3

RESULTS OF THE STATISTICAL ANALYSES

3.1 Descriptive Analyses
Demographics
Five hundred and nine individuals responded to the survey. As required all respondents reported living in
Perth, Western Australia and the gender and age split requested from QualtricsTM was achieved. Within the
lower age group the ages ranged from 18 years to 25 years. Mode age was 23 years. In the upper age
group, the ages ranged from 55 years to 90 years. Mode age for this group was 67 years but there was
greater variability across this group. Fifty-five years to 65 years accounted for 115 individuals or 22.6% of
the participants in total.

The occupations of the respondents included 153 retirees. One hundred and one participants (20%)
indicated that they were university students. From the occupational data 70 students did not indicate a
work status.
Decisions about the mode of travel require that individuals have access to a vehicle. The data from
respondents indicated that 67% have access to a vehicle all the time. Those that had access sometimes
accounted for 29% and 4% did not have any access.

Missing data was investigated for systematic avoidance of questions. No such avoidance was determined as
the data was missing from a variety of variables. Missing data was in most instances replaced by the mean
score for that question. Many of the analyses in this part of the research used the individual questions to
establish scales. The strategy of applying the means for missing data ensured that scale data was more
accurately represented within the analyses.

Descriptive Statistics
In response to the first question “I intend to travel by car every time I leave my house to do my daily tasks
(work, shopping, school run, going to the gym) during the next two weeks”, 72% of respondents indicated
“yes”, demonstrating high car use within this population.
Intention (full sample)
Two measures for intention were included. The first provided a dichotomous measure and the second
allowed a scaled response. A Spearman’s correlation indicated that these measures were significantly
correlated with a correlation of -.697.
Distribution of the scaled response indicated that the majority of respondents would use their vehicle one
hundred per cent of the time (50.6%). The distribution of responses is shown in Table 1. The mean for this
scale was 3.99, with both a mode and median of 5, indicating a skewed distribution. The scale was
measured 1 (never) to 5 (all of the time).
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Table 1 - When I travel to do my daily tasks during the next two weeks I intend to travel by car

Frequency %
Never

5%

25% of the time

13%

50% of the time

10%

75% of the time

21%

All of the time

51%

Congestion
Seven questions were asked in relation to the effects of driving in congested traffic. Three of these related
to mental health and four to physical health. The descriptive data in relation to these aspects are shown in
Table 2. The response scale was from 1 (most definitely) to 7 (not at all).

Table 2 – Percentages in response to congestion questions
Question
The time spent in congested traffic
makes me feel stressed
(Mental Health)
The time spent in congested traffic
makes me feel anxious
(Mental Health)
The time spent in congested traffic
makes me feel angry
(Mental Health)
As a result of increased travel times
due to congestion I spend less time
with my family
(Physical Health)
As a result of increased travel times
due to congestion I spend less time
playing sport or undertaking other
physical activity
(Physical Health)
As a result of increased travel times
due to congestion I am more likely to
make less healthy food choices
(Physical Health)

Most definitely/
definitely

Neutral

Not affected

49%

21%

30%

39%

21%

40%

40%

26%

34%

27%

29%

44%

28%

26%

46%

20%

25%

55%
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As a result of increased travel times
due to congestion I feel more
fatigued/ tired
(Physical Health)

39%

25%

36%

Attitude
Attitude was measured through seven aspects on scales of one to seven. The stem for these measures was
“Travelling by car every time I attend to my daily tasks during the next two weeks is:”. The response
distribution is shown in Table 3.

Table 3 – Frequency responses across attitude (whole sample)
Frequency
A waste of
time – a
good use of
time1
Pleasant Unpleasant
Good - bad
Expensive cheap
Enjoyable unenjoyable
Negative positive2
Relaxing Stressful

1
7.5

2
4

3
6

4
15

5
13

6
17

7
37.5

30.5

16.5

11

14

12

10

6

30
11

19
11

11
23

18
30

10
11

7
8

5
6

27

16

16

20

10

5.5

5.5

3

5

9

24

17

18

24

15

18

16

26

13

5

7

Subjective Norms

This element was represented by two questions. “Most people who are important to me think that I should
travel by car every time I attend to my daily tasks during the next two weeks” and “My friends whose
opinions I value travel by car every time they attend to their daily tasks”. The first statement represents
injunctive norms as part of the Theory of Planned Behaviour (TPB). The second statement represents
descriptive norms that some theorists recommend including in TPB research (Ajzen, nd).
As these represent different types of norms, they are retained as single items for inclusion in later analyses.
Distribution of responses is shown in Table 4 below.

Table 4 – Distribution of scores for Subjective Norms

1
2

This statement was deleted from the scale as its deletion improved the Cronbach’s alpha
As above
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Definitely
not
Most people
who are
important to
me . . .
My friends
whose
opinions . . .

Maybe

Most
definitely

7

6

6

32

13

13

23

3

4

6

27

16

19

25

Although these questions represent two different types of norms they are as expected significantly
correlated. Pearson’s correlation revealed a correlation of .49.
Perceived Behavioural Control
This element of the TPB was represented by four statements. If I want to I can travel by car every time I
attend to my daily tasks: (Please tick the relevant box)
Travelling by car every time I attend to my daily tasks is: (Please tick the relevant box)
For me to travel by car every time I attend to my daily tasks is: (Please tick the relevant box)
The level of my freedom of choice in travelling by car every time I attend to my daily tasks is:
The distribution of responses to each of these four statements is shown in Table 5. Each question had a
different response structure although all were on a seven-point scale.
Table 5 – Perceived Behavioural Control Responses

If I want to I
can travel by
car every time
I attend to my
daily tasks

Definitely
not
5

Maybe
2

4

Very easy
Travelling by
car every
time I attend
to my daily
tasks is

travel by car
every time I
attend to my
daily tasks is

41

Highly
impossible
For me to
5

5

12

13

Neutral

16

7

20

Very
difficult
8

4

Neutral

4

4

Absolutely
none
The level of
my freedom

11

16
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14

4

Highly
possible
10

14

47

10

Totally
my
choice
56

Half my
choice
4

Most
definitely
53

9
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of choice in
travelling by
car every
time I attend
to my daily
tasks is
University Students
University students accounted for 20% of the sample. As potential future community leaders, it was
considered appropriate to investigate this sample compared to the general sample.
In response to the first question in the survey “I intend to travel by car every time I leave my house to do
my daily tasks (work, shopping, school run, going to the gym) during the next two weeks” 68/101 (67%)
indicated that they would drive. This is compared to 297/405 (73%) of the general sample. This result may
have been affected by access to a vehicle for which a χ2analyis revealed a significant difference in the
distribution between university students and those that were not. University students reported less access.
Variables in the CADM
The variables included the analyses of the CADM included intention (criterion) and the following predictors,
attitude (same as TPB), awareness of need, awareness of consequences, personal norms, social norms and
perceived behavioural control. The individual items related to these variables were assessed within scales,
the description of which follows.
Awareness of need
This included three questions. “The general use of cars has led to the problem of traffic congestion”; “I
believe that my use of the car does not contribute to traffic congestion”; and “Driving a car contributes to
traffic congestion”. As these items were to be combined into a scale Cronbach’s alpha was conducted to
check their internal reliability. This analysis indicated that the second question did not fit with the others
and the scale was developed with questions one and three above. The alpha level for these two questions
was .72.
Awareness of consequences
The questions included in this construct were “My personal car use affects the quality of driving experience
for others”; if I reduce my personal car use, I contribute to a reduction in traffic congestion”; “My personal
decision to use the car has consequences for traffic congestion”. Again these three questions were
intended for combination as a scale. Cronbach’s alpha was .73 for the three question which were formed
into a scale.
Personal Norms
Personal norms were accounted for by three questions “Due to values important to me, I feel obliged to
use the car as little as possible”; Due to my values/principles, I feel personally obliged to use other means
of transportation such as a bike, bus, or train”; “The aspect of traffic congestion is solidly anchored in my
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value system and affects my travel choice mode”. Again these questions were assessed through Cronbach’s
alpha before being placed into a scale. Cronbach’s alpha was .80.
Social Norms
Again three questions were used to assess this aspect. “People who are important to me expect that I will
use means of transportation that reduce traffic congestion”; “People who are important to me suggest that
I should consider traffic congestion when selecting modes of travel”; “People who are important to me
support me when I use other means of transportation instead of the car”.
The Cronbach’s alpha for the three questions was .61 and the data indicated that if the third question was
deleted from the scale, the alpha would rise to .76. The means and standard deviations tell a story of no
real support for considering congestion when making travel decisions, but that if one does use other
means, there is support available. For this reason, the third question was retained separately and detailed
as Social Support. Means and standard deviations shown in Table 6.
Table 6 – CADM Social Norms
Question

Mean SD

People who are important to me expect that I will use means of transportation

5.12

1.66

5.12

1.72

3.72

1.78

that reduce traffic congestion
People who are important to me suggest that I should consider traffic congestion
when selecting a mode of travel
People who are important to me support me when I use other means of
transportation instead of the car

Perceived Behavioural Control
Two questions were used to address this aspect in the CADM. “Circumstances force me to use the car on
my trips to complete my daily tasks”; and “It would be difficult to manage my trips to complete my daily
tasks if I did not drive”. Cronbach’s alpha was .83 and the two questions were treated as a scale.

3.2 Analyses across age, gender, and status as a university student
Mental Health and Physical Health
The intention was to combine three questions (Stress, Anxiety, Anger) into a mental health scale and the
remaining four questions into a physical health scale (for later use in the Regression Analyses). Cronbach’s
alpha was employed to determine the potential of these proposed scales. Cronbach’s alpha for the mental
health scale was .803 and for the physical health scale .828. These results are acceptable (Nunnaly, 1978)
therefore the scales were developed and comparisons for age and gender were conducted through
independent t-tests. These tests revealed significant differences for age t(df, 507) = -4.834, p = .000
(mental health); and t (df, 507) = -7.650, p = .000 (physical health). The effect size was 0.43 for mental
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health, a small-medium effect size; and 0.66 for physical health, a medium effect size (Cohen, 1992). The
means and standard deviations for these scales by age are shown in Table 7.
Table 7 – Means and Standard Deviations for Mental Health and Physical Health Scales by Age

Mental Health
18 – 25 years
55 + years
Physical Health
18 – 25 years
55 + years

Mean

Standard
Deviation

3.62
4.34

1.68
1.66

4.11
5.04

1.51
1.21

As these items were scored 1 (most definitely) to 7 (not at all), a lower score indicates poorer health.
Similar analyses were conducted for gender for which no significant difference was found. Means and
standard deviations for gender are shown in Table 8. Cohen’s δ was not calculated as the means and
standard deviations clearly indicate that any effect size would be small.
Table 8 - Means and Standard Deviations for Mental Health and Physical Health Scales by Gender

Mental Health
Male
Female
Physical Health
Male
Female

Mean

Standard
Deviation

3.98
3.97

1.71
1.71

4.55
4.61

1.50
1.39

University Students
An analysis of the mental health and physical health scales using independent t-tests revealed significant
differences between those studying at university and those who were not. The results revealed t(df, 507) =
-3.33, p = .001 (mental health); and t(df, 507) = -4.10, p = .000 (physical health).
Cohen’s effect sizes were small with 0.38 for mental Health and medium at 0.48 for physical Health.
Means and standard deviations are shown in Table 9.

Table 9 - Means and Standard Deviations for Mental Health and Physical Health Scales by University
Student Status
Mean

Standard
Deviation

Mental Health
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University Student
Not university student
Physical Health
University Student
Not university student

3.48
4.11

1.58
1.72

4.01
4.72

1.62
1.36

Attitude
As the intention was to create an attitude scale for these items for use in further analyses, Cronbach’s
alpha was employed to determine the internal reliability of a scale that included all these items. The alpha
level was low at .59. The preferred level is at least .70 (Nunnally, 1978). A review of the data revealed that
the exclusion of the ‘waste of time – good use of time’ would increase the alpha level to .65. A further
review of the scale with the above deleted identified the negative-positive dimension as a further potential
deletion that would improve the internal reliability of the attitude scale. Deletion of that item reduced the
scale to five aspects and increased the alpha level to .78.
An attitude scale was developed from the remaining five questions. The mean score on the attitude scale
was 3.26 with a standard deviation of 1.30. Skewness and kurtosis were assessed as acceptable. The range
of the scale was from one to seven.

An independent t- test revealed no significant difference in the attitude scale for age. The younger group
revealed a mean of 3.18 (SD 1.28) and the older group a mean of 3.33 (SD1.30). A similar analysis by gender
also indicated no significant difference with males recording a mean of 3.31 (SD 1.27) and females 3.21 (SD
1.31). the comparison of university students against the others similarly revealed no significant differences
with university students providing a mean of 3.21 (SD 1.21) and non-students a mean of 3.27 (SD1.31).

Descriptive Norms and subjective Norms
Each of these items was represented by a single question. Analyses by age, gender and status as a
university student indicated no significant differences across any of these demographic measure.

TPB Perceived Behavioural Control (PBC)
For further analysis it was beneficial to determine if these four questions could be used as a scale item for
Perceived Behavioural Control. Cronbach’s alpha was used to determine the internal reliability of such a
scale. With the statement “Travelling by car every time I attend to my daily tasks is” reversed scored,
Cronbach’s alpha for the four questions was .82. Therefore, a scale was developed for Perceived
Behavioural Control. The mean score for the scale was 5.60 and standard deviation 1.42. Skewness and
kurtosis were acceptable. Scores ranged from one to seven.
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Independent t-tests for age, gender and university student status were conducted. Age produced
significant differences for PBC t(df, 504) = -5.59, p = .000; as did status as a university student, t(df, 504) = 3.16, p = .002; gender was not significantly different on this scale.

Table 10 – PBC Means, standard deviations, and effect sizes

Young
Older
University student
Not university student

Mean
5.25
5.94
5.20
5.70

Standard Deviation
1.57
1.57
1.46
1.39

Effect Size (Cohen)
.44
.35

Access to a vehicle
Access to a vehicle was included in the instrument as it clearly affects the intention to drive a private
vehicle. This aspect was examined by age and university student status through independent t tests.
In both cases significant differences were noted, not surprising as age and university student status were
reasonably correlated at .45.
Results revealed t(df, 503) = 3.26, p = .001 (university student); and t(df, 503) = 6.70, p = .000 (age).

Mean for non-university students was 1.90 (SD 1.69) and for university students 2.50 (SD 1.68). effect size
(Cohen, 1992) was .36.

Means for age were 2.50 (SD 1.8) for 18 – 25 year olds and 1.53 (SD1.37) for the 55 years + group. Effect
size was .60. Lower scores indicated greater access to a vehicle.

CADM Variables – Between Group Comparisons
Independent t-tests were conducted for the CADM variables across age, gender, and university status.
Table 11 indicates the results of these tests across all three groups. These data reveal where potential
differences may lie and although a number of these differences do not appear to have affected the
regression analyses conducted later, there may be some clues for behavioural change strategies.
Table 11 – Group Comparisons for CADM variables

Awareness of
need
Awareness of
consequences
Personal norms
Social norms

Signif. or
not
No
Yes
No
Yes

Age
t=.507,
p = .594
t=-1.99,
p = .047
t=.380,
p = .704
t=-2.52,
p = .012
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Signif. or
not
Yes
Yes
No
Yes

Gender
t=2.058,
p =.040
t= -2.563,
p =.011
t=-.624,
p =.533
t=-2.126,
p =.034

Signif. or
not
No
Yes
No
Yes

University
Student status
t=.533,
p = .594
t= -2.608,
p = .009
t = -1.245,
p = .214
t = -2.206,
p = .028
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Perceived
Behavioural
Control (CADM)
Habit

Yes

t=3.075,
p = .002

No

t=1.434,
p =.152

Yes

t = 2.517,
p = .012

No

No

Yes

t=.422,
p =.674
t=-.009,
p = .993

No

Habit Strength

t=-.852,
p =.494
t = 2.770,
p = .008

t = 1.61,
p =.872
t= 1.936,
p = .053

No

No

3.3 Regression analyses for the Theory of Planned Behaviour and Consolidation Action
Determination Model
Theory of Planned Behaviour (TPB)
Hierarchical regression was employed to determine the effects of demographics, access to a vehicle, the
basic TPB variables and the effects of physical and mental health in relation to congestion, on the intention
to use a motor vehicle to attend to daily tasks. The order in which these variables were entered into the
regression analyses was first, demographics (age, gender, status as a university student); second, access to
a vehicle; third, attitude scale, subjective norm and descriptive norm items, and perceived behavioural
control (the TPB variables); lastly mental health and physical health scales.

The SPSS output showing the correlations between the variables, the unstandardized regression
coefficients (B) and intercept, the standard regression coefficients (β), the semipartial correlations, and R,
R2, and adjusted R2 are included in Appendix B.

After step 1, with the demographic variables in the equation, adjusted R2= .021, F (1, 499) = 11.62, p = .001.
After step 2, with access to a vehicle added, adjusted R2 = .28, F (1, 498) = 182.33, p =.00. After step 3, with
the addition of the TPB variables adjusted R2= .41, F (1, 497) = 113.08, p = .000. Finally, after the inclusion of
physical and mental health driving in congested traffic, adjusted R2 = .46, F (1, 496) = 43.24, p = .000. The
significant predictors included age, access to a vehicle, perceived behavioural control and subjective norms.
A second analysis was conducted excluding access to a vehicle. This revealed after step 1, with the
demographic variables in the equation, adjusted R2= .021, F (1, 503) = 11.60, p = .001. After step 2, with the
addition of the TPB variables adjusted R2= .34, F (1, 502) = 248.45, p = .000. Finally, with the inclusion of the
health items R2 = .43, F (1 501) = 81.34, p = .000.
The predictors included age, perceived behavioural control, and subjective norm.

These results were also confirmed by a Stepwise Regression analysis that revealed Perceived Behavioural
Control was the most important predictor for the intention to travel by car when undertaking daily tasks.
This revealed that perceived behavioural control accounted for 34.8% of the variability in intention
(adjusted R2= .348, F (1, 499) = 267.58, p = .000). The second most important predictor was subjective norm
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which increased the result by 8.8% to 43.6% (adjusted R2= .436, F (1, 498) = 79.31, p = .000). Access to a
vehicle added 2.4% to the result, raising the accounted for variance to 46% (adjusted R2= .460, F (1, 497) =
23.33, p = .000). The demographic variable of being a university student added a further 0.06% to the
prediction of intention, with a final variability of 46.6% (adjusted R2= .466, F (1, 496) = 6.51, p = .011).
Consolidated Action Determination Model (CADM)

The analyses applied to the TPB were conducted for the CADM variables. The SPSS output showing the
correlations between the variables, the unstandardized regression coefficients (B) and intercept, the
standard regression coefficients (β), the semipartial correlations, and R, R2, and adjusted R2 are included in
Appendix B.

In the first hierarchical regression, demographic variables accounted for 1.9% of the variance in intention
with an adjusted R2= .019, F (1, 486) = 10.50, p = .001. Adding access to a vehicle increased the model
variance to 29.3%, adjusted R2= .29.3, F (1, 485) = 189.01, p = .000. Habit increased the variance to 43.9%
(adjusted R2= .439, F (1, 484) = 127.86, p = .000). Personal norm added 5.6% to the model bringing the total
to 49.5% (adjusted R2= .495, F (1, 483) = 54.09, p = .000). CADM Perceived behavioural control added a
further 4.3% (adjusted R2= .538, F (1, 482) = 189.01, p = .000) and habit strength added a further 1.9% to
the accounted for variance, bringing the total to 55.7% (adjusted R2= .55.7, F (1, 481) = 21.32, p = .000). The
attitude scale added a small but significant .3%, bringing the overall accounted for variance to 56%.
Excluding access to a vehicle resulted in adjusted R2= .019, F (1, 490) = 10.54, p = .001 for demographics.
CADM Perceived behavioural control added 29.8% to the model bringing adjusted R2= .31.7, F (1, 489) =
214.01, p = .000. Habit increased the model to 44.4% (adjusted R2= .444, F (1, 488) = 112.56, p = .000).
Personal norm added 6% increasing the accounted for variance to 50.4% (adjusted R2= .504, F (1, 487) =
60.04, p = .000). Habit strength increased the model to 52.6% increasing it by 2.2% (adjusted R2= .526, F (1,
486) = 24.09, p = .000). Again attitude was present at .3% making the overall accounted for variance in
intention 52.9%.

A Stepwise Regression provided an overall similar model outcome with 55.8% of the variance accounted
for. However, the order of importance for the variables changed somewhat. CADM Perceived Behavioural
Control accounted for 31.1% of the variance (adjusted R2= .311, F (1, 486) = 222.22, p = .000). This was
followed by habit which increased the model by 12.4% to 43.5% (adjusted R2= .435, F (1, 485) = 108.32, p =
.000). The third identified variable of importance was Personal Norm which added 6.2% to the model
(adjusted R2= .497, F (1, 484) = 61.05, p = .000). Access to a vehicle accounted for 3.7%. Habit strength
added a further 1.9% (adjusted R2= .553, F (1, 482) = 22.25, p = .000). The attitude scale in this instance
added .5% to the total, bringing the accounted for variance to 55.8%.
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The overall results of the regression analyses are shown in Table 12 in Appendix C. This table also shows the
results of regression analyses of the CADM without the inclusion of habit or habit strength.

4

DISCUSSION

The main aim of this research was to investigate the potential of two models to assist in the understanding
of behaviour and what variables within these models might provide targets for intervention in relation to
behaviour change in the context of travel behaviour. An online instrument was used to collect data from a
sample stratified by age and gender. An additional group within the sample for examination was that of
those who are studying at a university. Descriptive data, between group comparisons, and regression
analyses were applied to investigate the data.
Comparisons were made across age, gender, and status as a university student for the scales that were
developed for mental health, physical health, attitudes, perceived behavioural control, and the single
question about access to a vehicle. Although there were some significant differences in these comparisons,
they were mostly not important for the main research of investigating the usefulness of the significant
predictors that might assist in behavioural change. Cohen’s effect sizes were small to medium (Cohen,
1992). Access to a vehicle was significantly different across age and university student status. Although this
variable appeared as a significant predictor in the regression analyses, it is not part of either theory and
provided an informational constraint on the data.
Regression analyses indicated that the outcomes for both the models were similar if habit was not
employed in the analyses. The main predictors in the TPB analyses were PBC and subjective norms.
Interestingly, attitude did not appear to be a significant predictor for intention to drive a private vehicle to
undertake daily tasks. This may be related to both the high usage reported across the sample with 50.6%
indicating that they would use their vehicle 100% of the time. This coupled with high access to a vehicle at
67% all of the time and a further 29% some of the time supports the habitual use of a vehicle. Only four per
cent of the sample did not have any access to a vehicle.
Klöckner and Blöbaum (2010) conducted similar research that included the TPB, NAM and CADM which is a
combination of the TPB and NAM. This research focused on the predictive aspects of each of the theories
and reported that NAM accounted for 54% of the variance in behaviour, the TPB 59%, and the CADM 65%.
In this research only the TPB and CADM were investigated. The purpose of this research was also different
as it was less interested in prediction and more interested in the actual predictors.
Whilst in this research, the CADM is revealed as a better predictor of intention to travel by car when
undertaking daily tasks, the significant predictors are not overly helpful in the design of interventions. In
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fact, if habit which does not contribute to intention is excluded from the overall accounted for variance in
the CADM, its results are very similar to the TPB. (Secondary analyses excluding habit were run, but not
fully reported here apart from the overall accounted for variance which is shown in Table 12 in Appendix
C).

Demographics appear to play a minor role in this intention. This suggests that interventions to change
travel choice behaviour could be designed across age, gender, and level of education. Access to a vehicle is
an obvious constraint to intention to use a vehicle, and therefore may be useful as a screening tool when
deciding to apply an intervention.

Interestingly attitude, which is usually a strong predictor for intention within the TPB in many (but not all)
behaviours does not appear as a significant predictor in the regression analyses for the TPB, and is low on
the list of significant predictors contributing only a small percentage to the CADM. Personal norm played a
role in the model for the CADM.
Descriptive norms in the TPB and the social norms in the CADM did not appear in the models, although
subjective norms were a useful part of the TPB. This suggests that individuals will most likely comply with
people who are important to them, so using individuals with influence to change behaviour may be a useful
strategy.
Perceived Behavioural Control (PBC in the TPB) and CADMPBC were important variables, particularly when
access to a vehicle was removed from the models. These were measured by different items in the
instrument. The fact that PBC appears in both models suggests that it (or self-efficacy) plays a role in the
intention to drive when undertaking daily tasks. Within the TPB the variables can take on different levels of
importance or weighting (Ajzen & Fishbein, 1980, p. 58; Sheeran, Trafimow, Finlay, & Norman, 2002;
Trafimow & Finlay, 1996). Different components of the TPB can affect different behaviours and the
weighting applied to the components will affect the prediction or understanding of a behaviour (Ajzen
& Fishbein, 1980, p. 58).

Whilst habit is a good predictor of future intention (and behaviour) it is not considered a causal agent for
future intended behaviour. Habit attenuates or reduces an intention (Charng, Piliavin, & Callero, 1988;
Conner, Norman, & Bell, 2002; Ouellette & Wood, 1998; Triandis, 1977; Verplanken & Aarts, 1999;
Wittenbraker, Gibbs, & Kahle, 1983; Wood,Tam, & Witt, 2005) and there is a point where past behaviour or
habit, rather than intention, becomes a stronger predictor of future behaviour (Verplanken & Aarts, 1999).
Altering the context for the habitual behaviour can reduce the habit and increase the use of intention
(Wood, Tam, & Witt, 2005), thereby facilitating behaviour change.

PATREC: Part One - Comparison of Two Theories

Page 20

83 of 424

Therefore, it may be useful to understand the habits of people in relation to their travel behaviour choices,
and consider strategies that might break that habit. For this reason, habit strength should also be
considered, the stronger the habit, the more difficult it is to change the behaviour.
It should be noted that this research was a cross-sectional design with data collected at one point in time
and should be replicated to consolidate its findings. The sample size was calculated as adequate for the
analyses that were planned and the sample was recruited through a commercial company who provide
research services. This may mean that the sample is biased, as individuals not linked to the commercial
company were not accessed. As such the results should also be considered tentative.

5

CONCLUSION AND RECOMMENDATIONS

This research was based on a partial replication of the work of Klockner and Blobaum (2010) in which the
CADM accounted for 65% of the variation in travel mode choice. In that research, the TPB accounted for
59% of behaviour, however attitudes were not included in this model which may have limited the outcome
for the accounted for variation (Klockner & Blobaum, 2010). However, attitudes only played a small role in
the regression analyses of the CADM and none in the analyses of the TPB. It should be noted that the
current research did not include behaviour and tested the models to intention only. Therefore, the
relationship between intention and behaviour was not tested.
The test of the TPB and CADM has revealed the importance of habit for the prediction of intention. Habit
and previous actions have been acknowledged as the best predictors of future behaviour. However, for the
planning of interventions, prediction does not fulfil the need for practitioners to understand the behaviour
in order to develop appropriate behaviour change strategies.
The accounted for variance in intention in this research for the TPB was in line with the findings across
other research which suggests that additional variables that affect travel choice behaviour need to be
identified and included with the TPB to develop further understanding, or that other models be combined
with the TPB to provide additional understandings. Meta-analyses of the TPB for health behaviours have
revealed accounted for variances of 44% (Sheppard, Hartwick, & Warshaw, 1988) and 41% (Godin & Kok,
1996).
Limitations of this research
There are several limitations to this research. First, the research investigated to intention only due to
limited resources and the nature of the population from which the data was collected. A second data
collection to include behaviour was not included.
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Initial belief elicitation studies were not included in this research and this may have affected the outcomes.
A belief elicitation study may have resulted in the identification of additional important variables that could
have been included in the instrument presented to participants.

Recommendations
Future research should include elicitation studies prior to the development of an instrument to investigate
the predictors of intention.
A study where participants are available at two times is recommended for behavioural analyses. There are
several options for the collection of behaviour, self-report or by GPS downloads to verify journeys.

6
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APPENDIX A
Travel and Congestion
Information Statement
Hello!
Description of the research project
Researchers in the School of Business and Law at Edith Cowan University are conducting research into the use of private
vehicles when people are undertaking their daily tasks. Daily tasks includes going to work, school, university, going to the
gym and other general activities such as shopping). The aim of the research is to determine what facilitates or inhibits the
decision to drive rather than use other forms of transport and how the issue of traffic congestion may be addressed. The
research has been approved by the Edith Cowan University Human Research Ethics Committee.

Sources of Funding
This research is being funded by the Planni ng and Transport Research Centre (PATREC) under Grant No 18413.
Why you have been asked to complete this survey
You have been chosen to participate as you live in the Perth metropolitan area and have registered as a panel member
with Qualtrics to assist researchers.

If you agree to take part in this research you will be asked to complete an online survey, which will take
approximately 20 minutes. The survey asks questions about your intention to drive while you undertake your
daily tasks rather than use public transport or active transport (walking and cycling) and your attitude toward
using a private vehicle. It is not expected that completion of this survey will include any discomfort or
inconvenience for you.
If you are willing to proceed, move to the next question on your screen and you will have commenced the survey.
Anonymity of Information

This survey is anonymous and therefore you cannot be identified from your responses.
Please be aware that:
•
You may terminate your participation at any time, by not submitting the completed survey;
•
Your participation is entirely voluntary;
•
Your participation in the research has no bearing on any relationship with ECU;
•
All information gathered during the survey and used in later publications will remain strictly anonymous;
•
All survey responses will be unidentifiable and maintained in a secure file on a computer in the School of Business
and Law in Edith Cowan University, Joondalup;
•
All information collected from surveys will only be accessed by the nominated researchers and then destroyed after a
5 year period following any publications of the research findings;
•
The results of this study will be disseminated in a report to the funding body (PATREC) as part of the contractual
agreement and possibly in various forms of media, papers presented at academic conferences, or in academic
publications;
•
The benefits of this research involve gaining a better understanding of the effects of traffic congestion and the
facilitators and inhibitors of choosing to use a private vehicle for travel to conduct your daily activities.
If you have any questions or require any further information about the research project, please contact:
Chief Researchers: Dr Catherine Ferguson, Ph: 6370 6852. Email: c.ferguson@ecu.edu.au; Dr David Lamb, Ph 6304
2663. Email d.lamb@ecu.edu.au; or Tim Perkins, Ph 6304 5730, t.perkins@ecu.edu.au
If you would like a summary of the research results, please email c.ferguson@ecu.edu.au, providing an email address to
which to forward the summary. Tt is not expected that the results will be available until December 2017.
If you have any concerns or complaints about the research project and wish to talk to an independent person, you may
contact:
Research Ethics Officer: Edith Cowan University, 270 Joondalup Drive,
JOONDALUP, W.A. 6027 Phone: (08) 6304 2170, Email: research.ethics@ecu.edu.au
Thank you for participating in this research.

So that we can better understand your responses, can you please answer the questions below?

Are you?
Male
Female
Or do describe yourself in another way in relation to gender

What is your age? (in figures, please, e.g. 24)

Block 2
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Are you studying at a university?

yes
no

In which country do you currently reside?

In which state do you currently reside?
QLD
NSW
ACT
VIC
SA
TAS
WA
NT

Do you live in Perth?

Yes
No

What is your occupation?

Block 1
I intend to travel by car every time I leave my house to do my daily tasks (work, shopping, school run, going to the gym)
during the next two weeks:
Yes

No

When I travel to do my daily tasks during the next two weeks I intend to travel by car: (Please tick the relevant box)
Never

25% of the time

50% of the time

75% of the time

100% of the time

Travelling by car every time I attend to my daily tasks during the next two weeks is: (Please rate from 1 – 7 by

selecting the relevant circle, for example, in the first question if you think travelling by car is a waste of time you would
choose 1)
1

2

3

4

5

6

7

A waste of time (1) :A good use
of time (7)
Pleasant (1) :Unpleasant (7)
Good (1) :Bad (7)
Expensive(1) :Cheap (7)
Enjoyable (1) :Unenjoyable (7)
Negative (1) :Positive (7)
Relaxing (1) :Stressful (7)
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Most people who are important to me think that I should travel by car every time I attend to my daily tasks during
the next two weeks: (Please tick the relevant box)
Definitely not

Maybe

Most definitely

My friends whose opinions I value travel by car every time they attend to their daily tasks.
(Please tick the relevant box)
Definitely not

Maybe

Most definitely

If I want to I can travel by car every time I attend to my daily tasks: (Please tick the relevant box)
Definitely not

Maybe

Most definitely

Travelling by car every time I attend to my daily tasks is: (Please tick the relevant box)
Very easy

Neutral

Very difficult

For me to travel by car every time I attend to my daily tasks is: (Please tick the relevant box)
Highly impossible

Neutral

Highly possible

The level of my freedom of choice in travelling by car every time I attend to my daily tasks is:
(Please tick the relevant box)
Absolutely none

Half my choice

Totally my choice

The general use of cars had led to the problem of traffic congestion
Most definitely

Neutral

Not at all

I believe that my use of the car does not contribute to traffic congestion
Most definitely

Neutral

Not at all

Neutral

Not at all

Driving a car contributes to traffic congestion
Most definitely

My personal car use affects the quality of driving experience for others
Most definitely

Neutral

Not at all

If I reduce my personal car use, I contribute to a reduction in traffic congestion
Most definitely

Neutral

Not at all

My personal decision to use the car has consequences for traffic congestion
Most definitely
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Due to values important to me, I feel obliged to use the car as little as possible
Most definitely

Neutral

Not at all

Due to my values/principles, I feel personally obliged to use other means of transportation such as a bike, bus, or
train
Most definitely

Neutral

Not at all

The aspect of traffic congestion is solidly anchored in my value system and affects my travel mode choice
Most definitely

Neutral

Not at all

People who are important to me expect that I will use means of transportation that reduce traffic congestion
Most definitely

Neutral

Not at all

People who are important to me suggest that I should consider traffic congestion when selecting a mode of travel
Most definitely

Neutral

Not at all

People who are important to me support me when I use other means of transportation instead of the car
Most definitely

Neutral

Not at all

Circumstances force me to use the car on my trips to complete my daily tasks
Most definitely

Neutral

Not at all

It would be difficult to manage my trips to complete my daily tasks if I did not drive
Most definitely

Neutral

Not at all

Sometimes

Not at all

How often do you have access to a car?
All the time

In what ways does the weather play a role in your decision to drive your car rather than use other forms of
transport?

Taking into consideration all daily trips made, how long does it take for you to drive to complete your daily tasks
(on average)?

Taking into consideration all daily trips, if you were to use public transport how long would it take to complete
your daily tasks?
The previous questions have focused on your travel to complete your daily tasks, we are also interested in your
other travel choices
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Assume you want to do the following things. Which travel mode are you most likely to use? Please answer
spontaneously. Please choose one of the three options
Car

Public transport

Cycle or Walk

Visiting a friend in the next
suburb
Going to the city centre
Visiting a pub in the evening
Taking an excursion in nice
weather
Shopping for daily needs

Taking the car for frequent trips is something that.....
Most
definitely

Neutral

Not at all

Gives me a strange feeling
when I don't do it
I do totally automatically
I do without thinking about it
Is part of my routine
Is typical for me
Does not require any active
thought
Is not part of my routine

Health related questions

The time spent in congested traffic makes me feel stressed
Most definitely

Neutral

Not at all

Not applicable

Not at all

Not appliable

Not at all

Not applicable

Not at all

Not applicable

The time spent in congested traffic makes me feel anxious
Most definitely

Neutral

The time spent in congested traffic makes me feel angry
Most definitely

Neutral

As a result of increased travel times due to congestion I spend less time with my family
Most definitely

Neutral

As a result of increased travel times due to congestion I spend less time playing sport or undertaking other
physical activity
Most definitely

Neutral

Not at all

Not applicable

As a result of increased travel times due to congestion I am more likely to make less healthy food choices
Most definitely
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As a result of increased travel times due to congestion I feel more fatigued/ tired
Most definitely

Neutral

Not at all

Not applicable

On average how many times per day did you leave your house to complete daily tasks during the previous two
weeks? (Number of times)

Based on a daily average, on how many of these trips did you drive your car? (Number of times)

Was there anything in particular that encouraged your decision to drive?

Was there anything in particular that discouraged your decision to drive?

We are also interested in your use of public transport, walking and cycling. The following questions ask about
these forms of transport.

I use public transport
For all trips
For about 75% of my
trips

For about half my

trips
For about one quarter of my
trips

Not at all

Please tell us what facilitates your use of public transport

Please tell us what prevents you from using public transport

I walk to where I need to go
For all trips
For about 75% of my
trips

For about half of my

trips
for about a quarter of my
trips Not at all
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Please tell us what facilitates your walking to where you need to go

Please tell us what inhibits your walking to where you need to go

I cycle to where I need to go
For all trips
For about 75% of my trips
For about half of my trips
For about a quarter of my trips
Not at all

Please tell us what facilitates your cycling to where you need to go

Please tell us what prevents your cycling to where you need to go

If you would like to make comments about transport in Perth and travelling around in Perth, please do so here
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APPENDIX B
REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=STEPWISE Q24
/METHOD=FORWARD AttitudeScale CADMAN CADMAC CADMPN CADMPBC CADMSN HABITST
RENGTH HABIT.

Regression
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9939

1.26148

488

AgeDich

1.5020

.50051

488

Are you studying at a
university?

1.81

.396

488

Are you?

1.50

.501

488

How often do you have
access to a car?

1.99

1.664

488

AttitudeScale

3.2711

1.29679

488

CADMAN

2.7613

1.40871

488

CADMAC

3.8992

1.41026

488

CADMPN

4.3993

1.58823

488

CADMPBC

2.7500

1.70185

488

CADMSN

5.1447

1.50412

488

HABITSTRENGTH

1.4504

.40530

488

HABIT

3.2693

1.27827

488
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Correlations

W hen I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.145

AgeDich

.145

Are you studying at a
university?

.145

Are you?

AttitudeScale

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

HABITSTRENG
TH

HABIT

-.547

.145

.034

-.540

-.058

.137

.150

.485

-.559

.261

-.544

1.000

.473

.008

-.297

.056

-.048

.097

.004

-.148

.094

-.123

.041

.473

1.000

.059

-.151

.013

.005

.128

.057

-.110

.074

-.092

-.009

.034

.008

.059

1.000

-.053

-.036

-.090

.120

.032

-.068

.100

.013

-.013

-.540

-.297

-.151

-.053

1.000

.104

.056

-.076

-.308

.521

-.342

.363

.355

AttitudeScale

-.058

.056

.013

-.036

.104

1.000

-.017

-.052

-.116

.130

-.075

.110

.139

CADMAN

.137

-.048

.005

-.090

.056

-.017

1.000

.384

.279

-.011

.055

-.227

-.147

CADMAC

.150

.097

.128

.120

-.076

-.052

.384

1.000

.399

-.074

.288

-.191

-.024

-.308

.548

-.429

-.357

.485

.004

.057

.032

-.116

.279

.399

1.000

-.287

-.559

-.148

-.110

-.068

.521

.130

-.011

-.074

-.287

1.000

-.182

.408

.396

.261

.094

.074

.100

-.342

-.075

.055

.288

.548

-.182

1.000

-.209

-.163

HABITSTRENGTH

-.544

-.123

-.092

.013

.363

.110

-.227

-.191

-.429

.408

-.209

1.000

.493

HABIT

-.547

.041

-.009

-.013

.355

.139

-.147

-.024

-.357

.396

-.163

.493

1.000

.

.001

.001

.226

.000

.100

.001

.000

.000

.000

.000

.000

.000

.428

.000

.109

.145

.016

.468

.001

.019

.003

.184

.097

.000

.384

.457

.002

.105

.007

.050

.021

.425

.121

.213

.023

.004

.242

.067

.014

.390

.385

.011

.109

.046

.000

.000

.000

.000

.000

.351

.124

.005

.002

.050

.008

.001

CADMPBC
CADMSN

N

Are you?

How often do
you have
access to a
car?

How often do you have
access to a car?

CADMPN

Sig. (1-tailed)

AgeDich

Are you
studying at a
university?

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.001

Are you studying at a
university?

.001

.000

Are you?

.226

.428

.097

.

How often do you have
access to a car?

.000

.000

.000

.121

AttitudeScale

.100

.109

.384

.213

.011

.

CADMAN

.001

.145

.457

.023

.109

.351

.

.000

.000

.404

.114

.000

.001

CADMAC

.000

.016

.002

.004

.046

.124

.000

.

.000

.052

.000

.000

.301

CADMPN

.000

.468

.105

.242

.000

.005

.000

.000

.000

.000

.000

.000

CADMPBC

.000

.001

.007

.067

.000

.002

.404

.052

.000

.

.000

.000

.000

CADMSN

.000

.019

.050

.014

.000

.050

.114

.000

.000

.000

.

.000

.000

HABITSTRENGTH

.000

.003

.021

.390

.000

.008

.000

.000

.000

.000

.000

.

.000

HABIT

.

.000
.

.

.

.000

.184

.425

.385

.000

.001

.001

.301

.000

.000

.000

.000

.

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

488

488

488

488

488

488

488

488

488

488

488

488

488

AgeDich

488

488

488

488

488

488

488

488

488

488

488

488

488

Are you studying at a
university?

488

488

488

488

488

488

488

488

488

488

488

488

488

Are you?

488

488

488

488

488

488

488

488

488

488

488

488

488

How often do you have
access to a car?

488

488

488

488

488

488

488

488

488

488

488

488

488

AttitudeScale

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMAN

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMAC

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMPN

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMPBC

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMSN

488

488

488

488

488

488

488

488

488

488

488

488

488

HABITSTRENGTH

488

488

488

488

488

488

488

488

488

488

488

488

488

HABIT

488

488

488

488

488

488

488

488

488

488

488

488

488
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a

Variables Entered/Removed
Model
1

Variables
Entered

Variables
Removed

Method

Are you
studying at a
university?

.

How often do
you have
access to a
car?

.

HABIT

.

CADMPN

.

CADMPBC

.

HABITSTREN
GTH

.

AttitudeScale

.

2

3

4

5

6

7

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Model Summary
Change Statistics
Model

R

R Square
a

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

1
2

.145

.021

.019

1.24935

.021

10.503

1

486

.001

.544

.296

.293

1.06089

.274

189.008

1

485

.000

3

.665

c

.443

.439

.94453

.147

127.857

1

484

.000

4

.706

d

.499

.495

.89663

.056

54.093

1

483

.000

5

.737

e

.543

.538

.85743

.044

46.177

1

482

.000

6

.750

f

.562

.557

.83991

.019

21.322

1

481

.000

7

.753

g

.567

.560

.83649

.004

4.933

1

480

.027

b

a. Predictors: (Constant), Are you studying at a university?
b. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?
c. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT
d. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN
e. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN, CADMPBC

f. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN, CADMPBC, HABITSTRENGTH

g. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,

a

ANOVA
Sum of Squares

Model
1

2

3

4

5

6

7

Regression

df

Mean Square

16.395

1

16.395

Residual

758.587

486

1.561

Total

774.982

487

Regression

229.120

2

114.560

Residual

545.861

485

1.125

Total

774.982

487

Regression

343.187

3

114.396

Residual

431.795

484

.892

Total

774.982

487

Regression

386.674

4

96.669

Residual

388.307

483

.804

Total

774.982

487

Regression

420.623

5

84.125

Residual

354.359

482

.735

Total

774.982

487

Regression

435.664

6

72.611

Residual

339.317

481

.705

Total

774.982

487

Regression

439.116

7

62.731

Residual

335.866

480

.700

Total

774.982

487

F

Sig.

10.503

.001

101.787

.000

128.226

.000

120.242

.000

114.427

.000

102.929

.000

89.651

.000

b

c

d

e

f

g

h

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), Are you studying at a university?
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c. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?
d. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT
e. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN
f. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN, CADMPBC
g. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN, CADMPBC, HABITSTRENGTH
h. Predictors: (Constant), Are you studying at a university?, How often do you have access to a car?, HABIT,
CADMPN, CADMPBC, HABITSTRENGTH, AttitudeScale

Coefficients a
Unstandardized Coefficients
Model
1

B
(Constant)
Are you studying at a
university?

2

(Constant)
Are you studying at a
university?

3

4.420

.242

.145

11.963

.000

3.241

.001

18.246

.000

Correlations
Partial

Part

.145

.145

.145

.065

1.694

.091

.145

.077

.065

-.402

.029

-.530

-13.748

.000

-.540

-.530

-.524

(Constant)

5.412

.233

23.244

.000

.268

.109

.084

2.451

.015

.145

.111

.083

How often do you have
access to a car?

-.289

.028

-.381

-10.376

.000

-.540

-.427

-.352

HABIT

-.405

.036

-.411

-11.307

.000

-.547

-.457

-.384

(Constant)

4.223

.274

15.421

.000

.249

.104

.078

2.395

.017

.145

.108

.077

How often do you have
access to a car?

-.249

.027

-.329

-9.222

.000

-.540

-.387

-.297

HABIT

-.333

.035

-.337

-9.384

.000

-.547

-.393

-.302

.206

.028

.259

7.355

.000

.485

.317

.237

4.533

.266

17.055

.000

(Constant)
Are you studying at a
university?

.215

.099

.067

2.160

.031

.145

.098

.067

How often do you have
access to a car?

-.169

.028

-.223

-5.966

.000

-.540

-.262

-.184

HABIT

-.277

.035

-.280

-7.932

.000

-.547

-.340

-.244

.190

.027

.239

7.066

.000

.485

.306

.218

CADMPBC

-.189

.028

-.256

-6.795

.000

-.559

-.296

-.209

(Constant)

5.255

.304

17.303

.000

.190

.098

.060

1.949

.052

.145

.089

.059

How often do you have
access to a car?

-.158

.028

-.208

-5.663

.000

-.540

-.250

-.171

HABIT

-.223

.036

-.226

-6.198

.000

-.547

-.272

-.187

.157

.027

.197

5.731

.000

.485

.253

.173

-.168

.028

-.227

-6.062

.000

-.559

-.266

-.183

HABITSTRENGTH

-.542

.117

-.174

-.544

-.206

-.139

(Constant)

5.070

.314

CADMPN

Are you studying at a
university?

CADMPN
CADMPBC
7

.143

Zero-order

.123

CADMPN

6

.264

.463

Sig.

.208

Are you studying at a
university?

5

3.158

t

How often do you have
access to a car?
Are you studying at a
university?

4

Std. Error

Standardized
Coefficients
Beta

Are you studying at a
university?

-4.618

.000

16.160

.000

.184

.097

.058

1.890

.059

.145

.086

.057

How often do you have
access to a car?

-.159

.028

-.210

-5.726

.000

-.540

-.253

-.172

HABIT

-.229

.036

-.232

-6.353

.000

-.547

-.278

-.191
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Coefficients a
Unstandardized Coefficients
Mode
l

B

Std. Error

Standardized
Coefficients
Beta

t

Sig.

Zero-order

Correlations
Partial

Part

CADMPN
CADMPBC

.160
-.171

.027
.028

.201
-.231

5.860
-6.204

.000
.000

.485
-.559

.258
-.272

.176
-.186

HABITSTRENGTH

-.545

.117

-.175

-4.661

.000

-.544

-.208

-.140

.066

.030

.068

2.221

.027

-.058

.101

.067

AttitudeScale

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Excluded Variables

Beta In

Model
1

AgeDich
Are you?

.776
.997

b

-13.748

.000

-.530

.977

b

-1.337

.182

-.061

1.000

b

3.069

.002

.138

1.000

b

2.979

.003

.134

.984

b

12.148

.000

.483

.997

b

-.552

.988

.026

-.060

CADMAN

.137

CADMAC

.134

HABITSTRENGTH
HABIT
AgeDich
Are you?
AttitudeScale
CADMAN
CADMAC
CADMPN
CADMPBC
CADMSN
HABITSTRENGTH
HABIT
3

.087
.026

AttitudeScale

CADMSN

.479
-.550

-14.596

.000

b

5.776

.000

.254

.994

b

-14.077

.000

-.539

.992

b

-14.561

.000

-.552

1.000

-1.344

.179

-.061

.724

.252
-.535
-.546

c

-.060

c

.002

.059

.953

.003

.995

c

-.105

.917

-.005

.988

c

4.462

.000

.199

.997

c

.122

.980

-.004
.167
.103

2.701

.007

c

9.563

.000

.399

.905

c

-9.190

.000

-.385

.727

c

2.109

.035

.095

.883

c

-10.844

.000

-.442

.867

c

-11.307

.000

-.457

.872

.295

.768

.013

.706

.105

.916

.005

.995

d

1.118

.264

.051

.977

d

2.957

.003

.133

.965

d

3.016

.003

.136

.980

d

7.355

.000

.317

.834

d

-.307

.675

.352
-.379
.085
-.399
-.411

d

AgeDich

.012

Are you?

.004

AttitudeScale

d

.038

CADMAN

.101

CADMAC

.102

CADMPN
CADMPBC
CADMSN
HABITSTRENGTH

PATREC: Part One - Comparison of Two Theories

Partial
Correlation

.055
.568

-.530

CADMPBC

Sig.

Collinearity
Statistics
Tolerance

1.926
.571

b

How often do you have
access to a car?

CADMPN

2

b

.098

t

a

.259
-.279

-7.093

.000

d

1.816

.070

.082

.881

d

-7.158

.000

-.310

.713

.065
-.274
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Excluded Variables

Beta In

Model
4

AgeDich
Are you?
AttitudeScale

.039
-.001

.702
.994

e

1.635

.103

.074

.973

e

1.096

.274

.050

.891

e

.122

.903

.006

.813

e

-6.795

.000

-.296

.670

e

-2.075

.039

-.094

.658

e

-5.517

.000

-.244

.659

.053
.004
-.256
-.082
-.212

f

AgeDich

.028

f

.750

.453

.034

.702

Are you?

-.010

-.337

.736

-.015

.992

f

.066

2.124

.034

.096

.970

f

AttitudeScale
CADMAN

.043

1.330

.184

.061

.890

CADMAC

.004

f

.125

.900

.006

.813

CADMSN

f

-.066

-1.748

.081

-.079

.656

f

-4.618

.000

-.206

.640

HABITSTRENGTH

-.174

g

AgeDich

.012

Are you?

-.003

AttitudeScale
CADMAN

7

Sig.

Collinearity
Statistics
Tolerance

.394
.986

.037

HABITSTRENGTH

t

Partial
Correlation

.854
-.017

e

CADMAC
CADMSN

6

.033
-.001

CADMAN
CADMPBC

5

e

a

g

.328

.743

.015

.695

-.096

.923

-.004

.989

g

2.221

.027

.101

.969

g

.068
.021

.652

.514

.030

.869

g

-.274

.784

-.013

.807

g

-1.523

.129

-.069

.654

.174

.862

.008

.692

-.001

.988

CADMAC

-.009

CADMSN

-.057

AgeDich
Are you?

h

.006

h

-.001

-.030

.976

h

.625

.532

.029

.869

h

-.220

.826

-.010

.806

h

-1.501

.134

-.068

.654

CADMAN

.020

CADMAC

-.007

CADMSN

-.056

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), Are you studying at a university?
c. Predictors in the Model: (Constant), Are you studying at a university?, How often do you have access to a
d. Predictors in the Model: (Constant), Are you studying at a university?, How often do you have access to a
car?, HABIT
e. Predictors in the Model: (Constant), Are you studying at a university?, How often do you have access to a
car?, HABIT, CADMPN
f. Predictors in the Model: (Constant), Are you studying at a university?, How often do you have access to a
car?, HABIT, CADMPN, CADMPBC
g. Predictors in the Model: (Constant), Are you studying at a university?, How often do you have access to a
car?, HABIT, CADMPN, CADMPBC, HABITSTRENGTH

PATREC: Part One - Comparison of Two Theories

Page 38

100 of 424

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=STEPWISE AttitudeScale CADMAN CADMAC CADMPN CADMPBC CADMSN HABITS
TRENGTH HABIT.

Regression
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9939

1.25795

492

AgeDich

1.5061

.50047

492

Are you studying at a
university?

1.81

.395

492

Are you?

1.50

.501

492

AttitudeScale

3.2740

1.29757

492

CADMAN

2.7612

1.40460

492

CADMAC

3.8994

1.40762

492

CADMPN

4.3962

1.58258

492

CADMPBC

2.7502

1.69491

492

CADMSN

5.1427

1.50304

492

HABITSTRENGTH

1.4504

.40694

492

HABIT

3.2674

1.27523

492

PATREC: Part One - Comparison of Two Theories

Page 39

101 of 424

Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.144

AgeDich

.144

Are you studying at a
university?

.145

Are you?
AttitudeScale
CADMAN
CADMAC

Are you?

AttitudeScale

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

HABITSTRENG
TH

HABIT

.145

.037

-.056

.135

.147

.484

-.559

.257

-.540

-.546

1.000

.475

.008

.058

-.048

.097

.002

-.147

.092

-.122

.039

.475

1.000

.059

.014

.005

.127

.056

-.110

.074

-.091

-.009
-.017

.037

.008

.059

1.000

-.037

-.091

.115

.033

-.068

.097

.003

-.056

.058

.014

-.037

1.000

-.021

-.051

-.117

.130

-.077

.111

.141

.135

-.048

.005

-.091

-.021

1.000

.383

.279

-.011

.056

-.223

-.147

.383

.115

-.051

1.000

.398

.290

-.188

-.022

.484

.002

.056

.033

-.117

.279

.398

1.000

-.287

.548

-.428

-.357

-.147

-.110

-.068

.130

-.011

-.074

-.287

1.000

-.181

.405

.396

.257

.092

.074

.097

-.077

.056

.290

.548

-.181

1.000

-.210

-.163

HABITSTRENGTH

-.540

-.122

-.091

.003

.111

-.223

-.188

-.428

.405

-.210

1.000

.494

HABIT

-.546

.039

-.009

-.017

.141

-.147

-.022

-.357

.396

-.163

.494

1.000

.

.001

.001

.205

.109

.001

.001

.000

.000

.000

.000

.000

CADMPBC
CADMSN

N

Are you
studying at a
university?

-.559

CADMPN

Sig. (1-tailed)

AgeDich

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

.147

.097

.127

-.074

AgeDich

.001

.

.000

.429

.101

.144

.016

.486

.001

.021

.003

.193

Are you studying at a
university?

.001

.000

.

.097

.375

.458

.002

.109

.007

.052

.021

.418

Are you?

.205

.429

.097

.

.204

.021

.005

.236

.067

.016

.469

.349

AttitudeScale

.109

.101

.375

.204

.

.320

.129

.005

.002

.043

.007

.001

CADMAN

.001

.144

.458

.021

.320

.

.000

.000

.404

.109

.000

.001

CADMAC

.001

.016

.002

.005

.129

.000

.

.000

.052

.000

.000

.315

CADMPN

.000

.486

.109

.236

.005

.000

.000

.

.000

.000

.000

.000

CADMPBC

.000

.001

.007

.067

.002

.404

.052

.000

.

.000

.000

.000

CADMSN

.000

.021

.052

.016

.043

.109

.000

.000

.000

.

.000

.000

HABITSTRENGTH

.000

.003

.021

.469

.007

.000

.000

.000

.000

.000

.

.000

HABIT

.000

.193

.418

.349

.001

.001

.315

.000

.000

.000

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

492

492

492

492

492

492

492

492

492

492

492

492

AgeDich

492

492

492

492

492

492

492

492

492

492

492

492

Are you studying at a
university?

492

492

492

492

492

492

492

492

492

492

492

492

Are you?

492

492

492

492

492

492

492

492

492

492

492

492

AttitudeScale

492

492

492

492

492

492

492

492

492

492

492

492

CADMAN

492

492

492

492

492

492

492

492

492

492

492

492

CADMAC

492

492

492

492

492

492

492

492

492

492

492

492

CADMPN

492

492

492

492

492

492

492

492

492

492

492

492

CADMPBC

492

492

492

492

492

492

492

492

492

492

492

492

CADMSN

492

492

492

492

492

492

492

492

492

492

492

492

HABITSTRENGTH

492

492

492

492

492

492

492

492

492

492

492

492

HABIT

492

492

492

492

492

492

492

492

492

492

492

492
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a

Variables Entered/Removed
Model
1

Variables
Entered

Variables
Removed

Method

Are you
studying at a
university?

.

CADMPBC

.

HABIT

.

CADMPN

.

HABITSTREN
GTH

.

AttitudeScale

.

2

3

4

5

6

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Model Summary
Change Statistics
Model

R

R Square
a

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

1
2

.145

.021

.019

1.24590

.021

10.544

1

490

.001

.565

.319

.316

1.04016

.298

214.012

1

489

.000

3

.668

c

.447

.443

.93859

.128

112.560

1

488

.000

4

.712

d

.507

.503

.88649

.061

60.048

1

487

.000

5

.728

e

.531

.526

.86619

.023

24.093

1

486

.000

6

.732

f

.535

.529

.86296

.004

4.642

1

485

.032

b

a. Predictors: (Constant), Are you studying at a university?
b. Predictors: (Constant), Are you studying at a university?, CADMPBC
c. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT
d. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN
e. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN, HABITSTRENGTH
f. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN, HABITSTRENGTH,
AttitudeScale

a

ANOVA
Sum of Squares

Model
1

2

3

4

5

6

Regression

df

Mean Square

16.367

1

16.367

Residual

760.615

490

1.552

Total

776.982

491

Regression

247.914

2

123.957

Residual

529.067

489

1.082

Total

776.982

491

Regression

347.075

3

115.692

Residual

429.907

488

.881

Total

776.982

491

Regression

394.265

4

98.566

Residual

382.717

487

.786

Total

776.982

491

Regression

412.342

5

82.468

Residual

364.640

486

.750

Total

776.982

491

Regression

415.799

6

69.300

Residual

361.183

485

.745

Total

776.982

491

F

Sig.

10.544

.001

114.570

.000

131.325

.000

125.424

.000

109.916

.000

93.056

.000

b

c

d

e

f

g

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), Are you studying at a university?
c. Predictors: (Constant), Are you studying at a university?, CADMPBC
d. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT
e. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN
f. Predictors: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN, HABITSTRENGTH
g.
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Coefficients
Unstandardized Coefficients
B

Mode l
1

(Constant)
Are you studying at a
university?

2

Sig.

12.003

.000

Zero-order

Correlations
Partial

Part

.145

.025

.145

.101

.084

-14.629

.000

-.559

-.552

-.546

23.596

.000

.098

2.894

.004

.145

.130

.097

.027

-.394

-10.665

.000

-.559

-.435

-.359

.036

-.389

-10.609

.000

-.546

-.433

-.357

15.747

.000

.089

2.775

.006

.145

.125

.088

.026

-.348

-9.858

.000

-.559

-.408

-.314

.036

-.312

-8.640

.000

-.546

-.365

-.275

.213

.027

.268

7.749

.000

.484

.331

.246

5.062

.311

16.296

.000

.251

.100

.079

2.517

.012

.145

.113

.078

CADMPBC

-.231

.026

-.311

-8.788

.000

-.559

-.370

-.273

HABIT

-.247

.037

-.250

-6.683

.000

-.546

-.290

-.208

.175

.028

.220

6.258

.000

.484

.273

.194

HABITSTRENGTH

-.586

.119

-.190

-4.908

.000

-.540

-.217

-.153

(Constant)

4.877

.321

.269

.120

CADMPBC

-.408

.028

(Constant)

5.488

.233

.312

.108

CADMPBC

-.292

HABIT

-.384

(Constant)

4.262

.271

.283

.102

CADMPBC

-.259

HABIT

-.307

(Constant)
Are you studying at a
university?

CADMPN

Are you studying at a
university?

.145

t

.145

.242

CADMPN

6

Standardized
Coefficients
Beta

.145

.142

Are you studying at a
university?

5

.263

.462

Are you studying at a
university?

4

3.159

4.628

(Constant)
Are you studying at a
university?

3

Std. Error

a

3.247

.001

19.157

.000

.085

2.254

-.549

15.188

.000

2.463

.014

.145

.111

.076

.245

.100

.077

CADMPBC

-.235

.026

-.316

-8.947

.000

-.559

-.376

-.277

HABIT

-.252

.037

-.256

-6.839

.000

-.546

-.297

-.212

.178

.028

.224

6.389

.000

.484

.279

.198

-.590

.119

-.191

-4.956

.000

-.540

-.220

-.153

.066

.030

.068

2.154

.032

-.056

.097

.067

CADMPN
HABITSTRENGTH
AttitudeScale

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

AgeDich
Are you?
AttitudeScale

HABIT
AgeDich
Are you?
AttitudeScale
CADMAN
CADMAC

b

-1.293

.197

-.058

1.000

b

3.034

.003

.136

1.000

b

2.919

.004

.131

.984

b

12.161

.000

.482

.997

b

-.552

.988

-.058

.478
-.549

-14.629

.000

b

5.693

.000

.249

.995

b

-14.007

.000

-.535

.992

b

-14.582

.000

-.550

1.000

.247
-.532
-.545

c

.030

c

.709

.479

.032

.766

-.134

.893

-.006

.993

c

.388

.698

.018

.982

c

3.489

.001

.156

1.000

c

2.606

.009

.117

.980

c

9.846

.000

.407

.917

c

4.186

.000

.186

.964

c

-9.984

.000

-.412

.834

c

-10.609

.000

-.433

.842

1.876

.061

.085

.758

-.061

.951

-.003

.993

d

1.474

.141

.067

.973

d

2.209

.028

.100

.976

d

2.931

.004

.132

.980

d

7.749

.000

.331

.846

d

3.531

.000

.158

.954

d

-6.659

.000

-.289

.700

2.264

.024

.102

.757

-.183

.855

-.008

.992

e

2.037

.042

.092

.969

e

.343

.732

.016

.911

e

-.124

.902

-.006

.814

e

-.397

.691

-.018

.695

e

-4.908

.000

-.217

.647

1.763

.079

.080

.747

-.005
.015
.129
.098
.351

CADMSN

.156

HABIT

-.372
-.389

d

AgeDich

.072

Are you?

-.002

AttitudeScale
CADMAN

d

.050
.075

CADMAC

.099

CADMPN

.268

CADMSN
HABITSTRENGTH

.120
-.257

e

AgeDich

.082

Are you?

-.006

AttitudeScale
CADMAN

e

.066
.011

CADMAC

-.004

CADMSN

-.015

HABITSTRENGTH
5

.775
.997

CADMPN
HABITSTRENGTH

4

.086
.029

.131

HABITSTRENGTH

Sig.

Collinearity
Statistics
Tolerance

.056
.520

.134

CADMSN

t

Partial
Correlation

1.915
.643

b

.029

CADMAC
CADMPBC

3

.097

CADMAN
CADMPN

2

b

a

-.190

f

AgeDich

.063

Are you?

f

.001

.020

.984

.001

.991

AttitudeScale

.068

f

2.154

.032

.097

.969

CADMAN

f

-.010

-.306

.760

-.014

.895

CADMAC

f

-.018

-.528

.598

-.024

.808

CADMSN

f

-.256

.798

-.012

.695

-.010
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Excluded Variables

Beta In

Model
6

g

AgeDich
Are you?

.059

CADMAN

-.011

t

a

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

1.634
.088

.103
.930

.074
.004

.744
.990

g

-.335

.737

-.015

.894

g

-.481

.630

-.022

.808

g

-.216

.829

-.010

.694

g

.003

CADMAC

-.017

CADMSN

-.008

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), Are you studying at a university?
c. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC
d. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC, HABIT
e. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN
f. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN,
HABITSTRENGTH
g. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC, HABIT, CADMPN,
HABITSTRENGTH, AttitudeScale

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=STEPWISE AgeDich Q63 AttitudeScale Q60 CADMAN CADMAC CADMPN CADMP
BC CADMSN HABITSTRENGTH
HABIT Q24.

Regression
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Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9939

1.26148

488

AgeDich

1.5020

.50051

488

1.81

.396

488

3.2711

1.29679

488

Are you?

1.50

.501

488

CADMAN

2.7613

1.40871

488

CADMAC

3.8992

1.41026

488

CADMPN

4.3993

1.58823

488

CADMPBC

2.7500

1.70185

488

CADMSN

5.1447

1.50412

488

HABITSTRENGTH

1.4504

.40530

488

HABIT

3.2693

1.27827

488

1.99

1.664

488

Are you studying at a
university?
AttitudeScale

How often do you have
access to a car?

Correlations

W hen I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

.145

-.058

.034

.137

.150

.485

-.559

Are you?

CADMAN

CADMAC

CADMPN

CADMPBC

HABIT

How often do
you have
access to a
car?

.261

-.544

-.547

-.540

CADMSN

.145

AgeDich

.145

1.000

.473

.056

.008

-.048

.097

.004

-.148

.094

-.123

.041

-.297

Are you studying at a
university?

.145

.473

1.000

.013

.059

.005

.128

.057

-.110

.074

-.092

-.009

-.151

-.058

.056

.013

1.000

-.036

-.017

-.052

-.116

.130

-.075

.110

.139

.104

Are you?

.034

.008

.059

-.036

1.000

-.090

.120

.032

-.068

.100

.013

-.013

-.053

CADMAN

.137

-.048

.005

-.017

-.090

1.000

.384

.279

-.011

.055

-.227

-.147

.056

CADMAC

.150

.097

.128

-.052

.120

.384

1.000

.399

-.074

.288

-.191

-.024

-.076

CADMPN

.485

.004

.057

-.116

.032

.279

.399

1.000

-.287

.548

-.429

-.357

-.308

-.559

-.148

-.011

-.074

CADMPBC

-.110

.130

-.068

-.287

1.000

-.182

.408

.396

.521

.261

.094

.074

-.075

.100

.055

.288

.548

-.182

1.000

-.209

-.163

-.342

HABITSTRENGTH

-.544

-.123

-.092

.110

.013

-.227

-.191

-.429

.408

-.209

1.000

.493

.363

HABIT

-.547

.041

-.009

.139

-.013

-.147

-.024

-.357

.396

-.163

.493

1.000

.355

How often do you have
access to a car?

-.540

-.297

-.151

.104

-.053

.056

-.076

-.308

.521

-.342

.363

.355

1.000

.

.001

.001

.100

.226

.001

.000

.000

.000

.000

.000

.000

.000

.109

.428

.145

.016

.468

.001

.019

.003

.184

.000

.384

.097

.457

.002

.105

.007

.050

.021

.425

.000

.213

.351

.124

.005

.002

.050

.008

.001

.011

.023

.004

.242

.067

.014

.390

.385

.121

CADMSN

N

AttitudeScale

HABITSTRENG
TH

1.000

AttitudeScale

Sig. (1-tailed)

AgeDich

Are you
studying at a
university?

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.001

Are you studying at a
university?

.001

.000

AttitudeScale

.100

.109

.384

Are you?

.226

.428

.097

.213

CADMAN

.001

.145

.457

.351

.023

.

.000

.000

.404

.114

.000

.001

.109

CADMAC

.000

.016

.002

.124

.004

.000

.

.000

.052

.000

.000

.301

.046

CADMPN

.000

.468

.105

.005

.242

.000

.000

.000

.000

.000

.000

.000

CADMPBC

.000

.001

.007

.002

.067

.404

.052

.000

.

.000

.000

.000

.000

CADMSN

.000

.019

.050

.050

.014

.114

.000

.000

.000

.000

.000

.000

HABITSTRENGTH

.000

.003

.021

.008

.390

.000

.000

.000

.000

.000

.000

.000

HABIT

.000

.184

.425

.001

.385

.001

.301

.000

.000

.000

.000

.

.000

How often do you have
access to a car?

.000

.000

.000

.011

.121

.109

.046

.000

.000

.000

.000

.000

.

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

488

488

488

488

488

488

488

488

488

488

488

488

488

AgeDich

488

488

488

488

488

488

488

488

488

488

488

488

488

Are you studying at a
university?

488

488

488

488

488

488

488

488

488

488

488

488

488

AttitudeScale

488

488

488

488

488

488

488

488

488

488

488

488

488

Are you?

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMAN

488

488

488

488

488

488

488

488

488

488

488

488

488

.
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Correlations

W hen I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)

AgeDich

Are you
studying at a
university?

HABIT

How often do
you have
access to a
car?

CADMAC

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMPN

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMPBC

488

488

488

488

488

488

488

488

488

488

488

488

488

CADMSN

488

488

488

488

488

488

488

488

488

488

488

488

488

HABITSTRENGTH

488

488

488

488

488

488

488

488

488

488

488

488

488

HABIT

488

488

488

488

488

488

488

488

488

488

488

488

488

How often do you have
access to a car?

488

488

488

488

488

488

488

488

488

488

488

488

488

AttitudeScale

Are you?

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

HABITSTRENG
TH

a

Variables Entered/Removed
Model

Variables
Entered

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

1

CADMPBC

.

HABIT

.

CADMPN

.

How often do
you have
access to a
car?

.

2

3

4
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F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

5

HABITSTREN
GTH

.

AttitudeScale

.

6

F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

1

R

R Square

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

.559a

.313
.438

.311
.436

1.04681
.94742

.313
.125

221.225
108.318

1
1

486
485

.000
.000

2

.662b

3

.708

c

.501

.498

.89370

.063

61.050

1

484

.000

4

.734d

.538

.535

.86068

.037

38.861

1

483

.000

5

.747e

.559

.554

.84234

.020

22.256

1

482

.000

6

.751

f

.563

.558

.83873

.005

5.161

1

481

.024

a. Predictors: (Constant), CADMPBC
b. Predictors: (Constant), CADMPBC, HABIT
c. Predictors: (Constant), CADMPBC, HABIT, CADMPN
d. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?
e. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?,
HABITSTRENGTH
f. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?,
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a

ANOVA
Sum of Squares

Model
1

2

3

4

5

6

df

Mean Square

Regression

242.419

1

242.419

Residual

532.562

486

1.096

Total

774.982

487

Regression

339.646

2

169.823

Residual

435.336

485

.898

Total

774.982

487

Regression

388.407

3

129.469

Residual

386.575

484

.799

Total

774.982

487

Regression

417.194

4

104.298

Residual

357.788

483

.741

Total

774.982

487

Regression

432.985

5

86.597

Residual

341.997

482

.710

Total

774.982

487

Regression

436.615

6

72.769

Residual

338.366

481

.703

Total

774.982

487

F

Sig.
b

221.225

.000

189.196

.000

162.098

.000

140.799

.000

122.047

.000

103.444

.000

c

d

e

f

g

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), CADMPBC
c. Predictors: (Constant), CADMPBC, HABIT
d. Predictors: (Constant), CADMPBC, HABIT, CADMPN
e. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?
f. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?,
HABITSTRENGTH
g. Predictors: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?,
HABITSTRENGTH, AttitudeScale
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Coefficients a
Unstandardized Coefficients
B

Model
1
2

3

(Constant)

5.134

.090

CADMPBC

-.415

.028

(Constant)

6.067

.121

CADMPBC

-.301

.027

HABIT

-.381

.037

(Constant)

4.765

.202

CADMPBC

-.266

.026

HABIT

-.303

.036

.216

.028

(Constant)

4.923

.196

CADMPBC

-.193

.028

HABIT

-.272

.035

.191

How often do you have
access to a car?

Sig.

Zero-order

Partial

Part

-.559

-.559

-.559

-14.874

.000

50.059

.000

-.406

-10.961

.000

-.559

-.446

-.373

-.386

-10.408

.000

-.547

-.427

-.354

23.584

.000

-.359

-10.123

.000

-.559

-.418

-.325

-.307

-8.444

.000

-.547

-.358

-.271

.272

7.813

.000

.485

.335

.251

25.087

.000

-.260

-6.886

.000

-.559

-.299

-.213

-.275

-7.780

.000

-.547

-.334

-.241

.027

.241

7.086

.000

.485

.307

.219

-.176

.028

-.233

-6.234

.000

-.540

-.273

-.193

(Constant)

5.615

.242

23.226

.000

CADMPBC

-.170

.028

-.230

-6.128

.000

-.559

-.269

-.185

HABIT

-.218

.036

-.221

-6.046

.000

-.547

-.266

-.183

.157

.027

.197

5.725

.000

.485

.252

.173

-.164

.028

-.216

-5.897

.000

-.540

-.259

-.178

HABITSTRENGTH

-.554

.117

-.178

-.544

-.210

-.143

(Constant)

5.413

.257

CADMPBC

-.174

.028

HABIT

-.223

.036

.160

How often do you have
access to a car?
HABITSTRENGTH

CADMPN
How often do you have
access to a car?
6

Correlations
t

.000

CADMPN

5

Beta

56.971

CADMPN
4

Std. Error

Standardized
Coefficients

CADMPN

AttitudeScale

-.559

-4.718

.000

21.093

.000

-.234

-6.272

.000

-.559

-.275

-.189

-.226

-6.210

.000

-.547

-.272

-.187

.027

.201

5.858

.000

.485

.258

.177

-.165

.028

-.218

-5.956

.000

-.540

-.262

-.179

-.557

.117

-.179

-4.759

.000

-.544

-.212

-.143

.068

.030

.069

2.272

.024

-.058

.103

.068

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

.978

2.250

.025

.102

.988

b

.398

.691

.018

.983

b

-.104

.917

-.005

.995

b

3.527

.000

.158

1.000

b

2.926

.004

.132

.995

b

9.867

.000

.409

.917

b

4.390

.000

.196

.967

b

-10.107

.000

-.417

.833

b

-10.408

.000

-.427

.843

b

-8.260

.000

-.351

.728

3.029

.003

.136

.966

c

2.900

.004

.131

.986

c

1.447

.148

.066

.974

c

.041

.967

.002

.995

c

2.272

.024

.103

.976

c

3.304

.001

.149

.995

c

7.813

.000

.335

.847

c

3.785

.000

.170

.957

c

-6.895

.000

-.299

.703

c

-7.032

.000

-.304

.702

.085

-.004
.131
.109
.354

CADMSN

.165
-.379

HABIT

-.386

How often do you have
access to a car?

-.341

c

AgeDich
Are you studying at a
university?

.104

AttitudeScale

.050

CADMAN
CADMAC

.099

.001
.078
.112

CADMPN

.272

CADMSN

.130

HABITSTRENGTH

-.267

How often do you have
access to a car?

-.272

d

AgeDich
Are you studying at a
university?

.107

AttitudeScale

.065

Are you?
CADMAN
CADMAC

4

.076

CADMPN

Are you?

3

.095

.015

HABITSTRENGTH

2

1.675

AttitudeScale

CADMAC

3.306

.001

.149

.966

d

2.771

.006

.125

.985

d

2.000

.046

.091

.971

d

-.094

.925

-.004

.995

d

.394

.694

.018

.911

d

.089

-.003
.013
.009

.260

.795

.012

.825

d

-.139

.889

-.006

.696

d

-5.120

.000

-.227

.648

d

-6.234

.000

-.273

.687

1.645

.101

.075

.883

e

2.160

.031

.098

.972

e

2.179

.030

.099

.970

e

-.231

.817

-.011

.994

e

1.363

.174

.062

.890

e

.377

.706

.017

.824

CADMSN

-.005

HABITSTRENGTH

-.199

How often do you have
access to a car?

-.233

e

AgeDich
Are you studying at a
university?

.054

AttitudeScale

.068

Are you?

.067

-.007

CADMAN

.045

CADMAC

.013
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Collinearity
Statistics
Tolerance

b

.064

CADMAN

Sig.

Partial
Correlation

b

AgeDich
Are you studying at a
university?
Are you?

t

a
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Excluded Variables

Beta In

Model
CADMSN
HABITSTRENGTH
5

-.065

e

-.178

f

t

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

-1.699
-4.718

.090
.000

-.077
-.210

.656
.642

AgeDich
Are you studying at a
university?

.038

1.168

.243

.053

.873

.060

f

1.949

.052

.089

.969

AttitudeScale

.069

f

2.272

.024

.103

.970

f

.000

.992

Are you?

6

e

a

CADMAN
CADMAC
CADMSN

.000

.004

.997

f

.022

.668

.504

.030

.869

-.002

f

-.052

.959

-.002

.817

f

-.055

-1.473

.141

-.067

.654

g

1.004

.316

.046

.868

g

1.890

.059

.086

.968

g

.069

.945

.003

.991

g

.029

.869

AgeDich
Are you studying at a
university?

.032

Are you?

.002

CADMAN

.058

.021

.640

.523

g

-.004

.997

.000

.817

g

-1.453

.147

-.066

.654

CADMAC

.000

CADMSN

-.054

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), CADMPBC
c. Predictors in the Model: (Constant), CADMPBC, HABIT
d. Predictors in the Model: (Constant), CADMPBC, HABIT, CADMPN
e. Predictors in the Model: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?
f. Predictors in the Model: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a car?,
HABITSTRENGTH
g. Predictors in the Model: (Constant), CADMPBC, HABIT, CADMPN, How often do you have access to a
car?, HABITSTRENGTH, AttitudeScale

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=FORWARD Q24
/METHOD=FORWARD CADMAN CADMAC CADMPN CADMPBC CADMSN AttitudeScale.

Regression
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Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9881

1.26140

505

AgeDich

1.5010

.50049

505

Are you studying at a
university?

1.80

.400

505

Are you?

1.50

.500

505

How often do you have
access to a car?

2.02

1.695

505

CADMAN

2.7743

1.42523

505

CADMAC

3.8987

1.42191

505

CADMPN

4.3991

1.59546

505

CADMPBC

2.7782

1.73329

505

CADMSN

5.1210

1.51471

505

AttitudeScale

3.2571

1.28941

505

Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.145

AgeDich

.145

Are you studying at a
university?

.145

Are you?
How often do you have
access to a car?

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

AttitudeScale

.145

.028

-.540

.144

.161

.481

-.552

.264

-.056

1.000

.481

.010

-.286

-.062

.089

.019

-.136

.113

.054

.481

1.000

.065

-.144

-.024

.115

.056

-.111

.098

.019

.028

.010

.065

1.000

-.055

-.090

.118

.027

-.064

.096

-.036

-.540

-.286

-.144

-.055

1.000

.060

-.065

-.300

.519

-.339

.094

.144

-.062

-.024

-.090

.060

1.000

.408

.274

-.019

.038

-.029

CADMAC

.161

.089

.115

.118

-.065

.408

1.000

.395

-.086

.270

-.064

CADMPN

.481

.019

.056

.027

-.300

.274

.395

1.000

-.267

.544

-.118

-.552

-.136

-.111

-.064

.519

-.019

-.086

-.267

1.000

-.174

.135

.264

.113

.098

.096

-.339

.038

.270

.544

-.174

1.000

-.071

-.056

.054

.019

-.036

.094

-.029

-.064

-.118

.135

-.071

1.000

.

.001

.001

.263

.000

.001

.000

.000

.000

.000

.104

CADMSN
AttitudeScale

N

Are you?

How often do
you have
access to a
car?

CADMAN

CADMPBC

Sig. (1-tailed)

AgeDich

Are you
studying at a
university?

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.001

.

.000

.412

.000

.081

.023

.336

.001

.005

.111

Are you studying at a
university?

.001

.000

.

.071

.001

.298

.005

.104

.006

.013

.332

Are you?

.263

.412

.071

.

.109

.022

.004

.273

.076

.015

.207

How often do you have
access to a car?

.000

.000

.001

.109

.

.089

.073

.000

.000

.000

.017

CADMAN

.001

.081

.298

.022

.089

.

.000

.000

.336

.195

.258

CADMAC

.000

.023

.005

.004

.073

.000

.

.000

.027

.000

.077

CADMPN

.000

.336

.104

.273

.000

.000

.000

.

.000

.000

.004

CADMPBC

.000

.001

.006

.076

.000

.336

.027

.000

.

.000

.001

CADMSN

.000

.005

.013

.015

.000

.195

.000

.000

.000

.

.055

AttitudeScale

.104

.111

.332

.207

.017

.258

.077

.004

.001

.055

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

505

505

505

505

505

505

505

505

505

505

505

AgeDich

505

505

505

505

505

505

505

505

505

505

505

Are you studying at a
university?

505

505

505

505

505

505

505

505

505

505

505

Are you?

505

505

505

505

505

505

505

505

505

505

505

How often do you have
access to a car?

505

505

505

505

505

505

505

505

505

505

505

CADMAN

505

505

505

505

505

505

505

505

505

505

505
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Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)

Are you
studying at a
university?

AgeDich

Are you?

How often do
you have
access to a
car?

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

AttitudeScale

CADMAC

505

505

505

505

505

505

505

505

505

505

505

CADMPN

505

505

505

505

505

505

505

505

505

505

505

CADMPBC

505

505

505

505

505

505

505

505

505

505

505

CADMSN

505

505

505

505

505

505

505

505

505

505

505

AttitudeScale

505

505

505

505

505

505

505

505

505

505

505

a

Variables Entered/Removed
Model

Variables
Entered

Variables
Removed

Method

1

2

AgeDich

.

How often do
you have
access to a
car?

.

CADMPN

.

CADMPBC

.

CADMAN

.

3

4

5

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Model Summary
Change Statistics

R

Model

Adjusted R
Square

R Square
a

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

1
2

.145

.021

.019

1.24938

.021

10.740

1

503

.001

.540

.292

.289

1.06384

.271

191.763

1

502

.000

3

.635

c

.403

.400

.97739

.112

93.722

1

501

.000

4

.692

d

.479

.474

.91452

.075

72.260

1

500

.000

5

.696

e

.484

.479

.91066

.005

5.244

1

499

.022

b

a. Predictors: (Constant), AgeDich
b. Predictors: (Constant), AgeDich, How often do you have access to a car?
c. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN
d. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN, CADMPBC
e. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN, CADMPBC,

CADMAN

a

ANOVA
Sum of Squares

Model
1

2

3

4

5

Regression

df

Mean Square

16.765

1

16.765

Residual

785.164

503

1.561

Total

801.929

504

Regression

233.792

2

116.896

Residual

568.137

502

1.132

Total

801.929

504

Regression

323.325

3

107.775

Residual

478.604

501

.955

Total

801.929

504

Regression

383.759

4

95.940

Residual

418.170

500

.836

Total

801.929

504

Regression

388.107

5

77.621

Residual

413.821

499

.829

Total

801.929

504

F

Sig.

10.740

.001

103.288

.000

112.818

.000

114.714

.000

93.599

.000

b

c

d

e

f

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), AgeDich
c. Predictors: (Constant), AgeDich, How often do you have access to a car?
d. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN
e. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN, CADMPBC
f. Predictors: (Constant), AgeDich, How often do you have access to a car?, CADMPN, CADMPBC, CADMAN
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Coefficients a
Unstandardized Coefficients
Model
1

B
(Constant)
AgeDich

2

3

.176
.111
.181

AgeDich

-.028

.099

How often do you have
access to a car?

-.404

.029

(Constant)

3.357

.226

.037

.091

.015

-.320

.028

-.430
.351

CADMPN
(Constant)
AgeDich
How often do you have
access to a car?
CADMPN

.278

.029

3.908

.221

t

.145

.364
4.845

How often do you have
access to a car?

5

3.441

Correlations

Beta

(Constant)

AgeDich

4

Std. Error

Standardized
Coefficients
Sig.

19.561

.000

Zero-order

Partial

Part

.145

.145

.145

3.277

.001

26.787

.000

-.011

-.279

.780

.145

-.012

-.010

-.543

-13.848

.000

-.540

-.526

-.520

14.832

.000

.407

.684

.145

.018

.014

-11.366

.000

-.540

-.453

-.392

.481

.397

.334

9.681

.000

17.646

.000

.041

.085

.016

.485

.628

.145

.022

.016

-.203

.030

-.273

-6.842

.000

-.540

-.293

-.221

.246

.027

.312

9.097

.000

.481

.377

.294

CADMPBC

-.236

.028

-.324

-8.501

.000

-.552

-.355

-.275

(Constant)

3.811

.225

16.969

.000

.046

.085

.018

.546

.586

.145

.024

.018

-.212

.030

-.286

-7.115

.000

-.540

-.303

-.229

AgeDich
How often do you have
access to a car?
CADMPN
CADMPBC
CADMAN

.227

.028

.287

8.026

.000

.481

.338

.258

-.235

.028

-.323

-8.495

.000

-.552

-.355

-.273

.069

.030

.078

2.290

.022

.144

.102

.074

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Excluded Variables

Beta In

Model
1

Are you studying at a
university?
Are you?
How often do you have
access to a car?

.052

.086

.768

.609

.543

.027

1.000

b

-13.848

.000

-.526

.918

b

3.518

.000

.155

.996

b

3.404

.001

.150

.992

b

12.359

.000

.483

1.000

b

-.543

.982

.027
-.543

.149

AttitudeScale
2

1.944

CADMAC

CADMSN
Are you studying at a
university?
Are you?

PATREC: Part One - Comparison of Two Theories

Partial
Correlation

b

.154

CADMPBC

Sig.

Collinearity
Statistics
Tolerance

b

.098

CADMAN
CADMPN

t

a

.478
-.542

-14.475

.000

b

5.841

.000

.252

.987

b

-1.456

.146

-.065

.997

c

2.187

.029

.097

.768

c

-.038

.970

-.002

.997

.251
-.064
.093
-.001
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Excluded Variables

Beta In

Model
CADMAN
CADMAC

.177

CADMPN

.351

CADMPBC
CADMSN
AttitudeScale
3

Are you studying at a
university?
Are you?
CADMAN
CADMAC

4

.210
.151

.994
.990

c

9.681

.000

.397

.905

c

-9.111

.000

-.377

.730

c

2.311

.021

.103

.884

c

-.116

.907

-.005

.984

d

1.854

.064

.083

.766

d

-.143

.886

-.006

.997

d

2.283

.023

.102

.902

d

-.222

.825

-.010

.831

d

-8.501

.000

-.355

.717

d

-2.654

.008

-.118

.667

d

.740

.460

.033

.976

e

1.554

.121

.069

.764

e

-.495

.621

-.022

.995

e

2.290

.022

.102

.902

e

-.311

.756

-.014

.831

e

-2.140

.033

-.095

.663

e

1.552

.121

.069

.968

-.371
.092
-.004
.073
-.005
.083
-.008
-.324
-.111

AttitudeScale

.026

Are you studying at a
university?

.057

CADMAC
CADMSN

Sig.

Collinearity
Statistics
Tolerance

.000
.001

CADMSN

CADMAN

t

Partial
Correlation

4.803
3.423

c

.128

CADMPBC

Are you?

5

c

a

-.016
.078
-.011
-.085

AttitudeScale

.051

Are you studying at a
university?

.058

f

1.584

.114

.071

.764

-.009

f

-.278

.781

-.012

.986

f

Are you?
CADMAC

-.043

-1.160

.247

-.052

.735

CADMSN

-.076

f

-1.917

.056

-.086

.656

f

1.565

.118

.070

.968

AttitudeScale

.051

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), AgeDich
c. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?
d. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?, CADMPN
e. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?, CADMPN,
CADMPBC
f. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?, CADMPN,
CADMPBC, CADMAN

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
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/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=FORWARD CADMAN CADMAC CADMPN CADMPBC CADMSN AttitudeScale.

Regression
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9882

1.25799

509

AgeDich

1.5049

.50047

509

Are you studying at a
university?

1.80

.399

509

Are you?

1.50

.500

509

CADMAN

2.7741

1.42117

509

CADMAC

3.8988

1.41929

509

CADMPN

4.3960

1.58997

509

CADMPBC

2.7782

1.72645

509

CADMSN

5.1193

1.51356

509

AttitudeScale

3.2600

1.29027

509
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Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.144

AgeDich

.144

Are you studying at a
university?

.144

Are you?

Are you?

CADMAN

CADMAC

CADMPN

CADMPBC

CADMSN

AttitudeScale

.031

.142

.158

.479

-.551

.260

-.054

1.000

.483

.010

-.062

.088

.017

-.135

.111

.056

.483

1.000

.065

-.024

.115

.055

-.111

.098

.020

.031

.010

.065

1.000

-.091

.113

.028

-.064

.094

-.038

CADMAN

.142

-.062

-.024

-.091

1.000

.407

.274

-.019

.040

-.033

CADMAC

.158

.088

.115

.113

.407

1.000

.394

-.086

.273

-.062

CADMPN

.479

.017

.055

.028

.274

.394

1.000

-.267

.544

-.120

-.551

-.135

-.111

-.064

-.019

-.086

-.267

1.000

-.173

.134

.260

.111

.098

.094

.040

.273

.544

-.173

1.000

-.074

-.054

.056

.020

-.038

-.033

-.062

-.120

.134

-.074

1.000

.

.001

.001

.241

.001

.000

.000

.000

.000

.112

CADMSN
AttitudeScale

N

Are you
studying at a
university?

.144

CADMPBC

Sig. (1-tailed)

AgeDich

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.001

.

.000

.413

.081

.023

.352

.001

.006

.103

Are you studying at a
university?

.001

.000

.

.071

.297

.005

.107

.006

.014

.323

Are you?

.241

.413

.071

.

.020

.005

.266

.076

.017

.198

CADMAN

.001

.081

.297

.020

.

.000

.000

.335

.187

.232

CADMAC

.000

.023

.005

.005

.000

.

.000

.027

.000

.081

CADMPN

.000

.352

.107

.266

.000

.000

.

.000

.000

.003

CADMPBC

.000

.001

.006

.076

.335

.027

.000

.

.000

.001

CADMSN

.000

.006

.014

.017

.187

.000

.000

.000

.

.049

AttitudeScale

.112

.103

.323

.198

.232

.081

.003

.001

.049

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

509

509

509

509

509

509

509

509

509

509

AgeDich

509

509

509

509

509

509

509

509

509

509

Are you studying at a
university?

509

509

509

509

509

509

509

509

509

509

Are you?

509

509

509

509

509

509

509

509

509

509

CADMAN

509

509

509

509

509

509

509

509

509

509

CADMAC

509

509

509

509

509

509

509

509

509

509

CADMPN

509

509

509

509

509

509

509

509

509

509

CADMPBC

509

509

509

509

509

509

509

509

509

509

CADMSN

509

509

509

509

509

509

509

509

509

509

AttitudeScale

509

509

509

509

509

509

509

509

509

509
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a

Variables Entered/Removed
Variables
Entered

Model
1

Variables
Removed

Method

Are you
studying at a
university?

.

CADMPBC

.

CADMPN

.

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

2

3

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

R

R Square

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

.021

.019

1.24605

.021

10.779

1

507

.001

2

.144a
.557b

.310

.308

1.04665

.290

212.586

1

506

.000

3

.654

c

.428

.425

.95429

.117

103.691

1

505

.000

1

a. Predictors: (Constant), Are you studying at a university?
b. Predictors: (Constant), Are you studying at a university?, CADMPBC
c. Predictors: (Constant), Are you studying at a university?, CADMPBC, CADMPN
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a

ANOVA
Sum of Squares

Model
1

2

3

Regression

df

Mean Square

16.736

1

16.736

Residual

787.193

507

1.553

Total

803.929

508

Regression

249.619

2

124.810

Residual

554.310

506

1.095

Total

803.929

508

Regression

344.046

3

114.682

Residual

459.883

505

.911

Total

803.929

508

F

Sig.

10.779

.001

113.932

.000

125.933

.000

b

c

d

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), Are you studying at a university?
c. Predictors: (Constant), Are you studying at a university?, CADMPBC
d. Predictors: (Constant), Are you studying at a university?, CADMPBC, CADMPN

Coefficients a
Unstandardized Coefficients
Model
1

B
(Constant)
Are you studying at a
university?

2

3

(Constant)
Are you studying at a
university?

Std. Error

3.169

.256

.455

.138

4.607

.236

Standardized
Coefficients
Beta

.144

t

Sig.

12.402

.000

3.283

.001

19.504

.000

Zero-order

Correlations
Partial

Part

.144

.144

.144

.265

.117

.084

2.264

.024

.144

.100

.084

CADMPBC

-.395

.027

-.542

-14.580

.000

-.551

-.544

-.538

(Constant)

3.232

.254

12.713

.000

.236

.107

.075

2.211

.027

.144

.098

.074

-.326

.026

-.448

-12.753

.000

-.551

-.494

-.429

.281

.028

.356

10.183

.000

.479

.413

.343

Are you studying at a
university?
CADMPBC
CADMPN

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

AgeDich
Are you?

.097

CADMAN

.146

3.264

.001

.144

.987

12.212

.000

.477

.997

b

-14.580

.000

-.544

.988

b

5.804

.000

.250

.990

b

-1.295

.196

-.057

1.000

-.542
.248
-.057

c
c

.933

.351

.041

.760

-.233

.815

-.010

.993

c

.134

3.675

.000

.161

.999

c

2.800

.005

.124

.981

c

10.183

.000

.413

.928

c

4.445

.000

.194

.964

c

.462

.644

.021

.981

1.405

.161

.062

.759

-.354

.723

-.016

.992

d

1.176

.240

.052

.920

d

CADMAC

.104

CADMPN

.356
.164
.017

d

AgeDich

.054

Are you?

-.012

CADMSN
AttitudeScale

.767
.996

b

-.009

CADMAC

.086
.022

.999

Are you?

CADMAN

.054
.618

.147

.040

AttitudeScale

1.935
.499

.001

AgeDich

CADMSN

Collinearity
Statistics
Tolerance

3.347

.473

CADMAN

Sig.

Partial
Correlation

b

.143

AttitudeScale

3

b

CADMPN
CADMSN
2

b

.022

CADMAC
CADMPBC

t

b

a

d

.041
-.035

-.954

.340

-.042

.835

d

-.641

.522

-.029

.699

d

1.419

.157

.063

.973

-.026
.048

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), Are you studying at a university?
c. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC
d. Predictors in the Model: (Constant), Are you studying at a university?, CADMPBC, CADMPN

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=STEPWISE AgeDich Q63 Q60 AttitudeScale CADMAN CADMAC CADMPN CADMP
BC.

Regression
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Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9882

1.25799

509

AgeDich

1.5049

.50047

509

Are you studying at a
university?

1.80

.399

509

Are you?

1.50

.500

509

AttitudeScale

3.2600

1.29027

509

CADMAN

2.7741

1.42117

509

CADMAC

3.8988

1.41929

509

CADMPN

4.3960

1.58997

509

CADMPBC

2.7782

1.72645

509

Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.144

AgeDich

.144

Are you studying at a
university?

.144

Are you?

Are you?

AttitudeScale

CADMAN

CADMAC

CADMPN

CADMPBC

.144

.031

-.054

.142

.158

.479

-.551

1.000

.483

.010

.056

-.062

.088

.017

-.135

.483

1.000

.065

.020

-.024

.115

.055

-.111
-.064

.031

.010

.065

1.000

-.038

-.091

.113

.028

.056

.020

-.038

1.000

-.033

-.062

-.120

.134

CADMAN

.142

-.062

-.024

-.091

-.033

1.000

.407

.274

-.019

CADMAC

.158

.088

.115

.113

-.062

.407

1.000

.394

-.086

CADMPN

.479

.017

.055

.028

-.120

.274

.394

1.000

-.267

-.551

-.135

-.111

-.064

.134

-.019

-.086

-.267

1.000

.

.001

.001

.241

.112

.001

.000

.000

.000

CADMPBC

N

Are you
studying at a
university?

-.054

AttitudeScale

Sig. (1-tailed)

AgeDich

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.001

.

.000

.413

.103

.081

.023

.352

.001

Are you studying at a
university?

.001

.000

.

.071

.323

.297

.005

.107

.006

Are you?

.241

.413

.071

.

.198

.020

.005

.266

.076

AttitudeScale

.112

.103

.323

.198

.

.232

.081

.003

.001

CADMAN

.001

.081

.297

.020

.232

.

.000

.000

.335

CADMAC

.000

.023

.005

.005

.081

.000

.

.000

.027

CADMPN

.000

.352

.107

.266

.003

.000

.000

.

.000

CADMPBC

.000

.001

.006

.076

.001

.335

.027

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

509

509

509

509

509

509

509

509

509

AgeDich

509

509

509

509

509

509

509

509

509

Are you studying at a
university?

509

509

509

509

509

509

509

509

509

Are you?

509

509

509

509

509

509

509

509

509

AttitudeScale

509

509

509

509

509

509

509

509

509

CADMAN

509

509

509

509

509

509

509

509

509

CADMAC

509

509

509

509

509

509

509

509

509

CADMPN

509

509

509

509

509

509

509

509

509

CADMPBC

509

509

509

509

509

509

509

509

509
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

1

CADMPBC

.

CADMPN

.

AgeDich

.

2

3

F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

R

R Square

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

1
2

.551a

.304
.422

.302
.420

1.05090
.95794

.304
.119

220.938
104.169

1
1

507
506

.000
.000

3

.654

c

.428

.425

.95396

.006

5.234

1

505

.023

.650b

a. Predictors: (Constant), CADMPBC
b. Predictors: (Constant), CADMPBC, CADMPN
c. Predictors: (Constant), CADMPBC, CADMPN, AgeDich
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a

ANOVA
Sum of Squares

Model
1

2

3

df

Mean Square

Regression

244.002

1

244.002

Residual

559.927

507

1.104

Total

803.929

508

Regression

339.594

2

169.797

Residual

464.335

506

.918

Total

803.929

508

Regression

344.357

3

114.786

Residual

459.572

505

.910

Total

803.929

508

F

Sig.
b

220.938

.000

185.033

.000

126.132

.000

c

d

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), CADMPBC
c. Predictors: (Constant), CADMPBC, CADMPN
d. Predictors: (Constant), CADMPBC, CADMPN, AgeDich

Coefficientsa
Unstandardized Coefficients
B

Mode l

Std. Error

Standardized
Coefficients
Beta

Correlations
t

Sig.

1

(Constant)

2

CADMPBC

-.332

.026

-.455

-12.991

.283

.028

.358

10.206

(Constant)

3.344

.214

15.612

.000

CADMPBC

5.103

.088

CADMPBC

-.401

.027

(Constant)

3.666

.162

CADMPN
3

-.551

57.788

.000

-14.864

.000

22.591

.000

Zero-order

Partial

Part

-.551

-.551

-.551

.000

-.551

-.500

-.439

.000

.479

.413

.345

-.324

.026

-.444

-12.613

.000

-.551

-.489

-.424

CADMPN

.284

.028

.359

10.293

.000

.479

.416

.346

AgeDich

.195

.085

.078

2.288

.023

.144

.101

.077

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

AgeDich
Are you studying at a
university?
Are you?
AttitudeScale
CADMAN
CADMAC

2

.059

.084

.982

2.264

.024

.100

.988

b

-.100

.920

-.004

.996

b

.541

.589

.024

.982

b

3.598

.000

.158

1.000

b

3.019

.003

.133

.993

b

10.206

.000

.413

.929

c

2.288

.023

.101

.981

c

2.211

.027

.098

.987

c

-.224

.823

-.010

.996

c

1.497

.135

.066

.974

c

1.094

.275

.049

.922

c

-.715

.475

-.032

.844

d

1.278

.202

.057

.764

d

-.228

.819

-.010

.996

d

1.336

.182

.059

.969

d

1.243

.214

.055

.918

d

-.935

.350

-.042

.837

.084
-.004
.020
.132
.111
.078

CADMAC
3

1.894

.358

CADMAN
Are you studying at a
university?
Are you?
AttitudeScale

Collinearity
Statistics
Tolerance

b

.071

AgeDich
Are you studying at a
university?
AttitudeScale

Sig.

Partial
Correlation

b

CADMPN

Are you?

t

a

.075
-.008
.051
.038
-.026
.049
-.008
.046

CADMAN

.044

CADMAC

-.034

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), CADMPBC
c. Predictors in the Model: (Constant), CADMPBC, CADMPN
d. Predictors in the Model: (Constant), CADMPBC, CADMPN, AgeDich
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GET
FILE='E:\SPSS Files\TRAVEL.sav'.
DATASET NAME DataSet1 WINDOW=FRONT.
REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=FORWARD Q24
/METHOD=FORWARD AttitudeScale PBC Q4 Q5
/METHOD=FORWARD MentalHealth PhysicalHealth.

Regression
[DataSet1] E:\SPSS Files\TRAVEL.sav
Warnings
No variables were entered into the equation.
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9900

1.25774

501

AgeDich

1.4990

.50050

501

Are you studying at a
university?

1.80

.402

501

Are you?

1.50

.500

501

How often do you have
access to a car?

2.01

1.684

501

AttitudeScale

3.2545

1.29017

501

PBC

5.5914

1.42272

501
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Descriptive Statistics
Mean
Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

Std. Deviation

N

4.7106

1.76694

501

5.0559

1.59150

501

MentalHealth

3.9755

1.71082

501

PhysicalHealth

4.5886

1.44907

501

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)

Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Pleas e
tick the relevant
box)
Pearson Correlation

AgeDich

Are you
studying at a
university?

Are you?

How often do
you have
access to a
car?

AttitudeSc ale

PBC

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

My friends
whose opinions
I value travel by
car every time
they attend to
their daily tasks.
(Pleas e tick the
relevant box)

MentalHealth

Physic alHealth

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Pleas e tick the
relevant box)

1.000

.151

.146

.021

-.533

-.059

.591

.489

.306

.102

.141

AgeDich

.151

Are you studying at a
university?

.146

1.000

.482

.010

-.299

.049

.240

-.031

-.035

.213

.333

.482

1.000

.064

-.148

.018

.138

-.040

.087

.146

Are you?

.200

.021

.010

.064

1.000

-.050

-.039

.031

.028

-.010

-.007

.019

How often do you have
acc ess to a car?

-.533

-.299

-.148

-.050

1.000

.096

-.708

-.261

-.196

-.041

-.185

AttitudeSc ale

-.059

.049

.018

-.039

.096

1.000

-.101

-.088

-.030

-.120

-.077

PBC

.591

.240

.138

.031

-.708

-.101

1.000

.355

.294

.159

.249

Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)

.489

-.031

-.040

.028

-.261

-.088

.355

1.000

.499

.115

.096

.306

-.035

.087

-.010

-.196

-.030

.294

.499

1.000

.058

.092

MentalHealth

.102

.213

.146

-.007

-.041

-.120

.159

.115

.058

1.000

.586

PhysicalHealth

.141

.333

.200

.019

-.185

-.077

.249

.096

.092

.586

1.000

.

.000

.001

.322

.000

.095

.000

.000

.000

.011

.001

.

.000

.412

.000

.136

.000

.245

.217

.000

.000

My friends whos e opinions I
value travel by c ar every
time they attend to their
daily tasks.
(Please tick the relevant
box)

Sig. (1-tailed)

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.000
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Correlations

W hen I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)

AgeDic h

Are you
studying at a
university?

Are you?

Are you studying at a
university?

.001

.000

.

Are you?

.322

.412

.077

How often do you have
access to a car?

.000

.000

.000

AttitudeSc ale

.095

.136

PBC

.000

Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)

AttitudeScale

PBC

My friends
whos e opinions I
value travel by
car every time
they attend to
their daily tasks.
(Please tick the
relevant box)

MentalHealth

PhysicalHealth

.000

.341

.001

.185

.026

.001

.000

.133

.189

.246

.266

.412

.440

.335

.133

.

.016

.000

.000

.000

.177

.000

.341

.189

.016

.012

.024

.255

.004

.042

.000

.001

.246

.000

.012

.

.000

.000

.000

.000

.000

.245

.185

.266

.000

.024

.000

.000

.005

.016

.000

.217

.026

.412

.000

.255

.000

.000

.

.097

.020

MentalHealth

.011

.000

.001

.440

.177

.004

.000

.005

.097

Physic alHealth

.001

.000

.000

.335

.000

.042

.000

.016

.020

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Pleas e tick the
relevant box)

501

501

501

501

501

501

501

501

501

501

501

AgeDich

501

501

501

501

501

501

501

501

501

501

501

Are you studying at a
university?

501

501

501

501

501

501

501

501

501

501

501

Are you?

501

501

501

501

501

501

501

501

501

501

501

How often do you have
access to a car?

501

501

501

501

501

501

501

501

501

501

501

AttitudeScale

501

501

501

501

501

501

501

501

501

501

501

PBC

501

501

501

501

501

501

501

501

501

501

501

Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

MentalHealth

501

501

501

501

501

501

501

501

501

501

501

Physic alHealth

501

501

501

501

501

501

501

501

501

501

501

My friends whose opinions I
value travel by c ar every
time they attend to their
daily tasks.

.077

How often do
you have
access to a
car?

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

.

.

.

(Please tick the relevant
box)

N

My friends whose opinions I
value travel by c ar every
time they attend to their
daily tasks.

.

.000

(Pleas e tick the relevant
box)
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method

1

2

AgeDich

.

How often do
you have
access to a
car?

.

Most people
who are
important to
me think that I
should travel
by car every
time I attend
to my daily
tasks during
the next two
weeks:
(Please tick
the relevant
box)

3

.

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

.

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

4
PBC

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics

Model

R

R Square
a

1
2

.151

3
4

.681

Adjusted R

Square

Std. Error of the

Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

.023

.021

1.24458

.023

11.627

1

499

.001

.285

.282

1.06589

.262

182.331

1

498

.000

.646c

.417

.414

.96302

.133

113.080

1

497

.000

d

.464

.460

.92453

.047

43.238

1

496

.000

.534b

a. Predictors: (Constant), AgeDich
b. Predictors: (Constant), AgeDich, How often do you have access to a car?
c. Predictors: (Constant), AgeDich, How often do you have access to a car?, Most people who are important
to me think that I should travel by car every time I attend to my daily tasks during the next two weeks:

(Please tick the relevant box)

d. Predictors: (Constant), AgeDich, How often do you have access to a car?, Most people who are important
to me think that I should travel by car every time I attend to my daily tasks during the next two weeks:
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a

ANOVA
Sum of Squares

Model
1

2

3

4

Regression

df

Mean Square

18.010

1

18.010

Residual

772.940

499

1.549

Total

790.950

500

Regression

225.161

2

112.580

Residual

565.789

498

1.136

Total

790.950

500

Regression

330.032

3

110.011

Residual

460.918

497

.927

Total

790.950

500

Regression

366.990

4

91.747

Residual

423.960

496

.855

Total

790.950

500

F

Sig.

11.627

.001

99.092

.000

118.622

.000

107.337

.000

b

c

d

e

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), AgeDich
c. Predictors: (Constant), AgeDich, How often do you have access to a car?
d. Predictors: (Constant), AgeDich, How often do you have access to a car?, Most people who are important
to me think that I should travel by car every time I attend to my daily tasks during the next two weeks:
(Please tick the relevant box)
e. Predictors: (Constant), AgeDich, How often do you have access to a car?, Most people who are important
to me think that I should travel by car every time I attend to my daily tasks during the next two weeks:
(Please tick the relevant box), PBC
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Coefficients a
Unstandardized Coefficients
B

Model
1

(Constant)
AgeDich

2

3

3.422

.176

Beta
.151

.379

.111

4.830

.183

AgeDich

-.024

.100

How often do you have
access to a car?

-.401

.030

(Constant)

3.216

.224

.090

.091

.036

-.316

.028

.270

.025

1.607

.326

.048

.087

.019

How often do you have
access to a car?
Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)
(Constant)
AgeDich
How often do you have
access to a car?

Correlations
t

(Constant)

AgeDich

4

Std. Error

Standardized
Coefficients
Sig.

19.471

.000

Zero-order

Partial

Part

.151

.151

.151

3.410

.001

26.378

.000

-.009

-.238

.812

.151

-.011

-.009

-.536

-13.503

.000

-.533

-.518

-.512

14.329

.000

.995

.320

.151

.045

.034

-.424

-11.325

.000

-.533

-.453

-.388

.380

10.634

.000

.489

.431

.364

4.929

.000

.550

.583

.151

.025

.018

-.164

.035

-.220

-4.631

.000

-.533

-.204

-.152

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.228

.025

.320

9.020

.000

.489

.375

.297

PBC

.280

.043

.317

6.576

.000

.591

.283

.216

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

Are you studying at a
university?

.096

Are you?

.019

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

b

1.908

.057

.085

.768

b

.432

.666

.019

1.000

b

-13.503

.000

-.518

.911

b

-1.499

.134

-.067

.998

b

15.803

.000

.578

.943

b

12.877

.000

.500

.999

b

7.410

.000

.315

.999

b

1.614

.107

.072

.955

b

2.179

.030

.097

.889

c

2.158

.031

.096

.768

c

-.158

.874

-.007

.997

c

-.176

.860

-.008

.984

c

8.532

.000

.357

.498

c

10.634

.000

.431

.919

c

5.580

.000

.243

.952

c

2.213

.027

.099

.954

c

1.266

.206

.057

.881

d

2.735

.006

.122

.767

d

-.334

.738

-.015

.997

d

.407

.684

.018

.981

How often do you have
access to a car?

-.536

AttitudeScale

-.066

PBC

.588

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.494

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

t

a

.312

(Please tick the relevant
box)
MentalHealth
2

.073

PhysicalHealth

.102

Are you studying at a
university?

.093

Are you?
AttitudeScale

-.006
-.007

PBC

.429

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.380

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.211

(Please tick the relevant
box)
MentalHealth
3

.086

PhysicalHealth

.051

Are you studying at a
university?

.106

Are you?
AttitudeScale
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Excluded Variables

Beta In

Model

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

d

6.576

.000

.283

.465

d

1.165

.245

.052

.744

d

.995

.320

.045

.936

d

.444

.657

.020

.874

e

2.581

.010

.115

.766

e

-.280

.780

-.013

.997

e

.666

.506

.030

.980

e

.372

.710

.017

.732

e

.047

.962

.002

.915

e

-.522

.602

-.023

.855

.317

PBC
My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

t

a

.046

(Please tick the relevant
box)

4

MentalHealth

.035

PhysicalHealth

.016

Are you studying at a
university?

.096

Are you?

-.009

AttitudeScale

.022

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.014

(Please tick the relevant
box)
MentalHealth
PhysicalHealth

.002
-.019

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), AgeDich
c. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?
d. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?, Most people who
are important to me think that I should travel by car every time I attend to my daily tasks during the next two
weeks: (Please tick the relevant box)
e. Predictors in the Model: (Constant), AgeDich, How often do you have access to a car?, Most people who
are important to me think that I should travel by car every time I attend to my daily tasks during the next two
weeks: (Please tick the relevant box), PBC

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=FORWARD AgeDich Q63 Q60
/METHOD=FORWARD AttitudeScale PBC Q4 Q5
/METHOD=FORWARD MentalHealth PhysicalHealth.
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Regression
Warnings
No variables were entered into the equation.
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9901

1.25432

505

AgeDich

1.5030

.50049

505

Are you studying at a
university?

1.80

.400

505

Are you?

1.50

.500

505

AttitudeScale

3.2575

1.29103

505

PBC

5.5954

1.42104

505

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

4.7129

1.76348

505

5.0594

1.58879

505

MentalHealth

3.9737

1.71283

505

PhysicalHealth

4.5832

1.44753

505

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
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Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

AgeDich

Are you
studying at a
university?

Are you?

AttitudeScale

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

PBC

My friends
whose opinions
I value travel by
car every time
they attend to
their daily tasks.
(Please tick the
relevant box)

MentalHealth

PhysicalHealth

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.150

.146

.024

-.056

.588

.488

.306

.105

.143

AgeDich

.150

Are you studying at a
university?

.146

1.000

.483

.010

.051

.241

-.029

-.033

.210

.327

.483

1.000

.063

.019

.138

-.039

.087

.144

Are you?

.198

.024

.010

.063

1.000

-.041

.034

.032

-.005

-.004

.022

-.056

.051

.019

-.041

1.000

-.102

-.091

-.032

-.111

-.073

PBC

.588

.241

.138

.034

-.102

1.000

.356

.297

.155

.247

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.488

-.029

-.039

.032

-.091

.356

1.000

.501

.112

.095

.306

-.033

.087

-.005

-.032

.297

.501

1.000

.056

.091

MentalHealth

.105

.210

.144

-.004

-.111

.155

.112

.056

1.000

.588

PhysicalHealth

.143

.327

.198

.022

-.073

.247

.095

.091

.588

1.000

.

.000

.000

.298

.103

.000

.000

.000

.009

.001

AttitudeScale

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)

Sig. (1-tailed)

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.000

.

.000

.412

.126

.000

.255

.232

.000

.000

Are you studying at a
university?

.000

.000

.

.078

.331

.001

.189

.025

.001

.000

Are you?

.298

.412

.078

.

.180

.222

.235

.456

.464

.312

AttitudeScale

.103

.126

.331

.180

.

.011

.020

.238

.006

.050

PBC

.000

.000

.001

.222

.011

.

.000

.000

.000

.000

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.000

.255

.189

.235

.020

.000

.

.000

.006

.017

.000

.232

.025

.456

.238

.000

.000

.

.103

.021

MentalHealth

.009

.000

.001

.464

.006

.000

.006

.103

.

.000

PhysicalHealth

.001

.000

.000

.312

.050

.000

.017

.021

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

505

505

505

505

505

505

505

505

505

505

AgeDich

505

505

505

505

505

505

505

505

505

505

Are you studying at a
university?

505

505

505

505

505

505

505

505

505

505

Are you?

505

505

505

505

505

505

505

505

505

505

AttitudeScale

505

505

505

505

505

505

505

505

505

505

PBC

505

505

505

505

505

505

505

505

505

505

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

MentalHealth

505

505

505

505

505

505

505

505

505

505

PhysicalHealth

505

505

505

505

505

505

505

505

505

505

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)

N

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method

1
AgeDich

.

PBC

.

2

3

Most people
who are
important to
me think that I
should travel
by car every
time I attend
to my daily
tasks during
the next two
weeks:
(Please tick
the relevant
box)

.

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)
Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

Forward
(Criterion:
Probability-ofF-to-enter <= .
050)

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

R

R Square

Adjusted R

Square

Std. Error of the

Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

1
2

.150a

.023
.346

.021
.344

1.24133
1.01627

.023
.324

11.606
248.455

1
1

503
502

.001
.000

3

.661

c

.437

.434

.94357

.091

81.337

1

501

.000

.588b

a. Predictors: (Constant), AgeDich
b. Predictors: (Constant), AgeDich, PBC
c. Predictors: (Constant), AgeDich, PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)
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a

ANOVA
Sum of Squares

Model
1

2

3

Regression

df

Mean Square

17.883

1

17.883

Residual

775.067

503

1.541

Total

792.950

504

Regression

274.486

2

137.243

Residual

518.464

502

1.033

Total

792.950

504

Regression

346.902

3

115.634

Residual

446.049

501

.890

Total

792.950

504

F

Sig.

11.606

.001

132.885

.000

129.879

.000

b

c

d

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), AgeDich
c. Predictors: (Constant), AgeDich, PBC
d. Predictors: (Constant), AgeDich, PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)

Coefficients a
Unstandardized Coefficients
B

Model
1

(Constant)
AgeDich

2

3

Std. Error

3.424

.175

Standardized
Coefficients
Beta
.150

Correlations
t

Sig.

19.569

.000

3.407

.001

5.117

.000

Zero-order

Partial

Part

.150

.150

.150

.376

.110

1.061

.207

AgeDich

.023

.093

.009

.245

.807

.150

.011

.009

PBC

.517

.033

.586

15.762

.000

.588

.575

.569

(Constant)

.439

.205

2.145

.032

AgeDich

.123

.087

.049

1.406

.160

.150

.063

.047

PBC

.406

.033

.460

12.369

.000

.588

.484

.414

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.232

.026

.326

9.019

.000

.488

.374

.302

(Constant)

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

Are you studying at a
university?

.096

Are you?

.022

AttitudeScale

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

b

1.912

.056

.085

.767

b

.503

.615

.022

1.000

b

-1.458

.146

-.065

.997

b

15.762

.000

.575

.942

b

12.893

.000

.499

.999

b

7.426

.000

.315

.999

b

1.718

.086

.076

.956

b

2.266

.024

.101

.893

c

1.924

.055

.086

.766

c

.098

.922

.004

.999

c

.077

.939

.003

.984

c

9.019

.000

.374

.859

c

3.915

.000

.172

.900

c

.357

.721

.016

.944

c

-.130

.896

-.006

.863

d

2.456

.014

.109

.765

d

-.092

.927

-.004

.998

d

.534

.594

.024

.981

-.064

PBC

.586

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.493

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

t

a

.311

(Please tick the relevant
box)
MentalHealth
2

.077

PhysicalHealth

.105

Are you studying at a
university?

.079

Are you?

.004

AttitudeScale

.003

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.326

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.147

(Please tick the relevant
box)
MentalHealth
PhysicalHealth
3

Are you studying at a
university?
Are you?
AttitudeScale
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Excluded Variables

Beta In

Model

t

a

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

d

.259

.796

.012

.730

d

-.399

.690

-.018

.937

.010

(Please tick the relevant
box)
MentalHealth

-.014

PhysicalHealth
a. Dependent
Variable: When I travel to do
myddaily tasks
during the.579
next two weeks I-.025
intend to travel by .861
car:
-.020
-.556
(Please tick the relevant box)
b. Predictors in the Model: (Constant), AgeDich
c. Predictors in the Model: (Constant), AgeDich, PBC
d. Predictors in the Model: (Constant), AgeDich, PBC, Most people who are important to me think that I should
travel by car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=STEPWISE AgeDich Q63 Q60 PhysicalHealth MentalHealth PBC Attitude
Scale Q4 Q5.

Regression

PATREC: Part One - Comparison of Two Theories

Page 80

142 of 424

Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9901

1.25432

505

AgeDich

1.5030

.50049

505

Are you studying at a
university?

1.80

.400

505

Are you?

1.50

.500

505

PhysicalHealth

4.5832

1.44753

505

MentalHealth

3.9737

1.71283

505

PBC

5.5954

1.42104

505

AttitudeScale

3.2575

1.29103

505

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

4.7129

1.76348

505

5.0594

1.58879

505

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
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Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)
Pearson Correlation

AgeDich

Are you
studying at a
university?

Are you?

PhysicalHealth

MentalHealth

PBC

AttitudeScale

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

My friends
whose opinions
I value travel by
car every time
they attend to
their daily tasks.
(Please tick the
relevant box)

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

1.000

.150

.146

.024

.143

.105

.588

-.056

.488

.306

AgeDich

.150

Are you studying at a
university?

.146

1.000

.483

.010

.327

.210

.241

.051

-.029

-.033

.483

1.000

.063

.198

.144

.138

.019

-.039

Are you?

.087

.024

.010

.063

1.000

.022

-.004

.034

-.041

.032

-.005

PhysicalHealth

.143

.327

.198

.022

1.000

.588

.247

-.073

.095

.091

MentalHealth

.105

.210

.144

-.004

.588

1.000

.155

-.111

.112

.056

PBC

.588

.241

.138

.034

.247

.155

1.000

-.102

.356

.297

-.056

.051

.019

-.041

-.073

-.111

-.102

1.000

-.091

-.032

.488

-.029

-.039

.032

.095

.112

.356

-.091

1.000

.501

.306

-.033

.087

-.005

.091

.056

.297

-.032

.501

1.000

.

.000

.000

.298

.001

.009

.000

.103

.000

.000

AttitudeScale
Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)
My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
Sig. (1-tailed)

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)
AgeDich

.000

.

.000

.412

.000

.000

.000

.126

.255

.232

Are you studying at a
university?

.000

.000

.

.078

.000

.001

.001

.331

.189

.025

Are you?

.298

.412

.078

.

.312

.464

.222

.180

.235

.456

PhysicalHealth

.001

.000

.000

.312

.

.000

.000

.050

.017

.021

MentalHealth

.009

.000

.001

.464

.000

.

.000

.006

.006

.103

PBC

.000

.000

.001

.222

.000

.000

.

.011

.000

.000

AttitudeScale

.103

.126

.331

.180

.050

.006

.011

.

.020

.238

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.000

.255

.189

.235

.017

.006

.000

.020

.

.000

.000

.232

.025

.456

.021

.103

.000

.238

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

505

505

505

505

505

505

505

505

505

505

AgeDich

505

505

505

505

505

505

505

505

505

505

Are you studying at a
university?

505

505

505

505

505

505

505

505

505

505

Are you?

505

505

505

505

505

505

505

505

505

505

PhysicalHealth

505

505

505

505

505

505

505

505

505

505

MentalHealth

505

505

505

505

505

505

505

505

505

505

PBC

505

505

505

505

505

505

505

505

505

505

AttitudeScale

505

505

505

505

505

505

505

505

505

505

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

505

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
N

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.
(Please tick the relevant
box)
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

1

PBC

.

Most people
who are
important to
me think that I
should travel
by car every
time I attend
to my daily
tasks during
the next two
weeks:
(Please tick
the relevant
box)

2

.

Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

.

Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

3
Are you
studying at a
university?

F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

R

R Square

Adjusted R

Square

Std. Error of the

Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

2

.588a
.660b

.346
.435

.345
.433

1.01532
.94448

.346
.089

266.207
79.276

1
1

503
502

.000
.000

3

.666

c

.444

.441

.93794

.009

8.027

1

501

.005

1

a. Predictors: (Constant), PBC
b. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)

c. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every

time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), Are you studying
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a

ANOVA
Sum of Squares

Model
1

2

3

df

Mean Square

Regression

274.424

1

274.424

Residual

518.526

503

1.031

Total

792.950

504

Regression

345.143

2

172.571

Residual

447.808

502

.892

Total

792.950

504

Regression

352.205

3

117.402

Residual

440.746

501

.880

Total

792.950

504

F

Sig.
b

266.207

.000

193.455

.000

133.451

.000

c

d

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), PBC
c. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)
d. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), Are you studying
at a university?

Coefficients a
Unstandardized Coefficients
B

Model
1

(Constant)

2

PBC
Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)
3

Std. Error

1.085

.184

PBC

.519

.032

(Constant)

.575

.180

.419

.032

.227

.026

(Constant)

.085

.249

PBC

.404

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)
Are you studying at a
university?

Standardized
Coefficients
Beta

Correlations
t

Sig.

Zero-order

Partial

Part

.588

.588

.588

5.903

.000

16.316

.000

3.191

.002

.475

13.222

.000

.588

.508

.443

.320

8.904

.000

.488

.369

.299

.343

.732

.032

.458

12.672

.000

.588

.493

.422

.234

.025

.329

9.196

.000

.488

.380

.306

.300

.106

.096

2.833

.005

.146

.126

.094

.588

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

.245

.807

.011

.942

1.816

.070

.081

.981

b

.099

.921

.004

.999

b

-.055

.956

-.002

.939

b

.396

.693

.018

.976

b

.096

.924

.004

.990

8.904

.000

.369

.873

b

3.864

.000

.170

.912

c

1.406

.160

.063

.927

c

2.833

.005

.126

.972

c

-.085

.932

-.004

.998

c

-.127

.899

-.006

.939

c

-.125

.901

-.006

.972

c

.633

.527

.028

.986

c

.170

.865

.008

.733

Are you?

.004

.066

-.002
.014

AttitudeScale

.003

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.320

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

Collinearity
Statistics
Tolerance

b

.009

MentalHealth

Sig.

Partial
Correlation

b

AgeDich
Are you studying at a
university?
PhysicalHealth

t

a

b

.144

(Please tick the relevant
box)
2

AgeDich
Are you studying at a
university?
Are you?
PhysicalHealth

.049
.096
-.003
-.004

MentalHealth

-.004

AttitudeScale

.021

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.007

(Please tick the relevant
box)
3

AgeDich

d

.005

d

.119

.905

.005

.729

-.261

.794

-.012

.995

d

-.625

.532

-.028

.911

d

-.505

.614

-.023

.955

d

.556

.578

.025

.985

d

-.119

.905

-.005

.725

Are you?

-.009

PhysicalHealth

-.022

MentalHealth
AttitudeScale
My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

-.017
.019

-.005

(Please tick the relevant
box)
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a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), PBC
c. Predictors in the Model: (Constant), PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)
d. Predictors in the Model: (Constant), PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), Are you
studying at a university?

REGRESSION
/DESCRIPTIVES MEAN STDDEV CORR SIG N
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT Q2
/METHOD=STEPWISE AgeDich Q63 Q60 PhysicalHealth MentalHealth PBC Attitude
Scale Q4 Q5 Q24.

Regression
Descriptive Statistics
Mean

Std. Deviation

N

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Please tick the
relevant box)

3.9900

1.25774

501

AgeDich

1.4990

.50050

501

1.80

.402

501

Are you studying at a
university?
Are you?

1.50

.500

501

PhysicalHealth

4.5886

1.44907

501

MentalHealth

3.9755

1.71082

501

PBC

5.5914

1.42272

501

AttitudeScale

3.2545

1.29017

501

Most people who are
important to me think that I
should travel by car every
time I attend to my daily

4.7106

1.76694

501

tasks during the next two
weeks: (Please tick the
relevant box)
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Descriptive Statistics
Mean
My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

Std. Deviation

N

5.0559

1.59150

501

2.01

1.684

501

(Please tick the relevant
box)
How often do you have
access to a car?

Correlations

When I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by c ar: (Pleas e
tick the relevant
box)
Pearson Correlation

AgeDich

Are you
studying at a
university?

Are you?

Physic alHealth

MentalHealth

PBC

AttitudeSc ale

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

My friends
whos e opinions
I value travel by
car every time
they attend to
their daily tasks.
(Please tick the
relevant box)

How often do
you have
acc ess to a
car?

W hen I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Pleas e tick the
relevant box)

1.000

.151

.146

.021

.141

.102

.591

-.059

.489

.306

-.533

AgeDich

.151

Are you studying at a
university?

.146

1.000

.482

.010

.333

.213

.240

.049

-.031

-.035

-.299

.482

1.000

.064

.200

.146

.138

.018

-.040

.087

Are you?

-.148

.021

.010

.064

1.000

.019

-.007

.031

-.039

.028

-.010

-.050

PhysicalHealth

.141

.333

.200

.019

1.000

.586

.249

-.077

.096

.092

-.185

MentalHealth

.102

.213

.146

-.007

.586

1.000

.159

-.120

.115

.058

-.041

PBC

.591

.240

.138

.031

.249

.159

1.000

-.101

.355

.294

-.708

-.059

.049

.018

-.039

-.077

-.120

-.101

1.000

-.088

-.030

.096

.489

-.031

-.040

.028

.096

.115

.355

-.088

1.000

.499

-.261

.306

-.035

.087

-.010

.092

.058

.294

-.030

.499

1.000

-.196

-.533

-.299

-.148

-.050

-.185

-.041

-.708

.096

-.261

-.196

1.000

.

.000

.001

.322

.001

.011

.000

.095

.000

.000

.000

.412

.000

.000

.000

.136

.245

.217

.000

.077

.000

.001

.001

.341

.185

.026

.000

AttitudeSc ale
Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)
My friends whose opinions I
value travel by c ar every
time they attend to their
daily tasks.
(Pleas e tick the relevant
box)
How often do you have
access to a car?
Sig. (1-tailed)

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Pleas e tick the
relevant box)
AgeDich

.000

.

Are you studying at a
university?

.001

.000

Are you?

.322

.412

.077

.

.335

.440

.246

.189

.266

.412

.133

PhysicalHealth

.001

.000

.000

.335

.

.000

.000

.042

.016

.020

.000

MentalHealth

.011

.000

.001

.440

.000

.000

.004

.005

.097

.177

PBC

.000

.000

.001

.246

.000

.000

.012

.000

.000

.000

AttitudeSc ale

.095

.136

.341

.189

.042

.004

.012

.024

.255

.016

Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)

.000

.245

.185

.266

.016

.005

.000

.024

.

.000

.000

.000

.217

.026

.412

.020

.097

.000

.255

.000

How often do you have
access to a car?

.000

.000

.000

.133

.000

.177

.000

.016

.000

.000

.

When I travel to do my daily
tasks during the next two
weeks I intend to travel by
car: (Pleas e tick the
relevant box)

501

501

501

501

501

501

501

501

501

501

501

AgeDich

501

501

501

501

501

501

501

501

501

501

501

Are you studying at a
university?

501

501

501

501

501

501

501

501

501

501

501

Are you?

501

501

501

501

501

501

501

501

501

501

501

Physic alHealth

501

501

501

501

501

501

501

501

501

501

501

MentalHealth

501

501

501

501

501

501

501

501

501

501

501

PBC

501

501

501

501

501

501

501

501

501

501

501

My friends whose opinions I
value travel by c ar every
time they attend to their
daily tasks.

.000
.

.

.

.

.

.000

(Pleas e tick the relevant
box)

N
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Correlations

W hen I travel to
do my daily
tasks during the
next two weeks
I intend to travel
by car: (Please
tick the relevant
box)

AgeDic h

Are you
studying at a
university?

Are you?

PhysicalHealth

MentalHealth

PBC

AttitudeScale

Most people
who are
important to me
think that I
should travel
by car every
time I attend to
my daily tasks
during the next
two weeks:
(Please tick the
relevant box)

My friends
whos e opinions I
value travel by
car every time
they attend to
their daily tasks.
(Please tick the
relevant box)

How often do
you have
access to a
car?

AttitudeSc ale

501

501

501

501

501

501

501

501

501

501

501

Most people who are
important to me think that I
should travel by c ar every
time I attend to my daily
tasks during the next two
weeks: (Pleas e tick the
relevant box)

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

501

My friends whose opinions I
value travel by c ar every
time they attend to their
daily tasks.
(Please tick the relevant
box)
How often do you have
acc ess to a car?

a

Variables Entered/Removed
Model

Variables
Entered

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

1

PBC

2

Most people
who are
important to
me think that I
should travel
by car every
time I attend
to my daily
tasks during
the next two
weeks:
(Please tick
the relevant
box)
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.

.

F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
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a

Variables Entered/Removed
Variables
Entered

Model

Variables
Removed

Method
Stepwise
(Criteria:
Probability-of-

3
How often do
you have
access to a
car?

.

4
Are you
studying at a
university?

.

F-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).
Stepwise
(Criteria:
Probability-ofF-to-enter <= .
050,
Probability-ofF-to-remove
>= .100).

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)

Model Summary
Change Statistics
Model

1

R

R Square

Adjusted R
Square

Std. Error of the
Estimate

R Square
Change

F Change

df1

df2

Sig. F Change

.591a

.349
.438

.348
.436

1.01577
.94437

.349
.089

267.581
79.311

1
1

499
498

.000
.000

2

.662b

3

.681

c

.464

.460

.92388

.025

23.328

1

497

.000

4

.686d

.471

.466

.91880

.007

6.509

1

496

.011

a. Predictors: (Constant), PBC
b. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)

c. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How often do you
have access to a car?
d. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every

time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How often do you
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a

ANOVA
Sum of Squares

Model
1

2

3

4

df

Mean Square

Regression

276.087

1

276.087

Residual

514.863

499

1.032

Total

790.950

500

Regression

346.819

2

173.410

Residual

444.131

498

.892

Total

790.950

500

Regression

366.731

3

122.244

Residual

424.219

497

.854

Total

790.950

500

Regression

372.226

4

93.057

Residual

418.724

496

.844

Total

790.950

500

F

Sig.
b

267.581

.000

194.443

.000

143.216

.000

110.230

.000

c

d

e

a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors: (Constant), PBC
c. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)
d. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How often do you
have access to a car?
e. Predictors: (Constant), PBC, Most people who are important to me think that I should travel by car every
time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How often do you
have access to a car?, Are you studying at a university?
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Coefficients a
Unstandardized Coefficients
B

Model
1
2

3

4

(Constant)

Std. Error

1.070

.184

PBC

.522

.032

(Constant)

.558

.181

PBC

.422

.032

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.228

.026

(Constant)

Standardized
Coefficients
Beta

Correlations
t

Sig.

Zero-order

Partial

Part

.591

.591

.591

5.807

.000

16.358

.000

3.089

.002

.477

13.292

.000

.591

.512

.446

.320

8.906

.000

.489

.371

.299

.591

1.686

.293

5.757

.000

PBC

.282

.042

.319

6.639

.000

.591

.285

.218

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.226

.025

.317

9.033

.000

.489

.376

.297

How often do you have
access to a car?

-.168

.035

-.225

-4.830

.000

-.533

-.212

-.159

(Constant)

1.208

.346

3.488

.001

.275

.042

.311

6.482

.000

.591

.279

.212

.232

.025

.326

9.288

.000

.489

.385

.303

-.161

.035

-.216

-4.653

.000

-.533

-.204

-.152

.266

.104

.085

2.551

.011

.146

.114

.083

PBC
Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)
How often do you have
access to a car?
Are you studying at a
university?

a. Dependent Variable: W hen I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
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Excluded Variables

Beta In

Model
1

.268

.789

.012

.943

1.826

.068

.082

.981

b

.068

.946

.003

.999

b

-.186

.853

-.008

.938

b

.222

.824

.010

.975

b

.022

.982

.001

.990

8.906

.000

.371

.874

b

3.884

.000

.171

.913

b

-4.601

.000

-.202

.498

Are you?

.002

.066

-.007
.008

AttitudeScale

.001

Most people who are
important to me think that I
should travel by car every
time I attend to my daily
tasks during the next two
weeks: (Please tick the
relevant box)

.320

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

Collinearity
Statistics
Tolerance

b

.010

MentalHealth

Sig.

Partial
Correlation

b

AgeDich
Are you studying at a
university?
PhysicalHealth

t

a

b

.145

(Please tick the relevant
box)
How often do you have
access to a car?
2

AgeDich
Are you studying at a
university?
Are you?

-.231

c

.050

1.438

.151

.064

.927

c

2.848

.005

.127

.972

c

-.089

.929

-.004

.999

c

-.273

.785

-.012

.938

c

-.326

.745

-.015

.971

c

.527

.598

.024

.987

c

.205

.838

.009

.735

c

-4.830

.000

-.212

.498

.550

.583

.025

.893

2.551

.011

.114

.967

.096
-.003

PhysicalHealth

-.009

MentalHealth

-.011

AttitudeScale

.018

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.008

(Please tick the relevant
box)
How often do you have
access to a car?
3

AgeDich
Are you studying at a
university?
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-.225

d

.019

d

.085

Page 92

154 of 424

Excluded Variables

Beta In

Model
Are you?
PhysicalHealth
MentalHealth

d

-.009

t

a

Sig.

Partial
Correlation

Collinearity
Statistics
Tolerance

-.282
-.335

.778
.738

-.013
-.015

.997
.938

d

.166

.868

.007

.960

d

.707

.480

.032

.985

d

.338

.735

.015

.734

-.684

.495

-.031

.708

d

-.011
.006

AttitudeScale

.023

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.013

(Please tick the relevant
box)
4

AgeDich

e

-.027

e

Are you?

-.014

PhysicalHealth

-.027

MentalHealth

-.435

.664

-.020

.994

e

-.794

.427

-.036

.909

e

-.199

.843

-.009

.941

e

.634

.526

.029

.985

e

.075

.941

.003

.726

-.007

AttitudeScale

.021

My friends whose opinions I
value travel by car every
time they attend to their
daily tasks.

.003

(Please tick the relevant
box)
a. Dependent Variable: When I travel to do my daily tasks during the next two weeks I intend to travel by car:
(Please tick the relevant box)
b. Predictors in the Model: (Constant), PBC
c. Predictors in the Model: (Constant), PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box)
d. Predictors in the Model: (Constant), PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How
often do you have access to a car?
e. Predictors in the Model: (Constant), PBC, Most people who are important to me think that I should travel by
car every time I attend to my daily tasks during the next two weeks: (Please tick the relevant box), How
often do you have access to a car?, Are you studying at a university?
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APPENDIX C
Table 12 - Regression Analyses Results for TPB and CADM
Theory of Planned Behaviour
Consolidated Action Determination Model
Hierarchical One
Hierarchical Two Stepwise
Hierarchical One
Hierarchical Two
Stepwise
Demographics
2.1
2.1
.6
Access to Vehicle 26.1
2.4
Theory Variables
Attitude
Subjective Norms 13.2
9.0
8.8
PBC
4.6
32.3
34.8
CADM PBC
Habit
Personal Norm
Habit Strength
46.0
43.4
46.6
Exclude Habit
and Habit
Strength*
46.0
43.4
46.6
(Results of
regression)
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1.9
27.4

1.9

0.3

0.3

0.5

4.3
14.6*
5.6
1.9*
56

29.8
12.7*
6.0
2.2*
52.9

31.1
12.4*
6.2
1.9*
55.8

48.4

42.5

42.5

3.7
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1.0 INTRODUCTION
This literature review provides the background to the PATREC funded study identified as project 2
(factors affecting travel behaviour choice). For the purposes of this literature review over 120 academic
articles were identified and then reviewed, but after more detailed analysis of the articles in terms of
their relevance to the subject matter, only 51 articles were utilised in this review of the literature
pertaining to active travel and public transport, in relation to two specific demographic groups. More
importantly, this literature review focused on peer reviewed journal articles published since 2010,
which examine the issues of barriers and constraints to public transport use and participation in active
travel. Firstly, an introduction is provided to the topic area, which is followed by an overview of the
main theories associated with active travel and public transport and thirdly a number of constraints
and barriers are identified and discussed in relation to the two specific demographic groups. All of the
above is framed specifically within the context of Perth and Australia to give the literature relevance
to the research study. As a result of this review a number of areas for future research are
recommended to help fill some of the gaps in the existing research and a number of conclusions
are drawn to bring this review to a close.

2.0 RESEARCH AND TRANSPORTATION
Research interest in the field of transportation has covered a multitude of dimensions. Researchers
in the field have tended to adopt an interdisciplinary approach to marry the related aspects of travel
behaviour, travel modes, travel satisfaction, demographic and spatial differences, and from the point
of view of policy, planning, health promotion, preventative health, environmental, social and economic
measures. Furthermore, global interest in the future of public transport and active travel in all its
dimensions continues to generate new findings. It is generally agreed that an integrated approach to
public transport and active travel will ensure the greatest degree of success for environmental,
economic and social advantage in an equitable modern day society.

3.0 TRAVEL MODELS, THEORIES AND DECISION MAKING PROCESSES
What influences travel intentions, motivations and patterns of usage in terms of how people move
whether that is by car, public transport or active travel is often the result of a combination of factors.
Often, this will incorporate both the physical environment, infrastructure, facilities and services
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available and the habits, attitudes, and perceptions towards using them. Various behavioural theories
have been applied to transportation studies to investigate this phenomenon. The most common
ones include the Theory of Planned Behaviour (TPB), Trans Theoretical Model of Change (TTMC).
Behavioural change models (such as TPB) have gained popularity in physical activity research and
practice. However, the role of past behaviour in influencing future behaviour in regards to travel mode
choice is unclear according to Hong (2016). There is an on-going debate as to whether past
behaviour can directly predict future behaviour and influence habit formation (Busch- Geertsema &
Lanzendorf, 2015; Zailani, Iranmanesh, Masron, & Chan, 2016).
To change travel behaviour, it is helpful to understand the psychological predictors of using public
transportation for various trip purposes. A Malaysian study examined which factors are involved in
impact on intention to use public transport for travel for work/study, shopping or leisure. Using the
Theory of Planned Behaviour as a model, the findings suggest that attitude, perceived behavioural
control (ease of use and freedom of choice), overall image and past behaviour significantly influence
the behavioural intentions towards using public transport for different travel purposes (Zailani et al.,
2016). A similar study found that car use for the commute to work was determined by intention and
habit and public transport use was influenced only by intention with habit playing no role (Donald,
Cooper, & Conchie, 2014).

If familiar travel modes are associated with regular travel behaviour, then conversely, according to
Schmitt, Currie, and Delbosc (2015) it is equally important to analyse use of unfamiliar travel modes
and the behaviour associated with it, in order to influence future travel behaviour. Based on their study
of Melbourne travel patterns, they suggest that unfamiliar travel is more commonly associated with
irregular, one-off and unusual journeys, life events, less time living in Melbourne, travel
companionship, visiting new locations, and non-work-related trip purposes. Unfamiliar travel
experiences as may be expected, were rated more negatively for ‘navigation’ and ‘emotional state’
(level of anxiety) but interestingly, more positively for ‘expected versus actual travel time’ and ‘level of
comfort’. Their analysis also indicated that there was a significant relationship between positive trip
experiences and intention to re-patronize services for all users, but particularly for unfamiliar
travellers. These results suggest that unfamiliar public travel experiences are quite different to familiar
travel and are important to optimize and encourage re-patronization and help grow public transport
markets and effectively provide a travel service that is positively experienced. Travel satisfaction has
also been increasingly used as a measure for assessing and monitoring transport systems and services.
Looking at the commute to work/study in inner Sydney, C. Rissel, Crane, Wen, Greaves, and Standen
(2016) found that walkers and cyclists reported far higher levels of satisfaction and enjoyment from
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their commute than car drivers, in effect identifying that enjoyment of the journey, may be another
benefit of active travel.

Factors such as introducing interventions whether to reinforce use of public transport and active travel
or as disincentive against car use and their effects have also been researched. Abou-Zeid and Fujii
(2016) investigated travel satisfaction amongst employees at MIT during a temporary intervention in
the usual travel mode (a switch from commuting by car to free one month public transportation
pass). They found that satisfaction increased with the change in mode and that this satisfaction was
sustained to a lesser degree for several months afterwards, by those who continued to use public
transport. They also emphasised that such interventions encourage behaviour change as a result of
experience of that intervention by raising awareness of the attributes of alternative travel options,
which in turn enhances their personal well-being. Soft intervention measures which place more
emphasis on management and marketing strategies such as educational campaigns, financial incentives
or penalties and better local co-ordination of work and school travel plans may have as much success
as hard intervention measures such as new infrastructure in influencing healthy transportation
choices (Hong, 2016). Such policies should also reflect the past and current travel attitudes of different
consumer groups, so that interventions can be more effectively targeted to their beliefs and lifestyle
choices.
Other research into travel behaviour and travel mode choice indicates that users’ who exhibit more
variability in their behaviour generally, are more likely to change to another mode of travel when a
positive intervention is introduced. In Oxfordshire in the UK, a dedicated bus-way with walking and
cycling paths was introduced, which meant changes in the built environment and the introduction of
travel interventions. Heinen (2016) reports that this resulted in change in travel mode choice to
more active travel forms of travel and increasing use of public transport. Similarly, the introduction
of a light rail transit line in California had a positive impact on increasing active travel for those users
who lived close by who had low levels of active travel previously, which led to an increase in their
physical activity levels compared with those who were already active on which the introduction of a
light rail transit line had little effect on their activity levels (Hong, 2016). Therefore, such transport
initiatives potentially have the ability to shape behaviour and encourage more active lifestyles in an
increasingly sedentary world. Hong’s (2016) study also indicates that environmental interventions to
change active travel behaviour have a bigger impact on previously low walking and physical activity
levels with less tendency for habitual walking and physical activity.
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A study by Forward (2014) of people’s willingness to bike using both the TPB and Trans Theoretical
Model of Change (TTMC) highlight that even if short-term benefits are strongly related to the
process of change, negative ones need to be addressed and taken seriously if we want people to
persist with their new behaviour. Bekkum, Williams, and Morris (2011) also used the TTMC model to
look at behavioural intentions and perceptions towards cycling for commuting at a Scottish
university. They found that the study reveals evidence of a significant subjective element involved in
perception formation of some potential barriers associated with cycle commuting. They reported
that women not only hold stronger perceptions compared to males of risk-orientated barriers, but also
of more general barriers associated with cycle commuting. Their findings also suggested that
occupational roles may influence an individual’s perceptions of cycle commuting barriers.

4.0 PUBLIC TRANSPORTATION AND ACTIVE TRAVEL
Active living (which includes active travel initiatives) is a suggested way of life that incorporates activity
into daily routines to increase physical activity and reduce sedentary behaviour at all life stages. This
can include participating in activities and tasks either structured or unstructured, and increasing
incidental exercise. Active travel modes such as walking and cycling, either for the whole or part of a
journey is often used as an alternative to using private transport, such as the car. Active travel can
therefore lead to increased levels of physical activity and social interaction. Active travel and public
transport use are often inextricably linked and research often combines the two areas as but we need
to be mindful they are different. Nevertheless, many research studies fail to separate them as
independent forms/modes of travel and this restricts our understanding concerning the nature of both
forms of travel. This issue is further complicated by the fact that use of public transport by its very
nature, can involve some element of active travel at the beginning or end of a journey made using
public transport. However, in some cases active travel can form the only means of travel, especially for
shorter journeys and in essence it is difficult to examine one form of travel without the influence of the
other, where both forms of travel are used.
Various studies have indicated that active travel is influenced by both individual factors such as
socio-demographic characteristics and attitudes, and the built environment in which people live and
move. The built environment includes aspects of design, density and diversity as well as accessibility.
A study undertaken in Nanjing China suggests that it is the street form and micro-scale features of
the built environment which most influence people’s experience and use of active travel, for
example the size of building set-backs and pavement/path size and quality. (Feng, 2016). The
greatest influence on uptake of active travel is the presence of appropriate infrastructure (cycle paths,
PATREC: Part Two – Literature Review

Page 6

162 of 424

walkways) and reduction of physical barriers (roads, rivers) which hampers easy movement (De Vos,
Mokhtarian, Schwanen, Van Acker, & Witlox, 2016); McCartney (2012).

Meanwhile other studies have accounted for users’ attitudes to travel modes and not just the built
environment as shaping travel usage and travel satisfaction. These may be country specific and
situational. For example, examination of bus rapid transit systems in South Africa found that usage
of the system led to higher active travel and physical activity generally. The main reasons given for
using the system included safety from crime and cost savings (Bartels, Kolbe-Alexander, Behrens,
Hendricks, & Lambert, 2016). Interestingly, De Vos et al. (2016) in their Belgian study found active
travel results in the highest level of satisfaction and public transport users viewed their travel most
negatively.

A London travel survey of patterns of active travel found that significant differences in the likelihood
of achieving 30 minutes of daily active travel were found by household car ownership, age, and bicycle
ownership. People in non-car owning households were 2 – 3 times more likely to participate in active
travel and people who owned bicycles were twice as likely to travel actively as opposed to those who
didn’t own one (Fairnie, Wilby, & Saunders, 2016). Age was also a factor with people over the age of
40 less likely to participate in active travel. It was also found that active travel was strongly
associated with use of public transport with 98% of bus trips involving an active travel stage.
Regarding travel intentions, people will often default to current practice (that is, using their car) unless
highly motivated and the alternative travel modes are uncomplicated, safe, easy, affordable and
convenient. In addition, active travel is more difficult in settings where there is no or infrequent public
transport, or where distances make the time and distance barrier too great to make cycling or walking
feasible, as is the case in some outer urban and rural settings. It has been found that the provision of
infrastructure, whilst a necessary provision is not on its own sufficient enough to effect a change in
travel behaviour from sedentary travel to active travel and that interventions to promote walking
and cycling are also needed (Song, Preston, & Ogilvie, 2017). They proposed that behaviour change
may take more than a year or two, particularly where people are habituated to using private cars and
may perceive other modes of transport less convenient, more uncomfortable and take longer. Other
behavioural studies have found that users of active travel modes had stronger habit strength
than car or public transport users indicating that active travel participants are more likely to maintain
their choice of travel once the habit has become established, which may be useful in developing travel
mode interventions (Thomas, 2015). Research into other transport interventions such as Park and Ride
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in the UK and the Netherlands have found that it is a successful measure for providing more parking,
but as a sustainable transport scheme it fails to meet its objectives. Only a portion of Park and Ride
users’ car trips were shortened, and overall increases in car use occurred, combined with reductions
in public transport use and in some cases, less active travel (Parkhurst & Meek, 2014).

4.1 SPECIFIC FORMS OF ACTIVE TRAVEL (Cycling)
Worldwide, people are paying attention to cycling for its environmental benefits, its role in
advancing urban liveability and in promoting human health. Furthermore, cycling has psychological
and mental health, such as the ability to reduce stress, when compared to driving (Brutus, Javadian,
& Panaccio, 2017). As a result, cycling has become the subject of increasing study in the context of
cities and the built environment, transportation, infrastructure and urban form.
According to Krizek (2012) who reviewed the situation for cycling in North American cities and the
relationship with urban form, cities which invest in their infrastructure for cycling display greater levels
of cycle use. He also argued that built environments with destinations closer together correlate
with higher levels of bicycle use, as do smaller scale cities (populations of less than
300,000). In addition, cities with a greater supply of bike paths and dedicated cycle lanes have higher
bicycle commute rates and investment in facilities plays an important role in fostering cycling. Facilities
which separate cyclists from other road users are particularly appreciated by the young, the elderly and
women cycle users, as they help create the perception of safety. Whether a cycling trip replaces a car
trip, is largely influenced by factors such as trip distance, purpose, time of day and other aspects,
including the need to carry goods as well as preferences for physical activity and environmental
concerns. Also, Krizek (2012) recognises that there is often the assumption that substituting cycling for
car use will reduce carbon emissions, but this may not be as straightforward to measure as implied
as cycling trips may not be a direct substitution for driving trips. Issues of urban planning also play
a role here. In good practice, cities which achieve high levels of cycling combine infrastructure
investments, car reduction programmes, educational and awareness campaigns and engineering
solutions to create a cycle centric culture which is attractive and viable.
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One aspect of active travel which has become popular are bike sharing schemes. Krizek (2012) suggests
that the presence of a public bike sharing scheme seems to be regarded as a valuable additional feature
for world-class cities. However, despite over 800 cities worldwide introducing bike sharing programs
(Fishman, Washington, & Haworth, 2015), the benefits have not yet been clearly demonstrated
according to Krizek (2012) due to the high price and there needs to be a lot more research to
substantiate to verify the supposed benefits. One such study that attempted to achieve this objective
was an international study, concerning the impact of bike share programs on active travel, which
uncovered that on average 60% of bike share trips do replace sedentary modes of travel (car,
taxi, bus)and overall the level of active travel increased, but this was offset by a reduction in
walking trips (Fishman et al., 2015). A study of bike share usage in Melbourne and Brisbane revealed
that the main motivations for using bike share were when docking stations where located in areas
where public transport was less accessible and so journey time was more competitive. Barriers to
bike share included the convenience of motorised travel, and docking stations not being located
close to home/work or frequented destinations and perceived danger from cycling collisions
(Fishman, Washington, Haworth, & Mazzei, 2014). Le Vine and Polak (2014) provide evidence of good
practice in London which has seen cycling initiatives, such as redesigning streets to provide Dutch-style
segregated cycle corridors to increase cycling uptake. Shared mobility is another policy with London’s
introduction of casual-use ‘Boris Bikes’ managed and funded by the public sector.Bike sharing services
have also become a topic of interest in the sustainability debate around the world. Consumers have
become more careful regarding transportation that could affect the environment. A study of user
intentions to use bike share systems in Taiwan and their perceived usefulness in contributing positively
to environmental improvements found that the user’s attitude towards green technology and
perceived usefulness in contributing to environmental improvements had a positive effect on bike
usage (S.-Y. Chen & Lu, 2016).

4.2 SPECIFIC FORMS OF ACTIVE TRAVEL (Walking)
Research on walking has been mostly restricted to the fields of urban design and transportation
research, where the focus on walking has been secondary. Much of this research has focussed on
the transportation needs of the powerful car lobby, rather than on more sustainable transport
modes, such as walking. Furthermore, urban landscape policy has been dominated by the concerns of
physical planners and transportation, rather than on pedestrians. Yet it is well documented that over
reliance on the car has caused widespread environmental degradation, traffic congestion and over
reliance on foreign oil (Pucher & Buehler, 2014). As a result, research has effectively relegated the
needs of the walker to the periphery, which has led to a limited understanding of how people, actually
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move through and interact with the environment in all forms of travel. International studies of active
travel indicate that walking is more common than cycling. Vienna, Austria provides a good example of
a city which has embraced walkability and actively encouraged with many original schemes to attract
all age groups. It announced that 2015 was the ‘Year of Walking’ and its success can be justified by
the high rates of walking, which resulted in walking accounting for 26% of all trips (Unbehaun, GauppBerghausen, & Jens, 2017).

Litman (2017) provides a comprehensive review of the benefits to be derived from policies and
planning which put an equal emphasis on the need for walking in the urban environment as they do
to other forms of transport which enables an efficient and equitable transportation system,
especially for disadvantaged groups of society. Litman (2017) argues that conventional planning
tends to overlook or undervalue many of the walkability benefits, some of which are intangible, but
nevertheless have positive impacts. Active travel initiatives have been encouraged and incorporated
into policies at the national and regional levels throughout Australia to bring about economic,
health, environmental and social benefits to society. (State of Western Australia, 2014).

McCue (2017) suggests that walking policy development is often based more on politics and
professional judgement than on research evidence. He cites the case of NSW which leading up
to the state election of 2011 provided a policy window to establish the first ever state walking target
and walking strategy. Differences in walking target measures are ultimately influenced by which key
policy solution is being prioritised for example, transport or health. Therefore, a more holistic
integrated approach can be beneficial to overcome these obstacles. According to Rissel (2009),
despite some positive steps in NSW, other Australian states have invested far more and can
demonstrate greater changes in travel behaviour.

5.0 BARRIERS AND CONSTRAINTS
The constraints which affect people’s choice of travel mode and attitudes towards transport options
including active travel provision are numerous and can be classed as either tangible or intangible.
Physical constraints include availability or otherwise of affordable, efficient, and cost-effective
transportation networks, cycle paths and walkways; accessibility and frequency in relation to their
originating and final destinations (this can be physical access for some groups such as physically
disabled); reliability and quality of service or infrastructure provision; information provision and
accuracy of information. Barriers can also include intangible elements which include psychological
and may be habit related (Busch-Geertsema & Lanzendorf, 2015). These can include opinions and
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thoughts about available options and provision; ease of use; safety and security; cleanliness and
comfort; enjoyment; length of time and effort required in the journey; social and behavioural norms;
individual’s perceptions of their ability to use the services. Such tangible and intangible constraints may
fluctuate and change within and between socio-demographic groups and be dependent upon lifestyle
and/or life stage.

Conversely there are barriers and constraints as well as benefits and advantages to using private
transport for travel journeys and these can also be tangible and intangible and again vary by
demographic and with life stage. It is feasible to suggest that the intangible or psychological barriers to
public transport and active travel are more difficult to overcome than the physical or tangible barriers
as perceptions, beliefs, attitudes and habits take longer to break down and change. Societal norms are
pervasive and deep rooted and the challenge for transportation providers and policy formulators is
to provide a holistic integrated approach which will be effective and consistent in the long term to
effect a change in attitude and behaviour. This can occur through information and education programs
and promotional incentives, coupled with disincentives to reduce unwanted behaviours and diminish
negative attitudes towards public transport and active travel. Success in the short term will be
limited until new habits and thought processes and a change in mind-set is established. This may be
easier for young adults than older people as younger people may be more open to new ideas and cling
less to deep-rooted habits. They may also have developed beliefs which support a social conscience in
terms of environmental concerns regarding private transport. However, peer influence is strongest at
this age and will determine many of their decision making factors, concerning transport mode.
Transport disadvantage is defined as where people are not easily able to travel to opportunities for
employment, education and social activities and low car ownership, income and unemployment are
dimensions which reinforce and contribute towards transport disadvantage (Ricciardi, Xia, & Currie,
2015). There has been minimal research into specific demographic segments such as young adult
and the 55+ age group to determine the attitudes and perceptions towards public transport and active
travel and their travel needs and usage patterns. Most studies have focussed on the overall barriers
and constraints to usage regardless of their demographics. However, a UK based study of bus users
examined whether bus users to a university campus could be segmented by type and if there were
subsets of that population who may be more amenable to considering more active forms of travel to
and from their usual location to university (Bösehans & Walker, 2016).
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They suggest that where bus journeys are sufficiently short that users would be healthier and their
journeys more satisfying if made through active modes. Insight into the motivations and experiences
of different kinds of bus users highlighted commonalities to earlier segments found in previous
research. The implication is that between 19-41% of bus users might be willing to switch to other modes
of travel. Although public transport may be regarded as an already fairly sustainable means of
transport, dissatisfied regular bus users should be encouraged to travel more actively and sustainably,
if possible, and as in this case study, some groups of bus users (the ‘Wannabe Walkers’), may be
targeted by tailored campaigns and interventions in the future.

6.0 YOUNG ADULTS AND TRANSPORT RESEARCH
Research into public transport usage and active travel by young adults specifically, is limited. However,
it is recognised that they have specific needs and wants with regards to travel and are subject to
limitations related to cost and availability of alternative options. Young adulthood is a critical
developmental stage of which an important part of this process is the development of psychological
autonomy. Physical independence from parents allows them to take control of their travel choices,
work, school and social experiences. Therefore, transport plays a significant role in facilitating
independence and a lack of independent travel options have been linked to poor psychological wellbeing (Alexa Delbosc & Vella-Brodrick, 2015).
For students, college is an important transitional period for establishing lifelong behaviours. Bopp et
al. (2016) have argued that Smartphone apps may be a promising approach to increasing active
travel amongst this group as they can provide portable prompts for active travel across diverse
locations. A campus based research study in the USA looked at barriers and incentives to students using
active travel as their travel mode to university and discovered that the key issues were time and
cost factors influencing active travel use, (whereas employees indicated that time, distance from
campus, and health concerns influenced their active travel). Among both employees and students
the most frequently requested app features were: route planning, projected time for commute,
weather for commute time and information on campus bike parking (Bopp et al., 2016). A Japanese
study of student behaviour and targeted communication to encourage choice of residential
accommodation which had good access to public transport, uncovered that those students who had
received information about public transport and persuasive messages were more likely to choose
residential areas with good access to public transport, illustrating the power of informed choice
(Taniguchi, Fujii, Azami, & Ishida, 2014).
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In Australia it has been recognised that if young adults are given the choice, they would prefer to use
their own transport for getting about, but restrictions such as costs involved in learning to drive, passing
the driver license test, and owning and maintaining a car were prohibitive to many. These, realisations
meant that public transport, then became a more viable option (Bailey, Wundersitz, Raftery, Baldock,
& Smith, 2016). Analysis of young adult’s driver licence rates indicates that young Victorians are
changing their travel modes by driving less, delaying driving or not learning to drive at all, along with
preferences for other travel modes such as public transport and walking which have greater
sustainability values which are important values for many young adults. This is consistent with many
overseas research studies including Australian studies undertaken by a number of researchers including
Delbosc and Currie (2014); Alexa Delbosc and Vella-Brodrick (2015); Verma, Manoj, and Verma (2016)
and Newbold and Scott (2017). Although, other research studies have also shown that other reasons
play an important role, such as access to good public transport, which was seen by young adults as a
viable alternative, with some saying that using public transport was preferred because it gave them the
opportunity to use their smartphones and other devices. In addition, non-drivers said that texting and
social media, as a means for keeping in touch, reduced their need for a driving licence (Delbosc &
Currie, 2014).

A UK study of future travel patterns in the urban environment which looked at specific demographic
groups highlighted that trends indicate delaying learning to drive by young adults. This is due to
increasing costs associated with car ownership creating an economic barrier, particularly for young
men who have reduced earnings power (Le Vine & Polak, 2014). Although, reduced car dependence
is desirable as a policy goal, Alexa Delbosc and Vella-Brodrick (2015) suggest that caution is
warranted in encouraging this trend in young people as it may have negative impacts on their
autonomy and well-being. Clearly, further research is needed to examine the complex relationships
between the trend to reduce driver licensing uptake rates and use of other modes of transport and
its impact on young people.

6.1 FIFTY FIVE (55) + AGE GROUP AND TRANSPORT RESEARCH
From a review of the literature it appears that, there is a dearth of research on late life transitions
and their influence on travel mode choice according to people’s own experiences and individual
contexts. Generally speaking, two dominant lines of research concerning older people as car users have
been particularly evident in transport research literature in recent years. One line of research suggests
that older people are car dependent and that frequent car use among a growing ageing population
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will lead to increased environmental problems, if their use of the car is to continue, and that car
dependency will lead to mobility decline once people have to give up driving. The other line of research
points out that older people are especially liable to become isolated, dependent and immobile if they
have to give up driving and rely on other people or on public transport. With this line of thought,
older people should be encouraged to prolong their driving. According to Le Vine and Polak (2014),
Britons living longer are seeing a rapid rise in car usage in older age as they continue to work
later into their pensionable age and remain economically active. However, increased

life

expectancy is also likely to play a part, as people outlive their ability to continue driving. Many
of the elderly will have to adjust their travel plans/arrangements due to their declining driving
abilities and potential financial constraints, which are likely to become more restrictive, the longer they
are retired.

In an Australian study, Alsnih and Hensher (2005) used the 2002 Sydney Household Travel Survey to
analyse the travel behaviours of Seniors by age group (65-84 and over 84 years) and compare it with
the 25-64 adult population to determine if there were differences and to see if the type and complexity
of trip, using trip chaining categories affected the type of transport used and also when such trips were
undertaken (weekend or weekday). They found that the car was the dominant mode of transport for
all categories, but that there were differences within this. As a result of their research, they
concluded that existing public transport structures are unable to provide the integrated seamless travel
needs of the elderly population and that car travel either as a passenger or driver remained dominant,
although less so for the 85+ age group where lower driving license rates may be a factor.
Furthermore, compared with the rest of the adult population car driver trips still dominated whether
for work or non-work trips and they implied this has important implications for future elderly cohorts
where reliance on the car will remain their preferred mode of transport due to behavioural norms.
Similarly, Berg, Levin, Abramsson, and Hagberg (2015) and Berg, Levin, Abramsson, and Hagberg
(2014) studies of recently retired (60+) in Sweden found the car still dominated for transportation in
spite of different space-time constraints and the emergence of new mobility patterns with retirement.
Those in these studies in contrast to much research on older people’s mobility, focused on specific
groups that are relatively healthy, well-off, and have the possibility to choose between different modes
of transport. Although, the car was used more than other transport modes, being able to walk and
cycle as retirees was highly valued, which might imply that they could be a key target group for
transport planning, when it comes to encouraging reduced car use in favour of slower and more
environmentally friendly modes of transport.
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Canadian studies of travel behaviour of older people have found that a crucial factor in deciding on
daily out of home activity participation is spatial accessibility, and that the diversity of choice of
activities reduces with increasing age (Habib & Hui, 2017). Older people were seen to be more sensitive
to car travel time than to public transport or non-motorised travel time suggesting the need for
reliable and accessible public transport or appropriate cycling and walking infrastructure.
An American study examining transportation factors on the quality of life of older people concluded
that lack of transportation in general and especially not being a driver were found to be significant
factors associated with poor quality of life, and that where the built environment facilitates walking,
this was associated with a better quality of life (Kim & Ulfarsson, 2013). This is supported by a survey
undertaken by Chen (2010) of Taiwanese older people, which revealed that walking was the travel
mode of choice for the three main activities they undertook regularly, namely shopping, outdoor
exercise and chatting with neighbours. For an ageing society, a barrier free and safe walking
environment was considered an essential transportation requirement to encourage them to walk.

According to Barnes, Winters, Ste-Marie, McKay, and Ashe (2016), research based in Canada, the
walkability of the neighbourhood had a positive association with active travel use in retirement.
Using a method which employed a combination of both Walk Score and Transit Score to understand
how travel behaviour changes over the adult life course, they found that transit accessibility and
walkability can support active travel behaviour in middle-aged and older adults. Transit access may
be especially important in older age groups and walkability may be especially important for middleaged and older adults who are still working. Novel transport solutions which incorporate walking
into daily routines are most likely to encourage active travel uptake. They proposed that the built
environment has an impact on active travel as people become more sensitive to it as they age, and also
that life stage changes influence the use of public transport and active travel.

7.0 ACTIVE TRAVEL AND PUBLIC TRANSPORT PERTH
Perth has some of the highest levels of car ownership in the world with 723 per 1000 people – the
highest of all Australian cities. (Curtis, 2008 in Ricciardi et al., 2015), which is an extremely worrying
trend. However, in 2013, 20% of Perth’s population used the train network on a daily basis indicating
that the train network is an important aspect of many people’s lives, mostly in relation to work related
travel (Public Transport Authority, 2013 in Ricciardi et al., 2015). The Department of Transport
reported in 2011 that public transport usage had increased by 67% in the last ten years, three times
the rate of population growth and about 330,000 trips are made by PT each weekday of which 66% are
for work and education purposes during peak periods (Ricciardi et al., 2015).
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Travel Smart is a concept that was introduced in Perth which involves Voluntary Travel Behaviour
Change (VBTC) simply by providing information which would enable people to make informed
choices about their travel modes rather than through provision of incentives, pricing or
disincentives. It was found that few people were aware of the options offered by public transport
and not many more were aware of cycling and walking options either (Socialdata, 2000 in Stopher,
2005).
Previous studies of Perth’s public transport use (using data derived from Smart Card usage) has shown
that spatial and temporal variations in public transport patterns occurred depending on types of
patrons, originating suburbs and day and time of travel along with low income and land use
characteristics. High public transport usage was found in the suburbs where universities are located
and along the train lines when the suburbs are closer to the city centre of Perth. Regular adult riders
were the most frequent users (49%) along with university (21%) and school students (18%). Public
transport usage by the elderly was relatively low in comparison (9%) and tended to be outside the peak
hours and on weekends, where costs are significantly lower.

Public transport usage was also seen to be lower by patrons with a weekly income of less than $2000
(Nau, 2017). In the Australian context, lack of public transport services in fringe suburban areas is
common in places where economically and socially disadvantaged groups typically can afford to live.In
terms of the elderly population (over 65 years), Atkins and Tonts (2016) have used a spatial matrix
approach, and uncovered that the population of Perth is ageing and there is an uneven distribution
with ageing concentrations in the city centre and coastal parts of the South West. Moreover, the
most growth is occurring in the inland peripheral areas of the city due to outward migration which
could lead to an increasing demand for community transport. This is of particular concern for the
55+ age group residing in the low-density outer suburbs with poor public transport links and amenities
which will have a bearing on active ageing outcomes. Ricciardi et al. (2015) used spatial analysis to
examine disadvantaged groups’ access to public transport in Perth and found that elderly residents,
low-income households and non-car households had less equal access to public transport distribution
compared to the population as a whole, and of these the elderly were the most disadvantaged.

This was due to the lack of services in fringe suburban areas where economically and socially
disadvantaged populations tend to live. The elderly in Perth in their study appeared to be located in
the older established suburbs (Dianella, Yokine, Fremantle to Canning Bridge, Lesmurdie, Kelmscott
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and Mandurah). Using the Gini co-efficient, 70% of the elderly shared only 25% of transit even though
it was the highest user group but had the least equity of use. This appears to indicate that the group
who more commonly use public transport are also the more disadvantaged, by its distribution. This
included notable areas of the northern suburbs (Doubleview), southern suburbs (Attadale, Bicton),
far south-west suburbs (Coogee, Rockingham and Mandurah) and eastern suburbs in the Swan
Valley and Perth Hills.
Lin et al., (2014) have argued for local level community transportation solutions both active and
passive, which could be devised to assist the elderly with their mobility needs. In their study Lin et al.
(2014) used a case study approach to examine the elderly experience at six train stations in Perth. In
their study they identified a number of key variables such as distance from an origin to a station,
walking or driving route directness, land-use diversity, service and facility quality, and bus
connection to train stations, which all impact upon the accessibility to train stations for the elderly.
This implies that improvements to the key variables highlighted above, have the capacity to effect
change and the potential to improve accessibility for this population group.
Atkins (2016) has recognised in her study that Age Friendly Cities (AFC) benefit not only the elderly, but
potentially the whole community. Research on Perth indicated that barriers to the delivery of such
policies and initiatives with respect to active travel and the elderly were the need for better access
to reliable, affordable and safe public transport and the need for frequent services connecting desired
destinations. Unfortunately, both of these were seen as deficient. Outside peak hours (when
concession card holders tend to travel), services were sporadic and bus routes did not always
connect; many bus stops did not have bus shelters (only 3,000 out of 13,000). As a result, Atkins
(2016) has suggested that the baby boomer generation, while being attached to having their own car
for transport, find they can no longer continue as they age and this becomes a problem as the transition
to becoming a non-driver was found to be not well supported, requiring greater state government
attention. Some examples of options included mobility scooters,

e-bikes,

advanced

driver

assistance systems and driverless cars, and for public transport, para-transit or on-demand transport
options.

PATREC: Part Two – Literature Review

Page 17

173 of 424

8.0 CONCLUSION
It is clear that significant variations in the development, uptake and success of active travel
initiatives and public transportation policy occur worldwide. Based on recent research, there is still
considerable debate within the academic literature as to what schemes work and what doesn’t.
However, some general conclusions can be drawn. It appears that there is now wider acceptance of
the need to reduce or limit the use of private transportation within urban and suburban areas on many
levels, primarily to address environmental, social and economic issues. Also, it is now recognised that
alternative forms of transport have the capacity to bring many benefits associated with improved living
conditions and well-being. However, this requires a change in our attitudes, behaviours and habits
which have become ingrained into our daily living practice. This will take some time and we need
patience, so that use of active travel and public transport becomes the ‘norm’ and adopted willingly.
Unfortunately, we have suffered and been subjected to years of promotion of car usage, deemed as
the ultimate means of getting around.

This has to change, which means a unilateral approach by policy makers and key stakeholders
needs promoting to drive home an alternative message. Widespread educational and information
programmes must be put in place to enable this to happen, with incentives to support behaviour
change in favour of public transport and active travel options and disincentives to car use. This requires
an ongoing commitment to implementation of workable transport options (which are equally
attractive as car options) and which people actively want, that fit with their lifestyle, life stage and
daily transportation needs. It is recommended that a holistic integrated approach is required, involving
long-term planning with unilateral political support to achieve success. The infrastructure required
must be put in place and needs equal priority and investment, as has been the case with road planning.
Such an approach requires targeting to all segments of society at key life stages. In particular, the
disadvantaged who have fewer travel options and those who need greater support such as the elderly
who may have specific needs. People need to be able to access viable, attractive alternatives to ensure
public transport and active travel is successful. If not, the car will continue to dominate as the
transport mode of choice for individuals due to the flexibility and convenience it offers. We must be
mindful of the key differences in attitudes, beliefs, and patterns of transport use by different
demographic groups. Each group encounters its own unique barriers, needs and constraints dependent
upon their lifestyle and life stage. A ‘one-shoe fits all approach’ to transport provision is clearly not
going to work and is not the answer, which means a targeted approach is required, that is tailored to
specific transportation needs.
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1.0 INTRODUCTION
In this report, the key aim was to investigate and uncover travel mode intentions and decisions of
two specific demographic groups, identified as young people (between 18-25 years of age) and those
individuals aged 55 and over, residing in Metropolitan Perth. This research project relates specifically to
the two specific population segments mentioned above and their use and attitude towards public
transport and active travel (cycling/walking). The technical reports 2.2a (literature review) and 2.2b,
(survey results and discussion) are sub-components of a number of other PATREC technical reports
and will be informed by the analysis of travel data (including Smart Rider data) in relation to socioeconomic factors being undertaken in Project 4 and by the behaviour change theories subcomponent. It will in turn inform the travel demand management project (Project 3).
Nevertheless, in this specific PATEEC technical report identified as 2.2.b, the method of the research
investigation is first explained and then details of the research participants is provided to give the
study context results of the survey are reported and discussed for the questions that relate to active
travel and public transport. This included a number of quantitative questions (10, 11, 14, 17, 18, 21,
24, 28, 46, 49 and 52) and qualitative questions (25, 27, 47, 48, 50, 51, 53, 54 and 55).

2.1 METHOD
For the purpose of analysis both qualitative and quantitative methods were utilised in this research
study which focused on the questions pertaining to active travel and public transport within the online
qualtrics survey (Appendix 1). Utilising a mixed method for this research study enabled a number of key
advantages and furthermore provided a number of strengths to offset the weaknesses of both
quantitative and qualitative research. In addition, the strengths of each approach made up for the
weaknesses of the other. In order to collect data for this study a number of questions were first
compiled, piloted and then modified by the researchers to create the qualtrics survey (Appendix 1).
As a result, eleven quantitative questions, (numbers: 10, 11, 14, 17, 18, 21, 24, 28, 46, 49 and 52)
formed part of the survey on active travel and public transport. These questions were subject to
statistical analysis using T tests (an analysis of two populations’ means through the use of statistical
examination) and ANOVA’s known more commonly as analysis of variance (a statistical method used to
test differences between two or more means). All of the above quantitatively based questions were
subjected to two statistical techniques to determine if significant differences existed between age
groups and across the sexes. Also, descriptive statistics were used to describe the basic features of the
data (information collected in the survey) for each age group, both sexes and all respondents for each
quantitative question.
The remaining questions that related to active travel and public transport in the qualtrics survey
(Appendix 1) were designed to elicit open ended responses and were qualitatively based which gave
respondents the opportunity to provide answers using their own words. In total, there was nine
questions (numbers: 25, 27, 47, 48, 50, 51, 53, 54 and 55) which were framed in this way and the data
that emerged from these questions was analysed inductively. An inductive approach was used to
generate new ideas and insight concerning the subject matter of this research study and related to the
principles of grounded theory. In using this approach, the researchers sought to elicit meaning and
interpretation from the respondents, with minimal intervention from the researchers.
The data collected from the above questions was then managed and sorted using Nvivo (a qualitative
data analysis computer software package produced by QSR International). Using Nvivo helped in
determining insights from the data to later identify the key themes that emerged from the data, which
would then form the structure for discussion of the findings in relation to the qualitative questions
asked in the qualtrics survey.
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2.2 STUDY PARTICIPANTS (respondents)
All volunteers involved in this study resided in the Perth metropolitan area at the time the study was
conducted. Five hundred and nine individuals responded to the survey. As required all respondents
reported living in Perth, Western Australia and the gender and age split requested from the qualtrics
survey was achieved. Within the lower age group the ages ranged from 18 years to 25 years. Mode age
was 23 years. In the upper age group, the ages ranged from 55 years to 90 years. Mode age for this
group was 67 years but there was greater variability across this group. Fifty-five years to 65 years
accounted for 115 individuals or 22.6% of the participants in total.
The occupations of the respondents included 153 retirees. One hundred and one participants (20%)
indicated that they were university students. From the occupational data 70 students did not indicate a
work status. Decisions about the mode of travel require that individuals have access to a vehicle. The
data from respondents indicated that 67% have access to a vehicle all the time. Those that had access
sometimes accounted for 29% and 4% did not have any access.

2.3 DATA SCREENING
There were 30 responses missing from the data set, which were spread across varied questions. The
maximum number of responses missing from any one question was 15. Given the sample size, it is
unlikely that these missing responses from the questions would have any significance influence to
the results reported below. Moreover, no multivariate or univariate outliers were found.

3.0 ANALYSIS AND DISCUSSION (Quantitative questions)
In relation to car use being deemed a problem in traffic congestion, respondents generally agreed
that the use of cars had an impact upon traffic congestion (n=509, M=2.83, SD= 1.62). As Figure 1
indicates, respondents’ mean level of agreement with the statement ‘The general use of cars has
led to the problem of traffic congestion’ fell between neutral and most definitely, indicating that on
average, respondents somewhat agreed with this statement. Only, a small number of respondents
disagreed with this statement. Respondents aged between 18 and 25 (n= 249, M=3.06, SD=1.64)
reported a significantly lower level of agreement with this statement than did respondents aged 55
or over (n=260, M=2.61, SD=1.57), t (507) =-3.17, p = 0.002.
Figure 2 demonstrates that on average, younger respondents’ level of agreement with this statement
was between neutrality and most definite agreement, whilst older respondents’ level of agreement
was more closely aligned with that of most definite agreement. Male respondents (n=249, M=3.00,
SD=1.75) reported significantly lower levels of agreement with this statement than female respondents
(n=260, M=2.67, SD=1.45), t (484.84) =2.27, p = 0.024.
As indicated by Figure 3 male respondents’ level of agreement fell evenly between neutrality and
most definitely, whereas females appear to agree more strongly that the general use of cars, has led
to the problem of traffic congestion. Male respondents (n=249, M=3.00, SD=1.75) reported
significantly lower levels of agreement with this statement than female respondents (n=260, M=2.67,
SD=1.45), t (484.84) =2.27, p = 0.024.
As indicated by Figure 3 male respondents’ level of agreement fell evenly between neutrality and
most definitely, whereas females appear to be agree more strongly that the general use of cars has led
to the problem of traffic congestion.
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Figure 1. Statement-'The general use of cars has led to the problem of traffic congestion'.
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Figure 2. Statement- 'The general use of cars has led to the problem of traffic congestion' as a
function of age.
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Figure 3. Statement- 'The general use of cars has led to the problem of traffic congestion' as a
function of gender.
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In general respondents were largely neutral in terms of their agreement with the statement ‘I
believe that my use of the car does not contribute to traffic congestion’ (n=509, M=4.17, SD=1.88).
As Figure 1 shows however, the variance in responses is large, and sees level of agreement with this
statement ranging from somewhat agreement to disagreement. This is a trend that is continued
across age groups and gender, as illustrated by Figure 4 and Figure 5. This variance in level of
agreement differs from that found for respondent’s level of agreement with the statement that
general car use has led to traffic congestion. These results may reflect the presence of an attribution
bias amongst disagreeing respondents. Respondents aged between 18 and 25 (n= 249, M=4.39,
SD=1.81) reported a significantly lower level of agreement with this statement than did respondents
aged 55+ (n=260, M=3.95, SD=1.91), t (507) =2.60, p = 0.009. This difference may reflect
generational differences in values and perceptions, or may be attributed to a higher level of
attribution bias amongst younger respondents. Female respondents (n=260, M=4.30, SD=1.79)
reported non-significantly lower levels of agreement with this statement than male respondents
(n=249, M=4.03, SD=1.95), t (507) =-1.61, p = 0.10.
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Level of
Agreement

Figure 4. Statement- 'I believe that my use of the car does not contribute to traffic congestion'.
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Figure 5- Statement -'I believe that my use of the car does not contribute to traffic congestion', as a
function of age.
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Figure 6. Statement- 'I believe that my use of the car does not contribute to traffic congestion', as a
function of gender.
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Figure 7. Level of agreement with the statement, 'If I reduce my personal car use, I contribute to a
reduction in traffic congestion'.
In relation to question 14 of the survey, it appears that that two male respondents aged over 55+
were missing from the data. Nevertheless, given the size of the sample, it is assumed that these
missing responses are unlikely to have influenced the statistical analyses conducted. In general, most
respondents slightly agreed with the statement ‘If I reduce my personal car use, I contribute to a
reduction in traffic congestion’, with responses approaching neutrality (n=507, M=3.47, SD= 1.75).
As Figure 7, Figure 8 and Figure 9 demonstrate, levels of agreement again varied across the
spectrum of agreement, neutrality and disagreement regardless of group type. This spectrum of
variance appears to be a common trend across questions regarding traffic congestion that are
individually framed, and strengthens the argument for the possible presence of attribution bias.
Respondents aged between 18 and 25 (n= 249, M=3.42, SD=1.70) reported a non-significantly higher
level of agreement with this statement than did respondents aged 55+ (n=258, M=3.52, SD=1.80),
t (505) =0.62, p = 0.53. A non-significant difference was found in male respondents’ (n=247, M=3.49,
SD=1.79) and female respondents’ (n=260, M=3.46, SD=1.71) level of agreement with this
statement, t (505) =0.18, p = 0.85.
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Figure 8. Statement - 'If I reduce my personal car use, I contribute to a reduction in traffic
congestion', as a function of gender.
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Figure 9. Statement- 'If I reduce my personal car use, I contribute to a reduction in traffic congestion',
as a function of age.
In relation to question 17, four respondents, three females aged 55+ and one male aged between 18
and 25, were missing from the data. Given the size of the sample however, these missing responses
are unlikely to have influenced the statistical analyses conducted. In general, respondents reported
neutrality approaching disagreement in response to the statement ‘Due to my values/principles, I
feel personally obliged to use other means of transportation such as a bike, bus or train' (n=505, M=
4.41, SD=1.98). Figures 10, 11 and 12 indicate a wide dispersal of responses across the spectrum of
agreement regardless of age or gender, indicating a diversity of values/principles across individuals.
Furthermore, respondents aged between 18 and 25 (n=248, M=4.28, SD=1.95) reported a largely
neutral view of this statement, while slightly more respondents aged 55+ disagreed with this
statement (n=257, M= 4.54, SD= 2.01).

Level of Agreement

Not at all

7
6
5

Neutral

4
3
2

Most definitely

1

Respondents

Figure 10. Statement- 'Due to my values/principles, I feel personally obliged to use other means of
transportation such as a bike, bus or train'.
Differences in level of agreement with this statement across age groups were non-significant t (503)
= 1.46, p = 0.14. Both male (n=248, M=4.41, SD=1.93) and female (n=257, M=4.42, SD=2.04)
respondents reported a largely neutral view of this statement, with a large dispersal of scores
ranging from agreement to disagreement. Expectedly, level of agreement across genders differed
non-significantly, t (503) = -0.07, p = 0.94.
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Figure 11.-Statement- 'Due to my values/principles, I feel personally obliged to use other means of
transportation such as a bike, bus or train', as a function of age.
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Figure 12. Statement- 'Due to my values/principles, I feel personally obliged to use other means of
transportation such as a bike, bus or train', as a function of gender.

In relation to question 18, four respondents, three females aged 55+ and one male aged between 18
and 25, were missing from the data. Given the size of the sample these missing responses are
unlikely to have influenced the statistical analyses conducted. In general, respondents expressed a
neutral level of agreement approaching disagreement with the statement ‘The aspect of traffic
congestion is solidly anchored in my value system and affects my travel mode choice’, (n=505,
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M=4.51, SD=1.76). Again, the wide dispersal of responses from agreement through to disagreement
reflects diversity in respondents’ values. Figures 13, 14 and 15 seem to indicate this feeling of
neutrality, and large dispersal of responses across the spectrum of agreement to disagreement is
evident amongst across respondents, regardless of age or gender. Respondents aged between 18
and 25 (n=248, M=4.46, SD=1.80) reported a non-significantly lower level of weak disagreement with
this statement than did respondents aged 55+ (n=257, M=4.56, SD=1.71) t (503) = 0.64, p = 0.52. The
reverse was true for males (n=248, M=4.47, SD=1.79) and females (n=257, M=4.54, SD=1.73) who
reported a non-significantly higher level of weak disagreement with this statement, when compared
to males, t (503) = -0.44, p = 0.66.

Level of Agreement

Not at all
Neutral

Most definitely
Respondents

Figure 13. Level of agreement with the statement ‘The aspect of traffic congestion is solidly anchored
In, my value system and affects my travel mode choice’.

Level of Agreement

Not at all

Neutral

Most
definitely

18-25

55+

Respondent's Age

Figure 14. Level of agreement with the statement ‘The aspect of traffic congestion is solidly anchored
in my value system and affects my travel mode choice’, as a function of age.
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Figure 15. Statement- ‘The aspect of traffic congestion is solidly anchored in my value system and
affects my travel mode choice’ as a function of gender.
In relation to question 21, five respondents, three females aged 55+ and two males aged 55+, were
missing from the data. Again, given the size of the sample these missing responses are unlikely to
have any influence on the statistical analyses conducted. A weak level of agreement approaching
neutrality was found across respondents (n=504, M=3.72, SD=1.78) in response to the statement
‘People who are important to me support me when I use other means of transportation instead of
the car’. As Figure 16 shows that while some respondents disagreed with this statement, the
majority of responses varied across the spectrum of agreement. This is a trend present regardless of
age or gender, as indicated by Figure 17 and 18. Respondents aged between 18 and 25 (n=249,
M=3.68, SD=1.80) were in slightly more agreement with this statement than respondents aged 55 or
over (n=255, M=3.76, SD=1.76), with group differences found to be non-significant t (502) = 0.49, p =
0.62.Differences in level of agreement across male (n=247, M=3.74, SD=1.78) and female (n=257,
M=3.70, SD=1.79) respondents were non-significant t(502)= 0.22, p = 0.81, with both groups
reporting weak agreement with this statement.

Level of Agreement

Not at all

Neutral

Most definitely
Respondents

Figure 16- Statement- ‘People who are important to me support me when I use other means of
transportation instead of the car’.
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Figure 17.Statement -‘People who are important to me support me when I use other means of
transportation instead of the car’ as a function of age.
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Figure 18. Statement- ‘People who are important to me support me when I use other means of
transportation instead of the car, as a function of gender.
With reference to question 24, only four respondents, two females and two males aged 55+, were
missing from the data. Given the size of the sample it is doubtful that these missing responses were
likely to have any significant influence on the statistical analyses used. From the data collected, it is
clearly evident that most of the respondents had access to a car at all times (n=505, M =2.02,
SD=1.69). As Figure 19 shows, none of the respondents reported not having access to a car at all.
Furthermore, as Figure 20 indicates more respondents aged between 18 and 25 (n=249, M=2.51,
SD=1.85) than respondents aged 55+ (n=256, M=1.54, SD=1.36) acknowledged they had access to a
car, only some of the time, t (456) = -6.68, p = .000. This might be due to younger respondents still in
the process of obtaining their driver’s licence, or securing funds to purchase their own car.
Equal variances were not assumed for this statistical analysis, meaning that responses within each
age group varied significantly. As indicated by Figure 21, responses given by male (n=247, M=2.11,
SD=1.74) and female (n=258, M=1.93, SD=1.64) responses were closely aligned. The majority of both
male and female respondents reported access to a car at all times, with non-significant differences
found between the two groups’ level of access to a car t(503)= 1.18, p = 0.23.
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Figure 19. Statement- ‘How often do you have access to a car?
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All of the time
18-25

55+

Respondent's Age

Figure 20. Statement- ‘How often do you have access to a car?’ as a function of age.
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Figure 21. Statement- ‘How often do you have access to a car?’ as a function of gender.
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In relation to question 28, it was noted that two respondents, one male and one female aged
between 18 and 25, were missing from the data. Given the size of the sample, it is unlikely these
missing respondents will have any influence on the statistical analyses conducted. From the data it
was possible to determine that respondents were most likely to use a car or public transport to visit
a friend in a neighbouring suburb, with slightly more respondents indicating they would likely use a
car (n=507, M=1.43, SD=0.75). As Figure 22 illustrates, only a small number of respondents indicated
that they were most likely to cycle or walk. Respondents aged between 18 and 25 (n=247, M=1.55,
SD=0.81) were significantly more likely to use public transport to visit a friend in a neighbouring
suburb than respondents aged 55+ (n=260, M=1.32, SD=0.68) t (481.34) =-3.4, p = 0.001. Equal
variances were not assumed for this statistical test, indicating significant variation within the
responses of each age group. This dispersion of responses within age groups can be seen in Figure
23. Male (n=248, M=1.39, SD=0.73) respondents were non-significantly less likely than female
(n=259, M=1.46, SD=0.77) respondents to use public transport to visit a friend in a neighbouring
suburb t (505) = -1.07, p = 0.28. As Figure 24 indicates, both male and female responses were closely
aligned with the average and dispersal of overall responses.

Mode of Transport

Cycle or walk

Public transport

Car
Respondents

Figure 22. Statement- ‘Assume you want to visit a friend in the next suburb. Which travel mode are
you most likely to use?

Mode of Transport

Cycle or walk

Public transport

Car
18-25

55+

Respondent's Age

Figure 23. Statement- ‘Assume you want to visit a friend in the next suburb. Which travel mode are
you most likely to use?’ as a function of age.
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Figure 24. Statement- ‘Assume you want to visit a friend in the next suburb. Which travel mode are
you most likely to use?’ as a function of gender.
As Figure 25 illustrates, the majority of respondents indicated they were most likely to use either
their car or public transport to travel into the city centre (n=508, M=1.62, SD=0.52). Few
respondents reported that they were most likely to cycle or walk. Respondents aged between 18
and 25 (n=247, M=1.56, SD=0.52) were significantly less likely than respondents aged 55+ (n=260,
M=1.67, SD=0.53) to use public transport to journey into the city centre t (506) = 2.32, p = 0.02,
although many of them reported using public transport to visit a nearby friend, in a related question.

Mode of Transport

Cycle or walk

Public transport

Car
Respondents

Figure 25. Statement- ‘Assume you want to go to the city centre. Which travel mode are you most
likely, to use?’

Figure 26 indicates that of the two groups, slightly more respondents aged 55+ reported being most
likely to cycle or walk into the city centre. As Figure 27 shows, male (n=248, M=1.59, SD=0.54) and
female (n=260, M=1.64, SD=0.51) responses were similar in average and dispersal. Female
respondents were non-significantly more likely to either use public transport into, or to cycle or walk
to, the city centre t (506) = -0.97, p = 0.33.
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Figure 26. Statement- ‘Assume you want to go to the city centre. Which travel mode are you most
likely to use?’ as a function of age.
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Figure 27. Statement- ‘Assume you want to go to the city centre. Which travel mode are you most
likely to use?’ as a function of gender.
A significant number of respondents were more likely to use either their car or public transport to
journey to the pub at night (n=505, M=1.51, SD=0.74). As Figure 28 shows, few respondents reported
that they were likely to cycle or walk to the pub. Responses to this question differed non- significantly
according to age, with respondents aged between 18 and 25 (n=247, M=1.53, SD=0.71) and
respondents aged 55+ (n=258, M=1.50, SD=0.77) both indicating they were most likely to use either a
car or public transport to travel to the pub at night t(503)= -0.45, p = 0.64. As Figure 29
demonstrates, the dispersion of both male and female responses closely follows the dispersion of
overall responses. Male respondents (n=247, M=1.62, SD=0.79) were significantly more likely than
female respondents (n=258, M=1.42, SD=0.67) to use public transport instead of their car to journey
to the pub at night t(481.84)= 2.98, p = 0.003. Nevertheless, Figure 30 indicates that male
respondents are still likely to use their car to travel to the pub.
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Figure 28. Statement- ‘Assume you want to go to the pub in the evening. Which travel mode are you
most likely to use?’
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Figure 29. Statement- ‘Assume you want to go to the pub in the evening. Which travel mode are you
most likely to use?’ as a function of age.
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Figure 30. Statement- ‘Assume you want to go to the pub in the evening. Which travel mode are you
most likely to use?’ as a function of gender.
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When respondents were asked about travelling in favourable weather conditions, they reported
they were most likely to use their car, with less than 200 respondents suggesting they would use
public transport or active forms of travel. This is reflected in Figure 31 (n=507, M=1.5, SD=.771).

Figure 31. Frequency of which mode of transport all respondents, are most likely to use during an
excursion in nice weather (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk).
When respondents, over the age of 55+ (n=260) were compared to those aged 18-25 (n=247) there
was a clear difference in the mode of transport they would use in favourable weather conditions. A
Welch’s t-test was used as Levene’s test was violated. The t-test proved statistically significant, with
those aged 18-25 (M=1.7, SD=.859) more likely to choose public transport, when compared to the
55+ group (M=1.32, SD=.622), t (446.792) =-5.817, p<.001, d=-0.5087.

Figure 32. Frequency of which mode of transport, respondents over 55 years of age are most likely to
use during an excursion in nice weather (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk).
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Figure 33. Frequency of which mode of transport, respondents aged between 18 and 25 are most
likely to use during an excursion in nice weather (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle
or Walk).
When relating to Figures 31, 32 and 33, it is evident that the 55+ and 18-25 age groups used the car
more often than public transport or active travel. Nevertheless, respondents in the 18-25 age group
used public transport and active travel modes more regularly. A t-test was used to compare male
(n=247, M=1.49, SD=.775) and female (n=260, M=1.52, SD=.768) respondents, with reference to
travel mode choice, but the only difference was that men were more likely than women to walk or
cycle and women were more likely to use public transport (Figures 34 and 35).

Figure 34. Frequency of which mode of transport male respondents are most likely to use during an
excursion in nice weather (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk).

Figure 35. Frequency of which mode of transport, female participants are most likely to use during an
excursion in nice weather. (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk)

PATREC: Part Two – Survey Results and Discussion

Page 20

197 of 424

When respondents were asked about which mode of transport they were most likely to use for
shopping (see Figures 35 and 36), the majority indicated that they used the car to fulfil their daily
needs (n=507, M=1.22, SD=.564). A t-test was used to compare respondents aged 55+ (n=260) and
those aged 18-25 (n=247) to see if they differed on their choice of travel mode to go shopping for
their daily needs. No differences were found between the groups, with respondents aged 55+
(M=1.24, SD=.613) and 18-25 year olds (M=1.20, SD=.507) preferring to use the car over the other
two modes of transport, t (505) =.800, p = .424 (see figures 37 and 38). This finding is also consistent
when gender is factored in to the analysis. However it is interesting to note that of those who chose
the other two modes of transport, 18-25 year olds selected public transport over walking or cycling,
whereas those aged 55+ selected walking or cycling over public transport. To compare male (n=248)
and female (n=259) respondents, a Welch’s t-test was used as Levene’s test was violated. No
differences were found between the groups, with both males (M=1.19, SD=.525) and females
(M=1.25, SD=.598) preferring the car over the other two modes of transport, t (501.310) =-1.154,
p=.249. When observing Figures 39 and 40, it is clearly indicated that there is no difference between
these two groups.

Figure 36. Frequency of which mode of transport, all respondents are most likely to use shopping for
their daily needs (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk).

Figure 37. Frequency of which mode of transport, respondents aged over 55+ are most likely to use in
shopping for their daily needs (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk).
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Figure 38. Frequency of which mode of transport, respondents aged between 18 and 25 are most
likely to use shopping for their daily needs (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or
Walk).

Figure 39. Frequency of which mode of transport, male respondents are most likely to use shopping
for their daily needs. (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk)
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Figure 40. Frequency of which mode of transport, female respondents are most likely to use shopping
for their daily needs. (0.5-1.5 Car, 1.5-2.5 Public Transport, 2.5-3.5 Cycle or Walk)

When respondents were asked about their use of public transport (see figure 41), the majority of
them selected the ‘not all option’, with public transport accounting for about only one quarter of all
trips, (n=504, M=3.98, SD=1.137). Respondents aged 55+ (n=258) and those aged 18-25 (n=246)
were compared to see how often they used public transport. Welch’s t-test was used as Levene’s
test was violated, a statistically significant difference was found indicating that 18-25 year olds
(M=3.81, SD=1.188) were more likely to use public transport than those 55+ (M=4.15, SD=1.061), t
(489.368) =3.405, p=.001, d=0.30228. However, when focusing on Figures 42 and 43, it appears that
18-25 year olds are more likely to use public transport, when compared to the 55+ age group.
Nevertheless, the majority still only use it for about one quarter of their trips.

Figure 41. Frequency of how all respondents, rated their frequency of using public transport.
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Figure 42. Frequency of how respondents aged between 18 and 25, rated their frequency of using
public transport.

Figure 43. Frequency of how respondents aged 55+, rated their frequency of using public transport.
Male (n=246) and female (n=258) respondents (see figures 44 and 45) were compared to see which
gender was more likely to use public transport. No significant difference was found between the
groups. Furthermore, both male (M=3.98, SD=1.103) and female (M=3.98, SD=1.170) respondents
chose the option ‘for about one quarter of my trips’ and ‘Not at all’ most often, t (502) = -.007,
p=.994. Figure 44 and 45 highlight, that although no statistical difference existed between genders,
there are slight differences in how the groups answered, with men being slightly more likely to use
public transport for some trips than not at all, whereas women chose not at all most often.

Figure 44. Frequency of how male respondents rated their frequency of using public transport.
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Figure 45. Frequency of how female participants rated their frequency of using public transport

When respondents were asked about their walking habits, they were provided with a number of
options, which included: for all trips; for about 75% of my trips; for about half my trips; for about
one quarter of my trips or the last option not at all (see Figure 46). When both groups are combined
it is evident that respondents selected the option for about one quarter of my trips and Not at all
(n=500, M=4.21, SD=.874) to indicate how often they walked. However, when the 55+ group
(n=255, M=4.32, SD=.812) was compared to the 18-25 age group (n=245, M=4.09, SD=.921), there
was a minor difference, between their walking habits. Nevertheless, both groups still indicated that
they chose to walk either not at all or for about one quarter of their trips, T(498) = 2.935, p=.003,
D=0.26524. Furthermore, on closer examination of Figures 47 and 48, it is evident that those aged
between 18 and 25 were more likely to walk at least to some places they needed to go, compared to
the 55+ group.

Figure 46. Frequency of how participants rated their frequency of walking, where they need to go.
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Figure 47. Frequency of how participants, aged over 55 rated their frequency of walking where they
need to go.

Figure 48. Frequency of how participants, aged between 18 and 25 rated their frequency of walking
where they need to go.

Male and female respondents were also compared to see which gender was more likely to walk to
where they needed to go (see Figures 49 and 50). No difference was found between males (n=244,
M=4.24, SD=.880) and females (n=256, M=4.18, SD=.869) with both selecting the option ‘for about
one quarter of their trips’ or ‘not at all most often’, t (498) = .692, p=.489. Figure 49 and 50 indicate
that although there is no statistical difference between the groups, female participants were more
likely than their male counterparts, to walk to where they needed to go, as the majority selected
that they walked “for about one quarter of my trips” compared to men with the majority selecting
“not at all”.
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Figure 49. Frequency of how male participants rated their frequency of walking, where they need to
go.

Figure 50. Frequency of how female participants rated their frequency of walking, where they need to
go.

The final quantitative question within the survey asked respondents about their cycling habits and to
determine their use of this active form of travel. When respondents were asked about their cycling
habits, they were provided with a number of options, which included: for all trips; for about 75% of
my trips; for about half my trips; for about one quarter of my trips or the last option, not at all. When
all respondents are considered (Figure 51), it appears that they do not cycle to where they need to
go at all (n=498, M=4.81, SD=.563). When both groups are compared in terms of their use of a cycle
as a mode of transport, a statistical difference is evident between (55 + group, n=253, M=4.91,
SD=.334) and the (18-25 group, n=245, M=4.71, SD=.714), which results in the 18-25 age group more
likely to cycle than the 55+ age group (see Figures 52 and 53). However, the general trend discerned
from the data is that both groups seemed to indicate that would chose not to cycle at all, t (343.327).
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Figure 51. Frequency of how participants rated their frequency of cycling, where they need to go.

Figure 52. Frequency of how participants 55+ rated their frequency of cycling, where they need to go.

Figure 53. Frequency of how participants aged between 18 and 25 rated their frequency of cycling,
where they need to go.
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Male and female respondents were also compared, to uncover whether gender was a factor in
determining whether male or female respondents were more likely to cycle, where they needed to
go. When males and females were compared, it was found that there was a significant difference.
The data shows that females (n=255, M=4.91, SD=.349) were much less likely to cycle, than males
(n=243, M=4.71, SD=.710) to where they needed to go t (348.747) =-3.919, p<.001, D=-0.36018.

Figure 24. Frequency of how male participants rated their frequency of cycling, where they need to
go.

Figure 25. Frequency of how female participants rated their frequency of cycling, where they need to
go.
Some explanations for these variations between the groups can be found in the answer to the open
ended questions in the next section of this report (qualitative questions). This is particularly evident
between the age groups (55+ and 18-25 aged groups). A number of respondents explain that they do
not use public transport as much as they would like, due largely to health concerns and barriers to
accessing public transport. Also, respondents mention long walking commutes to access public
transport options, including bus transport and trains. These comments are voiced by respondents
from both age groups, even though it might be assumed that such concerns might impact more on
the 55+ age group, more so than those aged 18-25.
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4.1 ANALYSIS AND DISCUSSION (Qualitative questions)
Question 25 asked respondents about the role and influence of weather on their decision to drive
their car, rather than use other forms of transport. In response to this question, it was clear that
weather plays a significant role in respondent’s decision to drive, rather than use other forms of
transport, ranging from none to slightly, to a very large degree as shown in table 1, below.
Table 1- Degree to which weather plays a role in respondent's decision to drive.
Role of Number of
Percentage of total
Coded
weather respondents
respondents
words
No role
264
51.86%
none, no, no way, not, 0, small, slight, does not, nil,
non, no way, not at all, no effect, no role, nothing,
null,
Some
120
23.57%
somewhat, slightly, maybe, some, not really, slight,
role
sometime, sometimes, limited, little, very little, rare,
rarely, not a lot, not much, virtually none
Large
38
0.07
definitely, always, certainly, important, main, yes,
role
%
large,
great, huge, many, big, high, a lot, lot, lots, major,
From the data, it emerged that in the winter months, inclement weather played a more significant
roles in respondents making the decision to drive rather than use other means of transport. This was
largely due to poor weather conditions where the incidence of rain, wind, storms and lightning
deterred other, alternative forms of transport such as active travel and public transport. In fact, only
respondent indicated that they would cycle in the winter months, as they enjoyed cycling in the rain.
Furthermore, none of the respondents indicated that they would choose to walk in winter weather,
even though Perth often has a mild climate at this time of year. A number of other reasons were
given for deciding to drive and are highlighted below.
• Cars shelter one from elements (while public transport or walking does not)
• Cars are more comfortable
• Cars are more direct and convenient
• It is easier to drive in wet weather with children
Also, there were a number of reasons given for deciding to use public transport, rather than driving
as listed below.
•
•

Winter weather slows traffic
Dislike for driving in winter weather

From the data, it is possible to determine that summer weather was associated with a higher use of
public transport or engagement in walking when the weather was fine (i.e. sunny). However, if heat
was considered extreme (i.e. higher than 30 degrees) then respondents indicated they would be
more than likely to opt to drive, to avoid heat and the fact that walking would not be comfortable or
pleasurable. However, for the majority of respondents, weather had no impact on their decision to
either drive or use another mode of transport.
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Some of the reasons given (highlighted in the list below) for this lack of impact were varied and
reflected differences in values, daily tasks, physical ability, occupation and life experiences.
•
•
•
•
•
•
•
•
•
•
•

The car is convenient, direct and comfortable.
My work and business revolves around the use of a car.
Poor weather might postpone trips, but not influence the decision to drive.
I live in the country where it rains all the time and so rain is not a key factor.
I do not want to drive or own a car.
I do not have a licence, or access to care services/drivers/taxis.
Public transport is too complicated, and is limited where I live.
Public transport avoids mishaps on the road.
I really enjoy travelling on public transport, because it is less stressful, than a car
journey.
Disabilities or physical injuries often prevent walking.
Limited parking at work means, I often walk or use public transport to work.

A number of respondents suggested they like to walk to the train or bus station to use public
transport, but if it is raining they often use the car instead, as this saves time and is deemed as
easier. A small number of respondents chose not to travel at all if the weather was poor and instead
delayed their journeys and a number of respondents suggested that they check the weather forecast
in advance to plan their intended travel to avoid inclement weather, when travelling.
Table 2- Degree to Which Weather Plays a Role in Male Respondent's Decision to Drive
Role of
Number of
Percentage of
weather respondents total
respondents
No role
103
47.03%

Some
role

105

47.94%

Large
role

11

05.03%

Coded words

none, no, no way, not, 0, small, slight, does not, nil, non,
no way, not at all, no effect, no role, nothing, null, zero,
n/a, doesn’t
somewhat, slightly, maybe, some, not really, slight,
sometime, sometimes, limited, little, very little, rare,
rarely, not a lot, not much, virtually none
definitely, always, certainly, important, main, yes, large,
great, huge, many, big, high, a lot, lot, lots, major, fair,
bit, a bit, significant, majorly, very, much

When male respondents were asked about the influence of in their decision to drive, their answers
from 219 responses, seem to indicate that it played no role or only a limited role in their decision
making processes (see Table 2). It seems regardless of the weather, male respondents are still more
likely to select this travel modelled unless although one male remarked that they always travel by
cycle, unless on the rare occasion when the weather was so poor, it resulted in cycling being too
dangerous. When female respondents were asked the same question (see Table 3) they again
highlighted the influence of poor weather on their influence to drive, rather than use public
transport or active forms of travel. Furthermore, a number of female respondents commented on
lack of availability, reach, and viability of public transport as an option for regular travel. Female
respondents mentioned diverse weather conditions (extreme heat, storms, hail, heavy rain, thunder
and lightning) as a key factor in determining their travel mode choice. Many female respondents
stated they preferred to travel by public transport, and alluded to difficulties travelling with children,
and when compared to driving, was less convenient (see Table 3).
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Table 3- Degree to Which Weather Plays a Role in Female Respondent's Decision to Drive
Role of
Number of
Percentage of
Coded words
weather
respondents total
respondents
No role
84
34.85%
none, no, no way, not, 0, small, slight, does not, nil,
non, no way, not at all, no effect, no role, nothing,
null, zero, n/a, doesn’t
Some role
128
53.11%
somewhat, slightly, maybe, some, not really, slight,
sometime, sometimes, limited, little, very little,
rare, rarely, not a lot, not much, virtually none
Large role
29
12.04%
definitely, always, certainly, important, main, yes,
large, great, huge, many, big, high, a lot, lot, lots,
major, fair, bit, a bit, significant, majorly, very,
much
Younger respondents, which includes those aged between 18-25 years expressed some desire to use
public transport or to walk, but still had a strong reliance on driving, especially when the weather
was poor (mostly in the winter months) and when the weather was what they described as extreme
(too hot). Fourteen responses in this group, were non-responses (non-words, one word responses
irrelevant to question) and four respondents indicated they had either no licence or no car. Only one
respondent from this age group indicated, that they used public transport regardless of the weather
conditions (see Table 4, below).
Table 4- Degree to Which Weather Plays a Role in Younger Respondent's (18-25 years) Decision to
Drive
Role of
Number of
weather respondents

Percentage of
total
respondents
34.85%

No role

107

Some
role

84

53.11%

Large
role

18

12.04%

Coded words

none, no, no way, not, 0, small, slight, does not, nil,
non, no way, not at all, no effect, no role, nothing,
null, zero, n/a, doesn’t
somewhat, slightly, maybe, some, not really, slight,
sometime, sometimes, limited, little, very little, rare,
rarely, not a lot, not much, virtually none
definitely, always, certainly, important, main, yes,
large, great, huge, many, big, high, a lot, lot, lots,
major, fair, bit, a bit, significant, majorly, very, much

Respondents in the 55+ aged group indicated that weather had some impact on their decision to
drive, as they were a more cautious group and often stayed at home, if the weather and road
conditions were poor. They would rather use public transport options, if travel was necessary as
using public transport was safer. However, many described public transport as unreliable and
impractical. Scheduling issues concerning bus timetables were problematic for many in this group to
meet their daily needs. Other barriers to using public transport related to injuries causing lack of
mobility and movement and a number of respondents described themselves as disabled. In these
cases, using public transport was deemed as challenging and impractical, even though two
respondents remarked that they preferred to use public transport (see Table 5).
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Table 5- Degree to Which Weather Plays a Role in Older Respondent's (55+) Decision to Drive.
Role of
Number of
Percentage
Coded words
weather respondents of total
respondents
No role
130
53.27%
none, no, no way, not, 0, small, slight, does not, nil, non, no
way, not at all, no effect, no role, nothing, null, zero, n/a,
doesn’t
Some
90
36.88%
somewhat, slightly, maybe, some, not really, slight,
role
sometime, sometimes, limited, little, very little, rare, rarely,
not a lot, not much, virtually none
Large
24
09.85%
definitely, always, certainly, important, main, yes, large,
role
great, huge, many, big, high, a lot, lot, lots, major, fair, bit, a
bit, significant, majorly, very, much
When respondents were questioned about their use of public transport in undertaking their daily
activities, seven respondents declined to respond, nine respondents gave no-response, seven
respondents were unsure and twenty six respondents indicated that they did not use public
transport. With reference to estimating time to complete daily tasks using public transport,
numerical estimations ranged from five minutes through to nine hours, many respondents preferred
to either explain the reasons why public transport was not a possible option for their daily tasks or
provide a description of the amount of time it would take to complete their tasks. Common reasons
for the impracticality of using public transport, included lack of access to public transport, the delay
in scheduled services, the awkwardness of taking shopping on public transport and the need to
transport others (children, elderly relatives). Fourteen respondents indicated that using public
transport would take all day to complete their daily tasks, while a minority indicated that using
public transport would take double, triple or quadruple the amount of time, that driving would. A
total of eleven respondents indicated that it would take longer to complete daily tasks. Two
respondents reported that it would take about the same amount of time to complete their daily
tasks using public transport, as it would using their normal mode of transport (see Table 6. below).
Table 6- Estimated time it would take to complete daily tasks using public transport
Amount of time
Number of respondents
Percentage of respondents
<30 minutes

27

5.75%

30 minutes - 1 hour

55

11.72%

1 hour - 2 hours

71

15.13%

2 hours - 3 hours

50

10.66%

3 hours - 4 hours

25

5.33%

4 hours - 5 hours

13

2.77%

9 hours

1

0.21%

14

2.98%

All day
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Within the survey, respondents were asked to reflect on what might facilitate their use of public
transport, from the data four themes emerged in the answers they gave, namely barriers to using
public transport, costs, convenience and environmental concerns. A number of types of transport
were described as ‘public’ and included buses, trains, uber and taxis. However, within this research
study uber and taxis were not considered to be a form of public transport and were discounted, but
it is interesting to note that some respondents relate to such modes of travel as public. A number of
respondents were of the opinion that nothing would facilitate their use of public transport. In these
cases, it was evident that such respondents did not presently use public transport or voiced concerns
that they were unlikely to use public transport options in the future. For example, one respondent
remarked that they “disliked public transport”, whereas a number of other respondents had other
issues, regarding access to public transport. This is evident in a number of responses as follows: “I do
not have access to public transport”; “it is too far to walk to public transport” and another
respondent describing it as “unreliable, difficult, time consuming and expensive”. One respondent
was keen to use the train, but where they lived was not close to a train line and where they wanted
to travel was not easily accessible by local bus. Two respondents were concerned that public
transport was “unsafe, dangerous and too expensive”. A number of respondents would be
encouraged to use public transport, if access was made easier and journey times were quicker,
reflected in one comment “unless you live close to a train line and work close to the train line, it
takes far too long to make the journey as the bus connections are poor or non-existent”.
In terms of convenience, a number of respondents related to public transport as being more
convenient, than driving their own car, largely due to the difficulty due of finding parking at their
destination remarked on by one respondent, “I prefer to use public transport, as parking can be an
major issue”. This was a recurring theme, to selected destinations around Perth, such as the city
centre, hospitals and Fremantle. Many respondents mentioned increasing problems with traffic
congestion driving into and around Perth, which resulted in public transport being a more attractive
and feasible option to the car. Ease of access and frequency of service were critical factors which
impinged on respondents’ use of public transport encapsulated in one comment, “transport options
need to be close and go the places I want to travel”. From the data it emerged that, if respondents
had better access to a train station at the start and end of their journey, they would be more likely
to use this service. Nonetheless, it seems that some respondents would still need more convincing,
to change their travel habits that is unless they were going out drinking (alcohol), in which case
public transport options would be preferred. The majority of nightlife venues are centred around the
CBD and other large towns that usually have good access to public transport, and it is encouraging to
note that many people, when ‘under the influence’, prefer to use public transport rather than drive.
It appears this is facilitated by easy access to public transport and a cheaper alternative to taxis.
Furthermore, many sporting and music related events, such as AFL or music concerts in the CBD or
around Perth offer free public transport, which acts an incentive to use public transport as there is
no costs involved, in particular among the younger age group (18-25 years). When respondents
consider the full costs of using their car, including registration, tax, maintenance and fuel, public
transport options become more attractive and feasible. A number of respondents were discouraged
from driving into the CBD because of what many described as “prohibitive parking fees”. Reduced
fares and Smart rider cards on public transport were alluded to by a number of seniors and students,
as a key factor in their decision making processes, in relation to facilitating their use of public
transport. Many respondents mentioned the CAT buses in the city centre of Perth as being an
example of good practice in facilitating public transport use, in that this form of free transport
encouraged them to visit and access different parts of the city centre, more easily than it would be
practical by car.
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A number of respondents did not own a car or have access to a car, and indeed a small number of
respondents no longer drove (55+ age group) or did not have a licence or could not afford to buy a
car (18-25 age group). Only a few respondents made note of the potential environmental benefits of
travel by public transport as opposed to a car. However, for a minority of respondents,
environmental concerns were critical when making decisions about their travel mode, which is
evident in one elderly respondent’s comments, “the car is bad news for the environment and we
need to do more, to encourage people to use more alternative forms of travel, that are less
damaging to the environment”.
In analysing the data generated by respondents involved in this research study, it appears that
access to public transport is problematic and acts to prevent respondents from using public
transport and is reflected by the following comments:, “there is no train service or bus nearby and
within walking distance, to where I live” (male in 18-25 age group); “I don’t feel safe walking to the
station, especially at night (female in 18-25 age group); it’s just easier to jump in the car, as I ‘ve got
arthritis and the distance to access public transport is just too far, as it’s a long way to walk (male in
55+ age group)”; “It just takes too long to travel using public transport, as opposed to using my car,
as often only have so much time to get to a place, especially if it’s for work (female in 55+ age
group). Moreover, public transport often involves more than one form of travel, which can often
mean walking or cycling, combined with use of the train and sometimes the bus and such
permutations can prove over-complicated and time consuming and a deterrent to public transport.
So, along with the actual distance to public transport, many respondents voiced their concerns with
the amount of time it would take them to travel on public transport compared to using their car. The
time difference could be due to the distance some people are from their nearest public transport
access, or often due to the amount of changes some people are required to make on their journey.
Some respondents, made reference to the fact that connections between public transport hubs,
meant that travel by public transport was “too much of a hassle and too complicated”. Others cited
that the infrequency of public transport at times when they wanted to use it, also led to them using
their car. The issue is further complicated, by the fact that transport of goods is much more
manageable by car, when compared to public transport that many respondents found impractical,
difficult and inconvenient. Respondents also mentioned the weather as a determining factor of
whether they would use their car or public transport. In nearly all cases, the car was preferred when
the weather was poor, especially in rainy conditions as the car was thought to be more comfortable.
Another major theme that emerged from the data on the issue of public transport was safety, as
many respondents reported feeling vulnerable, scared and stressed. Several respondents reflected
on their anxiety and confidence in using public transport, which resulted in many respondents not
using it at all. A number of other respondents mentioned that the amount of people on public
transport, put them off using it, commenting it can often be overcrowded. Another problem
highlighted on public transport in Perth was referred to as anti-social behaviour, especially on the
train, late at night, which seriously discouraged a number of respondents from travelling into the city
centre, especially the 18-25 age group, who often felt threatened travelling on the train late at night.
This resulted in many travelling to the city centre by car as the named driver who did not drink, so
for some it was not as much fun.
Among the 55+ age group it became apparent that health concerns and illness were two key issues
which impacted on their use of public transport. A number of respondents identified their disability
as a key barrier, which made travel difficult, especially when public transport agencies did not allow
mobility scooters and when there was no priority seating available or somebody else was using it.
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Although, many favoured the idea of car parking provision at train stations, at peak times there was
often no spaces available. Other issues referred to in relation to parking, were lack of provision for
the elderly and disabled and the increasing costs associated with parking at some train stations.
Nevertheless, for some respondents they were prepared to suffer the cost of parking in order to
arrive at work on time or the fact that transport options to access the train stations was sporadic
and infrequent. For many respondents, driving provided the independence to arrive at a time of
their choosing. Therefore, it seems that convenience was a critical factor in determining use of travel
mode for many.
Within the survey, respondents were asked to reflect on what they thought might encourage them
to walk more often. In answering this question, many respondents remarked that they would only
walk to places, which were within a reasonable walking distance of their home, such as local shops
or school or the park or to walk their dog in what has been described in the walking literature as
functional walking. Nonetheless, if their destination was close enough and respondents had the
time, they would be encouraged to walk more often and for longer periods of time. However, if
shopping respondents would only normally walk to local shops, returning with only a few items, but
for major shopping trips the car was preferred. A key factor that would encourage respondents to
walk was good weather, similar to the use of public transport, as respondents would not normally
choose to walk in the rain, but mostly when the weather was good. Many respondents walked more
purposefully for reasons of health, such as walking as a form exercise, or as a form of leisure to
socialise with friends, some even describing dog walking as good for their health and a chance to
“get out of the house” (especially 55+ group). Accessibility was also an issue mentioned by
respondents in relation to walking, where the availability of well signposted and maintained
footpaths or walkways that were safe, encouraged them to walk. Other barriers that discouraged
respondents from walking included the person’s own ability to walk, several respondents indicated
they used mobility aids, had injuries and were not able to walk, but used their mobility scooter for
short trips. For such individuals options are limited to enable them to walk, but pathways and
footpaths can be made more user friendly to facilitate them getting out and about using their
mobility aids. In the walking literature safety is often noted as a key barrier to walking, but in this
survey, safety was not raised as an inhibitor to walking, but potentially lack of safety could pose a
problem for some respondents, who might not walk regularly.
A positive outcome that emerged from the data was the cost of walking, as many respondents noted
that walking was free and saved on the cost of running a car. Also, it is interesting to observe that a
lack of access to other modes of transport, might facilitate walking, in that costs is not a barrier to
walking, but for other modes of transport it can be. This is also reflected in what a number of
respondents said about their negative experience of public transport, in that they would rather
walk, if the distance between their starting and end point of their journey was not too far and with
interesting ‘things‘ to see on their way. So, it comes as no surprise that distance to location was the
most often cited factor that facilitated walking. However, none of this really mattered if the distance
was too great, between the start and end point of their journey, with nothing really to see. Hence,
distances that were too far to walk and took too much time, acted to discourage walking as a means
of active transport. A number of respondents would have liked to walk more often, but simply did
not have the time and admitted they were just lazy as walking required physical exertion and in
some cases other travel modes were preferred. Weather was also a frequently mentioned barrier to
walking, again similar to other modes of transport. Respondents did not like being wet or cold or
uncomfortable in poor weather conditions and walking meant being subject to the worst of the
conditions.
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When respondents were asked about cycling as a form of active travel, over seventy respondents
offered suggestions to facilitate cycling. Most of the other respondents did not answer this question
or offer any feedback, other than stating they did not cycle or indeed own a bike. For respondents
that provided feedback, many cycled for enjoyment, to keep fit, to exercise, to relax or as a means
travel between home and work or for some other functional activity, which was often quicker and
more convenient than public transport. Similar to other modes of transport, respondents indicated
that distance to destination was considered as a critical element, when choosing whether to cycle or
not, and good weather, reasonable distance, quantity and weight of goods to carry were also key
considerations on whether to cycle or not. Also, respondents commented that somewhere safe for
them to park their bike, would be influential in their decisions whether to travel by cycle or not.
A number of respondents that cycled were very concerned about their safety, especially on busy
roads where it seemed many motorist ignored their safety concerns, which meant many did not feel
comfortable and in some cases, their safety was compromised. This deterred cycling on major road
networks and at peak traffic times. One elderly bike user simply stated that “bikes and cars did not
mix” and that there was a “lack of cycle lanes in Perth”. The divide between cyclist and drivers was
evident in what many respondents had to say on this issue, as cycling on roads was often described
as “dangerous” with several road rage incidents being mentioned and reported in the local media.
Nonetheless, some respondents recognised that cyclist were irresponsible and lacked any
knowledge, concerning the laws and rules of cycling on public roads. Some respondents, did not
cycle as they had not learnt how to ride a bike when they were young or did not own a bike and this
was the main reason, they did not cycle. Others, mentioned the costs of owing a bike as prohibitive,
as some high range models were extremely expensive and comparable to the cost of a car.
As with other modes of transport examined in this survey, the distance of the journey played a role
in whether someone would choose to use cycle as their primary mode of travel. Time was an
important factor as took a long time to cycle to a destination and transporting shopping or
equipment was difficult on a bike and often dangerous and impractical. Cycling required effort and
physical exertion and was tiring and many respondents did not feel fit enough to cycle. For those
respondents that did cycle, being uncomfortable and sweaty was not a pleasant experience and
could prove problematic at the end of their journey. Securing bikes at the destination was
highlighted as an issue, which many respondents alluded to, as a lack of secure bike parking
inhibited the use of their bike and many were worried about their bikes being stolen in such
situations.
The last question in the survey, provided respondents the opportunity to comment on the generic
issue of public transport in Perth. Positive reflections on this issue related to the fact that
respondents generally believed that Perth had a good train network that was relatively efficient,
clean and reliable. Also, particular mention was made in regard to the availability of concession
cards for most forms of public transport, which was integrated. Congestion on public transport was
not considered an issue, other than at peak times (end of school and work) when more trains could
be provided to ease the flow of traffic. Train travel in and around Perth was viewed as inexpensive,
clean and regular.
Conversely, a number of respondents offered some criticism of the public transport in Perth, but
also offered their suggestions to improve the system. Availability of public transport was a key issue
for many respondents involved in the survey, in that they were of the opinion that bus and train
schedules were often limited, especially at the weekends and in sparsely populated areas.
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Other respondents made reference to a more effective distribution of timetable and connection
details for the public, as information was often lacking. Furthermore, the number of connections
necessary to get to some places using the Perth transport system made it very difficult for users to
negotiate parts of the transport network. In terms of the practicalities of using the public transport
system in Perth, a number noted many difficulties in getting to bus stops as many were too far away
from where they lived and as a result, were inconvenient. The public transport system was viewed as
limited by many, as travel north to south and visa-versa was sufficient, but west to east and visaversa was severely limited. Furthermore, public transport to the airport was almost non-existent, or
at best viewed as extremely poor and needed remedy, quickly. Also, there was some concern with
regard to the lack of transport options to the outskirts of Perth and the lack to 'cross' routes as
public transport routes are in the majority 'spokes of a wheel' with the City Centre as the hub. Perth
needs to develop transport systems, which many European cities have in place, “where you can
easily 'cross' the 'spokes', so that you do not always have to enter the city centre”, remarked one
respondent. A number of respondents in the 55+ age group noted that developments in Perth had
not allowed for public transport for an ageing population and ease of access to such networks
without a car was limited. Also, in their comments they reinforced the importance of making public
transport a safe space, but currently believed that trains and buses in Perth are not always the safest
spaces. This was because many did not feel safe, especially at night time. Although, those
respondents in possession of a concession card praised the cost of public transport, other
respondents argued public transport was too expensive in Perth. A number of respondents asserted
that access to public transport information could be improved, by still offering the elderly, paper
based information, as many did not have access to the internet or a computer.
The issue of cycling was raised in this section of the survey by a number of participants, either
positively by suggesting ways to facilitate more people cycling, by providing more user friendly
cycling paths and access routes to major bus stops and train stations. Whereas, other respondents
reiterated their dislike of cyclists and the need for reform in the regulations governing them,
suggesting the licensing and taxing of cyclists. A number of respondents used this section of the
survey to vent their distrust and dissatisfaction with present and previous governments in how they
had dealt with the growing population in suburban Perth and the resulting pressures on the public
transport system. In particular, many were concerned with the increasing vehicular traffic and the
congestion that followed on major road network, with very little positive action to resolve this
issue.

5.1 FURTHER AREAS FOR RESEARCH
Despite numerous studies on public transportation and active travel taken from many angles, there
is still much to be learned with considerable scope for further research. A number of key areas which
would benefit from further exploration have emerged as a result of the literature review and the
survey on travel mode intentions and decisions and are highlighted below:
• The effect of policy changes and the political environment on the success of
urban transportation schemes and active travel initiatives.
• The application of new technology and ways of moving, for example examination of key
trends and how these are shaping and affecting attitudes towards active travel and use of
public transport: car-sharing schemes; uber and other private taxi services; electric and
driverless cars; the development and use of apps to assist with active travel and public
transport options and for navigation purposes.
•

The rise of the social conscience and environmental awareness of the detrimental effects
of private transport and how this is changing attitudes with possible moves towards
more use of active travel modes.
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•
•
•

Changing demographic patterns and the changes in living and working spatial patterns. In
particular, the influence of emerging trends such as increasing inner city living and its impact
on society’s needs for public transport and alternatives to car use.
Further research into the use of public transport and active travel options by young
adults including barriers to driving and how this can be turned into an incentive to use
other forms of transport.
Examination of the use of cycling for transportation by older people as a form of
active travel as this is under researched.

•

Global differences in public transportation usage and active travel participation –
examples of good practice and whether varying social and cultural norms have an impact
on the usage and success or otherwise of such schemes.

•

More research on the phenomenon of walking is required, as there is an absence of
qualitative research which explores the multidimensional experiences
and
perspectives of walking, in particular the pedestrian experience of walking in urban areas.

6.0 LIMITATIONS OF THE STUDY
This study was based on two specific demographic groups (young people –aged 18-25 years and
those over 55) resident in a specified geographical area at the time the study was conducted. As a
result, the findings cannot be generalized to all age groups resident in this geographical area resident
and are limited to these specific demographic groups. Also, it has to be noted that the study
participants were recruited through a research recruitment agency with the specification that
participants had to fit the characteristics of the age group characteristics mentioned above and might
not be fully representative of such individuals residing in Metropolitan Perth. Nonetheless, this study
provides the basis for further research in using a much larger sample of participants to include
representation from all age groups to uncover their travel mode intentions and with regards to public
transport and active travel in Metropolitan Perth.
Also, it should be noted that this study utilised only ‘one’ research instrument in the form of a
qualtrics survey, where questions were pre-determined by the researcher, which could be argued is
a limitation and might lead to research bias. Although, the research instrument was first piloted,
based on an extensive literature review and was evaluated by a number of experienced researchers
and went through a rigorous research ethics process via the Edith Cowan Research Ethics
Committee. Furthermore, it is appreciated that respondents can provide a range of responses to the
same question, which we appreciate are subject to misinterpretation and misunderstanding.
Nevertheless, it is suggested that future research on the issue of travel behaviour and intentions
with regards to public transport and active travel modes, might utilise a range of qualitative
methods, to include focus groups and in-depth interviews. This methodological approach would give
study participants, the opportunity to explain their experiences at a much deeper level and better
capture their point of view.This study only tells part of the picture of public transport and active
travel use, as the focus was only on intentions and decisions and not on travel choice, which is more
likely to uncover the motives and attitudes that impact upon travel behaviour. This is a challenge the
author would be ready to undertake in the future if the time and resources can be found to do so.

7.1 PROJECT SUMMARY
For the purposes of the literature review over 120 academic articles were identified and then
reviewed, but after more detailed analysis of the articles in terms of their relevance to the subject
matter, only 51 articles were utilised in this review of the literature, published since 2010 and
pertaining to active travel and public transport, in relation to two specific demographic groups.
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In this regard the literature review was current and uncovered a number of key themes which
included: travel modes, theories and decision making processes, public transportation and active
travel and barriers and constraints to travel for young adults and the 55+ age group all within the
context of Metro Perth, the geographical boundaries of the study. Furthermore, the literature cited
in the report had a strong emphasis on the development of infrastructure to foster increased levels of
walking, cycling and the use of public transport and will be useful in determining infrastructure
needed for a planning strategy that involves these more sustainable forms of travel modes. The
report provides detailed and useful insights concerning travel behaviour and travel change motivation
and has the potential to gain an increased understanding of human factors in travel behaviour change
programmes. The report provides a very useful guide with detailed evidence to inform those
responsible for travel behaviour change programmes provision, especially for those groups
involved with active travel and public transport modes. In terms of the method, the main tool of
enquiry was a qualtrics survey that was first piloted, then modified to ask a number of questions with
both open ended (qualitative) questions, where respondents could answer in their own words and
closed questions (quantitative) where options were provided for respondents.
In relation to the key findings of the research, many respondents had concerns about traffic
congestion in and around Perth, especially the 55+ group, but all respondents enjoyed access to a car,
but did not recognise their ownership of the concern/problem they raised. The use of the car was
more practical and convenient for most people when compared to active travel modes and public
transport, especially when shopping or travelling in hours of darkness, as many reported using public
transport in Perth as often problematic, inconvenient and not easily accessible, from where they
lived. Weather, also played a significant part in their travel mode choice, as when it was either too
wet, cold or too hot, the car would be the preferred mode of travel. Safety was another concern
respondents expressed, especially the dangers associated with cycling on public roads with traffic or
walking late at night and problems with using public transport returning from the city late at night,
when a number of respondents reported feeling vulnerable.
Therefore, travel mode choice seems to be dependent on a number of key variables including, safety,
weather, availability, access to information about services, season of travel, travel with friend/partner
and the estimated time taken to complete the journey. Respondents did report issues with the most
used form of travel (by car) as this caused many to feel stressed, because of excess traffic, lack of
parking and cost of parking. Equally, respondents were concerned with public transport in Metro
Perth, often being impractical and unrealistic in the timeframes they had. In these instances, using
public transport was not deemed as a viable option or indeed at times reliable as a number of
respondents remarked on the limited bus and train networks in metro Perth. Nevertheless, using
public transport caused less stress, reduced their environmental footprint and was generally seen as a
cheaper option than the car. Special mention was made of the Smart rider system in Perth and the
free bus transport in the CBD, both of which were seen as good transport practice. Similar concerns
to public transport were reported about active travel modes, in particular safety concerns and the
general lack of infrastructure and signage for cyclist. Respondents that commented on active travel
issues reported that those responsible for travel and planning policy could do much more to
encourage people to walk and cycle, by highlighting the associated mental and physical health
benefits of this mode of travel.
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APPENDIX 1
Travel and Congestion
Information Statement
Hello!
Description of the research project
Researchers in the School of Business and Law at Edith Cowan University are conducting research into the use of private
vehicles when people are undertaking their daily tasks. Daily tasks includes going to work, school, university, going to the
gym and other general activities such as shopping). The aim of the research is to determine what facilitates or inhibits the
decision to drive rather than use other forms of transport and how the issue of traffic congestion may be addressed. The
research has been approved by the Edith Cowan University Human Research Ethics Committee.

Sources of Funding
This research is being funded by the Planning and Transport Research Centre (PATREC) under Grant No 18413.
Why you have been asked to complete this survey
You have been chosen to participate as you live in the Perth metropolitan area and have registered as a panel member
with Qualtrics to assist researchers.

If you agree to take part in this research you will be asked to complete an online survey, which will take
approximately 20 minutes. The survey asks questions about your intention to drive while you undertake your
daily tasks rather than use public transport or active transport (walking and cycling) and your attitude toward
using a private vehicle. It is not expected that completion of this survey will include any discomfort or
inconvenience for you.
If you are willing to proceed, move to the next question on your screen and you will have commenced the survey.
Anonymity of Information

This survey is anonymous and therefore you cannot be identified from your responses.
Please be aware that:
•
You may terminate your participation at any time, by not submitting the completed survey;
•
Your participation is entirely voluntary;
•
Your participation in the research has no bearing on any relationship with ECU;
•
All information gathered during the survey and used in later publications will remain strictly anonymous;
•
All survey responses will be unidentifiable and maintained in a secure file on a computer in the School of Business
and Law in Edith Cowan University, Joondalup;
•
All information collected from surveys will only be accessed by the nominated researchers and then destroyed after a
5 year period following any publications of the research findings;
•
The results of this study will be disseminated in a report to the funding body (PATREC) as part of the contractual
agreement and possibly in various forms of media, papers presented at academic conferences, or in academic
publications;
•
The benefits of this research involve gaining a better understanding of the effects of traffic congestion and the
facilitators and inhibitors of choosing to use a private vehicle for travel to conduct your daily activities.
If you have any questions or require any further information about the research project, please contact:
Chief Researchers: Dr Catherine Ferguson, Ph: 6370 6852. Email: c.ferguson@ecu.edu.au; Dr David Lamb, Ph 6304
2663. Email d.lamb@ecu.edu.au; or Tim Perkins, Ph 6304 5730, t.perkins@ecu.edu.au
If you would like a summary of the research results, please email c.ferguson@ecu.edu.au, providing an email address to
which to forward the summary. Tt is not expected that the results will be available until December 2017.
If you have any concerns or complaints about the research project and wish to talk to an independent person, you may
contact:
Research Ethics Officer: Edith Cowan University, 270 Joondalup Drive,
JOONDALUP, W.A. 6027 Phone: (08) 6304 2170, Email: research.ethics@ecu.edu.au
Thank you for participating in this research.

So that we can better understand your responses, can you please answer the questions below?

Are you?
Male
Female
Or do describe yourself in another way in relation to gender

What is your age? (in figures, please, e.g. 24)

Block 2
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Are you studying at a university?

yes
no

In which country do you currently reside?

In which state do you currently reside?
QLD
NSW
ACT
VIC
SA
TAS
WA
NT

Do you live in Perth?

Yes
No

What is your occupation?

Block 1
I intend to travel by car every time I leave my house to do my daily tasks (work, shopping, school run, going to the gym)
during the next two weeks:
Yes

No

When I travel to do my daily tasks during the next two weeks I intend to travel by car: (Please tick the relevant box)
Never

25% of the time

50% of the time

75% of the time

100% of the time

Travelling by car every time I attend to my daily tasks during the next two weeks is: (Please rate from 1 – 7 by
selecting the relevant circle, for example, in the first question if you think travelling by car is a waste of time you would
choose 1)
1

2

3

4

5

6

7

A waste of time (1) :A good use
of time (7)
Pleasant (1) :Unpleasant (7)
Good (1) :Bad (7)
Expensive(1) :Cheap (7)
Enjoyable (1) :Unenjoyable (7)
Negative (1) :Positive (7)
Relaxing (1) :Stressful (7)
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Most people who are important to me think that I should travel by car every time I attend to my daily tasks during
the next two weeks: (Please tick the relevant box)
Definitely not

Maybe

Most definitely

My friends whose opinions I value travel by car every time they attend to their daily tasks.

(Please tick the relevant box)
Definitely not

Maybe

Most definitely

If I want to I can travel by car every time I attend to my daily tasks: (Please tick the relevant box)
Definitely not

Maybe

Most definitely

Travelling by car every time I attend to my daily tasks is: (Please tick the relevant box)
Very easy

Neutral

Very difficult

For me to travel by car every time I attend to my daily tasks is: (Please tick the relevant box)
Highly impossible

Neutral

Highly possible

The level of my freedom of choice in travelling by car every time I attend to my daily tasks is:
(Please tick the relevant box)
Absolutely none

Half my choice

Totally my choice

The general use of cars had led to the problem of traffic congestion
Most definitely

Neutral

Not at all

I believe that my use of the car does not contribute to traffic congestion
Most definitely

Neutral

Not at all

Neutral

Not at all

Driving a car contributes to traffic congestion
Most definitely

My personal car use affects the quality of driving experience for others
Most definitely

Neutral

Not at all

If I reduce my personal car use, I contribute to a reduction in traffic congestion
Most definitely

Neutral

Not at all

My personal decision to use the car has consequences for traffic congestion
Most definitely
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Due to values important to me, I feel obliged to use the car as little as possible
Most definitely

Neutral

Not at all

Due to my values/principles, I feel personally obliged to use other means of transportation such as a bike, bus, or
train
Most definitely

Neutral

Not at all

The aspect of traffic congestion is solidly anchored in my value system and affects my travel mode choice
Most definitely

Neutral

Not at all

People who are important to me expect that I will use means of transportation that reduce traffic congestion
Most definitely

Neutral

Not at all

People who are important to me suggest that I should consider traffic congestion when selecting a mode of travel
Most definitely

Neutral

Not at all

People who are important to me support me when I use other means of transportation instead of the car
Most definitely

Neutral

Not at all

Circumstances force me to use the car on my trips to complete my daily tasks
Most definitely

Neutral

Not at all

It would be difficult to manage my trips to complete my daily tasks if I did not drive
Most definitely

Neutral

Not at all

Sometimes

Not at all

How often do you have access to a car?
All the time

In what ways does the weather play a role in your decision to drive your car rather than use other forms of
transport?

Taking into consideration all daily trips made, how long does it take for you to drive to complete your daily tasks
(on average)?

Taking into consideration all daily trips, if you were to use public transport how long would it take to complete
your daily tasks?

The previous questions have focused on your travel to complete your daily tasks, we are also interested in your
other travel choices
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Assume you want to do the following things. Which travel mode are you most likely to use? Please answer
spontaneously. Please choose one of the three options
Car

Public transport

Cycle or Walk

Visiting a friend in the next
suburb
Going to the city centre
Visiting a pub in the evening
Taking an excursion in nice
weather
Shopping for daily needs

Taking the car for frequent trips is something that.....
Most
definitely

Neutral

Not at all

Gives me a strange feeling
when I don't do it
I do totally automatically
I do without thinking about it
Is part of my routine
Is typical for me
Does not require any active
thought
Is not part of my routine

Health related questions

The time spent in congested traffic makes me feel stressed
Most definitely

Neutral

Not at all

Not applicable

Not at all

Not appliable

Not at all

Not applicable

Not at all

Not applicable

The time spent in congested traffic makes me feel anxious
Most definitely

Neutral

The time spent in congested traffic makes me feel angry
Most definitely

Neutral

As a result of increased travel times due to congestion I spend less time with my family
Most definitely

Neutral

As a result of increased travel times due to congestion I spend less time playing sport or undertaking other
physical activity
Most definitely

Neutral

Not at all

Not applicable

As a result of increased travel times due to congestion I am more likely to make less healthy food choices
Most definitely
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As a result of increased travel times due to congestion I feel more fatigued/ tired
Most definitely

Neutral

Not at all

Not applicable

On average how many times per day did you leave your house to complete daily tasks during the previous two
weeks? (Number of times)

Based on a daily average, on how many of these trips did you drive your car? (Number of times)

Was there anything in particular that encouraged your decision to drive?

Was there anything in particular that discouraged your decision to drive?

We are also interested in your use of public transport, walking and cycling. The following questions ask about
these forms of transport.

I use public transport
For all trips
For about 75% of my
trips

For about half my

trips
For about one quarter of my
trips

Not at all

Please tell us what facilitates your use of public transport

Please tell us what prevents you from using public transport

I walk to where I need to go
For all trips
For about 75% of my
trips

For about half of my

trips
for about a quarter of my
trips Not at all
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Please tell us what facilitates your walking to where you need to go

Please tell us what inhibits your walking to where you need to go

I cycle to where I need to go
For all trips
For about 75% of my trips
For about half of my trips
For about a quarter of my trips
Not at all

Please tell us what facilitates your cycling to where you need to go

Please tell us what prevents your cycling to where you need to go

If you would like to make comments about transport in Perth and travelling around in Perth, please do so here
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EXECUTIVE SUMMARY
The collaborative economy or sharing economy is growing at a rapid pace and is making a
significant impact on business and society. It can be defined as systems that facilitate the
sharing of underused assets or services, between individuals or organisations, with or without
charge. The sharing economy domain is different to traditional business activities in significant
but sometimes subtle ways. For example, sharing activities focus on networks, are asset light,
depend on information and technology platforms, are customer centric and can provide ondemand real-time services. The transportation sector has been affected by sharing economy
developments and this report aims to take stock of the wealth of literature available and
provide guidance on future growth and concerns.
Planning and transportation strategies that maximize transportation sharing, in autonomous
environmentally friendly vehicles, fuelled and manufactured from non-polluting energy
sources is the ideal solution presented in the literature for the future of transportation, but
this is far from reality and will have to overcome many challenges on its way to fulfilment.
Western Australia has a high rate of car ownership and private vehicle usage. Sharing options
have the potential to reduce car ownership levels and reduce vehicle miles travelled. The
range of commercial and community sharing options related to transport include car-sharing,
car-pooling, ride-sharing, and bike-sharing. Fundamental change to transportation behaviour
will only occur if attitudes to car ownership and self-efficacy change. Evidence suggests that
people are most prepared to change transportation behaviour if it provides economic or
convenience related benefits. Environmental concerns are generally less important. There is
conflicting evidence on how demographics and local context affect attitudes to travel and
sharing but it is apparent that local context, available transport and ease of use have the
greatest effects on transportation sharing behaviour.
Freight will continue to have a major impact on road congestion as small haulage firms
continue to try and compete with large companies by carrying smaller micro loads. Freight
sharing apps can make shipping more efficient for large and small freight if information is
shared between multiple actors and across multiple platforms. On the other hand freight apps
that allow carriers to source loads directly from shippers could turn into a cost war, akin to the
taxi vs. Uber conflict, pitching large carriers against smaller operators, and social freight
operators, squeezing margins and reducing labour costs. If shippers and carriers can work
together and share information better load balancing would reduce congestion and shipping
costs without negatively impacting on wage rates. How social freight operators, such as Uber
Freight, will develop in the sharing economy is uncertain but they could add to congestion and
vehicle miles travelled in the same way as car sharing services if vehicle journeys are more
frequent and replace balanced load journeys.
Transportation and logistics increasingly rely on technology and technological skills but the
sector reports a lack of expertise in these areas. These skills will become even more important
as big data, open data, the internet of things and vehicle technology develop. Expert
knowledge of the transportation domain is needed to understand how the data can be used,
and pose questions that need answering. Technical knowledge and analytical skills are equally
important in order to access and understand the data and implement and design
transportation solutions. Sharing information across multiple domains will deliver innovative,
integrated, holistic transportation solutions.
Government regulations are potential barriers to the sharing economy’s penetration but are
needed to protect users and the economy. Partnerships with transportation sharing firms have
to be carefully considered to avoid the possibility of monopolistic activity and inequality in
service provision. The sharing economy has produced different business models and will
continue to evolve as technology develops and behaviour changes. These developments need
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to be integrated in transportation planning, balancing the need for modal choice and equality
of service provision. Future research can consider people’s perceptions and acceptance of the
various forms of transport sharing and the readiness of the freight sector to engage in
collaborative commerce.
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1

INTRODUCTION

1.1

Aims and Objectives

For transportation planners and government transportation departments it is important to
understand collaborative consumption, use of the sharing economy and their development in
order to assess potential impact on public transport demand and road use. Along with the
regulations that govern and control these developments collaborative consumption has
implications for transport policies and revenue streams (Rauch & Schleicher, 2015).
Technology enabled forms of collaborative consumption are in their infancy but it is apparent
that they have already had a disrupting effect on government policies and transportation
regulations. For example, the disruption in the taxi industry (Wallsten, 2015) and the resulting
policy changes caused by the arrival of Uber in Australia ("These are the states and territories
where Uber is (and isn't) legal," 2016) resulted in reduced taxi license fees and compensation
being paid to license holders (Nicholls, 2016). Governments invest heavily in transport
infrastructure that becomes long-term features of the urban form; the potential of
developments that can impact on future demand has to be researched and monitored.
Collaborative consumption and sharing economies have increased choice of travel mode and
can have an impact on vehicle ownership decisions but the extent of the impact is still unclear
(Goebel, 2015). There are many questions that remain unanswered such as: Do barriers or
drivers for the development of collaborative consumption exist and will they influence
transportation planning and infrastructure development? How does collaborative
consumption affect private car use and the demand for public transport? What other sectors
of the sharing economy might impact on transportation, road use, planning and
infrastructure? How will the sharing economy evolve? Many of the answers to these questions
depend upon the technology, a critical mass of participants and the availability of choice. The
interdependence between these variables makes it difficult to predict the impact of the
sharing economy in the long term.
This report investigates the impact (or role) of the collaborative economy on transportation,
identifies trends in collaborative consumption and the possible implications of these on future
transportation demand. The investigation will take the form of a literature review and is
sponsored by PATREC.

1.2

Structure of the Report

Background information on collaborative consumption and the sharing economy is presented
along with definitions of the key terms. The aims and objectives of the research are discussed
further. The relevance of collaborative consumption and the sharing economy to
transportation is introduced and explored in relation to the number of vehicles on roads
around the world, in Australia and Western Australia. The relevance of social media and
mobile applications for the development of the sharing economy is then introduced. The
methodology section describes the literature collection and analysis and shows examples of
keywords used for online searches and a brief summary of the literature influencing the
report. The next sections discuss shared mobility options and freight in greater detail. The
implications of future technology developments and open data are presented before the
impact of collaborative economies on policy and planning decisions are discussed. Finally
scenarios for the future of shared mobility are summarised and areas for future research are
suggested.
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1.3

Background

The collaborative economy, collaborative consumption, the sharing economy and peer-to-peer
consumption are terms used to describe a sharing, gift or barter economy where a temporary
utilisation of idle assets takes place. Although these types of economies have been operating
for centuries technological developments and mobile applications have seen the rise of online
platforms and widespread networks of participants forming digital peer-to-peer markets
dedicated to sharing assets and services (Belk, 2014). There are many ways to describe these
types of sharing and collaborative markets. Botsman (2015) reviewed terms used in literature
to describe these collaborative and sharing activities and proposed that they can be defined as
follows:
Collaborative economy:
“systems that unlock value from underused assets by matching ‘needs’ and
‘haves’ in ways that bypass traditional intermediaries and distribution channels;”
Sharing economy:
“systems that facilitate the sharing of underused assets or services, for free or for
a fee, directly between individuals or organizations;”
Peer economy:
“systems that connect buyers and sellers facilitating the exchange of assets
directly between individuals”.
It is clear that these collaborative and sharing economies are systems that use technology and
internet platforms to match customers and providers and allow them to make transactions.
The transactions are not always for financial gain although there is often an economic
incentive for participation. Collaborative consumption and sharing economies are a
representation of an electronic marketplace which creates an interplay between market and
non-market economies (Scarabato, 2015) but to be classified as part of the sharing economy,
the platform through which the system operates should be owned and operated separately
from the services exchanged (Deloitte, 2015b). We use these definitions and understandings as
the basic presumptions throughout the report. Additionally we use the term collaborative
market to refer to the electronic market structure created by these types of transactions.
Collaborative and sharing economies differ from traditional economies as shown in figure 1.
Traditional business models are linear with interactions between businesses and customers
but a sharing economy creates a network of participants who can be both providers and
customers. While ownership is traditionally seen as the most desirable way to have access to
products, increasing numbers of consumers are opting to temporarily access or share products
and services rather than purchase or own them. Sharing reduces the need to own assets and is
focused on using the idle capacity in the available assets or skill sets. The core competence of
the sharing economy is the software and platform through which the participants interact
rather than being specific to any industry and the company focus is on the customer
experience and usability of the system. The workforce is not fixed in the sharing economy and
jobs or skills are exchanged or shared as required between the registered participants.
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Figure 1: Comparison of traditional and sharing economy models; Source: DHL Trend Research
(Gesing, 2017).
The sharing economy includes the exchange of goods and services such as accommodation,
transportation, food, financial services, pet care, and daily chores. Five basic types of
collaborative sectors have been identified as: peer-to-peer accommodation; peer-to-peer
transportation; on-demand household services; on-demand professional services; and
collaborative finance (Vaughan & Daverio, 2016). These are estimated as having generated
revenue of 4 billion Euros in Europe in 2015. Sharing and collaborative markets seem set to
expand into more areas and will ultimately include more complex and diverse models than
those commonly seen today. The collaborative economy is currently a relatively small part of
the Australian economy with market share estimates of around 4% in accommodation; 2% in
point-to-point transport; and around 1.4% in retail goods. In the personal lending market,
collaborative business activity is a small fraction of the market, and could be as low as 0.02%
(Deloitte, 2015a). However, these services could not have been foreseen a few years ago.
The rapid rise and prominence of collaborative markets, for example AirBnB and Uber has
created interest in understanding why people participate in these sharing networks (Dickinson
et al., 2017; Kent, Dowling, & Maalsen, 2017; Möhlmann, 2015); how the phenomena has
impacted on pre-existing businesses, such as accommodation (Delgado-Medrano & Lyon,
2016), and taxi services (Cramer & Krueger, 2015; Wallsten, 2015). It has also raised questions
about government regulation (Deloitte, 2015b), the role of intermediaries and the power
relationships involved in creating and sustaining a collaborative market (Dredge & Gyimóthy,
2015).
The sharing economy in New South Wales, Australia has been estimated to be worth
AUD$500m annually (Nicholls, 2016). This transformation cannot be achieved without
complimentary policy reform supporting organisations and individuals involved in
collaboration markets. Cities such as San Francisco, Paris, London and Singapore are amongst a
number throughout the world embracing the sharing ethos by implementing policy reforms.
For example, the largest sector of the sharing economy in Europe, by transaction value, was
found to be accommodation (this includes peer-to-peer rental platforms, vacation rental
platforms and home swapping platforms) (Vaughan & Daverio, 2016). In line with this the
Department for Communities and Local Government in London changed its short term rental
policies to simplify peer-to-peer accommodation sharing (2015). Recognising the importance
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of sharing and collaborative economies helps drive policy change and the formal recognition
given to collaborative markets by policy changes encourages participation by building trust.
Amsterdam was named as Europe’s first sharing city in 2014 (ShareNL, 2017) and is one of the
cities actively promoting sharing networks and collaborative markets at local and international
levels.
The implications of the collaborative economy for transportation and planning are our primary
focus but these cannot be easily isolated. Socio-economic factors, behaviour, government
policy and regulation, technology and urban design are areas that all have an impact on
transportation use and need to be incorporated into planning for the future (Circella,
Tiedeman, Alemi, & Mokhtarian, 2016). However, the growth of the sharing economy in peerto-peer transportation services represents the largest sector of the sharing economy, by
revenue, in Europe (Vaughan & Daverio, 2016). This sector includes ride-sharing, car sharing
networks and driveway sharing models. Uber, Lyft and other such on-demand transportation
services are included as ride sharing schemes but they form transportation network companies
(TNC) providing tasks or “gigs” for independent workers to accomplish in a defined time.
Participation in peer-to-peer transportation services does not necessarily translate into fewer
road trips or fewer vehicle miles travelled (Circella et al., 2016; Rodier, Alemi, & Smith, 2016).
Indeed road usage could increase as vehicles travel between pick-up and drop-off locations, if
routes and demand are not optimised or if the use of these vehicles deter other forms of
travel (e.g. shared transport, walking or cycling).
The development of autonomous vehicles (AVs) and their use is prevalent in the media and
seems set to have a huge impact on transportation. The development of the technology,
safety features, users’ acceptance or resistance to AVs and the infrastructure necessary to
accommodate them are topics of discussion. The RAC, in conjunction with the Western
Australian (WA) State Government, is currently conducting tests of a 15 passenger
autonomous vehicle along routes in WA (RAC, 2016). This is likely to generate interesting
outcomes and will add to the public’s perceptions of AVs on the road and as a public transport
option. How these vehicles will develop, be accepted by consumers and be integrated into
future transportation is highly subjective. Widespread use will require changing peoples’
thinking about transportation and their relationship with cars, as well as require government
regulation, safety and liability issues to be addressed to ease public concern. Along with AVs
the electrification of vehicles continues to attract attention and offer solutions to the
greenhouse gas emission problem.
How collaborative and sharing markets will develop is unknown but it is apparent that people
are willing to share their goods/services and take advantage of those offered. These sharing
models have created disruption within certain industries but they do not preclude established
businesses from establishing their own form of collaborative consumption. To help maintain
competition existing business models can evolve to integrate collaborative consumption and
utilise the idle capacity in their assets (Cusumano, 2015). This will result in changing business
models and increased consumer choice.
Decisions regarding the holding or disposal of assets can be influenced by the potential of
sharing but it will be difficult to see reductions in personal asset holdings in the short term,
especially where assets are costly. For example, home owners are unlikely to sell their home or
vehicle if they rent accommodation using AirBnB or use Uber for transportation. However, if
the collaborative economy provides a satisfactory alternative to holding an asset there could
be a decrease in personal assets purchased and an increase in collaborative consumption to
meet the demand. Likewise a change to electric or autonomous vehicles, from the petrol or
diesel powered vehicles, may happen only as older vehicles become obsolete.
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The collaborative economy and its development is influenced by a broad range of factors
including environmental issues and social and technical changes such as: urban development,
social behaviour, political environment, technology development and adoption, and economic
conditions (Circella et al., 2016). Underpinning the collaborative economy is the storage,
retrieval and use of data without which the platforms could not operate. The development of
big data and big data analytics provide further opportunities to understand how collaborative
economies work and predict likely scenarios to aid in planning decisions.
1.3.1 Vehicles on the roads
The number of vehicles on roads are causing problems worldwide. Vehicle emissions, traffic
congestion and infrastructure needed to transport people and freight continues to escalate.
Investment in rapid transit networks is thought to be viable only if the marginal cost of
providing a passenger transport is low or zero which means extensive networks have to be
situated in densely populated areas and supported by large numbers of passengers (Shyr,
Andersson, Cheng, & Hsiao, 2017). This is not the situation in Western Australia and could
explain the high rate of vehicle registrations in the state. This section provides some of the
data available on vehicle registrations in Australia and the rest of the world to provide an
indication on vehicle ownership and trends. It is believed that the trends in motor vehicle
registrations can be impacted by the sharing economy, reducing the number of vehicles on the
road although the effect of vehicle substitution on total vehicle miles travelled are unclear.
Table 4 shows the number of motor vehicles per 1,000 people in countries throughout the
world. In 2016 Western Australia had 736 registered vehicles (excluding motor bikes) per 1000
people. Compared with data from other countries for 2014 this would put WA in third place
behind San Marino and Monaco both small, wealthy countries. The data indicates that there is
a very high rate of vehicle ownership in WA.

Rank

Country

Motor vehicles per
1,000 people

Notes

1

San Marino

1,263

2014

2

Monaco

899

2014

3

United States 797

2014

4

Liechtenstein 750

2014

5

Iceland

745

2014

6

Luxembourg

739

2014

7

Australia

736

2016

8

New Zealand

712

2014

9

Malta

693

2014

10

Italy

679

2014

11

Guam

677

2014

12

Canada

662

2014

13

Greece

586

2014

14

Finland

612

2011
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Rank
15

Country
Spain

Motor vehicles per
1,000 people

Notes

593

2014

Table 4: Vehicles (including buses and trucks but excluding motor cycles) Per 1000 People.
Source: Wikipedia ("List of countries by vehicles per capita,")

Types of vehicle on Australian roads
5%
20%
passenger vehicles
freight vehicles
buses, motor cycles and non-freight carrying vehicles

75%

Figure 2: Types of vehicle on Australian roads over 12 months until the end of June 2016 (ABS,
2017).
Table 5 provides details of the number of vehicles in WA and the average kilometres travelled
per vehicle 2007-2016 and table 6 breaks down registered vehicles into types and the average
kilometres travelled over 12 months ending June 2016.

Year
2007
2010
2012
2014
2016

Number of vehicles
no.
1,678,470
1,871,679
1,996,355
2,156,105
2,212,489

Average kilometres travelled
'000
14.5
14.0
13.8
12.8
13.3

Table 5: Registered vehicle numbers and average kilometres travelled in Western Australia,
2007-2016 (ABS, 2017).

Total
kilometres
travelled

Western Australia
Passenger vehicles
Motor cycles
Light commercial

Number
of
vehicles

Number
Average
of vehicles kilometres
– RSE*
travelled

million

Total
kilometres
travelled –
RSE*
%

no.

%

'000

Average
kilometres
travelled –
RSE*
%

19,823
255
6,674

5.55
19.55
6.43

1,593,557
128,018
388,275

1.90
2.47
2.48

12.4
2.0
17.2

5.68
19.32
6.11
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vehicles
Rigid trucks
Articulated trucks
Non-freight
carrying trucks
Buses
Total

1,300
1,051
30

6.33
4.21
25.15

70,724
15,497
3,998

1.23
1.89
8.97

18.4
67.8
7.5

6.17
3.96
24.01

301
29,434

10.49
3.97

12,421
2,212,489

4.34
1.32

24.3
13.3

9.80
4.10

* RSE- Relative Standard Errors

Table 6: Total and average kilometres travelled by type of vehicle in Western Australia (ABS,
2017).

Although there have been increases in the number of registered vehicles in Western Australia
the average kilometres travelled per vehicle has decreased since 2007. The population of WA
at end of the September quarter 2016 was 2,623,200 which equates to approximately 843
vehicles (including motor bikes) per 1000 people. The 2016 Australian Census information
confirms that car ownership is increasing in WA and is higher than the average Australian rate
(ABS, 2016). WA only had 4.9% of dwellings without a registered vehicle parked at the address
(a decrease from 6.1% in 2011) compared with the 2016 national average of 7.5%. The average
number of registered vehicles per dwelling in WA is 1.9 slightly higher than the national
average of 1.8. The number of registered motor vehicles over 10 years old is also increasing
whilst registrations of vehicles under 10 years old are decreasing (Table 7).

RMV less than 5 years old (no)
RMV 5-10 years old (no)
RMV over 10 years old (no)

2013
395 769
489 912
638 309

2014
428 068
491 625
671 073

2015
417 398
498 249
702 722

2016
413 003
487 548
733 502

Table 7: Registered Motor Vehicles in Greater Perth Region -Year of Manufacture - As at 31
January 2016: Source ABS

IBISWorld (2016) estimates that the number of registered motor vehicles in Australia will
increase at a compound rate of 2% to 20.7 million vehicles from 2017-2022. This prediction is
based upon more affordable car imports, continuing growth in light commercial vehicle sales
and slower demand for passenger vehicles. Passenger vehicles accounted for 75.4% of all
vehicles in 2016 but dampening of demand is predicted to occur due to services such as Uber,
GoCatch and Ingogo. Car-sharing services such as GoGet and Flexicar are also expected to
decrease vehicle demand over the next 5 years. Partnerships, such as the one between Uber
and TripGo that are providing synchronised public transport schedules and car ride bookings
for first and last mile trips are also predicted to lessen the demand for ownership of private
vehicles.
1.3.2

Social media - part of the sharing phenomenon

Consumers are willing to share their views and opinions on a range of issues through social
media channels. There is general agreement that social media can be used to involve the
public with government issues and policy development such as urban mobility and planning
(CIVITAS, 2015). Technology, such as Twitter, can help facilitate effective communication
between the public, transport operators and other information providers to combat
transportation issues associated with major events (Cottrill et al., 2017). The analysis of social
media messages and posts can highlight immediate problems, such as breakdowns and
congestion, and discover recurring dissatisfaction or frustrations (Kuflik et al., 2017). Social
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media activity can be monitored to produce a live map of significant events and aid in the
provision of speedy resolutions (Davis & Saunders, 2014). The ability to co-create innovation
through mobile technology and shared information should be a continuous process with
multiple conversations (Wong, Peko, Sundaram, & Piramuthu, 2016). However, many
governments and government departments use social media primarily as a one way
communication channel only to provide information to consumers precluding public
involvement in transportation planning (Majumdar, 2017).
One way communication channels are a barrier to building positive user sentiment, affiliation
and interest. To overcome this meaningful interaction between government and consumers
has to be built into the official social media presence. By monitoring, reviewing and responding
to ideas and concerns posted on their social media sites valuable insights and positive user
sentiment can emerge. These are essential requirements for social media success in the
business world; as demonstrated by companies that make online presence and customer
satisfaction top priorities (e.g. Zappos, an online clothing and shoe store, incorporated into
Amazon in 2009 for US$850 million (Hsieh, 2009)).
The changing nature of social media and access to online services through these networks
encourages “friends” to try a service, widen the network, and share comments. The effect of
social media on travel behaviour and vehicle miles travelled (VMT) is ambiguous (Circella et al.,
2016). The widening of social networks and ease of connecting may increase travel and vehicle
miles travelled, for example, if it results in increased journeys for face-to-face meetings;
decrease travel and VMT if online interactions are substituted for face-to-face meetings; or it
may be that connections formed through social media networks do not substantially change
travel patterns. Social media connections to multimodal transport networks may reduce VMT
by showing acceptable travel alternatives. Transportation agencies have to encourage sharing
of information to strengthen awareness of transport issues and alternative. The success of
many sharing platforms relies on the use of mobile applications to deliver timely information
and payment between supplier and consumer.

1.3.2.1 Is There an App for That?
Social and technological developments have affected how we interact and our expectations of
technology and service delivery. We have come to expect rapid online connections, real-time
interaction and immediate response. Increasingly these interactions occur using smartphone
technology and mobile applications. Transportation departments throughout Australia provide
access to real-time transport schedules and other information through mobile applications.
The ever increasing rate of mobile application development and increased connectivity with
data stores will continue to impact on the way transportation is planned, utilised and
discussed. Developments are constrained by government and organisational policy, best
practice, consumer needs and usability.
Transport authorities throughout Australia maintain online sites to provide transport
information, such as route planners, transport news and incident updates, as well as contact
information for consumer feedback and reporting. There are always links to social media sites,
the most popular ones being Facebook, Twitter, Instagram and YouTube, and additional social
media applications that can be used to improve the travel experience. For example, the NSW
government lists various applications on its Transport website that enable commuters to keep
up-to-date with transportation issues (e.g. Transit); view accessibility; plan trips; obtain real
time information (e.g. Next There; Transit Times); provide feedback and join networks with
other transport users (e.g. Feedback2Go); as well as apps to access personal smartcard
information (Opal Travel) (TransportforNSW, 2016b). The NSW Minister for Transport and
Infrastructure called for expressions of interest to develop an on-demand bus service to be
trialled in late 2017 (TransportforNSW, 2016a). Volunteered crowd-sourced information can
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be used for transportation planning and policy making and provide open communication
channels between government and communities (Attard, Haklay, & Capineri, 2016).
Freight and logistics management are increasingly using GPS tracking, mobile devices and
applications to schedule, control and monitor freight, reduce risk and increase sustainability.
There are many large multimodal freight brokers who manage freight logistics but on-demand
services have the potential to disrupt this industry. National and regional freight costs millions
of dollars each year and the international shipping market is worth trillions of dollars, but
often transport loads are under optimised and trucks return empty from ports (Abrosimova,
2016). Improvements in logistics management and load optimisation could cut the total VMT
of trucks and reduce freight costs. The “uberization” of the freight and shipping sector matching loads, drivers and routes, would create greater efficiency in the supply chain and
reduce the environmental impact of freight. The potential of these on-demand apps and the
industry disruption they may cause is receiving increasing attention and speculation (Meketon
& Rennicke, 2016). There is a considerable amount of venture capital investment being made
in the area (Banker, 2016; J. Smith & Tipping, 2016) and both Uber and Amazon are amongst
the developers trying to capture some of this market (Abrosimova, 2016). Unilever North
America recently partnered with Convoy, a start-up in the on-demand trucking area, for its
transportation needs (Soper, 2016). On-demand services will be provided via mobile devices
and applications that match trucking companies and shippers and allow drivers to find jobs
more easily without the legwork and cost of using a freight broker.
The expansion of data networks, connectivity between machines (the internet of things),
autonomous manufacturing and artificial intelligence will further impact on the supply chain
and its efficiency (Goodwill, 2017). Data collection from computer systems already installed in
vehicles could provide useful insights into how vehicles are used (Coppola & Morisio, 2016)
and further development of smart cars and network connections can be used to plan and
implement more efficient travel and transport solutions.

2

METHODOLOGY

This report was undertaken as a review of literature around the theme of the collaborative
economy and its impact on transportation. It has focussed on collecting relevant literature
from a variety of sources using keyword searches and links from within documents and
websites. Literature generally builds upon earlier work and introduces current topics or trends.
As this is not a longitudinal study it is appropriate to place publication date limitations on the
scope of the literature considered. The scope of the literature search for the report was
limited to the years 2015-2017 in order to capture the most recent literature and identify the
current trends. Literature reviews published within the date range summarise past research
and identify gaps in the literature (e.g. Fishman, 2016), summary reports, such as the ITS Post
Congress Summit report (ITS - Enhancing liveable cities and communities. Post Congress
Report, 2016) present overviews of research and areas of interest reducing the necessity of
lengthening the timeframe for data collection.
Search engines such as Google, Google Scholar and Bing were used to find literature around
the relevant topic. The literature included academic work in journals, online reports from
consulting firms and educational institutions, newspaper articles, blogs and other
documentation found online. The basic terms of collaborative consumption, the sharing
economy and transport were the starting points for the collection of literature; perusal of
these results suggested further keyword searches. Examples of some keyword searches and
the additional searches are shown in table 8: these are not in order of input and collaborative
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consumption, sharing economy were often used as qualifiers for other terms (e.g collaborative
consumption and transport policy, sharing economy and multimodal transport).
Keywords, such as those given in table 3, were used for the online literature search and the
additional terms (indicated by +) were used for subsequent searches. The keywords and terms
input into various search engines and the results returned were generally the same using
Google and Bing. Google Scholar was the primary source for academic articles but databases
such as ProQuest and ScienceOneDirect were also accessed through the University library
system.
The first 100 results from each source and keyword entry were viewed to eliminate those
obviously irrelevant to the report topic and outside the selected time frame (2015-2017).
Repeating references were also removed. The remaining results were accessed and read in
greater detail to ascertain the degree of relevance and establish an over-arching categorisation
of the literature. Initial categories within the sharing economy and collaborative consumption
topic were very broad, such as transport: train, freight, car, and bike. Accommodation and
urban design emerged as themes in the collaborative/sharing economy literature and were
included as general sharing economy references because of their relevance to transportation
development and future planning. Policy, law and sustainability were also categories
represented in the literature collected although they were not always primarily focussed on
collaborative consumption or other aspects of the sharing economy related to transportation.

Keyword
future of transport + blog
future of transport + freight
sharing economy + transportation + freight
collaborative economy + transportation + freight
car sharing
bike sharing
ride sharing
multimodal transport
transport policy
Uber + policy
Social media and transport/transportation
Urban design + transport
urban mobility + collaborative consumption
transportation user information system
on demand trucking + freight
freight sharing apps
Table 8: Examples of keywords used for online literature searches

A total of 194 literature sources containing a high degree of relevance to collaborative
consumption (and the sharing economy), transportation and transportation planning were
included in the review Figure 3; Table 9). An additional 54 peripheral references and relevant
literature outside the date range are used as background or supportive information.
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Sources of reviewed literature
Blog

5, 3%
15, 8%
18, 9%
5, 2%

Book or book section
Government report or communication

7, 4%

19, 10%

23, 12%

Industry report
Journal article
News or Magazine

102, 52%

Web site
Working paper or conference paper

Figure 3: Sources of reviewed literature
Blog

Book
Government
Industry Journal News or
Web Working
Total
or
report or
report
article Magazine site paper or
book
communication
conference
section
paper
15
5
7
23
102
19
18
5
194
Table 9: Sources of literature reviewed

LITERATURE CLASSIFICATION
Topic

General
sharing
economy
Carsharing
Carpooling
Ridesharing
Bike sharing
Freight
Motivation,
behaviour
Policy
Big data,
open data
Autonomous
, automated
vehicles
Social media,
Crowd

Blog Book
or
book
section

4
3
3

Government
report or
communication

1
1
1

5

2
1

1
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Industry
report

Journal
article

News or
Magazine

1

4
1
1
6

1

2

7
12
14
14
20
6

1

29
9

2

5

4

6

1

6

3

2

2
1
6
3
2

Web
site

2
2
1
1

Working
paper or
conference
paper

2

2

3
1

3

1
4

2

2
1
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sourced data
Urban
Planning

4

10

1

Table 10: Categorisation of literature topics
It was not always possible to identify a single theme for the literature as several concepts were
discussed. Literature that did not have a primary focus resulted in classification in two or more
categories. This means that the number of classifications if greater than the number of
literature sources. For example some of the literature with a focus on motivation and
behaviour is also classified in other categories (see table 11).

MOTIVATION/BEHAVIOUR LITERATURE
Sub topic
Number of
literature sources
general
4
crowd sourced data
1
technology
3
carsharing
6
ridesharing
1
carpooling
3
bike sharing
4
Table 11: Cross categorisation of motivation and behaviour literature sources

2.1

Limitations

It is worth noting that the searches carried out were not exhaustive but when the results had
recurring titles, even though different keyword searches were made, it indicated that a point
of saturation had occurred. At the point where the keyword(s) used for the search were
returning recurring or irrelevant literature the keyword(s) were changed. This occurred until
using keyword(s) again returned the same or similar results. The keywords and the links
between keywords are biased because of the researchers understanding and interpretation of
the literature. To overcome this bias to some extent two researchers carried out independent
online searches using their own keyword searches. There were some differences between the
literature found and the results of both researchers are combined in the following report.
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3

COLLABORATIVE AND SHARED MOBILITY SERVICES

Collaborative and shared mobility schemes have been around for many years and allow you to
share a vehicle, a journey or freight space (figure 4). Technology development, GPS navigation
and social media have given these services added capacity and greater social appeal. In the
passenger sector these schemes can be a stepping stone towards mobility-as-a-service (MaaS)
where personal ownership of modes of transport are replaced by transport services and
services are managed and paid for through a unified gateway. Freight forwarders and brokers
operate similar “as-a-service”-schemes for shippers.
Manufacturer car
sharing
e.g BMW-DriveNow
Car sharing

Corporate car share
clubs e.g. Zipcar,
GoGet
Peer-to-peer car
sharing
e.g. CarNextDoor
Community based
e.g. BlaBlaCar

Car-pooling
On demand car
pooling

Shared mobility
services

e.g coseats
On Demand ride
sharing
e.g. UberX
Ride sharing
Dynamic ride sharing
e.g Uberpool
Bike sharing
e.g. Urbi

Social network
freight sharing
e.g. Nimber

Freight sharing
Commercial freight
sharing service
e.g Convey

Figure 4: Types of collaborative and shared mobility schemes
Car-sharing schemes enable members to rent and drive a car, often for short durations, before
returning it to a designated spot. Car sharing includes corporate schemes or car clubs such as
Zipcar, owned by Avis, which is one of the largest car-sharing services in the world; and Hertz
24/7 that operates a car-sharing scheme in Australia. Members of these schemes are typically
well educated, professional and live in a city environment; they use car share services for long
and short distance journeys. Car share schemes can be further divided into manufacturer’s
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car-share schemes: BMW’s DriveNow, and ReachNow (2017) and Daimler’s Car2Go; and peerto-peer schemes such as Car Next Door.
Car-pooling lets you share a journey and the associated costs with everyone taking the
journey. Car-sharing and car-pooling services are typically more successful in densely
populated urban areas where there is a critical mass of users. Different member demographics
have been shown to exist between car-pool members and car-share members. Car-pool
members are often blue collar workers, need to travel when other transport is not available
and have tighter financial constraints than members of car-share schemes (Brimont, Demailly,
Saujot, & Sartor, 2016). Although car-pooling is popular for short journeys BlaBlaCar has
become popular as a long distance, peer-to-peer car-pooling service.

BMW DriveNow
DriveNow is a commercial car sharing scheme that started in 2011 and is a partnership
between BMW, MINI and Sixt. Customers register for membership and pay for use of a car at
a per minute rate. Insurance, parking, road taxes and fuel are included in the price. Prebooking of vehicles is not required, a member searches for the nearest car using the DriveNow
app and starts driving. The DriveNow app gives details of the fuel level and battery charge level
for electric cars. Cars can be unlocked and locked using the DriveNow app or the customer
card can be held up to the reader on the windscreen. Inside the car a PIN is input into the incar display.
As the use of the vehicle is on a per minute basis the car can be driven for any time period, no
matter how short. Cars can be parked after being used in any public parking spot free of
charge. Drivers can park a car but keep it for later use and are charged a special parking rate
for this option.
The service is available in Germany in Munich, Berlin, Hamburg, Dusseldorf and Cologne. It is
also available in London, Helsinki, Lisbon, Copenhagen, Stockholm, Milan, Brussels and Vienna.
Drivenow has over a 1000 cars in Berlin, 300 cars in Sweden (2015), 300 in Brussels (2016), 480
in Milan (2016) and 150 in Helsinki (2017).
Ride sharing is a peer-to-peer service where the owner of a vehicle takes requests for rides
from other members of the service and is paid a fee. On-demand ride sharing, through apps
such as UberX, allows the driver to respond instantly to requests for rides and members to
track their request. Payment is also made through the proprietary app. Dynamic ride sharing
also involves booking a ride on short notice but the journey is likely to be shared with other
people, often strangers, taking the same or a similar route. Passengers can be picked up and
dropped off anywhere along the route. This obviously requires some flexibility in timing and
route planning but can reduce the cost of a journey and the number of vehicles needed to
cover the route. UberPool is an example of a dynamic ride sharing service.
Bike sharing schemes have been providing transport in urban areas over many years and are
likely to continue. Recently UrbiBike has been located at some train stations and metropolitan
locations around Perth, WA. The addition of electric bikes for longer journeys and to make
riding less strenuous could encourage more use of this type of service.
Technology plays a vital role in transport and logistics and freight sharing can optimize loads
and routes and lead to fewer trips. Freight sharing apps have been developed that allow
carriers to find shippers in real-time and bypass the freight broker. This could increase the
number of carriers on the road if many smaller shipments are made. Commercial freight using
apps such as Convey (conveyfreight.com) allow the shipper and carrier to select freight and
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maximize loads and transport it worldwide. Apps such as Nimber (nimber.com) allow people to
use their vehicle to carry freight for other members of the network usually within the locality.
Short distance journeys are a key factor in developing sustainable mobility; they account for
60% of emissions, provide access to employment and services and influence car ownership
decisions (Brimont et al., 2016). It is expected that shared mobility options will increase and
the overlap between the different schemes will occur. Collaborative mobility has the potential
to provide sustainable transport, reduce road congestion and generate revenue for local
authorities especially if it is incorporated into strategic transportation and urban development
plans.

3.1 Car-Sharing
Car sharing concerns the use of a car for long or short journeys when the car is shared by
members of a car-sharing scheme. These schemes usually require a subscription fee with a car
being used for short periods of time or in hourly increments. The payment of a subscription
fee and the inclusion of insurance and fuel costs differentiate car share from car rental
services. Car-share schemes can be divided into tradition car share fleets that are company
owned (e.g. GoGet, Zipcar) and peer-to-peer car-sharing fleets (e.g. CarNextDoor) where
personally owned cars are made available for sharing. Affordability, scale of service and
availability are factors that determine the attractiveness of car share schemes.
Car-sharing schemes have the potential to reduce the number of vehicles on the road and to
complement inter-urban transit options (de Luca & Di Pace, 2015). Estimates suggest that one
shared car can replace up to 6.5 cars and reduce the number of impulsive trips made (Fleury,
Tom, Jamet, & Colas-Maheux, 2017). Members of car sharing schemes are also likely to own
fewer vehicles than others in the same demographic grouping and use alternate modes of
travel such as biking or walking (Mishra, Clewlow, Mokhtarian, & Widaman, 2015). Car sharing
schemes are often located in high density areas where the number of potential subscribers is
highest and the costs of owning a vehicle is greater than its utility. High membership numbers
are needed to offset the cost of operating corporate car share fleets and many operators
struggle to survive (de Luca & Di Pace, 2015). Peer-to-peer car share schemes extend the
availability of car sharing and can provide additional transport options to complement existing
public transport or cover under serviced areas (Brimont et al., 2016).
Increasing awareness and membership of car-sharing schemes is important if they are to
become a significant complement to public transport. RAC WA (2015) found that awareness of
car sharing was a new concept to 57% of members surveyed. Increasing participation in carsharing schemes will initially involve raising awareness or changing existing attitudes towards
them and providing the infrastructure for the development of car sharing. The allocation of
parking slots would be a necessity for company fleets. Independence, safety and avoidance of
stress have been identified as the advantages of car-sharing that should be specifically framed
in mass media campaigns to encourage participation (Schröder & Wolf, 2017).
Sustainability is often thought to be a driver of participation in car-sharing schemes but it has
been found to be less significant than other factors in the decision to participate (Barnes &
Mattsson, 2016; Shaheen, Chan, & Gaynor, 2016; Yoon, Cherry, & Jones, 2017).
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In a survey of RAC members in WA, reasons given to use a car share scheme were:
• to save money / reduce costs of owning a vehicle (45 per cent of those who said they
would use a service);
•
•
•
•

to reduce number of cars / alternative to ownership (16 per cent);
convenience / ease (14 per cent);
sometimes need a car / second car (12 per cent); and
don’t need a car all the time / don’t use it much (11 per cent) (RACWA, 2015).

Although sustainability might not be the primary motivation to use car sharing services
members are often introduced to new vehicle technology. Car manufacturers BMW and
Daimler have introduced car sharing schemes that give members access to high end vehicles
that provide a trade-off between driving performance and fuel efficiency (Bellos, Ferguson, &
Toktay, 2017). An analysis of the choice of car made in schemes operating in the US shows that
hybrid cars are more likely to be chosen over other types of vehicles even though they may not
be the most environmentally friendly option (Zoepf & Keith, 2016). The increased exposure to
new technology does create more public awareness and can affect future manufacturing and
purchasing decisions.
If car-sharing services are driven by economic incentives they will have to be cost effective to
entice participants. The greatest financial gain for users occurs when car sharing is substituted
for car ownership and other modes of transport are used when available. Choice magazine
compared car sharing services and found that it became cost effective to use this type of
service when travelling around 5000km per annum but most cost effective when travelling less
than 1500km per annum (Castle, 2015). Peer-to-peer car sharing has the potential to offer cost
effective transport options for those living in areas poorly provisioned by public transport.
However the development of the platform, availability of cars and provision of keyless locking
systems can increase costs in peer-to-peer systems (Brimont et al., 2016).
CarNextDoor
CarNextDoor launched at the end of 2012 as a community car sharing scheme, starting with
around 20 car owners at Bondi in Sydney. It involves people renting other people’s cars (peerto-peer rental), the idea being that car owners can make money by renting out their car or
van. Since 2012, it has grown and now operates in Newcastle, Brisbane and Melbourne as well
as Sydney. Their website explains that “CarNextDoor helps people to get around without
having to own a car themselves, reduces the personal and environmental costs of car use, and
strengthens connections between people in the community.”
The web site has a forum where vehicle owners and borrowers are registered, vetted and
approved. Member behaviour is rated by other members. In car technology is used that
enables keyless access to the car, GPS tracks a car’s location to reduce the risk of theft. Car
owners receive 50-75% of the time based fee and 75% of the km fee. There are now over
30,000 members who have made over 70,000 trips and over $3.3 million has been paid to
owners.
The revenue raised from the introduction of car sharing schemes can be significant and could
entice local authorities to provide parking spaces and infrastructure for these schemes.
Revenue from permits for 2000 free floating cars in Seattle was expected to be USD$3.4
million in 2016 (Boeriu, 2015). However, a study of car-sharing in 80 US cities found that
although the cost of car-sharing fell between 2011-2016, the imposed taxes offset the
reduction by more than one third (Schwieterman & Bieszczat, 2017). These additional imposed
costs might prevent the growth of car-sharing schemes and become a barrier for local
sustainability goals.
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Car-sharing raises behavioural and psychological challenges such as the effort needed to
participate (Fleury et al., 2017), willingness to adopt new practices, aptitude to change
behaviour (Kent et al., 2017) and attitude to car ownership. Changing these attitudes and
behaviours does not occur rapidly. The demographics of those using or willing to use a company
or corporate car share scheme are generally reported as being male, generation Y/Z, a graduate
education level or above, living in the city centre (Prieto, Baltas, & Stan, 2017; RACWA, 2015). In
contrast, Yoon et al (2017) found that in Beijing older people were more likely than younger
people to use a car sharing service and gender was not significant. Peer- to-peer car sharing may
attract a wider demographic than company car share services (Prieto et al., 2017) and present
more opportunities to become part of an overall transportation co- development strategy.
Mobility actors are working to overcome some of these challenges by building ease of
organisation, flexibility and increased predictability into car-sharing systems.
RAC WA (2015) report that car sharing schemes in Perth WA would be most successful in
suburbs such as East Perth, Bentley and Northbridge/Highgate because of high density
accommodation, limited parking and population demographics, the location of Curtin
University in Bentley may also be a factor for success. These recommendations need further
investigation because the survey sample was small.

3.2 Ridesharing
Ridesharing is divided into three areas: car-pooling, on-demand ride-sharing, and dynamic
ride-sharing. The differences between these services are explained along with possible
motivations for using these services.
3.2.1 Car-pooling
When two or more people, not belonging to the same household, share the use of a privately
owned car for a trip (or part of a trip), and the passengers contribute to the driver’s expenses
they are car-pooling. Car-pooling has been around for decades but technology and social media
have made it easier to connect people to these schemes. As with any sharing scheme the
number of participants contributes to the success of the scheme. Although building the number
of participants in car-pooling schemes is a challenge (Nielsen, Hovmøller, Blyth, & Sovacool,
2015) the effects of participation on road traffic could be significant. Conner-Simons (2016)
models the effect of car-pooling on taxi rides in New York and predicts a possible reduction of
taxi traffic by as much as 75%. Reductions in emissions, reduced fares and efficient routes can be
obtained by using existing large taxi fleets as car-pooling services (Zhang et al., 2016)
Factors that contribute to car-pooling decisions have been reported in the literature but it is still
unclear how these apply in different social contexts (Neoh, Chipulu, & Marshall, 2017). As
opposed to car-sharing car-pooling requires participants to travel together and the driver usually
owns the vehicle. Sharing space and social engagement have been reported as both positive and
negative motivations for participation in car-pooling schemes (Nielsen et al., 2015). Social tie
strength, trust and obligations have been found to influence car-pooling more than age or
mobile engagement (Dickinson et al., 2017) which indicates that people of all ages and technical
skill levels can participate in these schemes. Casual carpooling, an informal car- pooling scheme
run without the aid of technology, operates in some US cities. A survey of users in the San
Francisco Bay area showed that motivations to use the carpooling service were the same as
those often given for other types of carpooling: convenience, time savings, and monetary savings
(Shaheen et al., 2016). The introduction of technology to car-pooling schemes increases the
likelihood of finding a suitable ride, it also has the potential to match the interests of car-poolers
from crowd sourced data (Berlingerio, Ghaddar, Guidotti, Pascale,
& Sassi, 2017). Connecting people with similar interests can make the journey more enjoyable,
build trust and create social ties needed to maintain participation in collaborative travel.
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BlaBlaCar

BlaBlaCar is the world’s largest long distance ride share initiative. It was initially thought of in
2003 and started in 2006. It now employs over 600 people and runs in 22 countries and has 35
million members. It has been valued at USD$1.6. BlaBlaCar’s model revolves around driver’s
who want to fill empty seats in their car for a longer journey. Members register and create a
profile and the profile is rated as the member makes journeys and is assessed by the
passenger. People with more journeys become “ambassadors” or highly trusted members. In
May, 2007, BlaBlaCar started piloting a commuting, car-pooling app in France. In August 2017,
Google started displaying BlaBlaCar trips alongside other modes of transport.

It is often thought that participants in car-pool schemes are typically young, male, blue collar
workers who work shifts or take routes not covered by public transport. Contrary to this, a
meta-analysis of car-pooling literature found that females are more likely than men to use carpooling services, employer size is the largest positive factor for car-pooling, and motivation to
reduce congestion has a medium positive effect on car-pooling decisions, whilst other
motivations have little effect (Neoh et al., 2017). A survey of French car-poolers and noncarpoolers also found that women were more likely to use car-pooling than men, most
participants are between 35-49 year olds but still travel the same distances as non-carpoolers
(Delhomme & Gheorghiu, 2016). A study of Calgary university students and staff (Tahmasseby,
Kattan, & Barbour, 2015) showed that students and lower income commuters with some
flexibility in attendance schedules were the most willing to use a car-pooling service.
Companies such as Uber and Lyft operate on-demand car-pooling schemes, UberPool and
LyftLine respectively, and it has been reported that over 50% of Uber members in San
Francisco use UberPool (Goebel, 2015). Given the popularity of Uber in Australia it will be
interesting to see if these services develop here. An Australian on-demand car-pooling
scheme, Coseats incorporated in 2011, offers rideshare, car-pooling, and campervan
relocation services in Australia and New Zealand. They have worked with Melbourne airport to
develop car-pooling to and from the airport and with festival organisers to get people to and
from events using car-pooling apps. Collaboration between transportation departments, local
business and car-pooling services is a key driver to the adoption and future development of
these schemes. However, dominant players have emerged in the collaborative mobility sector
and the dangers of allowing monopolistic activities have to be considered (Harding, Kandlikar,
& Gulati, 2016).
There are possibilities to integrate carpooling into urban transport networks (Jamal, Rizzoli,
Montemanni, & Huber, 2016) which could provide wider transportation coverage, replace
underutilised bus routes or provide transport at lower cost than express bus routes. 85% of
travel is work related and reductions of road traffic could be significant if even a small
proportion of these journeys were shared (Deloitte, 2016). Car-pooling can be particularly
successful when journeys are made at fixed times over fixed routes. Employers with larger
workforces are potential partners for car-pooling schemes especially if they are situated in
transport deserts (i.e. further than 800m from a public transport access point) or employees
travel outside public transport hours. Developing carpooling partner projects and working with
large employers to develop work related car-pooling are potential avenues for future
development (Neoh et al., 2017) in WA.
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The introduction of high occupancy vehicle (HOV) lanes and reserved parking for these
vehicles can support car-pooling and reduce greenhouse emissions (Javid, Nejat, & Hayhoe,
2017). High occupancy vehicle lanes can decrease travel time, reduce cost or add enjoyment to
travel time. Introducing HOV lanes in WA similar to those operating in Sydney, Melbourne and
Brisbane could encourage more car-pooling, especially if it is accompanied by suitable media
campaigns. Speed limit restrictions for low occupancy vehicles at certain times of the day can
also be introduced to induce car-pooling. City of Perth Parking currently offer discount
parkingat three car parks for vehicles carrying a minimum of 2 occupants and entering between
6.30am and 8.30am (CPP, 2017). The development of car-pooling apps and creating more
awareness of the advantages of car-pooling could increase participation and provide more
flexibility in ride options. However, the motivations for Australians using car-pooling need to be
further investigated. Car-pooling will have to be more than an extension of on-demand ride
services to have a positive effect on reducing road traffic.
3.2.2 On-demand ride-sharing services
When you use your vehicle to take a paying passenger or passengers to a place they want to
go you are ride sharing. It is an on-demand service because the journey is undertaken at a time
stipulated by the passenger. These services form transportation network companies (TNCs)
that could not operate efficiently without technology and the sharing of information across a
network of actors. Uber, founded in 2009, gives car owners the ability to use the idle capacity
in their vehicle to earn income and is the most well-known ride-sharing service in Australia.
This is in part due to the media attention it receives, conflict with government policy (e.g.
Washington, 2017) and the disruption it has caused to the taxi industry.
The taxi industry claims that on-demand ride-sharing is unfair competition because a taxi
business is expensive to run and tightly regulated (Dimitriadis, 2016). (The main differences
between taxis and on-demand ride sharing services are shown in table 3). Concerns that ondemand ride-sharing services will not cater for special transportation needs, such as access for
disabled travellers, driver exploitation, safety issues and privacy have also been raised (Rogers,
2015-2016). Opposing these views are opinions that on-demand ride-sharing fills a gap in an
industry that was not meeting customer needs (Wallsten, 2015); more transport is available in
areas previously poorly served and is more affordable (Rosenbaum, 2016); safety issues are
mitigated by vehicle and driver checks and personal details are subjected to the company’s
internal security. Governments worldwide have struggled with policy reform and the industry
fall out caused by on-demand ride sharing services but these services are now legal in all
Australian states except the Northern Territory.

TAXI SERVICES

RIDE-SHARING SERVICES

Can accept street hail, taxi rank, phone and
advanced bookings

Cannot accept rank or hail work or stop in taxi,
bus or loading zones

A large proportion of transactions are
completed through cash payment (60-77%)

All transactions are through electronic payment

Majority of trips are obtained through street
hail or taxi rank

Underpinned by digital peer-to-peer platform,
rides are matched based on geographic location
which minimises travel distance and waiting
time

Fares set by taxi meter

No taxi meters
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Table 3: The differences between taxis and ride-sharing services. Source (Deloitte, 2016).
On-demand ride-sharing services such as UberX offer a cost effective way of travelling, with
fares often reported as being around 20% lower than conventional taxis (Lambert, 2016).
Users of Uber in the US are mainly from the 16-34 year old age group, living in urban areas
with a quarter of users coming from the top income quartile indicating that financial saving is
not necessarily a key driver of use (McGrath, 2015). A Deloitte Economic Access study (2016)
most Uber passengers were picked up in about four and a half minutes as opposed to waiting
eight minutes for a taxi. The report also proposes that Uber reduces the risks associated with
ride-sharing because passengers and drivers both have profiles that can be checked before
pick-up. The use of a rating system also creates feelings of trust and an added sense of fun
might be created by using these services (Deloitte, 2015a).
There are stringent rules for people becoming ride-sharing drivers that require a variety of
vehicle and personal checks to be completed as well as fees and insurance levies to be paid.
Drivers join TNCs primarily to generate income and become independent business owners. It is
also reported that a lack of opportunities, economic strain, and need to supplement existing
income are motivations to join labour platforms (Farrell & Greig, 2016). Concerns over the
social welfare, labour rates and the potential for exploitation of drivers have been raised
(Rogers, 2015-2016). Reports of earnings per hour vary significantly and there is evidence to
suggest that drivers become dissatisfied over time because of fare cuts, high costs, driver
saturation and lack of driver support (Ince, 2017).
Although taxi drivers have protested about the competition from Uber drivers, the shake-up in
the Australia taxi industry has resulted in reduced taxi licencing fees and in some cases
financial compensation has been paid by local state government to taxi licence holders. The
Australian Taxation Office regard on-demand ride-sharing journeys as taxi travel and drivers
have to register for GST in the same way as taxi drivers. These changes level the playing field
to some extent in requirements and costs to operate these services but the taxi industry will
have to become more technology and customer focussed to compete in the longer term.
The availability of more transport options is an advantage for passengers and can create more
efficiency in point-to-point journeys. A survey of taxis and on demand ride sharing in
Shenzhen, China found that although taxi rides were initially reduced by the introduction of
these schemes the effects levelled off quickly and both taxis and on-demand ride-sharing
schemes were working alongside each other (Nie, 2017). Taxis were found to compete more
effectively with ride-sharing in peak times (6–10 am, 5–8 pm) and in areas with high
population density; e-hailing also lifted the capacity utilization rate of taxis. Nie concludes that
a dedicated service fleet with exclusive street-hailing access can continue to co-exist with ridesharing schemes. A study of taxi rides and on-demand ride-sharing in Seattle and Los Angeles
found that for every mile taxi drivers in Los Angeles drive with a passenger in the car, they
drive 1.46 miles without a passenger, compared to UberX drivers who drive 0.56 miles (Cramer
& Krueger, 2015). This would have a positive effect on congestion and emissions if it is
replicated in other cities and would be even more significant if rides are shared by more than
one passenger.
Changing life patterns and lifestyle impact on the use of vehicles and ride-sharing. For
instance, Canadians living alone are more likely to commute shorter distances and are less
likely to own a driver's license or have access to a vehicle than respondents from family
households; they use active modes of transport more; and take more trips related to food and
socialising (Young & Lachapelle, 2017). However, the growth of this group in areas where
transport is less available may result in an increase in overall motorization rates because they
were found to be less likely to share. This is similar to other findings looking at travel
behaviour of single people or couples living in densely populated urban areas. There is a need
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to look more closely at the factors influencing Australian travel behaviour and their travel
choices.
Coseats

Coseats.com was launched in 2011in Australia with the aim of connecting travellers,
backpackers and commuters. Initially, the concept was all about sharing taxis. In fact it has
launched a deal with Melbourne Airport to encourage travellers to share taxis to and from the
airport. However, it has grown into a more general ride-sharing concept – the biggest in
Australia. It now has over 10,000 users. Some money comes from advertising and some from
referral fees from camper van relocation. Users can also submit reviews of their experience
using the service.
3.2.3 Dynamic ride-sharing
Dynamic ride sharing is similar to on-demand ride sharing where a trip can be booked and
undertaken at short notice but rides are often shared with others taking the same route. The
availability of drivers and the flexibility of the rider in terms of timing and acceptable detours,
for example, affects the adoption of these services (Stiglic, Agatz, Savelsbergh, & Gradisar,
2016). They report that a driver/rider ratio of 1:1 would reduce the need for rider flexibility.
This might be an ideal for ride-sharing service providers and riders but it seems unlikely that it
would reduce road congestion or induce shared rides. Results from modelling New York City
taxi data and a shared vehicle taxi fleet showed that “2,000 vehicles (15% of the taxi fleet) of
capacity 10 or 3,000 of capacity 4 can serve 98% of the demand within a mean waiting time of
2.8 min and mean trip delay of 3.5 min” (Alonso-Mora, Samaranayake, Wallar, Frazzoli, & Rus,
2017). Ridesharing presents good opportunities to reduce road congestion and, in situations
where demand is highest or routes are fixed, dedicated drivers could offset the need for a 1:1
driver/rider ratio and still reduce rider flexibility (Lee & Savelsbergh, 2015).
Significant journey improvements can be gained by combining dynamic ridesharing and public
transport (Fahnenschreiber, Gündling, Keyhani, & Schnee, 2015).The New South Wales
government and transport department are working towards changes in the public transport
sector that will be driven by information exchange and collaboration. This is not without its
challenges and the associated disruption to transport employees. In 2017, bus drivers staged
disputes over route changes and privatisation plans in response to NSW government’s
intention to use private transport to replace public transport in some areas, and compliment it
in others (P. Smith, 2017). A trial of on-demand bus services provided by private companies
has begun around Sydney, NSW (Brown, 2017). Dynamic ridesharing on buses are thought to
be 40-50% more efficient than traditional bus scheduling. Transport for NSW is also calling on
the public to contribute ideas and new ways of using technology to deliver on-demand type
public transport (TransportforNSW, 2016a). The NSW government is currently in talks with
Uber to introduce subsidised Uber trips, especially to and from transport hubs such as rail
stations, and link payments to the Opal card (NSW public transport card) ("Uber in partnership
talks with NSW govt," 2017).
Three scenarios for developing public transport and complementarity collaborative mobility
have been envisaged (Brimont et al., 2016)
• Local authorities finance mobility actors that develop their own complementarity with
public transport
• Partnerships are made between mobility actors and traditional public transport
operators and complementarity is developed by the partnership. The larger, more
hardened public service operator may absorb smaller mobility actor
• Traditional operators, such as Transdev, develop mobility solutions themselves but
innovation could be constrained by institutional agility of these large organisations.
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3.2.4 Future of ridesharing services
Collaboration with ride-sharing service providers can seem like an ideal solution to providing
better transportation solutions and reducing the public sector cost burden. However, many
ride-sharing services have failed to maintain the critical mass of participants needed to
support the company or provide an adequate number of ride options. Uber has been the most
successful ride-sharing service in Australia to-date and has considerable influence as a
corporate entity (Martin, 2016). The three scenarios in the previous section do not consider
the impact of alliances formed with dominant actors on the development of other ride-sharing
options. The motives of the companies entering into collaborative arrangements with public
transport authorities have to be examined (Dredge & Gyimóthy, 2015), and public authorities
have to be clear on their service provision role. Are the companies committed to providing
services to everyone or just seeking to support their business model and increase revenue?
Collaborative mobility and ride-sharing schemes provided by private companies are not a
public service and do not intend to become one (Brimont et al., 2016) but public authorities
lack the resources necessary to implement these schemes (ITS - Enhancing liveable cities and
communities. Post Congress Report, 2016, pp. 29-31). Developing holistic solutions to mobility
has to include a variety of transport modes for different contexts (Gouda & Masoumi, 2017),
to meet different demands but prevent an overreliance on private ride-sharing in the public
sector. This could result in monopolistic activity and inequality in service provision.
The introduction of autonomous vehicles into transportation networks could provide less
expensive mobility options than existing public transport networks currently support. The
costs and benefits of integrating shared AVs in public transport networks can offset each
other. The reduction in cash flow from the elimination of speeding tickets, driving fines,
towing fees etc (Fedorschak & Desouza, 2015) can be offset by the impact of savings inherent
in using AVs. Savings have been estimated to be around $2000USD per year, per AV from crash
savings, travel time reduction, fuel efficiency and parking benefits, to as much as $4000USD if
comprehensive crash costs are included (Fagnant & Kockelman, 2015). On-demand, dynamic
ridesharing that incorporates autonomous vehicles could solve personal transportation issues
and reduce road congestion if travel time, cost and wait time are addressed (Krueger, Rashidi,
& Rose, 2016).
3.2.5
•
•
•
•
•
•

Possible Outcomes
Private ridesharing services complementarity to public transport especially for shortdistance trips or in transportation deserts.
Increased technology dependence and integration into route planning, ride hailing,
and transport scheduling.
Smaller, environmentally friendly vehicles integrated into dynamic multimodal ridesharing
Concurrent rather than sequential ride-sharing, providing the greatest environmental
effects
Transportation monopoly by largest private company – reduced choice
Shifting burden of transportation provision from a public service
o reduction in public transport and more dependence on private transportation
companies
o increasing rate or static rate of car ownership (vehicles more environmentally
friendly).
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3.3 Bike Sharing
Bike sharing schemes or bicycle sharing services allow users to borrow a bicycle for a short
period of time, pick it up from one location, dropped off at another location or returned to
the pick-up point. Users pay a subscription fee and/or a short term hire rate to the bicycle
provider. A free bike share scheme was first introduced in Amsterdam in 1965 but
technology, and the desire to incorporate sustainability into transport systems is leading to
bike sharing schemes being installed in cities throughout the world. Bike sharing provides a
transportation option that can be incorporated into multimodal travel events providing
convenience, a cost benefit and appeal to a health or environmental consciousness.
In heavily congested cities personal safety, pick-up and drop-off locations, illegal parking,
dumping and bike availability are major issues. Most schemes require bikes to be returned
to docking stations but some schemes, such as Reddy-Go (Australia) and oBike (England),
are using dockless bikes that can be left anywhere in the urban area. Reddy-Go is aiming to
bring 6000 bikes to Sydney this year, supply a helmet with each bike and employ staff to
clear obstructions in the most popular or congested pick-up/drop-off locations (Dunn,
2017). A start-up bike sharing scheme in Hong Kong, Ketch’Up Bike, is targeting bike owners
and offering to pay the owner 50% of the rental fee when the bike is used by others (Fong,
2017). Most bike sharing schemes use mobile apps and GPS tracking to locate bikes and
collect payments. A bike ID or QR code are used to unlock the bike and it can be simply
relocked at
the end of the trip. Dockless systems, easy installation, power assistance and the integration
of a transit smartcard are the beginning of fourth generation bike share schemes (Fishman,
2016).
Bike sharing literature falls into three main areas covering planning, prediction and
repositioning. Locations and infrastructure are studied in planning research (e.g. Chen & Sun,
2015) whilst prediction encompasses demand and supply of bikes and user needs, it can
include factors that influence bike usage such as weather and time of day. Repositioning
entails balancing supply and demand at docking stations and relocating inventory to meet
demand (e.g. Médard de Chardon, Caruso, & Thomas, 2016; Schuijbroek, Hampshire, & van
Hoeve, 2017). Most of this research uses computational modelling and simulations based on
data from the service provider and spatial-temporal data such as land use, station location,
flow patterns and trips (e.g. Faghih-Imani & Eluru, 2016). The sources of data such as GPS
tracking, trip destinations, payment details, and user information make collecting data easier
than ever. Data integration of multiple sources of data will enable deeper analysis and result
in more informed decisions. Analysis of big data can be used for system planning, usage
prediction, pattern analysis, and system operation (Jia, Xie, Gao, & Yu, 2017).
Decisions on implementing bike share schemes should not be isolated from the behaviour or
intended behaviour of commuters. Strategies to accelerate the use of bike sharing, or cycling
in general, that address psychological needs are needed (Savan, Cohlmeyer, & Ledsham,
2017). Fishman (2016) notes there is limited research sampling non-bike-share users and the
impacts on bike-share. Given that bike share is generally positioned as an option to replace
car travel it is especially important to investigate motivations for use or none use of bikeshare schemes and how this impacts on other travel mode choice. It has been reported that
the use of bike share schemes are motivated by convenience and that long-term members
most often used bikes for commuting (Fishman & von Wyss, 2017). Of course this may be
because docking stations are located at transport hubs and within a short distance of the
workplace. Fishman and von Wyss also report that casual users of CityCycle in Brisbane are
more likely to use shared bikes for social or sightseeing trips. A study comparing schemes
using bikes and e-bikes found that e-bikes were preferred for comfort and longer trips and
would be acceptable as a substitute for a bus travel (Campbell, Cherry, Ryerson, & Yang,
2016). The introduction of dockless systems, free floating bikes and e-bikes could make bike
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sharing schemes more attractive to users and impact on bus travel but rebalancing will
remain an issue. To offset relocation of inventory by vehicles incentives could be offered to
riders to relocate bikes to areas with heavy demand, similar to the campervan relocation
service offered by ridesharing company Coseats.
Local context will influence the success of bike sharing schemes. Fishman and von Wyss (2017)
estimate that it will be at least four years before pre-conditions for bike sharing will exist in
Adelaide, South Australia. They propose the following 9 pre-conditions have to exist before
bike sharing schemes can become a step towards sustainable transportation:
1. Electric assist bicycles.
2. Public transport smartcard integration.
3. Smartphone unlocking of bicycles using NFC technology.
4. Higher density catchment design than other Australian bike share systems.
5. Comprehensive marketing and branding strategy.
6. Contractual and organisational structure that incentivizes usage.
7. Free basic fare structure (at least for first year).
8. Safer bicycle infrastructure network and lower motor vehicle speeds.
9. Voluntary helmet regulation.
These pre-conditions can readily apply to the WA context which, similar to SA, has low urban
density and a high rate of car ownership where car travel is seen as a convenient transport
option.
WA Department of Transport and main roads are developing bicycle routes and have long
term plans to extend the off-road cycle network from the current 172 km to around 850km
and continue to upgrade end-of trip facilities for storage of bicycles etc. (DOT, 2016). It is
estimated that by 2015 more people will use public transport and at least 11 per cent of
trips will be made by bus, train or ferry making it essential to integrate sustainable first-mile,
last- mile travel options. Partnering with bike sharing schemes and offering incentives to
business and commuters can be options to integrate bike sharing into transportation
networks and popularise cycling for commuting and leisure purposes.
3.4 Freight Sharing
Transport sectors are essential enablers of economic activity throughout the world. Fleets of
vehicles deliver personal and business goods through road, rail, sea and air transportation
systems to local and international destinations every day. The transport and logistics (T&L)
industry in Australia accounted for 8.6 percent of national GDP in 2013, providing a $131.6
billion contribution to the economy (TLISC, 2015). The T&L 2015 E-scan reports: 820,700
workforce; 38,073 ships handled in ports; 600 tonne kilometres total domestic freight task;
850 million rail passengers; and 90.1 passengers travelled by air. Economic growth in
neighbouring countries is expected to increase the number of middle class consumers in
these regions from 500 million to more than three billion increasing the potential for exports
and air transportation of goods and passengers. Transporting people and goods around the
world today would be impossible without the use of technology and shared information.
3.4.1

Inefficiencies in shipping and freight lead to increased infrastructure
costs, congestion and pollution.

Inefficiencies in T&L are common because of task complexity, involvement of multiple
actors, and the increasing dependence on technology. Technology developments require
firms to constantly evaluate new technology and skills or risk being left behind (Elliott,
Schmahl, & Tipping, 2017). High standards of technical skills are required for specialist
managers, schedulers, brokers and freight forwarders but skills shortages in these areas are
often reported (TLISC, 2015). The potential to revolutionise freight movements through
technology and data integration and knowledge sharing is as great as ever with the
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increasing ability to collect data, monitor freight movement and transport modes.
Collaboration between shippers that facilitate shared information and analysis is a key
strategy in the effort to maximize efficiency in transporting freight and combating traffic
congestion. Three key activities were identified to making shipping and freight more efficient
at the port of Hamburg:
• connecting stakeholders through shared data,
• using crowd-sourced data, and
• connecting to infrastructure and the Internet of Things (ITS - Enhancing liveable
cities and communities. Post Congress Report, 2016, p. 44)
The stakeholders communicate through a cloud-based platform, using apps on mobile
devices and web-based services for offices. All data on ships and transport movements in and
out of port, and the loads and shared between all the parties through the platform. Sensors
on smartphones and tablets are used to track where loads are which can be integrated with
other information to identify where parking space can be found for example. The
connectivity has enabled tighter integration between traffic management and freight
movement.
Large distribution hubs have been established to manage freight and shipping more
efficiently but the location of these hubs require further research (Boarnet, Hong, &
Santiago- Bartolomei, 2017). Road congestion, route planning difficulties and incomplete
network integration often counteract the efficiencies achieved by distribution hubs and the
use of on- board technology.
Nimber
Nimber is a community based delivery scheme that started in Norway and then expanded to
the UK. The process works as follows: The person who wants an item delivered, could be a
table or guitar for example, posts details online. Bringers reply with an offer for delivery and
a time and the person selects a bringers and confirms a time. Bringer selection is supported
by a reviewing system and any item is insured for up to a 1000 Euro. The beauty of the idea is
that the trips would take place anyway. In Norway about 80 requests are made every day.

Road transport is typically dominated by large operators and SMEs struggle to survive. The
Uber concept that has succeeded so well for personal transportation is being mirrored in the
freight sector. A number of firms are developing smart apps that provide a comprehensive
all- in-one solution for freight shippers and carriers. They provide “fast, automated load
matching based on location and equipment; turn-by-turn route planning and shipment
tracking; algorithm-based instant pricing; and seamless proof-of-delivery, billing and
payment” (Meketon & Rennicke, 2016). These apps are examples of innovations developed
for consumers that can be used as solutions for business too. The approach could help small
firms compete with larger firms with spare capacity becoming more visible and unlocked. In
time, it may mean that just one or two apps in this area exist and will have high visibility.
Firms with fleets of trucks may decide to reduce the number of trucks they own and use
such apps when capacity is stretched. Freight-sharing and optimal load balancing has the
potential to reduce the number of trucks on roads with commensurate reductions in traffic
congestion and pollution.
Freight apps integrate time-consuming legacy processes, such as the process of calling freight
brokers. Developers of smartphone apps believe they can undercut fees charged by
traditional freight brokers, and in addition offer more comprehensive solutions. Growth in
shipping versions of e-marketplaces, and platform access using mobile apps, will enable
coordination of entire shipment routes and provide choice amongst carriers, hubs, depots,
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and warehouses allowing the most efficient use of capacity. The owner of a single truck will be
able to compete with companies owning hundreds of vehicles (Elliott et al., 2017). The benefits
on the carrier side would involve lower operating costs, higher revenues and better fuel
efficiency and asset utilization.
The benefits on the shipper side include larger app-based marketplaces that should provide
small shippers more access to on-demand capacity, at price points that they can more easily
manage. Large shippers should be better able to manage freight surges. In the supply chain,
freight apps should increase visibility and transparency for stakeholders. New load-matching
apps will unlock the excess capacity now hidden due to logistics inefficiencies and
origin/destination imbalances. Companies with large private fleets might be able to reduce the
number of vehicles they own, since they could use the service when they needed. Also, private
fleets could sell their excess capacity into the market when their truck utilization is down
(Meketon & Rennicke, 2016).
3.4.2 How freight apps work
In the freight sector brokers act as intermediaries between multiple shippers and carriers,
often by telephone, to obtain information on price and availability. Broker fees can be up to
45% of the cost of shipping (Banham, 2016). Freight apps have the potential to reduce these
costs by making shipping more efficient or by bypassing the broker.
Freight apps, such as Convey and Cargomatic (cargomatic.com), connect a shipper and carrier to
organise transport at a competitive price by using information about distance, weight, size and
other freight variables. Information is available on the carriers’ financial security, reputation,
equipment, and rates. All types of shippers can register on the platform, including those
shipping small parcels to those requiring large load containers. The algorithm-based carrier can
accept or decline the request on the app. If the job is accepted, the app is used to assign the
“gig” to a driver. For shippers, there is no delay, negotiating over price or dealing with
paperwork. The driver only needs to be registered with the app provider and have access to the
platform to be included in the algorithmic selection. The company Skuchain tracks freight
through each stage of delivery using blockchain technology (Elliott et al., 2017). The additional
security this provides might enable smaller freight operators to enter the supply chain at certain
points and reduce the need for large long-haul shipments. This is advantageous for deliveries in
built up areas and provides opportunities for small freight carriers.
Collecting data on types of freight, truck movement, loading and unloading would allow better
route planning and reduce turn-around times at ports or distribution centres. Lam, Lee and Patel
(2016) tested a tracking technology for short-haul drayage in Southern California but found
driver input to be unreliable although minimal information was required. Although other onboard technology was installed such as GPS and pick-up, drop off scheduling the use of load
sensing technology would have removed the necessity for the drivers to input loading and
unloading information. Sharing this type of data with other carriers, distribution centres, ports
etc. could enable better freight management, route planning and faster turn-around times.
Technology allows us to shop online and get products and services delivered to our door. The
growth of online shopping has increased the amount of micro-shipping but the impact of this on
vehicles on the road is unclear. Social freight networks such as UberCARGO in Hong Kong, Dolly
in the U.S., and Nimber in Norway are examples of popular commercial transport platforms that
enable owners of cars, vans or trucks to move freight (Elliott et al., 2017). Drivers and vehicles
are matched with routes and deliveries in the local area. Walmart, in the US, is considering
recruiting in store customers to deliver online orders. These types of services could be thought of
as a way to provide freight as a service at the local level, to complement services provided by
forwarders and brokers. The increasing use of vehicles for micro-delivers could increase VMT and
add to road congestion.
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The impact of the sharing economy on the freight and logistics sector is wider than freight
sharing. Currently, allocation of warehouse space in multi-customer warehouses is based around
contracts for fixed allocations over a period of time. If warehouse space is allocated on a digital
platform then it can be adjusted dynamically and customers only pay for the space
used (Gesing, 2017). Companies such as Flexe, who call themselves an Airbnb of warehousing,
offer on demand warehousing services and match location space with expedited warehousing
(Elliott et al., 2017).
Inventory management is undergoing next-generation change with drone technology, internet
of things technologies and augmented reality that can significantly improve inventory visibility
(Gesing, 2017). Robotics are being developed to handle more irregular sized and shaped
packages that will reduce loading and unloading times. Collection of data from multiple sources
and the development of predictive networks could be used to optimise inventory management
and deliveries on a local and global scale, resulting in lower costs, reduced traffic congestion
and emissions (Elliott et al., 2017).

4

SMART PHONE DEVELOPMENTS

Smart phone developments will continue to impact on transportation use and social behaviour.
In 2015, smart phones became the most common device used to access the internet, taking
over from laptops and desktop computers (Sloan, 2016). Hardware developments will make
smart phones more powerful and more robust with better quality screens, but developments in
digital assistants will have the greatest impact on transportation planning. Digital assistants are
software modules that are part of a device interface and often present themselves as small
windows that pop-up inviting interaction. They make input to the device easier and attempt to
anticipate what the user might want. Two-way voice conversations are expected to result from
improvements in voice control. Organisations are using digital assistants to improve customer
relationship management and provide reliable real-time information (Parise, Guinan, & Kafka,
2016). Digital assistants used on smartphones will become more accurate, receptive and
intuitive (Sloan, 2016).
The trend is for digital assistants to incorporate artificial intelligence, machine learning and
voice recognition technology. Artificial intelligence enables assistants to learn from data that is
input and become better at predicting what the user needs. Understanding what information is
needed and delivering real-time answers are advancing the use of this technology. In the future
digital assistants will be developed with more advanced capability to understand and carry out
requests that have multiple steps and involve more complex tasks (Cognizant, 2017).
Greater intelligence in digital assistants will mean the development of transport assistants that
can access data from a range of sources and questions such as, “How do I get to XYZ?” can be
answered in an integrated manner. This would involve accessing multiple datasets and assessing
all the related multi modal travel scenarios such as ride-share schemes, bike share schemes, bus
and train services, walking etc. with the associated timing schedules. The collection of
volunteered crowd sourced information from smartphone users can be used as a source of data
(Attard et al., 2016). Digital assistants could gather personal travel information, for example,
data could be gathered each day on the trip to work, type of transport, travel time, delays etc.
Data could be gathered over a period of months and averages calculated to provide an objective
comparison of travel modes. Qualitative data could also be input by the user and analysed to
supplement the quantitative analysis. Digital assistants can also mine social media to analyse
travel behaviour patterns that can feed into personal travel behaviour analysis.
Increasing use of phones, network connections and volunteered information is providing more
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personal data than ever. It is possible to track individual travel behaviour more closely and
uncover hidden travel patterns through analysis of mobile phone data. Different types of mobile
phone data are collected in different ways and have distinct attributes, which leads to different
applicable research topics and methods (Wang, He, & Leung, 2017). Wang, He and Leung (2017)
undertook a literature review of research on mobile phone data and travel behaviour and found
that research aims to answer questions asked many times before and is limited by the use of
applied methods. The data has been used to identify travel patterns and trip types, detect stays
and trips, infer travel mode and uncover travel heterogeneity. The limited research topics
indicate a lack of collaboration and an associated knowledge sharing between different
stakeholders. Advancing research in this area requires quantitative and complex analysis skills,
professional knowledge of transportation issues, to frame questions and interpret results, and
the ability to develop supporting systems such as hardware, software and increase skills in new
data management techniques. There will have to be collaboration between researchers,
transportation professionals, IT departments and communication providers to access and use
mobile phone data if relevant topics for research are to be found and the most urgent questions
answered.

5

OPEN DATA AND TRANSPORT INNOVATION

Data is one of the most important assets driving decision making and innovation (Abbasi, Sarker,
& Chiang, 2016) and access to data is a key attribute of the sharing economy. Government
transportation data is increasingly viewed as a public resource and transport authorities
throughout the world have embraced the opportunity to allow public access to transport data.
Transport for New South Wales, Australia, has taken a proactive approach to sharing data and
encourages developers and other members of the public to use their data. They define this open
data as:
“the idea that public information should be accessible, used, modified and shared by
anyone for any purpose without restrictions. Open data should be both technically and
legally open: technically open in that it is available and accessible to the community,
and legally open in so far as there are appropriate licensing frameworks in place to
facilitate its release, use and reuse by the community.”
(TransportforNSW, 2017).
Open data is provided for a range of reasons not least of which is to create innovation in the
transportation sector.
“Transport for NSW is committed to fostering innovation by providing open access to
our data. Future Transport holds a number of events and challenges to uncover new
ways of using our data.” (TransportforNSW, 2017)
The benefits of providing open data include access to travel information to improve mobility
planning for businesses and individuals. Access to transport data facilitates the development of
business ideas such a transport related mobile applications which in turn can improve mobility
for users and create new businesses and employment. By releasing transportation data to
developers, innovation is essentially being crowd sourced. Crowdsourcing is a phenomenon
where people, typically outside an organisation, complete a task or provide information to
solve problems via the internet. This means that mobile applications or new ideas are designed
and developed outside the transportation department without the associated costs and risks of
development and implementation accruing to the department. It is also thought that transport
data made openly available can be used by researchers which should improve the knowledge
of transport issues and contribute to insights on long term problems.
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Australia has adopted the international open data charter (2017), which aligns with the
government’s open data policy. It is underpinned by six principles that aim to improve the
access, release and use of data:
1.
2.
3.
4.
5.
6.

Open by default
Timely and comprehensive
Accessible and usable
Comparable and interoperable
For improved governance and citizen engagement
For inclusive development and innovation (Hassan, 2017)

A recent article in the Information Age magazine (Tydd, 2017) suggests that Australia is being
left behind other countries in relation to open data. Surveys of citizens show that the
community wants government to use open data to inform the planning process and increase
collaboration with the public in policy development. Barriers to open data in Australia have
been: the operational environment and technology; financial resources; privacy and security,
cultural constraints and workforce capabilities. Further research is needed on measuring the
benefits of open data for the government and community.
In a study surveying 500 UK citizens on open data developments by government the results
found that people did not necessarily think that open data was equivalent to transparency in
government (Weerakkody, Irani, Kapoor, Sivariajah, & Dwivedi, 2017). It was also found that
people did not feel well-informed about the benefits of open data access and felt that they
needed more education about its usefulness, how it might impact on daily decisions and how
it might lead to involvement in policy decisions. People found it difficult to use the tools and
training to increase citizen participation.
The findings from the UK study suggest citizens are only likely to use open data if there is clear
evidence of an advantage in doing so. The majority of open data sets released by the
government are raw data, making it difficult for people to understand and comprehend. The
paper argues that because of this it is only likely to be used by experts with knowledge and
ability to interpret it and develop applications. As the data is typically unstructured it cannot
be easily analysed to produce information to draw conclusions. Without this it is unlikely that
people will be able to contribute to policy-making processes.
Examples of open data sets from Transport for New South Wales, Australia and Transport for
London, UK:
New South Wales (Examples from Transport for New South Wales)
Household travel data
Off street parking
Fare compliance survey results data
Peak trains load data
Bus utilisations figures
Cycling data
Walking data
Transport for London (Examples from Transport for London)
London Air API
Atmospheric Emissions Inventory
Journey
Planner
timetables
Station locations
Tube departure boards, line status and station status
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WiFi access points
Live bus and river bus arrivals API (instant)
Live bus and river bus arrivals API (stream)
Bus stop locations and routes
Live Traffic Disruptions
Road disruptions
Post code areas impacted by major road schemes
Live traffic camera images (CCTV)
Licensed private hire operators – Findaride
Cycle Superhighways and Quietway route data
Walking times between adjacent stations in Zones 1-3
Walking times for selected Central London journeys which could be quicker to walk
Busiest times on trains and in stations
London Underground passenger counts data Dial-aRide statistics
The open data concept extends beyond local boundaries and can be used to access and
aggregate data from many sources worldwide. The international transportation company,
Transdev, is developing an open source platform that gathers transportation data from around
the world. The project, called “Catalogue”, is aimed at improving mobility through open access
to transport data (Léonard, 2016). The “Catalogue” system has tools that check and validate
data that is input to ensure its integrity. Transdev hope that developers will create applications
to be freely shared and users will increasingly find the repository a valuable resource that is
easy to use. The sharing of transportation data on how, when and why people travel is
perceived to lead to better transport decisions but the usefulness of so much raw data is still
uncertain. As with big data analysis, the first step in using open data should be defining the
research topic and questions the data can help solve (Neumann, 2015).

6

POLICY AND PLANNING DEVELOPMENT

There is a desperate need for integrated transport solutions, integrated in the sense of being
holistic. Holistic system approaches emphasize the system rather than its components.
Transport problems will not be solved solely by the sharing economy just as building another
lane on a freeway will not solve peak hour congestion because demand typically rises to meet
provision (Handy & Boarnet, 2015). The advancement of electric, hybrid and autonomous
vehicles will likewise not solve congestion problems (Childress, Nichols, Charlton, & Coe,
2015). Better solutions will involve government departments working together to improve the
design of urban areas and address accessibility rather than continue with a silo approach to
urban development and transportation (Curtis & Low, 2016). For example, suburban areas
without grocery shops and places to work necessitate vehicle transportation to a destination
further afield. If the need to travel far is diminished then mobility issues can easily be solved
by using public transport, walking or cycling as alternatives to single passenger car journeys.
For some a car may no longer be needed, or the number of cars per family can be reduced.
Rather than a transport problem, the problem can be viewed as an urban design problem and
any improvements in this area can have a major impact. Public transportation policies
generally include accessibility measures but it is necessary to clarify what accessibility means,
and incorporate measures specifically on access to destinations rather than focus solely on
mobility (Boisjoly & El-Geneidy, 2017).
High mobility patterns are linked to socio-cultural norms and embedded within individual
identities. Whilst car ownership remains a social aspiration, or is associated with the notion of
status and wealth, it is unlikely that attitudes to travel and the use and ownership of vehicles
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will change. It can be argued that subsidised public transport is available because of revenue
raised from vehicle ownership (e.g. fuel taxes, licence fees and road tolls) but inequalities in
transport consumption are rarely addressed. Gössling & Cohen (2014) suggest that political
risk creates taboos around the design, acceptance and implementation of transportation and
sustainability policies. These taboos are linked to high mobility rates, reluctance to change,
subsidies for energy intensive transport, and political lobbying from automotive and aviation
bodies. They argue that the costs of transportation systems are not shared across society as a
whole and highly mobile travelers, using energy intensive transport are least likely to change
their habits.
Demand management strategies are needed to take transportation and the sharing economy
forward. Increasing the cost of travel accompanied by alternative transport choice and land
use development policy can be used to reduce VMT and emissions. It has been suggested that
a moderately used regional dynamic ride-sharing system combined with a 10% to 30 %
increase in the per mile cost of auto travel may reduce VMT on the order of 11% to 19%
(Rodier et al., 2016). Holistic transportation solutions will not be found and transportation
volume will continue to grow unless taboos are confronted and demand management
strategies look beyond them and accessibility to destinations are addressed in transportation
planning.
Governments around the world are committing to, or considering banning sales of petrol and
diesel powered vehicles over the coming decades (2025-2040) (Chrisafis & Vaughan, 2017).
Car manufactures are already opting to produce more electric or hybrid cars in the future: e.g.
Volvo will only produce electric or hybrid cars from 2019. Although these are positive steps
towards environmental sustainability it does not mean petrol or diesel cars will no longer be
on the roads. Many countries have not taken the same position on banning these vehicles;
countries with growing populations and increasing wealth may continue to manufacture, buy
and trade them. It is not unusually for 20 year old vehicles to be on the road so it may take at
least 60 years before petrol and diesel fuelled cars disappear. The attitude to private vehicle
ownership and travel will still need to change in order to reduce road congestion, and make
demotorisation and shared journeys the norm.
6.1 Dangers of over-regulation
The policy challenges raised by the sharing economy and transportation in particular concern
personal security and public safety, insurance requirements, employment and labour issues,
and accessibility and equity (Taylor et al., 2016). Whilst regulation is required as a protective
safeguard there are dangers associated with over-regulation and the additional barriers
regulations present for business development. Not least is the situation that can occur if a
culture of over regulation is allowed to stifle innovation (Koopman, Mitchell, & Thierer, 2015).
Policy and regulations are typically introduced to control disruption, as shown by the policy
scrambling caused by Uber, but relaxing regulations can minimize disruption to existing
businesses (e.g. reduced licensing fees for taxis). Transportation is in critical need of
innovation and governments and local authorities can gain insights by tapping into the sharing
ethos.
Sharing data is just a beginning for transportation departments. New ideas, new schemes, new
technologies, and new business models can potentially make a significant impact on
transportation issues. A culture of experimentation and allowable failure has to exist in
government transportation departments if innovative solutions are to be found (Brimont et al.,
2016). Trials of different schemes for on-demand multimodal passenger transport are needed
to understand what will best meet the needs of passengers.
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7

HOW WILL THE SHARING ECONOMY AFFECT
TRANSPORTATION?

The sharing economy has made an impact on transportation in just a few years. The extent of
the impact varies from country to country, city to city, and between demographic groups.
Estimating how it will progress in the future is a difficult task and is not just simply a case of
extrapolating from how it has developed so far. The concept of the duality of technology
explains how use of a technology evolves through time. Users appropriate technology
according to the benefits they perceive it will provide, and as they adopt and use a technology
they find new uses for them. This growth in use of a technology leads to further technological
developments and the cycle of change and development continues. In other words, what
people accept or embrace today will be different to what is acceptable in the future.
As sharing concepts and practices become more main stream, they afford new opportunities
for business development. The barriers to their development such as government regulation
and security issues may be viewed as a drag on the speed of their development but
behavioural attitudes can change relatively quickly if significant benefits appear to exist for the
user. Changes in transportation infrastructure on the other hand are costly, require long term
planning and are slow to change. Integrating collaborative mobility and the sharing ethos into
transportation can speed up change by adding resources, such as those TNCs could provide
that did not previously exist. Vehicles could be smaller and routes more flexible providing a
variety or hybrid models of transportation consisting of on-demand options operated by local
authorities and private companies. Collaborative software and people’s willingness to use P2P
services such as Uber could make this a reality more quickly than changes in the infrastructure
needed to accommodate it.
7.1 Common Scenarios from the Literature
Reports that build scenarios for the future of transportation and mobility services tend to
present three or four scenarios representing:
1. Small incremental change to behaviour and technology adoption, without any major
innovation or disruption – a status quo scenario.
2. A small change in behaviour and adoption of innovative technology and some
disruption beyond the status quo scenario.
3. A widespread change in behaviour and adoption of innovative technologies with
disruption to existing patterns.
7.1.1 Business models
Lerner (2011) in an Arthur D Little lab report likens the future business models for mobility
suppliers to three technology companies:
• The Google of urban mobility: Built on a core asset of a user-friendly customer
interface, it provides a single point of access for multimodal mobility and
supplementary services to end consumers on a large scale to drive uptake.
• The Apple of urban mobility: At the core of this business model are integrated mobility
services and solutions to the end consumer or cities. Integrated mobility services for
end consumers provide a seamless, multimodal journey experience such as public
transport interlinked with car and bike sharing. Suppliers that target cities provide
integrated, multimodal mobility solutions on a turnkey basis.
• The Dell of urban mobility: This is a basic offering such as cars or bike sharing, without
integration or networking. It can also include disruptive technological solutions such as
transponders that make the Google and Apple models feasible.
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Although this is a 2011 report the scenarios are as valid today as they were then. The Google
scenario presents the mobility as a service scenario that is the goal of many transportation
providers. Lerner notes that the current disparate nature of urban mobility systems prevents
individual stakeholders from creating these models alone.
7.1.2 Local and state government policy
Rauch & Schleicher (2015) categorise three types of local and state government policy that can
be adopted for the sharing economy:
(1) Subsidizing: sharing firms to encourage expansion of services that produce public
goods, generate substantial consumer surplus and/or minimize the need for excessive
regulation of the property market;
(2) Harnessing: sharing firms as a tool for redistribution; and/or
(3) Contracting: with sharing firms to provide traditional government services.
They point out that policies have to maintain an insistence on consumer and incumbent
protections and that legal, political and ethical issues have to be addressed.
7.1.3 Electric and autonomous vehicles and ride-sharing
A UC Davis report (Fulton, Mason, & Meroux, 2017) present three scenarios or “revolutions” in
urban transport for the adoption of electric and autonomous vehicles and ride-sharing to
2050:
 Business as usual (BAU) – No change in petrol/diesel vehicle sales/ownership or ridesharing.
 2 Revolutions (2R) – rapid vehicle electrification and the uptake of autonomous
vehicles in the following 5 years, and no change in ride-sharing over the BAU scenario
 3 Revolutions (3R) – Rapid vehicle electrification and autonomous vehicles uptake
combined with widespread ride-sharing and multimodal travel.
7.1.4
Technology trends
Gladstone (2015) considers trends and countertrends influencing the uptake of mass transit in
Western Australia. She presents four economy scenarios for the future of mass transit:

Climate change economy – low technology, shared vehicles and low mass transit

Status quo economy – low technology, private vehicles and medium mass transit

Sharing economy – high technology, shared vehicles and high mass transit
 Ownership/digital economy – high technology., private ownership, and low/medium
mass transit
Collaborative mobility has made little impact on car ownership in WA so far but it has influenced the
way we travel. Over the next 40 years the most significant impact of collaborative mobility will occur in
conjunction with other transportation and sustainability developments (Gladstone, 2015). The
widening of travel choice, collaborative mobility and sustainability are closely aligned with the
development of electric and autonomous vehicles and the switch to renewable energy sources for
power generation. These types of vehicles can replace or complement large underutilised public
transport vehicles and replace fleets of trucks for inner city deliveries. Ridesharing combined with
electric and autonomous vehicles and urban design taken together have the greatest potential to
reduce road congestion and emissions (Rodier, Alemi, & Smith, 2015). Economic conditions can
constrain the purchase of new energy efficient vehicles, result in continual sale and resale of petrol
fuelled vehicles, sustaining the trend of increased numbers of older vehicles on the roads. Of course in
time these vehicles will deteriorate beyond repair and replacing them will present another economic,
mobility and convenience option and incorporate vehicles that provide a more sustainable option.
The factors that will have a positive impact on collaborative mobility are listed below:
• Reduced dependence on personal vehicles (need for demotorisation)
• Reduced demand for diesel and petrol
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•
•
•
•
•
•
•
•
•
•
•
•
•

Increased use of electric and AVs
Development of urban areas with mixed land use (home, work leisure) to support,
Demotorisation especially for short-trips
Increased demand for customised travel
Willingness to share vehicle use and journeys
Willingness to share information
Open data used to innovate transportation and solve problems
Big data analysis and access to open data
Continuing technological developments (software and hardware)
Controlling fees and taxes on sharing schemes and vehicles to encourage use and discourage
single occupant vehicles
Increased collaboration and data sharing between shippers and local transport authorities
Increased freight and shipping data sharing, load tracking and balancing throughout the
supply chain
Increased infrastructure for shared mobility and active transport

Negative impacts will occur if personal vehicles are used more and total vehicle miles travelled
increase. Collaborative micro shipping that will allow customers to deliver orders, for example, could
increase traffic congestion and reduce potential gains from freight efficiencies. Van share services,
such as Uberfleet could increase the number of vehicles on the road if a single vehicle, making several
stops for deliveries is replaced by several vehicles, making one or few deliveries.
It is clear that collaborative consumption and a sharing economy ethos can precipitate change in
behaviour. Change has to be directed towards a greater uptake of ride-sharing in energy efficient or
autonomous vehicles and the provision of appropriate multimodal travel options. Transport policy and
regulations have to maintain equity for suppliers and customers of mobility services without creating
monopolies or building barriers to entrants. On the surface personal and freight transport will
continue to look much as it does today but there will be more flexibility in vehicle use, a wider variety
of vehicles in size and purpose, more rationally planned routes combining different types of public and
private transport and possibly less car ownership. Plans for the development of transport in the Perth
and Peel regions are working towards expanding existing transportation networks and freight
corridors, encouraging shared vehicle use, constructing more bicycle pathways and increasing road
safety for cyclists. Changing people’s behaviour to align with the plans for transportation will not be
straight forward but the first step must be communication.

8

CONTEXTUAL CONSIDERATIONS

There are a numbers of factors that impact on the development of sharing in transport that relate to
the Australian context in general and the Perth region in particular:
•
•

•

WA has high levels of vehicle ownership
Private car ownership is a widespread expectation and cultural feature.
People have an independent outlook
Australians value independence and owning a vehicle is considered to support independence.
Australia has a similar score (90/100) to the USA (91/100) on the individualism dimension of
Hofstede’s cultural analysis (Hofstede, 2017) and is described as highly individualistic. In
individualistic societies citizens are expected to look after themselves.
Urban design is not high density – designed for private car
The Perth region is characterized by low density suburbs although infilling and block
subdivision has accelerated in years. This means walking distances to bus stops and transport
nodes often act as a deterrent to using public transport, especially in hot or wet weather. Most
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•
•
•
•
•

people travel significant distances to work as there is a lack of major employment hubs outside
of Perth CBD. Australians have a short term perspective (21/100 on Hofstede’s Long Term
Orientation dimension) and this maybe a factor in urban planning and bringing about
transformational change.
Security conscious
WA people are security conscious and concerned about their personal safety.
Moderately risk averse
Australia scores 51/100 for uncertainty avoidance (Hofstede, 2017) which is a moderate score.
This is likely to mean that people are moderately slow to change behavior.
Low on collaboration
Research on innovation has shown that firms score lowly in terms of collaboration. This has
implications for sharing in the freight sector.
Relatively affluent
Australians have a relatively high per capita income and so this is not a barrier to owning a
private vehicle.
Technology users
Australians are big users of technology and smart phones and so technological access and
capability is not a barrier to using sharing platforms for many.
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Figure 5: A cultural comparison of Australia, China, France and USA.
Source: https://www.hofstede-insights.com/country-comparison/australia/ ("Country Comparison,")

9

RECOMMENDATIONS

In this section suggestions are made for transportation authorities in Western Australia that draw
upon key points in the literature. These points are a summary of the points made in the report.
• The sharing economy has produced different business models and will continue to evolve as
technology develops and behaviour changes. These developments need to be integrated in
transportation planning, balancing the need for modal choice and equality of service provision.
• Transport and planning authorities can work with commercial car-sharing providers to set up
pilot schemes that can be monitored and evaluated.
• Investigate willingness of citizens to join car sharing and car-pooling schemes in the local
context and community.
• Raise awareness of car-sharing and car-pooling and provide inducements to join. For example:
• Road lane restrictions for vehicles carrying less than 2 passengers in peak hours.
• Car-sharing/car-pooling framed as creating independence and being cost effective.
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•
•

Significant scope exists for collaboration in the freight sector, particularly in terms of load
sharing. Determining the benefits, facilitators and barriers to collaborative commerce in the
freight sector needs further investigation.
Open transport data schemes should be investigated but usability of the data needs to be
considered. This could explore the development of apps from the data and how they are used.
Expertise in data analysis and technology must continue to be developed.

10 FUTURE RESEARCH
Transportation research with a focus on behavioral questions, sustainable transportation, emerging
transportation technologies and mobility services are current “hot topics” and demonstrate the
interrelations between engineering, social science, environmental issues and economics (Sun & Yin,
2017). All these areas are features of collaborative consumption and sharing economies. The
companies providing sharing services collect large amounts of data from participants to operate the
service. If these companies made their data more accessible and shared their knowledge, on miles
travelled, destinations, pick-up-points, insurance claims, goods carried etc. it would allow more
targeted research and improve policy development (Cannon & Summers, 2014).
The expansion transport networks is essential in areas with growing populations but increasing road
and rail infrastructure is not always the answer to the problem of congestion. Community context and
personal needs are factors that influence transportation choices (Biggar & Ardoin, 2017) but few
studies are focused on an Australian context. Personal travel and convenience are closely aligned with
mobility options for both work and leisure activities. There is a need to investigate how to balance
convenience and shared mobility options. This would require investigating disincentives for single
occupant vehicle travel, provision of more shared mobility options and development of urban areas
containing work, home and leisure facilities that would reduce the need to travel outside the area.
Future research should examine the key attributes for each form of the sharing economy to explain
the influence of contextual and personal needs for participation in sharing schemes in Australia.
Equally important, is examining how public transport can be made more attractive as a transport
option: the discussion of the sharing economy is not just a direct comparison between shared modes
of transport, private vehicle use and ownership but between sharing options and public transport.
People using forms of collaborative mobility could be surveyed to determine how they would have
travelled had they not used shared modes of transport and vice versa. Studies could be conducted to
determine how governments see the development and impact of the sharing economy on modes of
transport and demand. Various stakeholders should be canvassed for their views on the transition and
impact that collaborative mobility as a service might have on transportation. Finally, research on
sharing in freight and shipping is very scant and surveys and interviews could uncover critical features
for its development and the benefits or barriers of its growth.
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1 Introduction
Autonomous vehicle technology and its potential effects on traffic and daily
activities is a popular topic in the media and in the research community. It is
anticipated that AVs will reduce accidents, improve congestion, increase the
utility of time spent travelling and reduce social exclusion. However, knowledge
about the way in which AVs will function in a transport system is still modest and
a recent international study showed a lower familiarity with AVs in Australia
compared to the USA and UK. Attitudes towards fully automated driving (or
higher levels of autonomy) range from ‘excitement’ to ‘suspicion’. (Sun et al. 2017
p34)
The aim of this report is to provide a robust discussion on how new technologies may shape the future of
transport. The first part of the paper reviews current and anticipated technologies within the transport
sector. Secondly, the report looks at technological and organisational trends in a broader context,
addressing how technology may affect why we travel. The reviews support a scenario analysis of the
possible transport futures in Australia. One of the main emerging technologies that is central to this
report are Autonomous Vehicles (AVs).
Australia has adopted the Society of Automotive Engineers (SAE) International Standard J3016 (2014) that
defines six level of automated driving (level 0 to Level 5). The levels are outlined in
Table 1. Levels 0-2 represent no automation, driver assist (cruise control or parking assist) and partial
automation (e.g., adaptive cruise control). Level three – conditional automation -- provides some selfdriving functionality, such as keeping the vehicle within the lane or automated parking. High automation
(level 4) is where the system is in control of all driving but the vehicle has a non-automation mode that
allows a human driver to take back control. Full automation (Level 5) is more or less a transport pod that
only requires the human to give the destination.
Table 1: Society of Automotive Engineers (SAE) International Standard J3016
SEA
Level of
Type of Automation
Automation
Human driver monitors the driving environment
Level 0
the full-time performance by the human driver of all
No
aspects of the dynamic driving task, even when enhanced
Automation by warning or intervention systems
the driving mode-specific execution by a driver assistance
Level 1
system of either steering or acceleration/deceleration
Drive
using information about the driving environment and with
Assistance
the expectation that the human driver perform all
remaining aspects of the dynamic driving task
the driving mode-specific execution by one or more driver
assistance
systems
of
both
steering
and
Level 2
acceleration/deceleration using information about the
Partial
driving environment and with the expectation that the
Automation
human driver perform all remaining aspects of the
dynamic driving task
Automated driving system monitors the driving environment
the driving mode-specific performance by an automated
Level 3
driving system of all aspects of the dynamic driving task
Conditional
with the expectation that the human driver will respond
Automation
appropriately to a request to intervene
Level 4
the driving mode-specific performance by an automated
PATREC: Part Four – Technology Takeup and 2050 Travel Demand

Execution of
Steering and
Acceleration/Dec
eleration

Monitoring of
Driving
Environment

Fall back
Performance of
Dynamic Driving
Task

Human driver

Human driver

Human driver

Human driver
and system

Human driver

Human driver

System

Human driver

Human driver

System

System

Human driver

System

System

Most Modes
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High
Automation

Level 5
Full
Automation

driving system of all aspects of the dynamic driving task,
even if a human driver does not respond appropriately to a
request to intervene
the full-time performance by an automated driving system
of all aspects of the dynamic driving task under all
roadway and environmental conditions that can be
managed by a human driver
Driverless Vehicle – no steering wheel or pedals

System

System

System

All Modes
System

The process of moving from a society that relies heavily on vehicles with low levels of automation (levels
zero to two) to one that has successfully integrated fully autonomous vehicles is complex but necessary.
There have been many studies into the benefits of driver assisted automation or fully driverless cars, with
a possible benefit being recognised as an increase in safety. Ninety per cent of car accidents in America
are the result of human error (National Highway Traffic Safety Administration, 2008) and 40% of fatal
crashes are related to either fatigue, distraction or the involvement of drugs and/or alcohol (Fagnant &
Kockelman 2015). The introduction of automated vehicles could potentially save lives, reducing the
number of car accidents which will save drivers money not only by not having to fix their car but also with
the possibility of lower insurance (Fagnant & Kockelman 2015).
Many of the benefits of automated vehicles come from having a network of autonomous cars. To
facilitate this network, vehicles need to be able to cooperate with each other, regardless of manufacturer,
and vehicle to infrastructure communication must be developed. This would enable the formation of
platoons of autonomous vehicles which reduces the drag experienced by those in the middle of the
convoy, this is particularly important for larger vehicles such as trucks and could result in fuel savings of
up to 20% (Adler, Miculescu & Karaman 2016)
The way consumers use and purchase cars may also change with the growth of shared economies. There
is an expectation that disruptive technologies will lend themselves to new forms of shared mobility. It is
estimated that worldwide around 5.8 million people are members of formal car-sharing entities with a
total shared vehicle fleet of 86 000 vehicles (Bert et al. 2016). The same source suggests that the number
of car-sharing participants is expected to grow dramatically by 2021 to 35 million participants, which in
turn will reduce vehicle sales by 550 000 cars in an industry worth €4.7 billion (AUD 7.2 billion) per
annum.
The future is uncertain, technology is evolving rapidly and predicting future scenarios for transportation
requires analysing the complex interplay of emerging technologies such as autonomous and electric
vehicles along with social trends such as the rise of sharing economies. Thus the report will organised in
three sections as follows:
Technologies in the transport sector
In Section 2 outlines trends in vehicle technologies for private travel, including the possibility of shared
mobility markets. Section 3 discusses trends in freight and logistics. Whilst automated trucks are
presented as the main theme, the section discusses movable factories – which in robotic future may
become increasingly relevant. Smart infrastructure is outlined in Section 4, addressing both physical and
social technologies.
Social organisation
How society may adapt to the new technologies is covered by considering the workplace (Section 5) and
consumption (Section 6). Section 7 looks at the near future likelihood of an ageing Australia. These topics
are explored because they determine why we travel and by doing so they influence how we travel.

Megatrends and policy implications
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Tabled in Section 8 examine the megatrends outlined in the CSIRO report (Hajkowicz et al. 2016) and
possible impacts on travel demand. Some of these include an ageing population, anytime anywhere
working, blurring of boundaries, the entrepreneurial era and exponential technology. A couple of the
megatrends that arise from the Deutsche Post logistics scenarios (DP 2012), globalism and extreme
weather events, are also canvassed. Section 9 presents scenarios of possible futures. Lastly, in Section 11,
a number of policy recommendations are made, reflecting the range of research into emerging
technologies and consequences for travel demand.

2 The Private Vehicle and Personal Mobility Market
According to the 2015 Motor Vehicle Census there are over 18 million vehicles registered in Australia, of
these over 2 million are registered in Western Australia resulting in the state having one of the highest
proportions of vehicles per head of population in the country (ABS 2015). What types of vehicles as well
as individual travel patterns are likely to change dramatically in the future as new vehicle technologies
such as electric and autonomous vehicles are introduced and adopted. How quickly vehicle technologies
are taken up in Australia will depend upon the views and actions of a number of stakeholders, including
governments, consumers and car manufacturers.

2.1

Electric Vehicles

Electric vehicles are not a new invention, the technology was originally developed in the 1830s
however electric cars as we see them today became popular with the release of the Toyota Prius in
1997(PBS 2009). This was largely driven by a push for Zero Emission Vehicles that would help reduce
greenhouse gas emissions. Seen as a ‘greener’ method of transport and answer to rising oil prices,
electric vehicles have continued to grow in popularity particularly in Europe as the EU seeks to
reduce carbon dioxide emissions by cars a further 30% by 2030 (Krukowska, E, Stearns, J &
Chrysoloras, N 2017). This has resulted in an increase in electric vehicles with them representing 20%
of new car sales in Norway (Hasham 2018). The success of electric vehicles in Europe has not been
mirrored in Australia with only 4000 EVs nationwide and 0.1% of new vehicles sales being electric
(Hasham 2018).The Environment and Energy Minister Josh Frydenberg attributes this to high
purchase prices, limited driving range and a lack of charging infrastructure (Hasham 2018).
Currently uptake of electric vehicles in Australia is very low. As of 2015, there were just under 2000
electric vehicles registered in Australia (NRMA 2016), and they made up less than 1.1% of the Australian
new car market in 2016 (Wheels 2016). In Norway, the Nissan Leaf has topped sales charts in some
months (Wheels 2016). This may be because of government incentive efforts such as ability to use bus
lanes in peak periods and exemption from congestion charges and motorway tolls in Oslo (BIS 2013).
Denmark and Germany also offer free registration of electric vehicles and exemption from road taxes and
some European countries allow tax credit for electric vehicle purchases (Global 2015). In London there
has been free parking and investment in public charging stations. Encouraging use of electric or hybrid
vehicles could reduce Australia’s reliance on imported fuels and make motoring cheaper and greener
(NRMA 2016). Australia could implement similar policies, including use of bus lanes in peak times, free
registration and tax credits, to increase electric vehicle ownership. In Western Australia, the RAC has
been responsible, in partnership with local governments, for installing public charging stations on the
main highway to the South West, from Perth to Augusta, and some other locations in Perth (RACWA
2017).
Western Australian’s reluctance to adopt electric vehicles could pose a problem for the adoption of
autonomous vehicles. On the other hand autonomous vehicles may assist in increasing the number of
electric vehicles in the state but more infrastructure is needed to support EVs particularly with charging
stations. Electric trucks may be earlier to arrive, with Mercedez Benz talking to customers in the disposal,
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food and logistics sector about their Urban eTruck which has a range of up to 200 km (DN 2017). There is
a need for complex modelling of future scenarios with the effects of electric and hybrid vehicles take-up
and travel demands (DfT 2017) .
2.2

Autonomous Vehicles

Fully autonomous vehicles are not available for consumers to purchase yet however they will
undoubtedly have a significant impact on travel patterns.
2.2.1 Public Acceptance of Autonomous Vehicles
There is wide variation in estimations of dates that conditional and fully autonomous vehicles will be
available. The uncertainty around AVs, suggests that significant time will be required before we see AVs
running down city streets on a large-scale however the National Transport Commission (NTC) is aiming to
prepare for large scale use of autonomous vehicles in 2020 (Sun et al. 2017). Sentiments may be swayed
by fatal accidents and technical incidents which ultimately could impact commercial availability dates and
penetration of autonomous and semi-autonomous vehicles (Milakis et al. 2017). Kyriakidis et al. (2015)
found that almost one-third of the 5,000 citizens of 109 different countries interviewed do not believe
that fully automated AVs will reach 50% market share before 2050. However, in a Delphi survey of 45
transport professionals with an average of 23 years’ experience, 50% of respondents believed that AV
would be available by 2025 (Willumsen et al. 2016). This raises two issues. Firstly, the expectations of the
public may not be aligned to those who are closer to the technology. Secondly, it is possible different
research efforts on opinions refer to different automation levels as defined by SAE.
Table 2: Predictions: Availability and Penetration of Automated Vehicles (Milakis & Senelder 2017)
AV Uptake and Penetration Expectations
low
high
Availability
conditionally 2018
2028
automated vehicles (Level 3)
Availability fully automated 2020
2045
vehicles (Level 5)
Penetration rates 2030 (mainly 1%
11%
conditionally automated)
(Level 3)
Penetration rates 2050 (mainly 7%
61%
fully automated)
(Level 5)
The advent of the technology may present the lowest hurdle to AV adoption. Public acceptance concerns
include lack of trust in the capabilities of AV and their networking (Fraedrich & Lenz 2014); specific risks
for crashes (Daziano, Sarrias & Leard 2016) that may be generated by non-AV traffic participants
(Bazilinskyy et al. 2015), hacking of the systems and data transfer to third parties (Fagnant & Kockelman
2015). However, public opinion studies have indicated positive attitudes towards AV’s (Payre Cestac &
Delhomme 2014). A RACWA survey found just under half of those surveyed were positive towards selfdriving vehicles. While 28% were extremely positive, 30% held negative opinions, due to safety concerns,
lack of trust in technology, but also missing aspects of driving (RACWA 2016). Consumer confidence will
probably increase, and benefits of automated vehicles realised, as there are more automated vehicles in
the market (DfT 2017). Increasing education and information available to the public regarding
autonomous vehicles may also alleviate concerns and assist in transitioning to widespread use of
autonomous vehicles. Trials like the one that RAC is currently conducting in South Perth with an
autonomous bus could help to shift consumer opinion.
2.2.2

Manufacturers Investing in Autonomous Cars
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Car manufacturers are currently racing to develop fully autonomous vehicles. The directions each
manufacturer takes will play an important role in shaping how autonomous vehicles are used by
consumers.
Toyota currently has by far the largest market share in Australian car sales (Fallah 2016), and has done for
14 years (Dowling 2017) . The model that Toyota appears to be pursuing is hybrid EV drive with cooperative autonomy, where the driver must pay constant attention but the autonomous system takes
over in the case of incidents (Schwager et al. 2017; Conner-Simons 2015). Toyota are partnering with MIT
CSAIL, and claim to be focussing on smart homes and wearable technology that will integrate with car
technology, suggesting a focus on a private ownership model (TRI 2017b). Mazda is partnering with
Toyota to build hybrid electric cars for sale in the private ownership market (Ottley 2015).
On the other hand Ford, currently 4th in terms of Australian market share, has recently partnered with Lyft
(Marakby 2017), which indicates they are preferring shared vehicle market models. In terms of vehicle
autonomy, in 2017 Ford acquired an artificial intelligence company to develop a virtual driver system for a
level four autonomous vehicle they expect to release in 2021 (Beer 2017) . Ford are also exploring the
use of electric cars for carsharing (Ford 2016).
Ford, Holden and Hyundai are all considering development of electric cars, but these may be slow to
come to market in Australia. For example, the current model Chevrolet Bolt will not be sold in right hand
drive countries like Australia (Beer 2017).1 Hyundai has created the electric, plug in and hybrid IONIQ, but
Hyundai Australia is concentrating on the hybrid for 2017 therefore it is unlikely Australia will see the allelectric version in the near future. Hyundai is also placing itself as Australia’s only hydrogen car importer
and refueller (Mahoney 2016). Ford aims to manufacture electric cars in China (Ford 2017).
Autonomous cars are also being trialled by companies such as Uber and Google using a dynamic
ridesharing model whilst Ford has indicated that they are hoping to introduce their autonomous vehicles
with alternatives to individual car ownership like carsharing.The involvement of companies such as Lyft,
Uber and Google in the development process could signify the end of traditional car ownership, signifying
a shift away from individual sales.
2.3

Ownership and Alternatives to Individual Ownership

Owning a car is becoming increasingly expensive, especially when taking into account additional costs
like parking, insurance and maintenance. Alternatives to owning a car such as public transport, taxis,
Uber and carsharing remove these costs and, depending on their travel patterns, can save some
consumers money. Some of these alternatives can be classified as ride haling, carsharing and
carpooling.
Car Sharing
Car sharing can be defined simply as a service that provides members with access to vehicles at a
fixed rate that is often hourly (Millard-Ball 2005). Botsman (2015) suggests that car sharing platforms
like Zip Car are an example of collaborative consumption within the sharing economy as they change
traditional renting particularly between consumers through technology enabling car sharing to take
place on a much larger scale (Belk 2014). Whilst taxis and ridesharing are good for occasional one
way trips car sharing offers an alternative to conventional car ownership (Schaefers 2013). Carsharing
was found to be attractive to four different consumer style clusters; social activists, environmental
protectors, practical travellers and economisers (Burkhardt & Millard-Ball 2006).

1

The right-hand drive market is only 35% of the global driving population (http://www.worldstandards.eu/cars/driving-on-the-left/)
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Car sharing offers an alternative to individual car ownership particularly for those who find that running a
car is too expensive. Companies who offer car sharing cover the costs of maintaining the cars including
long term parking, insurance, maintenance, fuel and cleaning. Consumer group CHOICE found that it is
more beneficial to own and run a car for those who travel 10 000 km or more per year (a weekly travel
time of 20 hours) (Castle 2015). However, for those who live close to the centre of a city and don’t drive
to work, using a car sharing program could save money, particularly for those who drive less than 5000km
a year (Choice 2015). As shown in Table 3, the cost of driving could be cut to 25% the cost of individual
ownership for people who drive 1250km a year, however this does not reflect the traveling patterns of a
typical city resident who drives 10 000km (Choice 2015). Drawing on the findings of McCarty et al (2007),
price sensitive consumers could be attracted to the possible savings offered by carsharing.

Table 3: Cost of car ownership and alternatives (Choice 2015)
10000
192.3km

km/year 5000 km/year 96km 2500km/year 48km 1250km/year 24km
and

hours' driving

20 with
time hours' driving

10 with 5 hours' driving with
time time each week

2.5

hours' driving

each week

each week

Ownership

$537.47

$468.27

$433.66

$416.36

GoGet

$857.55

$444.31

$237.70

$134.39

GreenShareCar $1042.38

$522.82

$263.03

$143.98

Hertz 24/7

$858

$429

$214.50

$107.25

Flexicar

$781.50

$393.67

$199.75

$119.58

time

each week

Ride haling
Ride haling is based on the matching of passengers with available drivers, this is generally enabled
through an app however is otherwise similar to a taxi service which sets ridesharing apart from car
sharing and carpooling (Chan & Shaheen 2012). Apps that offer ride haling like Uber, Lyft and
GoCatch, enable the efficient sharing of rides, often for a lower price than taxis can offer, whilst
allowing drivers to make money (Deloitte 2016, Gocatch 2017). This is an example of an on demand
service as the platforms match customer needs (getting to a destination) with providers or drivers
who are able to immediately deliver the required service (Botsman & Rogers 2010). Castle (2017)
found that users of UberX were often motivated by the reduced prices, with taxis being 40% more
expensive. They were also more convenient to order, showing up faster than taxis which sometimes
did not arrive despite being booked in advance. The service experience also encouraged users to be
loyal to ride haling as participants rated it as being significantly better than taxis with some drivers
offering water and refreshments to riders (Castle 2017).
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The main individual benefit of ride haling is economic gain, with research finding that Uber on average
costs twenty percent less than traditional taxis which in turn benefits consumers who save approximately
$81 million each year (Deloitte 2016). This is made possible using an app that matches service providers
to consumers, reducing transaction costs (Deloitte 2016). Despite being more expensive than public
transport this opportunity cost of having more flexibility in choosing the destination as well as additional
comfort is enticing to users (Nielsen et al. 2015; Stiglic et al. 2016).

Carpooling
Carpooling is not a new form of transport and has been used informally as a way for drivers to split
the costs of parking fees, fuel and general travel expenses with others traveling to and from similar
destinations (Teal 1987). However, currently businesses are offering services such as UberPOOL
which allows for strangers to share a car and reduce the cost of the trip with other strangers traveling
to a similar destination or simply in a similar direction (Furuhata et al. 2013). The reduced price was
the main motivation for consumers choosing to use carpooling over ridesharing, particularly for
longer journeys (Deakin, Frick & Shively 2010).
The introduction of shared ride haling options such as UberPool and Lyft Line has resulted in fairs
being lowered even further with Uber stating that by sharing your ride you pay 20% less whilst
sharing your Lyft ride can reduce your fare up to 60% (Deloitte 2015, 2016, Lyft 2017, Uber 2017).
Carpooling does not just benefit individuals and there has been a push by some governments,
particularly in America and Europe, to encourage the adoption of carpooling for its benefits to society
as a whole (Agatz et al. 2011). Increased congestion in cities has resulted in initiatives such as
carpooling to be encouraged in order to reduce the number of cars on the road (Teodorović &
Dell’Orco 2008). This also has positive flow on effects for the environment with reductions in carbon
emissions which could be reduced further with the use of electric cars (Fagnant & Kockelman 2014).
Examples of government incentives for carpooling include lower toll prices for carpooling and the
addition of ‘high occupancy vehicle lanes’ that offer faster commutes for people who do not travel
alone (Yang & Huang 1999). The benefits that carpooling has on reducing pressure on road networks
as well as carbon dioxide emissions require widespread adoption to have a significant impact which is
being hampered by consumers trust in ride sharing (Fagnant & Kockelman 2014; Nielsen et al. 2015).
2.3.1 AV’s and Shared Mobility
AV added to online platform technology can improve public transport networks through better enabling
car and rideshare systems to provide more convenient on demand first and last mile connections. When
full automation is available the cost of both access modes and main public transport modes could be
reduced by removing driver wages and railway station parking space could be replaced with high density
mixed land use. However, it is possible that convenient personal AV could also draw riders away from
public transport and encourage sprawl by reducing disutility of travel time. Most commentators, however
appear to agree that overall Vehicle Kilometres Travelled will probably increase, due to factors such as the
ability of non-drivers to access convenient transport (Milakis et al. 2017; Guerra 2015). Planners should
beware the rosy view that AV alone will resolve congestion (Guerra 2015). If patterns of private vehicle
ownership are extended into a fully autonomous future empty runs may increase the number of vehicles
on the road and the mileage (e.g. if the AVs are self-parking in less expensive areas). Shared mobility
holds promise for traffic conditions, despite the concerns around loss of personal space and loss of
control (Sun et al 2017). However, as Figure 1 shows that culturally, Australia is aligned to individualism
and a more short term outlook, which may make the policy role in shifting behaviour to shared vehicles
more difficult.
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Figure 1: https://www.hofstede-insights.com/country-comparison/australia/ - also provided in
Technical Report 2.2, Craig Standing, ECU

2.4
Future Considerations Road Use Regulation for AV’s
A consideration in Australia is what elements of AV regulation should come under federal or state
legislation. At present, states legislate road use and the traffic laws within their jurisdiction. Whilst it
seems unlikely that the advent of autonomous vehicles, connected communications and smart
infrastructure would offer sufficient impetus for the states to pass these roles to a federal body, the need
for standardisation across state borders is paramount. National standards are particularly important when
considering smart infrastructure and vehicle communications (Sun et al 2017). The regulation frameworks
are considered by the Australian National Transport Commission (NTC,2016a; NTC,2016b; NTC,2016c)
which identified 716 potential legal barriers in the current federal, state and territory legislation (Sun et al
2016). With AV’s already being tested on Australian roads it’s important that these barriers are addressed
and new laws are put in place to ensure the safety of the public.
Standardised settings for AVs are required so that autonomous vehicles are on the same caution or
aggression settings. Autonomous vehicles with the standard settings will be more predictable in their
behaviours, and outcomes from their use easier to simulate and determine. Part of the difficulties with
assessing effects of autonomous vehicles come from unknowns about human responses, and some
research has already suggested that people may not yet be comfortable with aggressive settings and
short gaps between vehicles (Sun, Gladstone & Taplin 2016). The National Transport Commission has
completed guidelines for trials of automated vehicles which were approved in May 2017 (NTC 2017).

3 Freight and Logistics
3.1
Highway Driving Automation
Many freight vehicles already have lane assist and automatic braking and as Globally, Morgan Stanley
Research (MSR 2017) estimate the ADAS (advanced driver assistance systems) could evolve to driverless
trucks before 2030. By 2030, they believe 85% of trucks will have ADAS and around 30% of the trucking
fleet will be driverless. Whilst in a controlled port terminal environment Scania is trialling autonomous
truck platooning between Singapore port terminals. The automotive manufacturer MAN and logistics
specialist DB Schenker are partnering to test platooning from 2018 between Munich and Nuremburg
(MSR 2017).
Daimler level 3 semi-autonomous trucks currently operate in the US whereby autonomous mode is used
for driving on highways (Grobart 2015). The Daimler Freightliner Inspiration was licensed for use in
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Nevada in 2015 (Carjamtv 2015). If the software determines it cannot deal with turns in the road or heavy
snow covering road lines it will alert the driver to take over (Davies 2015). Uber’s trial vehicle was a
regular truck retrofitted with Otto hardware, which will work with any truck with automatic transmission.
The technology is used in a fleet operating in San Francisco. The vehicles operate between the lines and
do not pass slower vehicles without the human driver taking control of the vehicle. Otto see trucking
becoming like a train on a software rail with trucks as the carriages (Davies 2016).
3.2
Platooning
It is anticipated that by 2030, 60% of the global fleet will be platooning (MSR 2017). Platooning autonomy
makes use of lower levels of automation such as lane recognition and adaptive cruise control and
emergency breaking. The key to automation with low levels of in-vehicle technology is connectivity
(vehicle to vehicle or V2V). For example, a second truck will engage its brakes within a tenth of a second
of the first. Platooning is expected to save around 5% fuel for the lead vehicle and as much as 10% for
vehicle following (Hall-Geisler 2017).
A trial of this technology is being backed by the Western Australian government, and supported by Telstra
and the Western Australian Road Transport Association, with Peleton partnering with the Australian
Driverless Vehicle Initiative. Drivers are still required to be in both vehicles. A cloud based Network
Operations Centre (NOC) allows companies to monitor their fleet and collect and analyse relevant data.
Telstra 4G and future 5G networks will assist the NOC operation (Pearce 2016).
3.3
Movable Factories
Another innovation which may impact freight is movable factories, which are currently used for purposes
including remote site building fabrication, disaster relief situations and reconstructing demilitarised zones
(Fox 2015). A moveable factory can be as small as a single large van or shipping container on the back of a
truck. In Yumbe, Uganda, a movable factory goes from town to town collecting agricultural harvests. It
processes 20 tons of mangoes per week and enables local people to bring mangoes to the moving truck,
in order to produce fruit juice. In Afghanistan there is a moveable factory which bakes biscuits for school
lunches with the micro nutrients children need. Mobile factories can also comprise several factory units
the size of shipping containers with complementary purposes such as roof truss fabrication and door set
assembly; or for production that changes monthly or yearly, such as building groups of houses. Larger
modular movable factories can also be constructed from prefabricated modules delivered by truck and
assembled to make one factory which can be assembled for up to several years (Fox 2015).
3.3.1 Moveable factories and building
Movable factories can be used to create various building materials, for example, housing blocks, nails,
bolts, and sheet roofing, through the use of commercially available semi-automated equipment. They
also can manufacture solar panels, water tanks, and wind turbines. Fabrication production equipment
can often be multi use, for example corrugated steel sheets can make roof sheeting and water tanks (Fox
2015).
Use of task design principles for easy assembly can create templates similar to those that Toyota uses in
their factories, with the types of visual instructions which may be familiar from building Ikea furniture,
with local unskilled people employed in movable factories, without having to set up expensive
infrastructure. Fox suggests movable factories are appropriate for countries with thinly spread
populations like Australia (Fox 2015). They could go to remote communities and help people to build
their own housing.
3.3.2 Moveable factories and packaging
Also, movable factories can reduce the need for packaging. Milk is already sold from vending machines in
Europe, and the same technology could be used for fruit juice and sauces (Fox 2015). This might be also
useful for Australia where food packaging is outsourced to other countries, which is a possible
vulnerability in the food supply chain (Bartos et al. 2011). Movable factories can establish internal
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markets that are not dependent upon importing finished goods from other countries. In terms of travel
demand, movable factories can be used to decrease the amount of non-value adding transportation for
many goods. The factories themselves, can also largely be fabricated in their country of use, or imported
as kits for local assembly. They are cheaper in comparison to large fixed factories, costing tens or
hundreds of thousands rather than tens or hundreds of millions of dollars (Fox 2015).
It is unknown what the effects of moveable factories would be on travel demand, but they provide
potential for a lot more local production and use of goods. This could go towards creating local
employment and community resilience. However, building and food related standards may need
alteration to see the full benefits of the technology.
3.4
3-D Printed Vehicles
The way cars are being manufactured is also changing. 3D printing could revolutionise the way cars are
being built, potentially reducing manufacturing costs by removing humans from the process. Other
benefits associated with 3D printing include enabling cocreation and more personalised cars however
currently the strength of 3D printing lies in creating jigs and fixtures that are stronger and lighter (Kerns
2016). There are also problems associated with 3D printing, mainly the slowness of the process, that are
preventing it from widespread use. Alternatives such as Carbon 3D’s Continuous Liquid Interface
Production (CLIP), which prints 25 to 100 times faster than traditional 3D printing, are currently being
trialled by Ford.
Ford has been 3D printing prototypes of cars for the last 20 years to save time in the design process but
for the last three years has been using CLIP (Kerns 2016). Despite not currently being the most efficient
way to produce cars, other companies are beginning to switch to 3D printing.

Local Motors uses a co-creation crowd sourcing community of 50,000 people to design and develop and
build 3D vehicles (LM 2017). They have built a 75% 3D printed car which aims to meet U.S. Federal Motor
vehicle safety standards and be able to drive on highways. Their Strati is an 85% 3D printed electric two
seater that can be bought now but is not suitable for highway driving. The only parts not printed are the
motor battery, power train and wheels and a car is made in around four days. With Australia losing all car
manufacturing by the end of 2017, facilitating a Local Motors micro-factory employing around a hundred
people (Dyer 2015) could maintain some car manufacturing ability in the country. Local Motors aim to
have 20 micro-factories producing 60,000 units a year by 2020 (Monks 2016), and produce 90% 3D
printed cars (Fung 2015). Toyota are ceasing Australian car manufacturing not because there is
insufficient demand, but because their parts suppliers cannot survive on Toyota business (Dowling 2017).
If those parts could be 3D printed, perhaps Australia would not have to lose car manufacturing after all.
There can also be combinations of automation and 3D printing. Local Motors has created Olli, which is a
70% 3D printed and electric self-driving 12 person bus monitored by a human. It is currently for use in
closed network locations like university campuses. It is on trial in Washington and a commercial launch is
planned for 2017. Olli is designed to eventually be in a fleet of shared on demand vehicles and provide
door to door transport(Monks 2016). This is an exciting advancement for the development of
autonomous vehicles as high prices are likely to discourage consumers from purchasing AVs. More
research needs to be conducted to integrate 3D printing into parts of the manufacturing process in an
efficient way that reduces the final cost of the car.
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4 Smart infrastructure
4.1
Physical Infrastructure
4.1.1 Introduction
Intelligent transport systems (ITS) can both affect transport user behaviour and increase efficiency of the
system (Cohen-Blankshtain & Rotem-Mindali 2016). Smart technology can include ITS like road sensors,
traffic detectors and CCTV, variable messaging signs to provide travel time and traffic condition real time
information, ramp meters to control number of vehicles merging into the motorway and variable speed
limits (NRMA 2016). To achieve benefits from autonomous vehicles, governments will need to start
embedding technologies such as data sensors into the road network to allow Vehicle to Vehicle (V2V)
communication and interaction. This will require investment in reliable high speed broadband and
Telecommunications Networks like 4G, including in the rural areas (NRMA 2016). In Australia, Telstra and
Cohda Wireless have conducted trials of vehicle to infrastructure (V2I) communications to support
intelligent transport systems using the Telstra 4G network. Further tests are planned to examine Vehicle
to Vehicle (V2V) and vehicle to vulnerable road user tests, and responses of connected vehicles to
pedestrians and cyclists (Pearce 2016).
4.1.2 Smart motorway / managed freeway technologies
There are various smart infrastructure interventions which can be made to improve problems around
travel demand and congestion. In the UK, many motorways have infrastructure tools in place to combine
data from vehicles, ramp metering, lane control and variable speed limits. Extra data and ability to control
vehicles directly could provide travel time benefits (DfT 2017). Main Roads has estimated Managed
Freeways could provide 27% productivity improvement in peak times and has recommended
incorporating the principles into freeway projects, to work towards a fully managed freeway network
(MRWA 2014). Adoption of such technologies to manage traffic speeds, flows and lane usage on
Melbourne’s Monash freeway has provided 50% travel time improvement and 50% crash reduction. The
Victorian government plans to incorporate smart technologies on all Melbourne’s freeways in the next
five years (NRMA 2016). It may be instructive to examine the VicRoads Managed Motorways Framework
for applicability to WA (Gaffney et al. 2017). It seems that WA may be slower to move into this space.
Though Main Roads has apparently invested in traffic monitoring devices, and does have a Managed
Freeways programme to optimize freight. This includes Intelligent Transport Systems strategies like coordinated ramp signals to control freeway access and congestion (MRWA 2014), and real time network
management (DoT 2015). Perth’s first smart freeway will arise from converting the emergency lane on the
Kwinana Freeway from Canning Highway to the Narrows Bridge, to a running lane. There will be coordinated ramp signalling, incident management with a Lane Use Management System, and full CCTV
coverage from Main Roads (MRWA 2017).
4.1.3 Smart traffic management
Smart technologies can also improve other roads, with Infrastructure Australia stating that intelligent
transport systems can increase road asset use, with traffic signal phasing and corridor management being
much more cost effective than building new roads. Australia is reported to have pioneered one of the
earliest smart traffic management systems, with coordinated traffic systems that respond to changes in
traffic conditions, also being exported overseas (TIC 2016). MRWA was using Dynamic Traffic Light
Sequencing (DTLS), for around 900 traffic lights in 53 regional areas as of 2015, since implementing the
Sydney Co-ordinated Active Transport System (SCATS) in the 1980s and was going to continue to deploy it
in future road developments. STREAMS is the new ITS control system with dynamic traffic control
algorithms, which is being used in conjunction with SCATS (DoT 2015).
4.1.4 Data ownership and privacy
According to the NRMA, from telematics installed in most new vehicles, manufacturers are receiving data
about how and where motorists travel, vehicle performance and other diagnostic information, with no
transparency or protections for the privacy and data of motorists. Their opinion is that data should be
available to and owned by the driver. Apparently, Australian governments are already taking precautions
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to ensure that the large amounts of personal data created by new technologies have appropriate levels of
protection and that new technology proponents demonstrate this. (TIC 2016).
Governments should make agreements with technology providers to deal with issues like ownership,
consent to use, and the appropriate collection and use of data by government, technology providers or
third parties. Technology and vehicle providers will also need to ensure vehicles and infrastructure are
secure from hacking or unauthorized access to information. Otherwise, privacy concerns could negatively
impact take-up of smart transport technologies like autonomous vehicles (NRMA 2016).
Theft of information is also a growing problem not only for individuals but also businesses and
governments. The more online information is relied upon, the greater the cyber-security risk that needs
to be managed. Recently, there have been ransomware attacks which affected Russia and the Ukraine
and went global. These affected the international Airport in Ukraine, transport company TNT Express and
a shipping company in Denmark; and closer to home, the Cadbury Factory in Hobart (Haynes 2017).
Governments will need to have in place regular data backup strategies, including perhaps some located
off site.

4.1.5 Variable messaging signs/boards (VMS) and variable speed limits (VSL)
Variable Messaging Signs/boards (VMS) are essential for an on-road traveller information system (Gaffney
et al. 2017). In WA there are around 30 VMS in advance of key decision spots on mainly Perth freeways
and highways to improve near real time driver information on traffic conditions and enable user route
choice and incident management. The information includes current speeds, advice on incidents, road
works and events affecting travel. New VMS equipment is planned to be integrated on the freeway and
arterial roads at entry ramps and other locations. Travel times could be added in future. (DoT 2015). In
Victoria, VMS are increasingly deployed on roads away from highways where alternative routes are
available to enable route choice (Gaffney et al. 2017). However, in future, autonomous vehicles could
decrease the need for use of VMS. VMS and VSL will need to be able to communicate directly with
vehicles (Weeratunga 2015), so new and upgraded systems will need to have this future capacity (MRWA
2015b). VMS can make a route more attractive through helping to assess probability of an incident on the
way and drive more strategic behaviour(Ben-Elia & Avineri 2015).
VicRoads is developing Dynamic variable speed limits (DVSL) as an optimisation control tool supporting
co-ordinated ramp signalling to slow down traffic approaching a bottleneck. Elements required for the
system include VMS advising motorists of changing motorway conditions and at interchanges and on
surface roads, and traffic detectors providing data for DVSL control algorithms and queue
detection(Gaffney et al. 2017). MRWA uses VSL signs for freeways (particularly after installing ramp-up
signals), on arterial roads, at school zones and near shopping centres with high pedestrian activity (DoT
2015). One study found that using VSL in a 100% connected vehicle environment could result in a 20%
total travel time reduction, safety improvement of 6-11% and 5-16% reduction in fuel consumption. It
also found that a difference between speed limits on the same or consecutive VMS could not exceed 10
km/hr, or the changes would confuse drivers and create shock waves (Khondaker & Kattan 2015).
As well as supplying real time information on information boards at train stations, it could also be
provided on ferry wharves and bus stops. Auckland transport is developing a connected bus stop with the
digital and interactive screens to allow real time information and tracking, as well as announcing changes
or disruptions to services, with trials scheduled in August 2016 (NRMA 2016).

4.1.6 Smart parking
Parking guidance systems can be used to notify people where there are available parking spaces. One
example of this in Perth is in the Claremont Quarter shopping centre. Each parking space displays a red or
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green LED which interacts with a wireless magnetic detector or camera to determine whether there is
space is empty or full. The messages are sent to a central control unit and forwarded to electronic
variable message signs (VMS) that show directions to available parking spaces and can indicate the row
they are located. This system could relieve commuter frustration during morning peak times, when some
parking facilities are full before 7.00 AM. In addition, the technology could be used to collect data about
delays or disruptions, repeating parking trends in particular places, and to pre-book, pay and top up
payment for parking spaces (NRMA 2016).
Ford is developing apps and devices to trade data for directions to available parking spaces, which will
notify drivers when their parking is about to expire and allow fee payment, and also notify taxi drivers
where there is demand (Ford 2016). These measures could decrease driving around looking for parking
spaces or fares.
It is also possible to create peer to peer parking solutions, where people or organisations can short-term
lease unused parking spaces, including around commuter hubs, through smartphone applications. NRMA
suggest that residents offering such spaces should not be subject to any additional levies or rates. New
Sydney train station commuter parking space cost up to $123,000, so the spaces are a considerable saving
for government (NRMA 2016).
4.2
Social Infrastructure
There is an emerging interdisciplinary field that could be called computational transportation science,
which studies how people interact with transport information systems. This can include integrated
transport information, crowd sourcing monitoring of events and driver assistance interfaces (Attard,
Haklay & Capineri 2016).
The WA government is investigating the use of mobile phone apps, like Moovit, Transit and Transperth
Journey Planner apps, to improve public transport use and also to provide Voluntary Geographic
Information which can help to optimize the public transport system. MRWA have delivered on plans to
enhance pre-trip traveller information using web based and mobile device accessible applications. It is
also planned to further research and develop smart phone apps to provide real time information to
travellers (DoT 2015).These apps can be building blocks for future co-operative transport systems. Social
media can also assist with travel demand, both during special events and on a more day to day basis. For
example, online updates may be consulted before leaving to or from work, to change departure or arrival
times so as to spend less time in traffic. Furthermore, apps enable the comparison of different modes of
travel so consumers can change modes depending on travel times as well as cost. However, it should be
noted that this does not always reduce trip numbers or distance travelled (Cohen-Blankshtain & RotemMindali 2016).
4.2.1 Apps and Smart phones
Social media has been used in the past to inform of service disruptions and also provide information
about large events. For instance, Twitter was used to provide transport information during the
Commonwealth Games in 2014 in Glasgow and the number of Twitter event users increased during the
course of the games, though the effect on travel demand was not assessed (Cottrill et al. 2017).
Social media is becoming increasingly important in providing formal and informal public transport
information, as are private sector apps relying on official timetable information (Mulley et al. 2016). Real
time information apps can influence lower waiting times and perceived waiting times (Watkins et al.
2011). However, regular and infrequent users of public transport are more likely to use real time apps
than low users of public transport, perhaps as they do not want to invest the time in downloading and
using the app (Mulley et al. 2016). Possibly the best that can be hoped for is that the apps might make
infrequent users of public transport more regular customers. One study in the Netherlands found that
generally, people preferred to use the information platform pre trip when planning, but also used it at the
wayside and on board stages to help them catch the right vehicle and catch connecting modes
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(Grotenhuis, Wiegmans & Rietveld 2007). Mobile phone usage data can be examined for correlation with
travel behaviour, and to measure mobility (Williams et al. 2015).

Transit and Transperth journey planner apps
Transit App has a chat bot to assist and could potentially provide a multi modal service in the future, with
car share, Bikeshare, and on demand transport. It can also provide metrics to transit agencies, like
number of people checking data, whether a marketing campaign has caused more downloads, and where
trips are being planned to and from (TransitApp 2017). In 2014, Transperth launched a free Journey
Planner app for iOS and Android, which is said to give better access to real time information (MRWA
2014), on which they are now seeking feedback. The app will find the next services for any stop, help
plan a journey and view it on a map, allow journey viewing with a countdown to when the service arrives,
save favourite journeys, view disruptions and fares (Transperth 2017). It could be useful to research how
the use of these different apps could be driving travel demand, and how these apps have tested the utility
of crowd-sourced information.
Private Sector Apps
Apps have revolutionised the transportation industry with the entrance of companies such as Uber and
Lyft for on demand ridesharing and Google and Moovit for efficiently planning trips, particularly through
the integration of public transport. These private sector apps provide cheaper, more efficient options for
travelling however are generally limited to cities.
Uber in particular has been very successful in Australia and ,in Perth, has overtaken taxis with 24% of
residents using Uber between April and September 2017 compared to 19% for taxis (Roy Morgan 2017).
This may be due to the ease of use of the platform as well as the superior quality of the service with the
average wait time for UberX almost half of that for taxis and just under 80% of Uber riders rating the
service quality at five stars which is the highest rating possible (Deloitte 2016). Apps have also enabled
cheaper services to be provided to consumers with Australian riders who switched from taxis to Uber
saving $31 million Australian dollars as of 2016 (Deliotte 2016). Uber also helps to cover gaps in the public
transport system with 64 per cent of Uber rides starting or ending in areas referred to as ‘transport
deserts’ which were situated at least 800 metres from medium frequency public transport (Deloitte
2016).
Apps such as Google Maps and Moovit are also being used to improve consumers’ use of public transport,
allowing users to plan journeys on public transport with ease. Moovit launched their globally available
and currently free public transport app in Perth in 2015 (Tyson 2015) after successful Australian beta trials
(Fenech 2015) and are aiming to be the foremost local transport app in the world (Tyson 2015). They
currently serve 50 million users across more than 1200 cities, according to iTunes (iTunes 2017). Moovit
links to public transport information and crowd-sourced data on delays or disruptions. Commuters are
able to comment on service changes, cleanliness and congestion, sometimes earlier than the transport
authority does (iTunes 2017). Commuters can contribute by providing local data that will support the
service, as has occurred in Italy and Brazil, and could be used to bring Moovit to smaller Australian towns
(Choros 2015).
It is not certain how much of this functionality is available in Perth. The Intelligent Transport Systems
(ITS) Master Plan for transportation in perth states that government will focus on collecting and making
information available to private sector apps (MRWA 2014). The potential of these apps is to save
commuter time in both waiting for public transit and changing routes in case of problems. This may in
turn draw people to using public and active transport if it is made it more convenient.

PATREC: Part Four – Technology Takeup and 2050 Travel Demand

Page | 18

289 of 424

4.2.2 Voluntary geographic information
Anyone who uses the Transperth Journey Planner app to find stops near them is essentially generating
voluntary geographic information (VGI). By collaborating with the public and developing crowd sourcing
VGI governments and policy makers may be able to benefit from the information being generated by
Smartphones, sensors and willing citizens (Attard, Haklay & Capineri 2016). Technological issues are
rarely barriers to VGI data collection, though organisational practices and laws might be (Haklay 2014).
Privacy concerns also could be a problem.
OpenStreetMap (OSM) is a collaborative project of the not for profit OpenStreetMap Foundation, to make
a free map of the world, and a prominent example of VGI. According to Wikipedia, it has over 2 million
registered users who can collect data. The crowdsourced data is under an Open Database Licence, and
can be used in a number of applications including Foursquare to replace Google Maps (Wikipedia 2017).
TriMet provides public transport in Portland, Oregon, and the agency used the OpenStreetMap
community to improve its services by including multimodal transportation plans. (Haklay 2014). In
Finland, Traffic Lab is a partnership between the local government and business and collects traffic data
from private in-car systems, GPS, short range radio signals and the mobile network anonymously, to
provide real time traffic information services (Haaramo 2014). The Department of Transport has
suggested using smartphones to crowdsource updates on, for example, train service recovery or traffic
updates (DoT 2015). However, the TriMet example suggests that there could be more potential to assist
in providing information to help deliver Mobility as a Service.
There are also VGI powered apps which provide services to car travellers like Waze, Apple Maps, and
MapQuest. They use OSM data to optimize crowd-sourced data (Attard, Haklay & Capineri 2016). Waze
has however been criticized for notifying people about speed cameras (Seeber 2017), which decreases
sources of transport revenue.
VGI technology can also be used to assess the success of transport demand management programmes.
For example, GPS trackers were given to participants in the Travel Smart program and a control group, for
a period of three weeks in each of three years, to provide a more accurate method than self-reporting of
their modes of travel. A software program G-TO-MAP, developed by the ITLS, was used to differentiate
modes between car, walking, cycling, catching buses and trains; and determined that participants did
reduce car trips as a result of the programme, with a longer term effect on those in walkable
neighbourhoods (Ma, Mulley & Liu 2016).
4.3
Mobility as a Service
Mobility as a service (MaaS) may thought of an integrator of multiple transport alternatives through a
single interface offered by a service provider. Holmberg et al. (2016) indicated that MaaS gives the
traveller an opportunity to plan, book and pay for a service that involves multiple transport modes.
Atkins (2015) defines MaaS as a new way to provide transport, which facilitates the users to combine
available mobility options in an integrated manner. In their comprehensive review of current and planned
services Caiati et al. (2017) reviewed eight currently available services (fully operational or at a pilot stage)
and four that have been piloted or trialled but no longer operational. From the twelve, five services were
run by local government or public transport agencies and the remainder were implemented by a third
party app developer. Four required some form of subscription payment and the others were pay-per-use.
App based services potentially can integrate with public transport, which allows the traveller to plan,
book and pay for trips on several transport modes at the one time (Holmberg et al. 2016). In Sweden, the
public transport sector is now considering what role they want to take in the MaaS ecosystem
(Kamargianni et al. 2016). In Switzerland, the seasonal transport pass also included car sharing and car
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rental. It was found that almost 90% of sampled users no longer had their own car, and some sold their
car at the time that they bought a mobility package (Schad et al. 2005). In London, the Oyster card can
apparently now be used to access city car sharing vehicles as well, but there is no data yet on how this is
affecting car sharing service demand or public transport demand (Kamargianni et al. 2016). This supports
earlier research evidence that committing to a mode by purchasing a season ticket can reduce usage of
other modes, and long-term decisions like buying a season travel pass can influence short-term travel
behaviours (Simma 2000).
4.3.1 Barriers to MaaS in Australia
Australia may not ready for Maas yet, even in Melbourne or Sydney which both a maturing car sharing
market. Particularly, work is needed to implement open Application Programming Interfaces, for mobile
ticketing and booking and payment mechanisms to access multiple operators and modes (Somers &
Eldaly 2016). It is likely that Perth would be even less ready according to the scale, due to a lack of car
share and bike share services. At present there are only six car share vehicles operating out of St Georges
College UWA in Perth.
A study conducted in Sweden found that even though participants in a MaaS project were satisfied with
the service and would have been happy to continue, the service collapsed. Reasons cited were that MaaS
required cooperation and collaboration, where boundaries between public and private operators and
transport modes were blurred. There are barriers to successful collaborations, including different goals,
lack of trust and unequal distribution of power and resources. Hensher (2017) noted a barrier to
providing MaaS in Australia is the existing model of public transport provision. With the current
Australian geographic contract based model, there is little incentive for public transport contractors to
grow patronage and the existing assets of large capacity and often very under-utilised buses would not be
helpful to deliver point to point transport. For MaaS, a mix of vehicle types and sizes including cars and
small and large buses would be required. If government were to change the regulatory regime to favour
multi modal rather than single mode opportunities, there might be a change in available services. In
Newcastle, New South Wales, there has been a move to have timetabled buses and trains incorporated
into the one contract, which may be a signal of government’s willingness to adapt (Hensher 2017).
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5 The Workplace
According to the CSIRO report “Tomorrow’s Digitally Enabled Workforce”, there are a number of
Megatrends affecting work in Australia in the next 20 years (Hajkowicz et al. 2016): 1) Exponential
technology, 2) Changing employment boundaries 3) The entrepreneurial era 4) Demographic changes 5)
The rising bar, 6) Soft skills importance. Demographic changes have been dealt with in the section on
ageing above.
5.1
Exponential Technology Growth
5.1.1 Growth of data
Intel predicts there will be 200 billion connected devices by 2020 (Intel 2015). Growth in data will demand
more data analysts, with around 2.5 exabytes of data generated daily, more than was generated in total
up to 2004 (Hajkowicz et al. 2016). The Square Kilometre Array project which is being built in WA from
2018 will require a new ability to filter very large amounts of big data. This may lead to companies
flocking to Perth to take advantage of this new technology. CISCO, Google, Chevron and Woodside have
all expressed interest (Finkel 2017).
5.1.2 Spatial job loss
There is a global expected trend for exponential technology growth to result in high levels of automation,
with the loss of many current jobs and creation of new ones. The Australian labour market is not yet
affected, but is expected to be rapidly beyond 2020 (Hajkowicz et al. 2016). Frey and Osborne (2017
p265) suggested 47% employment is in the “high risk category, meaning that associated occupations are
potentially automatable over some unspecified number of years, perhaps a decade or two.” When the
same modelling approach is applied to Australia, that figure is around 40% of the workforce (CEDA 2015).
If large numbers of jobs are going to be lost through automation, then travel demand forecasting and
modelling needs to take account of travel activities of different percentages of non-workers.
It may be possible to quantify effects of automation job loss in particular areas. For example, the US
(National Bureau of Economic Research) found for every new industrial robot, that is, a physical robot
able to manipulate objects added to the workforce between 1990 and 2007, between 3 and 5.6 jobs were
lost in the local commuting area (Vincent 2017).
Unemployment and underemployment affect the travel patterns of a city. A Canadian study found that
non-workers have more flexible activity travel patterns, though families with children or without cars
have more predictable travel patterns than those with cars whose travel is more random in destination
(Nurul Habib et al. 2017). The authors suggest that non-workers may drop off and pick up others at
locations closer to the CBD, but for other activities choose locations further from the CBD. A Greece study
on travel demand during the 2009-2013 economic crisis found that passenger volume in Athens’ mass
transit system decreased by 24.6% from 855 to 645 million people (Papagiannakis, Baraklianos &
Spyridonidou 2017). At the same time car use reduced greatly but people stated they would return to car
use though, if finances improved.
5.2
Tele-commuting
A third of Australians now work from home regularly, according to the ABS, which has risen from 20% in
15 years. Around 40% of them were catching up on work, 20 per cent wanted a home office /no
overheads, 12% have flexible office arrangements, for 8% it was part of the conditions of employment,
and the remainder had childcare considerations, were running a farm or had other reasons (ABS 2009). A
2014 report of the fair work commission found that working from home, was available for all employees
for 11% of organisations, for most employees in 4% of organisations, and for the rest, for some or a few
employees. It may be difficult to chart flexible work arrangements in Australia, as the report found of the
28% of employees who had asked for flexible arrangements, for around 62% of them an informal verbal
agreement had been made (FWC 2016). Boundaries between work and home also work in the other
direction with 73% of employees conducting personal online tasks from work (EY 2016).
The second form of telecommuting is the Mobile Office where mobile phones and laptops allowed
workers to set up temporary offices in public spaces such as on board public transport or cafes’. There are
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currently ten co-working spaces in Perth (Markham et al. 2015). Co-working spaces aimed to encourage
interaction and partnership forming opportunities are less configured for private space (Kingma 2016).
Other co-working spaces provide low cost options for members to book private spaces in convenient
locations adjacent to public transport hubs (Gladstone, 2015). Planners may consider the opportunity to
encourage co-working or shared offices located at future TOD developments.
The expectation was that tele-commuting would replace commuting trips with people working in homes
or co-working spaces near to home (Cohen-Blankshtain & Rotem-Mindali 2016). However, decreases in
journeys to work were offset by off peak trips around the telework location for meals and errands
(Mondschein 2014). Effects of telecommuting are also reversed when other non-working members of the
household are able to use the vehicle at home for higher numbers of participation in out of home
activities (Kim, Choo & Mokhtarian 2015).
The current generation of smartphones and tablets and Wi-Fi access means that information is stored in
clouds and can be accessed within a small time frame. The technology has enabled work to take place in
intermediate spaces without having to physically return to base to update or synch information.
5.3
Anytime Anywhere Work
Platform economics using digital technology allows companies to employ small numbers of core staff and
have other work provided by agile and connected freelancers or portfolio workers, though this has not yet
become mainstream in Australia. It also increases employment accessibility, through organisations like
Upwork, Kaggle and Freelancer which can help employers and employees work in new job markets. An
Australian online company called Freelancer has grown in number of users from 1 to 10 million between
2009 and 2014, connecting over 17 million employers in 247 countries In other places in the world, this
has become a work method of choice, with one in 3 Americans working in this way and almost 88% of
freelancers saying they would not swap for a full time job if one was offered (Hajkowicz et al. 2016).
Additionally, people will increasingly need to have the ability to create their own job. The digital world
enables new business entrants to start at low cost, compete with the incumbents and rapidly scale. Small
businesses in Australia account for the largest proportion of employment (Hajkowicz et al. 2016).
Australia is one of the world’s top five entrepreneurial ecosystems (EY 2016).
The rise of the ‘gig’ economy has been facilitated by advancements in online communication and mobile
technology and fuelled by venture capital (Kenney & Zysman 2016; Sundararajan 2016). Despite their
‘virtual’ component, the ‘platform-based’ work segment of the ‘gig’ economy, best exemplified by Uber
and Airtasker, still depends upon traditional face-to-face services. Thus, platform-based work in the ‘gig’
economy (De Stefano 2015), such as food-delivery, still involves traditional real-world tasks organised in
novel ways through online platforms and mobile applications. The companies that run these ‘apps’
function as intermediaries between workers and markets. However, these intermediaries are by no
means a cottage industry with the market capitalisation of one of Australia’s well known food delivery
brands being $2.5 billion (McDuling, September 2017). The nature of mobility is rapidly changing to be
more multifaceted because of the functionality and widespread nature of mobile phones, and traditional
transport planning does not take into account these patterns of movement (Dal Fiore et al. 2014).
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6 Online Retail and Delivery
It was proposed that online shopping would greatly affect the retail sector, but the online sales share is
still fairly small (EY 2016). The kinds of purchases Australians make online are, in descending order,
clothing and shoes (51%), travel expenses including plane tickets and hotels, books, music, takeaway
food, electronics, movies, computer expenses, cosmetics and groceries (EY 2016). Younger people in the
18 to 34 age bracket are more likely to use more mobile devices, and are the lowest users of desktop PCs.
They are also more likely to listen to YouTube (56%) than the radio (49%), buy digital music online (37%)
rather than CDs (29%), and get music from a streaming service (52%) (EY 2016). If this trend holds true for
other items such as DVDs and books, this would seem to imply that there may be less purchases of
physical items, and therefore less deliveries required.
For 97% of people in the sample it is a priority that online transactions should be safe and secure, and
79% of think that government should force companies to be more transparent about how they use
consumer information. According to the Ernst and Young report, companies can expect to be ‘hacked’ at
some point, therefore should have cyber investigative capacities to find and mend the breach and get an
accurate picture of the damage, in order to comment confidently to the public (EY 2016). This implies a
requirement for government to employ or contract personnel to manage data security.
Allen, Piecyk and Piotrowska (2017) identified and reviewed literature on a number of future disruptive
technologies that will influence online shopping and home delivery:
1) electric/alternatively fuelled vehicles, which will reduce environmental impacts;
2) systems to allow fast delivery, which would increase transport demand if done inefficiently;
3) increase in intangible products such as digital books and music which do not require delivery;
4) 3 D printing, which could reduce transport by printing products locally, though products will still
need to be transferred to the consumer’s home;
5) autonomous vehicles, which could improve efficiency and safety;
6) drones (which fly) and self-piloted robots (using ground travel on footpaths) and their role in
delivering, particularly small items and meals;
7) other non-road systems, like a hyperloop, which would still need other last mile delivery methods
such as a drone;
8) Crowdshipping, using independent people to deliver small items, which could increase or
decrease travel demand depending on whether it was incorporated in existing trips or created
new ones;
9) big data, which could make supply chains more efficient; and
10) supply chain collaboration, where companies could share warehousing and transport to reduce
transport activity and costs.
There is also the possibility that Amazon, and possibly Uber, could almost monopolise the delivery market
in times to come. Amazon had only begun making a profit in the last year in the UK because they were not
previously charging costs of delivery, in order to squeeze out smaller competitors (Allen et al.2017). The
Productivity Commission, Australia acknowledges the potential of digital intermediaries to dominate
markets, as is already the case with www.real.estate.com.au, accounting for 75% of all Australian
property website searches (PC 2016). This is known as a network effect, where the power of a platform is
such that a consumer who wants a particular service will feel obliged to use that platform. However, plans
to merge the second and third largest online travel websites, Wotif and Expedia, were permitted by the
Australian Competition and Consumer Commission because of the ability to ‘multihome’. That is, people
can still search using other smaller websites through aggregator sites like TripAdvisor (ACCC 2014; ACCC
2015).
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ICT is enabling possibly disruptive applications which use crowd-sourced deliveries from individuals to
other individuals or retailers, such as Uber Rush, Amazon Flex, Shippies and MyWays (Holmberg et al.
2016). DHPDL has crowdsourced Streetscooter vehicles with over 1000 now on the street. The
Streetscooter is a proprietary green electric vehicle and from 2017 there will be an annual production
capacity of 10,000 (MSR 2017).
6.1
Travel demand and online shopping
Usually, online goods are home delivered, which reduces in-store shopping travel. Unnecessary store trips
to seek out stock items are also reduced. However, some studies show e-commerce has a limited or
neutral impact on the number of shopping trips and travel distance, as it only substitutes for some instore items. Also, websites alert consumers to new retailers, which may lead to more shopping trips
further away, and Smartphones may inform them about special deals (Cohen-Blankshtain & RotemMindali 2016).
E-commerce could lead to more freight trips due to home deliveries substituting for personal travel. Also,
not all internet purchases are delivered to homes. Some of them are collected at the stores or other
distribution centres such as post offices (Cohen-Blankshtain & Rotem-Mindali 2016). Also, items are
sometimes returned to the sender, which creates more travel demand. One paper has stated that 30 per
cent of internet purchases are returned (Hopkins & McCarthy 2016). It is easy to understand how this
might happen, as clothes and shoes make up the majority of Australian online purchases (EY 2016),
anecdotally customers are known to buy three different sizes of a shirt for example online and then send
back the two that don’t fit. Customer to customer E-commerce is also likely to result in more personal
travel as purchasers will want to check the quality of goods before buying and make sure they receive
them (Cohen-Blankshtain & Rotem-Mindali 2016).
Whether online shopping affects travel demand also depends on what the person does with the time
saved. If they choose to visit others with that time, this would increase travel demand, but if they use
active travel methods or decided not to travel this would decrease travel demand (Allen et al. 2017).
6.1.1 Travel demand and click and collect
Survey work in the UK has shown ‘Click and Collect’ services may increase transport demand, as the
retailer saves on home delivery from vehicles which would usually carry multiple customers goods, but
the customer still has to pick up the parcel, being the sole purpose of that trip for 52% of those
customers. Online retailers offering fast delivery services due to competing for market share are also
likely to be making inefficient deliveries in terms of travel demand. In the UK, the London Assembly
recommended that the Mayor of London investigate road pricing schemes to solve this problem, and
other jurisdictions may need to do the same. Logistics operators in the UK are also being encouraged to
work together and share resources to increase trip efficiency (Allen st al. 2017). Road pricing has the
ability to reduce urban sprawl and individual car ownership whilst encouraging more positive travel
behaviours such as shared on-demand trips and encouraging freight providers to travel with full loads.
6.1.2 Travel demand and takeaway
In Australia, growth in the takeaway and delivery business via applications like MenuLog has made
takeaway food the sixth most common online purchase, at 31 per cent (Allen et al 2017). There are a
number of crowdshipping third party platforms like Deliveroo and Uber Eats who have assisted online
ordering growth, and smaller non chain restaurants attracting online customers. Online ordering has
continued to increase rapidly in the UK and pizza chain Dominos generates almost 80% of its UK deliveries
through online ordering (Allen et al. 2017).
6.2

Airborne delivery drones

Airborne delivery drones are currently being trialled, and footpath drones are under development.
Drones which can alight from and land upon moving trucks are also currently being trialled. These
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methods all have the ability to impact freight. The head of Dominos stated that there would be a need for
people in jobs to build, repair, monitor and manage drones (Berry 2016). It appears that the CSIRO report
writers agree, as they have remote-controlled vehicle operators as one of the featured Australian jobs in
2030 (Hajkowicz et al. 2016). However, some companies are already aiming at fully autonomous drones.
Dominos is investing in two different kinds of drones, ones which fly in the air, as well as ones that are
designed to travel on footpaths (DPE 2015). Autonomous pizza delivery drones which have destination
coordinates loaded received formal approval from the civil aviation authority in New Zealand. The drones
can carry up to 2.5 kilos and this may expand to 3.5 kilo orders (Dudley-Nicholson 2016). Dominos is
working with the originally Australian startup company Flirtey to design stronger and faster drones able to
deliver multiple pizzas and drinks (Mitchell 2017). The drones will fly at speeds of 30 kilometres an hour
and initially in a radius of 1.5 kilometres from the pizza store, with an intention to increase that distance
to 10 kilometres (Dudley-Nicholson 2016).
In 2014 Amazon obtained a patent for flying airship warehouses known as ‘airborne fulfilment centres’ to
carrying drone fleets for final customer delivery, which could also be refilled and stocked by other smaller
airships (Allen et al. 2017). In December 2016 Amazon made its first fully-autonomous drone delivery of
an Amazon Fire TV and popcorn in the UK, within 13 minutes of the order being placed. The aim of the
UK program is to deliver a package within 30 minutes of placing the order. The UK government allowed
trials to evaluate flights beyond line of sight and one person operating multiple drones (Fox-Rubin &
Gebhart 2016). It is believed that 86% of Amazon deliveries are of a weight that would be suitable for
drone delivery (CBSNews 2013).
6.2.1 Drones and travel demand
Drones can be launched from fixed locations such as retail stores or delivery centres, from relocatable
platforms, or from trucks. There are a number of types of hybrid truck drone delivery systems, such as
those of HorseFly™, the Matternet and Mercedes-Benz partnership and UPS. There are systems where
drones depart from the depot and trucks visit other customers. Another model is where the launched
drone returns to the truck at the next stop or to the depot. Or, from each stop one or more drones can
make multiple single stop deliveries. There can also be multi zone drops with the drones visiting two or
more customers before returning to the vehicle. Transport modellers are already considering optimal
combinations of trucks and drones, though this is somewhat hampered by lack of real estimates of the
costs of drones, and the field of studies has been reviewed (Campbell, Sweeney-II & Zhang 2017). One
study found that only around 50% to 80% of usual truck routes were required as there are more deliveries
per truck drone route. Research has identified growing benefits from using multiple drones per truck in
high versus low density areas, so numbers of drones should be differentiated depending on the
density(Campbell, Sweeney-II & Zhang 2017).
If Australian freight companies are not yet examining use of drones for deliveries, the evidence suggests
that perhaps they should be due to possible potential cost savings, however there may be safety issues.
While drones can inhabit airspace in-between ground traffic and aircraft, they still have to take off from
and return to a vehicle or depot, and it is during this time when safety is likely to be more of a concern.
6.2.2 Drones in Australia
An Australian startup company, Flirtey, now based in the United States, made the first drone household
delivery in July 2016, and has a partnership with the 7 Eleven convenience store chain. The Australian
Dominos branch had trialled the drone deliveries, however Domino drones will first be seen in New
Zealand due to more progressive regulations (Soper 2016). The drones hover 30 metres above ground to
meet Australian regulatory requirements that disallow drones from within 30 metres of a person. This is
also a zone which is above street level obstacles and below other airborne vehicles. The drones are
monitored remotely by a person, and the plan is to have one person overseeing a small number of
drones. Camera content is said to be coded and secure and will only be viewed in the case of safety
concerns, and the drones have parachutes to float to the ground in case of failure (Berry 2016).The CEO of
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Dominos stated that the arrival of Amazon in Australia in Melbourne in September 2017 with
merchandise and fresh food ecommerce will drive an increase in online shopping, however there will not
be enough Australian delivery drivers to keep up with demand (Berry 2016). Dominos also anticipates it
will be inefficient and costly for two-tonne trucks to deliver pizzas in high density areas and therefore
there will be demand for drones. Australia Post began trials with delivery drones created by Melbourne
Company ARI Labs in 2016 in Melbourne with the backing of the Civil Aviation Safety Authority (CASA).
The drones are monitored by engineers in real-time, but ARI intends to automate the monitoring in the
future. The drones have parachutes, alarms, and warning lights for safety and carry a high definition
camera. Australia Post is intending to trial drones delivering parcels twice a week to 50 locations in an
outer metropolitan area. They see this technology as being useful in rural areas, where delivery drivers
could launch the drone from where they are parked to customers with homes far from their mail boxes
(Francis 2016), and hope to conduct more in 2017.
CASA changed regulations that took effect in September 2016 permitting commercial drone users of
weight less than 2 kg to fly the devices without an operator’s certificate or remote pilot’s licence. The
users will have to use the CASA notification system, filling in an online form with details about what the
drone will be used for and where it will be used, with penalties for noncompliance. The change in
regulations also allowed farmers to use drones weighing up to 25 kg on their own property provided no
money changes hands, for purposes including crop spraying and visual inspections (Gunders & Hough
2016).
A spokesman for CASA has stated parcel delivery drones were some time off, with technology challenges
still to be addressed. However, he believed companies were trialling drones and regulations would be
required to keep up with the technology. An Australian Senate inquiry into the use of remotely controlled
air craft, including for retail use, closed submissions December 2016, and and is expected to issue a report
by December 2017 (CW 2016). Several submissions, including from Telstra, Australia Post and Dominos,
requested regulations to allow ‘beyond visual line of sight’ (BVLOS) drone operations. Telstra wanted to
use the drones in disaster situations when infrastructure was not accessible by vehicles (Crozier 2017).
According to Dominos CEO, relaxing the line of sight rules would determine whether drone deliveries will
be viable in Australia (Crozier 2017). In 2016, however, a survey found that only 10 per cent of
Australians wanted drone deliveries (Francis 2016).
If plans like those of Dominos, Amazon, Telstra and Australia Post are successful, the airways could
become quite busy. Instead of the ‘internet of dings’ (due to devices making notification noises), we may
have the ‘burden of buzz’. There will likely be need for more of a role for aviation authorities, and some
considerations about healthy noise levels and noise management.

7 Ageing in Australia
7.1
Ageing
Australia is widely forecast to have an ageing population. It is expected nearly one in five Australians will
be over 65 years in 2035. There are growing life expectancies and retirement ages will likely increase, so
there will be higher diversity in workplaces of age, gender and cultural backgrounds. What is also likely
needed is for governments and businesses to collaborate to produce social innovation to deal with the
new problem of longevity (Westendorp 2015). Programmes such as the various iterations of Your Move,
aimed at raising levels of active travel and exercise, have already built collaborations between local and
state governments and the private sector, which can be leveraged and built upon.
7.1.1 Healthy aging and exercise
If there is one thing that researchers agree on, it is that for healthy aging, an inactive and sedentary
lifestyle should absolutely be avoided and people should exercise regularly and drink in moderation, as
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well as interacting with a decent network of social contacts. Exercise is beneficial even in cases of heart
failure, and osteoarthritis, and there is increasing scientific evidence that it also helps prevent
deterioration of brain function (Westendorp 2015). What this implies is that funding travel demand
policies like the Your Move Transport project (DoT 2016), designed to involve people in more active travel
methods like walking, cycling and public transport, particularly if this can encourage long lasting
behaviour change, should become even more of an imperative. There will be an inevitable tension
between planning to encourage active travel, and planning for low mobility aged people.
7.1.2 Ageing, work and housing
Biological age is becoming increasingly disconnected from chronological age as there is a great variability
in physical and mental qualities, so it lacks logic to make someone retire at a predetermined chronological
age (Gratton & Scott 2016). Full time work until the age of 65 and then no work needs to be replaced by
part time work, career downgrading and additional training to allow older people to remain in paid work
if they want to or cannot afford not to (Westendorp 2015).
Dutch research on 55 to 85 year olds found that increasing numbers of older people were productively
working in the paid or voluntary sector and that participation was important to providing a sense of
purpose and maintaining social contacts, two of the important ingredients for healthy aging, with the
third being resilience. One quarter of the older people who were not working said they would return if
they could on their own terms which included taking a pay cut of up to 25%. If extra healthy years can be
translated into paid or unpaid social participation, the problems of the ageing population will not arise
(Westendorp 2015). It would be helpful if government departments could role model the tapered career
model, as it could ultimately be better for the budget on both health and tax fronts. It is likely that older
people will not wish to work full time for a number of reasons, so it can be expected that travel demand
will become based more around a part time working model and probably less predictable and spread
throughout the day and the week.
More varied models of housing are also required. Many older people studied by Westendorp (2015) tried
to positively influence their functionality by seeking housing closer to children, and more than 80% of
them lived in their own home (Westendorp 2015). This shows a preference for ageing in place. It may
become more meaningful to group people by life stage than by age, and a number of cross generational
friendships and even sharing of living arrangements may occur as a result. The “gap year” may also occur
at several different points throughout the lifespan, and there will be a requirement for continuous
learning (Gratton & Scott 2016). In this case, travel for education will probably occur throughout life, and
there may be mixed age groups sharing student housing. These elements, again, will make travel demand
more varied in time and unpredictable. There is also a values question as to whether society will orient
towards integration of the aged into the community, or separation. We could choose to segregate older
people in nursing homes or retirement villages, or orient towards ageing in place.
7.1.3 Ageing and unnecessary medical trips?
There is a standard triad of trip purposes, one of which is maintenance travel: for example, food shopping
and medical appointments (Dal Fiore et al. 2014). It would be expected that the older people get, the
higher the amount of medical appointment travel, or maintenance travel, will be required, and a high
percentage of aged could lead to increased travel demand around medical centres. By the age of 45, 50%
of the working population have developed a chronic illness which will not resolve. There are two or more
chronic illnesses (multi morbidity) in 65% of 65 year olds and in 85% of 85 year olds (Westendorp 2015).
Creating a government agenda aimed at preventative health measures for the aged has the potential to
reduce travel demand and also the health budget. Travel demand and medical practitioners could usefully
work together on adjusting active travel promotion travel demand measures like Your Move (DoT 2016)
to suit an older audience.
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8

Megatrends and policy implications

It is clear that there are a lot of technologies affecting transport, and that they can have complex
and confounding effects on travel demand. It may be difficult to predict however, how autonomous
vehicles, smart infrastructure and changes the workplace, leisure and shopping will affect travel
demand.
8.1
Megatrends and travel demand
However, there are a number of megatrends affecting the world of work (Hajkowicz et al. 2016) that
we know will unfold, and are likely to mean that travel demand will become much more
unpredictable, and more spread out in space and time.
1)
The ageing population: a growing population of aged people will likely be travelling to part
time work, lifelong education, medical appointments, and social occasions.
2)
Anytime, anywhere working: People are now able to work in almost any location
imaginable and at any time, due to mobile technology resulting in a ‘blurring of boundaries’.
3)
Blurring of boundaries: The boundaries between work and leisure are becoming blurred,
with people engaging in personal tasks while at work, and work tasks while at home.
4)
The entrepreneurial era: Globally, more people are starting their own businesses, and
engaging in contingent work. Australia has a healthy small business environment, and the WA coworking sector is growing.
5)
Exponential technology: The sheer rate of change in technology is increasing due to rapid
prototyping and product delivery enabled by methods like 3D printing. This is currently seen as likely
to cause unemployment, possibly for 40% of Australians, in the next 10-20 years.
8.1.1 Extreme weather events
The Eastern States have seen a number of extreme weather events, like fires and flooding, which
have damaged infrastructure and supply chains. WA should perhaps not be complacent. Australia,
and probably WA specifically, are underprepared for impacts to road infrastructure like washouts
from floods, or heat induced road cracking and rail buckling. There are also barriers in terms of
fragmented responsibility and inconsistency within and between jurisdictions (TCI 2012).
The issues here are damage to property, infrastructure, and disrupted supply chains. This leads to
the question of whether we build transport systems and dwellings for cost efficiency, or to be
resilient to extreme weather.
8.1.2 Globalism and Technology
Digital giants like Google, Facebook, Amazon and Uber are gaining increasing power and wealth. In
times gone by large companies were large employers. In 1955, General Motors had 600,000
employees. Today the power companies in the tech space employ substantially fewer people:
Google employs 50,000 and Facebook 6,000. When Facebook bought Instagram in 2012, it paid one
billion dollars for 30,000,000 users but only 13 full time employees. The capitalisation of Amazon, or
the profit the organisation makes, is approximately $1 million per employee per year (Watson 2016).
These are the organisations which are driving towards having as much automation as possible to the
detriment of employment, and ultimately government revenue from income taxation. Bill Gates
suggested in an interview that organisations seeking to employ machines rather than humans should
have to pay a robot tax equal to the tax the human/s would have paid, compensate governments for
revenue loss, and use that revenue to pay for the displaced people to undertake roles such as caring
for the elderly. Gates also recommended slowing down the process of automation and related job
losses to better allow for retraining of displaced workers (Delaney 2017).
An alternative or additional solution may be to require such large companies entering an Australian
jurisdiction or undertaking projects or businesses with large socio-economic and socio-cultural
impacts to undertake Social Impact Management Plans or Social Impact Assessments (SIMP, SIA).
Currently, many Australian jurisdictions require these as part of the approvals process for resource
companies undertaking large projects, regarding impacts during construction and project operation.
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For example, topics in the Ichthys SIMP include road and marine traffic, housing affordability,
employment, education and training (Inpex 2013). The University of Western Australia and
University of Queensland and Australian Government conducted a joint project in 2012 with the
International Mining for Development Centre to produce an Australian practice guide to social
impacts of resource projects, and the advantages stated in that guide from effectiveness of policies
managing social impacts, like ensuring that developments contribute to long-term economic growth
and social development (Franks 2012) could equally apply to large digitally based businesses. In
Western Australia, as a result of assessment processes including an SIA (Taylor-Burrell-Barnett 2012)
the Wheatstone project, a natural gas hub, will result in local employment and economic benefits,
and additional social and physical infrastructure for the town of Onslow (Chevron 2017; DSD 2014).
However, even the approvals process and activities for that project could still benefit from
improvement (Haslam Mckenzie 2013).
It is clear that the Australian government understands the need to investigate social impacts of new
technologies like driverless vehicles as it has conducted a parliamentary inquiry into this subject, for
which comments closed in February 2017 (APH 2016). The submissions to that inquiry could
elucidate the kinds of issues that could be covered in a SIA. Arguably, large organisations like
Amazon and Uber could have social impacts and profits similar to large resource projects, so perhaps
should be subject to the same kinds of approvals processes and requirements.
8.2
Scenarios and transport policy
Planning prediction tools are generally based on current understanding of causes and effects. These
are not always effective, as one researcher found by analysing 210 projects in 14 countries and
determining that forecasters are generally poor in estimating transport infrastructure demand.
Currently, there is uncertainty about what people want to do, and what technology will enable them
to do, concerning car and other travel (Lyons & Davidson 2016).
There are two forms of policy making pathway. Regime compliant, where the status quo and
current trends push policy, and regime-testing, which is advocated for, where the status quo is
questioned and vision pulls policy decisions (Lyons & Davidson 2016). This recognises that not
making a policy decision is a policy decision – one that results in the continuation of the status quo.
This may not be prudent during a period of tumultuous change, as the years leading up to 2050 are
predicted to be.
A starting point is to address the social, technological, environmental, economic and political (STEEP)
dimensions of the decision context. Table 3 organises discussions presented in Sections 2-6 in a
STEEP table. Whilst a comprehensive strategic scan of the decision environment would undertake
STEEP analysis for each megatrend, this is beyond the scope of this report. The analysis information
in Table 3 aligns one megatrend to each STEEP component to provide a little context to the scenarios
to follow.
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STEEP Table

Social

Megatrends

Position

Issues

Questions for planners: whether / how to:

Changing
demographics

Integration vs.
segregation

Ageing population – location

Plan flexible and varied housing types and locations
Create outcomes-based planning codes
Plan homes to accommodate and support assistive technology use
Encourage active travel and take-up of mobility improving medical technologies, but also
provide flexible low mobility options for end of life
Role model and incentivise tapered inclusive work models
Map potential job loss areas and plan mitigation
Investigate technology use for routine tasks
Adopt vehicle automation quickly for safety or slowly for slower job loss
Risk vs. reward of open source transport data and systems vs. security
Crowdsource transport solutions
Use data to improve traffic flow but not at expense of other issues or for diminishing returns
Use sensors for infrastructure maintenance
Push for availability and infrastructure for alternative fuel vehicles or wait and see
Build transport systems and dwellings for cost efficiency or to withstand extreme weather

Ageing population- residence
Ageing population - mobility

Technological

Exponential
technology

Machine
human

vs.

Ageing population - work
Job automation
Vehicle automation
Availability big transport data

Environmental

Economic

Extreme
events

weather

Flexible life

Resilience
efficiency

vs.

Fragmentation
vs. cohesion

Era
of
entrepreneurship

Political

Globalism

Technology
giants vs local
supply chain
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Alternative fuel technologies
Damage
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9 Scenarios to 2050
The brief for this report was to build on the Public Transport Scenarios framework as presented in
Figure 1 of the Mass Rapid Transit for Perth & Peel @ 3.5 Million and Beyond Working Paper 1,
Future Trends and Mass Transit 2050 (Gladstone 2016). The scenarios were to be further
extrapolated to examine what situations might be like in 20 years’ time, as the status quo now looks
like the digital ownership economy from presented on Gladstone (2016). The two axes from the
previous paper were low vs high technology take-up and public vs private ownership of vehicles.
It is has been deemed a futurist trope that good scenarios should make people feel uncomfortable
(DP 2012). Ideally these scenarios will stimulate thought and discussion about societal values and
how they might impact transport and travel demand. From reviewing a broad scope of literature, it
is clear transport planners are struggling to deal with the many uncertainties about travel demand
created by technological changes, and there are no easy answers. It might be helpful to stop trying
to predict the future, and consciously shape it instead, the best we can from where we are.

Elements of the work of other scenario planners has been incorporated. For example, CSIRO has
developed a strategic foresight process using scenarios and megatrends to create plausible futures.
Scenarios are stories based on evidence which play out different ways the megatrends may unfold.
CSIRO recently commissioned a report on Australian future work scenarios, considering low vs. high
organisational change and low vs. high take-up of technology (Hajkowicz et al. 2016). Another large
scale scenario planning exercise for logistics was undertaken by Deutsche Post (DP 2012). Also
added into the following scenarios were some automated vehicles scenarios depending on
progressive vs restrictive government policies, and low vs high technology take-up (Milakis &
Senelder 2017). Lastly, there were also scenarios concerning aged care, with low vs. high
government support and low vs. high use of assistive technologies such as wearable alarms and
telemedicine, which impact on whether older people are able to age in place (Shergold, Lyons &
Hubers 2015). These were considered relevant because one of the CSIRO megatrends shaping the
future was the ageing population. From the CSIRO report and the work of other recent authors
(Watson 2016), it appears the most pressing values question to be answered over the next 30 years
is the division of labour between machines and humans.
9.1
Pre-discussion on Scenarios
In the low technology take-up scenarios, we could decide that technology needs to be sustainable,
or that the status quo should prevail with machines serving humans and with a mining based
economy. In the high technology scenarios, we could decide that machines should complement
humans and make our lives better, leaving humans to do what they are better at, such as being
creative and personable, engaging in complex thought, conducting complex manual tasks and
evaluating ethics. Or we could decide to focus on efficiency, and outsource most of our work to
machines whilst trying to make humans more like machines through augmentation. This appears to
be where societies are currently headed, and requires more debate regarding the value of this
direction.
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Shared Mobility
9.2

The Scenarios

Close Communities – Technology for Sustainability
Land use:

Polycentric, mixed density and use

Shared Access – Machines Complement Humans
Land use:

High density, mixed use

Technologies: Electric vehicles, Conditional automation

Technologies: Electric vehicles, Full automation

PT Timetable: Go when full

PT Timetable: On demand first / last mile, scheduled trunk

Infrastructure: Data analytics for sustainability

Infrastructure: Public / private data sharing, global standards

Local Travel:

Local Travel:

3D printed rideshare bus / car fleet

Mobility as a service, rideshare, range public / private

Age assistance: Multigenerational / collective housing, human care

Age assistance: Ageing in place, telemedicine and nurses

Retail:

Retail:

3D print shops, Rent items from store

Rental / streaming, online and 3D printing stores

Employment: Local, human, small business / home based, secure

Employment: Work global, stay local, co-working, alongside machines

Manufacturing: Local 3D Printing, microrecycling, moveable factories

Manufacturing: Local custom, 3D printed, ethical production

Freight:

Freight:

Slow, full. Raw materials, freightshare

Low Tech Integration
Proudly Australian – Machines Serve Humans
Land use:

Centralised business district, urban sprawl

Full. Automated trucks / fleet drones, freightshare

Digital Elite – Machine – like Humans
Land use:

Centralised city and gated communities.

Technologies: Hybrid petrol / electric, cooperative autonomy

Technologies: Hybrid petrol / electric, Full automation

PT Timetable: Scheduled

PT Timetable: Infrequent, schedules disrupted

Infrastructure: No global standards, system incompatibilities

Infrastructure: Global standards, Real time data for efficiency

Local Travel:

Local Travel:

Private car / public buses / trains

Rich - private AV, poor – run down public transport

Age assistance: Retirement villages, shared assistive technologies

Age assistance: Rich – robot carers, poor - telemedicine

Retail:

Retail:

Store / online, Australian

Hi Tech Integration

Mainly online, global.

Employment: Full time salary / rising part time /small business

Employment: Global elite overemployed, others underemployed.

Manufacturing: Local, Australian, 3D printing for market gaps

Manufacturing: Mainly global mass manufacturing, some custom.

Freight:

Freight:

Monitored automated trucks, within Australia
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9.3
Scenario one: CLOSE COMMUNITIES
Core principle: extreme weather events and high fuel prices - focus on local shared sustainable
transport and energy use
Value: technology for sustainability
Scenarios:
 Aged care: low state provision care, low assistive technologies take-up
 Work: higher organisational change, low technology take-up
 Freight: local adaptation / customised lifestyles
 Automated vehicles: restrictive AV policies, lower technological development
Land use: polycentric
1) Vehicle technology: When extreme weather events almost wiped out global car manufacturing
and Western Australian vehicles were also affected by disasters, Australia had no ability to meet
the transport need, as all car manufacturing ceased in 2017. Electric vehicle enthusiasts in Perth
collaborated with car manufacturers and U.S. company Local Motors, who crowdsourced the cocreation of car designs, to set up a micro factory in Perth to produce electric and mainly 3D
printed cars which can be printed out almost in one piece, as well as monitored self-driving 12
person buses. When the cars have reached the end of their lives, they can be melted down and
made into new cars or other items. These vehicles were able to be repaired more easily as they
had lessparts. The hydrogen vehicles like those introduced by Hyundai also form a part of the
Australian market. The resource hungry effect of weather events has meant that there has been
no focus on AV trials or legislation, nor has there been customer demand. Priorities have
changed towards reliability and energy efficiency, so there are still human drivers. As fuel is
highly expensive private car use is not allowed. Local councils and cooperatives have fleets of
vehicles available for use when required on a pay per use system. Longer distance travel takes
place by buses and trains.
2) Smart Infrastructure
a. Physical: because electricity supply became increasingly unreliable, the State created regional
solar and wind energy parks on the periphery of cities. Local councils and communities
created micro grids to operate as power backups, and households have solar panels and Micro
Power plants. Tasks are only automated and analytics used when this will lead to higher
resource efficiency and lower emissions. Sensor and memory functions are used to notify
when vehicle parts need fixing or replacing.
b. Social: digital social infrastructure is used sparingly due to energy cost, but does serve to
connect otherwise scattered families and social networks where travel would have a higher
energy cost.
3) Transport as utility: households and businesses co-operate, with the help of data analytics, so
that transport operates at maximum capacity for each trip. This means sometimes waiting for
the transport to be full to set off. Transport is run by the State and local cooperatives. There are
intercity high speed buses to replace trains when they are affected by heat or other weather
conditions.
4) Change in household and personal behaviours
a. Ageing: 3D printing has enabled customised hip and other bone replacements and implants
such as hearing aids that assist people to stay mobile and work for longer. As the state is
resource deficient, many older people must provide for themselves and move closer to
families and social networks to assist those who can help them later. Those in families tend to
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live in multi-generational homes. Others pool resources in shared collective housing schemes.
The state only provides for the aged with high needs or no other alternative.
b. Work: work focus has changed from global to local, from digitally based portfolio worker
models in favour of local work, job security and less power usage. Digital platforms enabled a
return to co-operativism where workers own and have shares in the companies they work for,
and these organisations remained even once use of computers due to higher energy prices
decreased. People tend to live close to where they work for cheaper and more active
transport alternatives, and also balance paid and civic work. Most are actively employed, or in
the temporary reserve workforce, which offers job rotation and supplements a basic income
for the unemployed.
c. Retail: disasters caused supply of consumer goods to be unreliable. Local manufacturing
organisations like the Perth Artifactory, assisted by councils, branched out into creating
customised items from local resources through 3D printing and spawned a number of related
small businesses to print goods and component parts, which have largely replaced retail
stores. The products are taxed based on their resource use, which has led to materially
efficient long lasting goods which can be adapted for changing needs, reused and recycled.
Councils hold communal stores of goods like power tools and bikes which can be rented for
short-term use.
d. leisure: people tend towards having active hobbies to keep them fit and practical hobbies to
make or produce products or food. Some work with global emergency relief and climate
change organisations.
5) Change in organisational practices
a. Organisations: big organisations reliant on computers are generally replaced by small local
and home based businesses. Employers endeavour to retain skills of employees.
b. Government: in the 2030s there were heat waves, bush fires, floods and droughts affecting
unprepared areas and all forms of ground air and sea transport. Now the main purposes of
government are to provide resilient public infrastructure, multiple transport modes, and help
co-ordinated conservation and rescue efforts with other nearby countries. They also regulate
use of land, as agriculture and bio fuels compete, and have started to regulate strongly for
safety, which created new manufacturing facilities.
6) Land use implications
a. Cities: during the time of the extreme weather events, it became clear that the food supply
chain was vulnerable, with Woolworths and Coles only having one central distribution centre
in the entire state. As the supermarkets only had two weeks’ supply of fresh food, there was
panic buying with the result that some people starved to death. Since then there has been a
focus on using parks, walls and roofs for small scale urban farming of plants. Urban areas
shrink slightly, but the space is retained to accommodate emergency evacuees.
b. Housing: larger houses are required for multi-generational families and density for walkability.
Houses are either disaster resilient or temporary and easily reconstructed, and planning rules
are changed to achieve those results. More barbecues are placed in open areas to keep
houses cooler and there has been a revival of community spirit. Risky coastal and inland areas
have been abandoned and density is increasing in safer regions.
7) Freight: weather events upset global supply, and mobility, making efficiency ultimately unviable.
International trade is in raw materials and designs, with raw materials for 3D printers sent by ship
and distributed by rail or truck to manufacturing areas. There are also movable factories which
can be used for a wide range of purposes, including processing of fruit and vegetables and
building of houses, combining water tanks and solar panels with local labour. A globally agreed
carbon tax means most goods are now produced locally. A few electric vehicles deliver high
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priority goods to stores and homes. The remaining smaller warehouses are dispersed in regional
hubs and close to manufacturers, with back up production facilities that can be quickly activated.
Disasters have affected pipelines so gas, oil and water are transported by road rail and sea.
9.4
Scenario two: SHARED ACCESS
Core principle: technology has enabled efficient, green, shared flexible transport
Value: machines complement humans
Scenarios:
 Aged care: low state provision of aged care, high assistive technologies engagement
 Work: higher organisational change and technology take up
 Freight: mega efficiency in megacities
 Automated vehicles: supportive AV policies, higher technological development to
Land use: mixed use
1) Vehicle technology: State and local governments, universities and the RAC, facilitated Perth AV
trials, creating positive customer attitudes and AV demand. The state invested in AV research,
funded smart infrastructure, and created laws allowing AV traffic. Fully automated and cooperative vehicles were available in 2025. Through government facilitation, Lyft set up in Perth
with a Holden electric autonomous vehicle fleet. Ford created an autonomous electric car and
mini bus share service, partnering with fast food outlets to provide quick recharge stations.
Encouraged by their success, Hyundai also released electric cars into the Australian market.
Electric vehicles fell in cost with prices of renewable energies. 3D printing revolutionised vehicle
prototyping, so that new models quickly appear. Virtual reality demonstrations get people used
to new vehicles, such as automated, shared commuter flying cars. Carshare, bikeshare, rail and
rapid transit and on demand buses for the city are complemented for long distance travel by
Hyperloops built next to high-speed rail. These were partly funded through new satellite cities
providing a private funding value capture model.
2) Smart infrastructure
a. Physical: electricity infrastructure and intelligent connected transport were funded. Ford
worked on devices to trade data for information about parking and potential taxi fares. Urban
manufacturers are connected to data and material infrastructures. Big data and real-time
transport information creates higher efficiency.
b. Social: the current decision makers grew up with online social networks and are globally
connected to a wider network. The social infrastructure augments face to face contact.
3) Mobility as a service: government funded high-speed rail and new flexible on demand public
transport through public and private partnerships. It facilitated shared car fleets and ride share
and organised platforms containing both public and private transport options.
4) change in household and personal behaviours
a. Ageing: there is a participation economy and tapered work schedules, supported by meanstested health care, lifestyle driven insurance, and accessible infrastructure. Transport and
health practitioners collaborated to reduce medical trips through preventative health
programmes, tele medicine and coordinated aged care, with increased social trips to benefit
mental health. Assistive technology monitors health and mobility, enables distance learning
to prolong part time employability, deals with time consuming tasks and reduces care worker
needs. People have social contact through 4D virtual reality and telepresence devices.
However, care robots underperformed and people prefer to fund human workers. People
mainly age in places where services and facilities are available, or share houses with people at
similar life stages.
b. Work: people work global but stay local, mainly part time, with work life balance and flexible
work, using platform economics. People are able to work from home, on the move, in mobile
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offices, and in co-working offices supported by new legislation enabling flexible employment.
Drawing on experience with big players in the mining industry, large digital disruptors were
assisted to analyse their social impacts, and worked with government to create mitigations
and solutions, like sourcing employees locally, and funding social programs. As some do not
easily transition across the digital divide, affected workers receive an unconditional basic
income.
c. Retail: a globally agreed carbon tax and product pricing structure that includes recycling costs
shifted people to intangible consumption. Consumer goods are ethically produced, smaller,
and environmentally friendly. New products must match existing energy consumption and
efficiency. Online retail chatbots divert to human experts when questions become too
difficult. Sales take place through virtual and augmented reality ads with human testimonials.
There are 3D printing shops where 3D designs can be printed, and different 3D printing shops
specialise in certain kinds of designs. There are also bricks and mortar retail stores, which
have product demonstrations and experts for consumer advice.
d. Leisure: Consumers experience places they cannot travel to with augmented reality and
otherwise take leisure in the real world. They want to learn about healthy and socially
responsible lifestyles and carbon reduction. They also keep up with exercise.
e. Education: local facilitators use interactive global online lectures to stimulate discussion and
teach soft skills and complex critical thinking. Universities become less, and practical
education more, important.
5) Change in organisational practices
a. Organisations: Australia uses competitive small business environment and entrepreneurship
advantages, to support peer to peer portfolio and freelance work. Lean firms rely on
networks of smaller organisations that can expand and contract quickly, agile virtual teams
and independent workers. Research outlined where automated job loss would happen, so
governments and communities took mitigation actions and sourced alternative revenue
options. Through road pricing, governments got digital disruptors like Amazon to pass on true
delivery costs. Amazon was not able to create the monopoly it had in other countries, so
smaller local firms survived. Australian companies Freelancer, Upwork, and crowdsourced
problem solving platforms Kaggle and Innocentive grow and facilitate trust and reliability.
b. Government: are champion collaborators facilitating public-private partnerships, co-creating
services, providing digital infrastructure and incentivising employment provision. National
government provides basic income and acts on international and national climate protection
agreements. Private public partnerships have funded new transport infrastructure leading to
more businesses, which then fund basic income schemes and education. Logistics companies
operate part of public transport infrastructure. Infrastructure in rural areas has eroded.
6) Land use implications
a. Office: work locations are more dispersed in space, with mobile offices and coworking in cities
and regional hubs. There is a preference for flexible leases with higher turnover and use of 3D
printing to customise interior office space. Each new site or office has to have logistics plans.
There are also movable factories, some of which have 3D printers on board, which travel
around the city to where they are needed.
b. Living space: Mayors of world cities and planning professionals collaborated to exchange best
practice for liveable cities and overcoming congestion. Houses are more flexible with 3D
printed interiors. There are new green field satellite cities with green infrastructure.
7) Freight: global trade has few regulatory barriers. Inner cities have underground cargo tunnel
transport systems with loading stations on shop basement floors. Electric vehicles carry out
other daily deliveries with competitors cooperating to fill vehicles. Freight dispatch centres are
on the city peripheries. Above ground are road trains of autonomous mega trucks and the cargo
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hyperloop. Warehouses do not have to be as large, as a wide variety of goods can be 3D printed
locally. There is a fleet of shared delivery drones and sky planes which fly above aircraft with
humans to go the last mile if requested. In ports there are automated container flows.
9.5
Scenario three: PROUDLY AUSTRALIAN
Core principle: globally, countries have become more nationalistic and protectionist, which has
hampered technology progression and global action on extreme weather events.
Value: Machines serve humans
Scenarios:
 aged care: higher state provision and low assistive technologies engagement
 Work: low organisational change, uneven technology take-up
 Logistics: paralysing protectionism
 Automated vehicles: supportive AV policies, low technological development
 Land use: centralised city
1) Vehicle technology: Worried by the loss of vehicle manufacturing in Australia, the Australian
government intervened in late 2017 to setup a 3D printing business that could supply Toyota with
the parts required to continue car manufacture. As Toyota focused on mostly co-operative
autonomy and petrol and hybrid technology, the Australian car market is mainly hybrid and semiautonomous. Fully automated and co-operative vehicles were available in 2040, the government
promoted them, and legislation introduced to allow AV driving; but consumer concern about
vehicle systems being hacked by international terrorists, and automation of freight not leading to
substantial alterations in traffic flow has led to slow AV take-up. As Australia possesses and has
increased extraction of fuel resources it is a more powerful country, but green consumption is
not a priority and carbon emissions have in turn also increased. There is a heterogeneous mix of
vehicle technology, with automation bumpy and unevenly distributed. Hyperloops transport
freight over long distances, but people prefer to ride on high-speed rail.
2) Smart infrastructure
a. Physical: standards are different across countries and consequences of automation have been
dealt with ad hoc. Problems with system compatibility limit adoption. In Australia, Telstra
and Cohda Wireless collaborated to support intelligent transport systems with the Telstra four
G network but this has had limited compatibility with other global intelligent transport
systems.
b. Social: people have been reluctant to use applications like Twitter to deal with congestion due
to a lack of trust in security of data.
3) Transport as identity: Australians mainly continue to drive their own semi-autonomous vehicles,
which take over in emergency situations to deliver high safety outcomes.
4) Change in household and personal behaviours
a. Ageing: Stringent approaches to migration mean ageing is a large problem. Most of the aged
are unemployed and not able to reside with dispersed families. They value independence and
live in separate homes as part of a village with single carers servicing many older people.
Assistive technologies are generally in communal buildings so far less personalised. The
ageing population is given lifestyle advice but the state does not follow up with monitoring
and other assistive technologies, and there were not enough informal carers to respond to
alarms.
b. Work: there has been growth in small businesses. Full time employment is steady and there is
a rise in entrepreneurship and part time employment. Government regulation and taxation
enforcements means the peer to peer marketplace plateaued and could not compete with
longstanding incumbents. While the market was ready to accept Uber and Airbnb and there
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was regulatory change to support those short-term services, employee reliability and
employer non-payment problems prevented higher skilled jobs becoming freelance. Also,
Australians were competing against lower wage workers in the freelance economy and were
not prepared to accept lower wages.
c. Retail: retail is mostly online but skewed towards Australian purchases. People still visit
stores for theatrical experience of sales and consumer advice. As consumption becomes more
limited to Australian goods, people pay more for food, clothing and electronics and have less
product choice. People prefer durable items that can be repaired, and swap meets and
recycling are also popular.
d. Leisure: there is a mix of internet and real-world leisure opportunities. People enjoy travelling
to meet others.
5) Change in organisational practices
a. Organisations: stay much the same, except that there is a decrease in size of international
company offices, and a resurgence in Australian based businesses.
b. Government: As resources are being used to cope with consequences of an ageing society,
there is a lack of state infrastructure, development and maintenance. Government does
control the internet due to security concerns, but no longer controls highly frequented traffic
routes. These are built and run by private infrastructure companies with large toll revenues.
The national government however is looking after maintenance of interstate trade routes, to
ensure that trade within Australia continues to flow. People have become disenchanted with
the inability of political systems to solve problems.
6) Land use implications
a. Office: there is a mix of fixed term and flexible leases, with medium turnover. There are
offices and co-working spaces in both cities and regional hubs.
b. Living space: many Australians still live in large houses in sprawled suburbs, but there are
more higher density apartments to serve the wages of part time workers.
c. Cities: people tend to congregate in them. Farmland is destroyed by erosion and over use.
Solar farms are created out in the desert to assist with Australian Food Security.
7) Freight: many countries have put in protectionist barriers which have reversed globalization and
are pursuing nationalist policies. Trade is now within regional blocs, and most Australian trade is
within the country. This has required reviving some businesses like packaging of goods, which is
supplemented by use of vending machines for milk and other liquids, and stores which allow you
to bring your own containers for dry goods. International trade mainly takes place with the Asian
region. As there has been no global agreement on climate change mitigation strategies, extreme
weather conditions occur regularly. Ocean freight decreases and road and rail transport increase,
but there are temporary breakdowns of railway networks. There are trucks which are mainly
autonomous, with human oversight. It can take a long time for goods to clear customs.
9.6
Scenario four: DIGITAL ELITE
Core principle: large technology companies rule the world and job market, with a large divide
between rich and poor. The rich have their own automated transport while public infrastructure
erodes.
Value: machine –like humans
Scenarios:
 Aged care: higher state provision of care, high assistive technologies engagement
 Work: low organisational change, high technology take-up
 Freight: untamed economy - impending collapse
 Automated vehicles: restrictive AV policies, higher technological development to
Land use: centralised city and gated communities
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1) Vehicle technology: Toyota and Mazda collaborated to produce hybrid electric vehicles. Toyota
is still the market leader and focused on privately owned vehicles linked into smart Home
Technology. Due to customer demand, Toyota started creating fully autonomous vehicles after
mastering technology that would take over in emergencies. Fully automated and co-operative
vehicles were available in 2030, but concerns about automation-related unemployment meant
that there was high regulation of AV trials with transport policies restraining their use, and
necessary legislative changes were subsequently delayed. Busy knowledge workers have been
happy to adopt AV, but others have not been able to afford the new vehicles and prefer to take
public transport. For long distance and freight travel, Hyperloops provide a quick and efficient
service, but bypass regional areas.
2) Smart infrastructure
a. Physical: public transport infrastructure is in need of repair. The digital elite have their own
private infrastructure in gated communities. High connectivity enables fast network operation
and big data is used to increase efficiency. There has been increased use of sensors on goods,
vehicles and infrastructure to enable location of delivery vehicles in real time. Data analysts
are required to interpret the huge amounts of data generated daily by billions of connected
devices.
b. Social: people regularly talk to chatbots rather than people, sometimes knowingly and
sometimes unknowingly. There is high use of applications like Twitter to give updates on road
traffic events.
3) Transport as commodity: the wealthy take higher speed kinds of transport like the hyperloop
that connects to the eastern states, while using their private autonomous vehicles intrastate.
Public transport is much the same with efficiency increases from big data being offset by
breakdowns of old equipment. The reality of mobility as a service has not materialised due to a
lack of transport alternatives that could provide such a service.
4) Change in household and personal behaviours
a. Ageing: the state provides everyone a base level of technology. There is technology enabled
self-care from your own home as human delivered care is unaffordable, with care robots
available for the wealthy. Single households are most common. Health status is monitored
remotely through smart home applications which also reminds you to take medication and
makes automatic emergency calls. People are also notified of the need to visit a doctor.
Knowledge workers are employed into old age, but others suffer high levels of
unemployment.
b. Work: some large digital disruptors have Perth offices to take advantage of applications of the
Square Kilometre Array and direct flights to London. Standard international regulatory
frameworks allow globally mobile short-term labour migration. Educated overseas workers
take many of the highly paid jobs. Work is very efficient and utilises 3D video conferencing
with virtual reality. This has created a two-speed economy, with over employed wealthy
knowledge workers and large numbers of displaced unemployed or underemployed people,
due to automation job losses of 40 to 50%. Empathetic AI and Chatbots have become
substitutes for human service. However, wealthy Asian countries have offshored some of
their production and call centre workers back to Australia.
c. Retail: products are mainly sold through online shopping, with the experience mediated by
Chatbots. Virtual and augmented reality advertising attracts customers.
d. Leisure: there are many online leisure activities available for the unemployed. For example,
sports fans are able to attend events virtually, experiencing events as if they were at the
venue, and receive micro payments for provision of their data. There are businesses involved
in the creation of leisure activities for both the poor and wealthy. Leisure is mainly sedentary.
5) Change in organisation practices
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a. Organisations: large technology firms are dominant and have great power. They aim for high
efficiency. There are a number of smaller firms servicing those organisations and their
employees.
b. Education: the numbers of online courses increase and universities all but disappear.
c. Government: the public service is very small, due to decimation of revenues through
automated job loss and financial burdens of ageing, so there is an emphasis on preventative
health. There is little funding for provision of infrastructure. Most assets, including a large
amount of the public road network, have been privatized and are subject to tolls for use.
6) Land use implications
a. Office: to save on office expenses, many workers telework from home at least some days of
the week and also use mobile devices, mobile offices and pay per use working spaces to work.
Otherwise they are housed in big central offices with fixed term leases and high level data
capability. Businesses are more centralised as the closure of retail and offices allowed firms in
outer areas to move into the city. Knowledge workers commute large distances in their
private automated cars and spend some of their commuting time sleeping. Automated
movable factories manufacture items on the go and deliver them to people’s homes. There
are higher levels of traffic congestion and air pollution in the city.
b. Living space: the wealthy live in larger houses some distance from the city in gated
communities. Some of them use single person flying cars to get to work, so they can avoid
seeing how the other half lives. Many live in slum like conditions in the suburbs. Severe
weather events have caused people to move away from affected coastal areas. Privately
funded new inland substitute cities are under discussion to be built.
7) Freight: standardised trade rules and container dimensions allow smooth trade and globally,
unsustainable lifestyles. There is a global transport hub and spoke super grid for high-speed
transactions and there has been an increase in maritime transport with Antarctic routes
becoming navigable and automated container management at ports. Freight is delivered by
autonomous trucks and household delivery drones that are integrated with smart homes.
Natural disasters and ECO terrorists frequently disrupt supply chains, so costs of delivery are
rising. It is likely that there will be a 6°C temperature increase by 2100.
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10 Policy recommendations
The four scenarios discussed draw on substantial research and social trends in order to give insight into
possible outcomes for the adoption of AVs. The policy recommendations listed in this section aim to
prepare for ‘certainties’ such as the aging population whilst also acknowledging that there are infinite
possibilities which policy makers have the opportunity to influence. Furthermore, these
recommendations seek to prepare decision makers for the unknown, encouraging flexibility when
reacting to emerging technologies.
10.1 Certainties
A number of ‘certainties’ extrapolated from social trends were discussed in section 8. These megatrends
that were identified are important to consider when discussing changes to legislation. Some of these
include:
 Aging population
 Increased diversity; age, gender and cultural background
 Technology growth resulting in job losses, more flexible work and entrepreneurship (Hajkowicz et
al. 2016).
These demographics, anytime anywhere work, and predicted job losses from automation, indicate that
travel will likely be more spread in space and time than at present, and there will likely be need for more
flexible modes of travel to serve mobility challenged older people.
Trends and emerging technologies such as autonomous vehicles and the growth of shared transportation
are also likely to shape the future of transportation. Currently available technology indicates that
autonomous vehicles, truck – drone combinations and drone deliveries will occupy some of the transport
space in 2050. From analysis, most of the positive outcomes of autonomous vehicles will be greater if the
vehicles are shared rather than being privately owned. Other countries are trialling various aspects of
MaaS, which will likely enable them to reap the full benefits of shared AV. However, VKT is likely to
increase even where the autonomous vehicles are shared. Therefore, travel demand management
measures will still be required unless there are high levels of unemployment, or economic crises, in which
case issues other than transport will be in more urgent need of solutions.
10.2 Possibilities
There are new possibilities for travel demand management that are arising from emerging technologies as
well as risks that need to be prepared for. Opportunities to manage demand are increasing and can be
done in many ways for example through the use of social infrastructure like social media, smartphones and
voluntary geographic information; as well as physical infrastructure like managed motorways, smart traffic
management and parking and variable messaging signs. It is also important to acknowledge that with these
opportunities arise issues such as data ownership and privacy which need to be addressed. Unsustainable
travel behaviours must also be prepared for and discouraged. Online shopping is likely to increase
unsustainable freight, particularly if there is an expectation of almost immediate receipt of non-time
sensitive goods and services, and implementing road pricing will probably become necessary to counter this
and improve government revenue.
As businesses seek to improve efficiency and move towards the digital elite scenario, which would result in
widespread job loss and loss of government revenue from income tax, it is important for policy makers to
find an equilibrium, balancing efficiency with resilience. Resilience is associated with positive outcomes of
the close communities and shared access scenarios. It is therefore important for transport agencies to
identify their objectives, particularly areas to prioritise and the future they want to shape in order to
achieve it.
10.3 Aims for future travel demand
In deciding upon legislation, it is important to direct policies towards desired outcomes, rather than trying
to predict effects of so many unknown variables. One such outcome is to build a flexible transport system
to achieve positive travel outcomes such as:
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1) Active travel, for example more use of walking, cycling and public transport (due to the active travel
at each end). This provides health and congestion benefits;
2) Increased mobility for the ageing population and those with disabilities;
3) Shared use of vehicles, as this will lead to less congestion and emissions than private autonomous
vehicles in the future.
It also needs to be noted that methods which encourage active travel could potentially disadvantage less
mobile citizens, and some kind of balance will need to be found. The recommendations discussed below
seek to find this balance whilst avoiding the negative and unsustainable transportation outcomes which are
listed below.
1)
One person travelling in a car;
2)
Empty running (Sun, Gladstone & Taplin 2016);
3)
Deliveries where the carrier’s load is not full, particularly where this is due to fast delivery
expectations for non-time sensitive products or services.
10.4 Recommendations
The recommendations can be categorised into four main areas which are listed below;
 Collaboration
 Crowdsourcing
 Compatibility
 Monitoring
10.4.1 Collaboration
Large problems require integrated solutions, and governments have the ability to interact with a wide
variety of stakeholders. The government currently has the ability to improve collaborations across
portfolios and bring parties together to develop:
R1.1 Mobility as a Service, Multi modal transport information portals like TFL Journey Planner and UbiGo
(Attard, Haklay & Capineri 2016) need to be assessed for match with the Western Australian market.
Government departments should investigate and make contact with providers of personal transport,
digital platforms and payment systems in a view to coordinate efforts into a MaaS system. See Section 4.3
for supporting material.
R1.2 More travel demand management (TDM) programmes. Expanding on the Your Move programs with
the Department of Health is a further area of interest particularly in order to change behaviours to assist
the ageing population. Incorporating profit and not for profit health and aged care providers would also be
beneficial in encouraging people towards active travel and exercise as preventative health and anticongestion measures. See section 7.1 for supporting material.
R1.3 Aged friendly transport planning. The current criteria of walkability and facilities within 500 metres
needs to be readdressed as it is inadequate for low mobility aged people. Consulting between relevant
departments and private and not for profit providers is needed to make provisions for facilities requiring
minimal walking from vehicle drop off points. See section 7 for supporting material.
R1.4 Safe drone use. The urban implications of delivery drones need to be further explored particularly
issues surrounding safety, privacy and noise management regulation. Collaborations need to be developed
between freight providers and aviation authorities, with the possibility of drawing on the expertise of
agricultural users of drones. Research from other jurisdictions about efficient truck – drone combinations
should be further investigated, and facilitation of discussions between air transport planners and simulators
and freight providers will assist the freight industry in adopting emerging technologies. See section 6.2 for
supporting material.
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10.4.2 Crowdsourcing
Information can be crowd sourced from citizens to create better services. Government could further
investigate:
R2.1 Voluntary Geographic Information. The government can facilitate availability of and access to
voluntary geographic information for public transport, and work with other transport providers to gain
access to their information. See section 4.2.2 for supporting material.
R2.2 Social media. A system can be implemented in Western Australia that draws on individual accounts in
order to make recommendations and suggestions on social media platforms such as Facebook and Twitter,
providing live updates on transport. See section 4.2.1 for supporting material.
R2.3 Crowdsourcing collaborations. To assist in mobilising and motivating citizen efforts the government
should work to identify and collaborate with organisations such as Waze, Moovit and Uber who collect data
on travel demand. See section 4.2.1 for supporting material.
10.4.3 Compatibility
Government should ensure and work towards:
R3.1 Real time information access. Government information should be made compatible with other
transport provider apps (eg. Uber) and digital platforms. Conversion of the data into compatible formats
should be investigated. See section 4.2.1 for supporting material.
R3.2 Flexible public transport provision. Public transport procurement needs to be examined, focusing on
flexibility of kinds of vehicles and service provision models, as current methods do not allow for flexibility
(Hensher 2017). See section 7 for supporting material.
R3.3 Intelligent Infrastructure. Managed freeways, smart parking and traffic management technologies as
well as variable messaging signs, must be made compatible with a wide range of vehicles, technologies and
sufficiently flexible to allow for future changes. See section 4 for supporting material.
R3.4 Standard and graduated settings. Further tasks for the NTC should include considering a gradual
approach to increasing standard aggressiveness of AV to allow for humans to get used to their operation.
See section 2.4 for supporting material.
R3.5 Outcomes based planning and transport regulation. Outcomes such as the growth of new
manufacturing processes within Western Australia should be explored and encouraged. Policy makers
should identify areas within the scenarios that would be beneficial to the state. See sections 3.3, 3.4 and 9
for supporting evidence.
10.4.4 Monitoring
Government should investigate and monitor:
R4.1 Road pricing. Incentivising positive behaviours such as carpooling whilst discouraging individual
ownership and freight carriers traveling with vehicles not at full capacity could be achieved by reducing
road pricing for drivers and passengers who engage in ridesharing whilst those who own cars and drive
alone could be charged higher prices. Road pricing should also be considered as a way to encourage the
adoption of autonomous vehicles by making them a cheaper mode of transport. See sections 6.1.1 and 9
for supporting material.
R4.2 Transport and freight providers, for sustainability of practices. Ways of measuring if freight carriers
are traveling with full loads need to be further explored. Options such as regular odometer readings should
be considered as well as implications this may have for effective road pricing. See section 6.1.1 for
supporting material.
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R4.3 Social impacts of new technology. It should be explored whether companies such as Uber should be
required to undertake Social Impact Management Plans / Social Impact Assessments to obtain approvals
for operations. The appropriateness of similar requirements for other large and potentially disruptive
businesses should be assessed. Providers of the technology could be enlisted in finding common solutions
to their impacts. See section 8.1.2 for supporting material.

R4.4 Regulatory responses to and trials of new technology. Pre-emptive work to assess the ability to run
MaaS type services with current regulations is prudent. Furthermore the use of drones for freight purposes
needs to be explored in more depth. See section 6.2 for supporting material.
R4.5 Cyber-security. Protective mechanisms need to be explored including the benefits and risks of storing
transport data in different locations. Appropriately trained and experienced staff will be needed to ensure
that digital security measures for information are considered and threats to information security are quickly
neutralised. See section 4.1.4 for supporting material.
R4.6 PATREC Lastly, it is suggested that a couple of extra categories be added to subcategories of the
PATREC Travel Demand Management matrix. Under “Improvements to Alternative Modes”, MaaS should
be included to provide another subcategory, and within “Travel Behaviour Change programmes” it would
be beneficial to incorporate “Health Related” issues. Changes in health are potentially life changes which
can influence people towards using healthier, active transport methods. Collaborations with a wide range
of health service providers to achieve this could be investigated.
It is important to acknowledge how uncertain the future is but also that the government undoubtedly has
the power to influence it. The future of transport is complex and the decisions made now regarding
emerging technologies such as AVs will undoubtedly have far reaching impacts. In order to move forward
with purpose and positively shape the transportation landscape, the government must now work with
stakeholders and communities to design a strategic plan.
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To Share or Not to Share: A Best-Worst Analysis of Peer-to-Peer Car-Sharing in
an Autonomous Future
Background and Motivation
The high costs of motor vehicle ownership combined with the fact that many people only require
occasional access to a vehicle, has generated interest in alternate options for accessing the convenience
of car travel. One increasingly popular option is that of car-sharing (car clubs in the UK), whereby
people rent cars for short periods of time either through a formal company (e.g., Go-Get in Australia,
Zipcar in the U.S.), public agency or peer-to-peer arrangement (e.g., Car-Next-Door in Australia,
Getaround in the U.S.). Car-sharing has already been embraced with recent analysis suggesting 5.8
million people worldwide were members of formal car-sharing organisations in 2016, a number
projected to rise to 35 million by 2021 (Bert et al. 2016). This has been associated with an increase in
the shared vehicle fleet from 86,000 to 550,000 over the same period and it is predicted that by 2030, 1
in 10 new cars sold will likely be used as a shared vehicle (McKinsey & Company 2016). These broad
indicators belie evidence-to-date that suggests despite the potential for monetary gain, the majority of
the driving public is cautious about forgoing their private vehicle and joining a commercially operated
car-share scheme as a user or about sharing out their own vehicle to a stranger. For instance, recent
evidence from San Fransisco/Oakland indicated only 25% of the population would be willing to rent
out their vehicle in a peer-to-peer arrangement (Ballús-Armet et al., 2014) citing deterrents such as
reliability, trust of the driver and concerns about not having the car available when they needed it. The
topic of this study is car owners’ willingness to share their vehicles on a peer-to-peer platform.
Against this backdrop, following various ongoing trials, autonomous vehicles (AVs) are anticipated to
become an increasingly significant component of the fleet in the coming decades. AVs will likely open
up additional opportunities in the vehicle sharing space largely because a driver is no longer required
and the vehicle can conceivably operate for profit anytime the owner does not need it themselves.
Given the average vehicle spends 23 out of 24 hours parked this is clearly a large opportunity cost that
could be realised. Questions remain however as to whether consumers will embrace AVs and whether
this could change the landscape in terms of willingness to share their vehicles as (arguably) many of
the barriers are lowered although many admittedly remain.
With this in mind, the current paper presents findings from a survey of 700 Australians1 designed to
ascertain preferences for sharing their own vehicle through a peer-to-peer arrangement for financial
reward might change in an autonomous future. A set of hypothetical games, employing a best-worst
design, was used to establish willingness to share (WTS) of their current vehicle under the premise it is
driven to work and available for short-term rental as an alternative to leaving it parked. Participants are
required to trade-off the inconvenience and cost of parking versus the potential to gain financial reward
moderated by factors such as the chance of the vehicle being returned late and the ‘renter rating’ of the
driver2. The experiments are then repeated assuming the vehicle is fully driverless. The survey also
collects general attitudes on vehicle-sharing and automation, which together with demographic, current
travel characteristics and a 60-item personality profile provide an opportunity to investigate how these
1

At the time of writing the abstract the online survey is still in the field. At this time there are 718 respondents, but the
research team have not analysed the choice data. This abstract makes use of the 718 respondents’ attitudinal data and
personality profiles. The choice models reported here are based on a pilot survey of 50 respondents.
2 The choice cards present the cost of parking is presented as a ‘price’ to reflect the market experience. Profits from sharing
may vary due to demand and are presented these an expected or average daily profit. The choice experiment approach is
preferred to a contingent valuation method because the preference results are more likely to be stable across tasks and the
WTP for each attribute can be measured (Adamowicz, Boxall, Williams, et al. 1998)
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exogenous factors impact WTS. The remainder of this extended abstract details the methodological
approach used, followed by some preliminary results from them main survey and choice models based
on the pilot study completed in July, 2017. Results from the main survey, completed in November
2017, will be fully incorporated into the final paper.
Methods and Data Collection
A
web-based
survey
was
designed
in
Qualtrics
(http://uwa.qualtrics.com/jfe/form/SV_cuvpznJL0mhjwIR) with two discrete choice experiments aimed
to determine early-market empirical estimates of the parameters that characterise current preferences
for sharing vehicle (particularly AVs) in the context of commuting. The scenario offered to respondents
was to imagine that a commercial provider introduced a car-sharing scheme near their workplace, and
the respondents have the opportunity to join if they are willing, by renting out their vehicle to other
members of the scheme during work time.
The first discrete choice experiment (Figure 1) asked respondents about sharing the current vehicle
used for the journey to work or to nominate a second household vehicle. Participants were presented
with four scenarios comprising two parking/non-renting options and two renting options and asked to
select their most and least preferred. The experiment contained the following attributes:
 Parking cost for the vehicle that is not rented out;
 Parking distance (location from the workplace) for all options;
 For the rented out options:
o Profit, expressed as amount of money received after subtracting running costs (including
fuel, maintenance, wear and tear);
 A maximum booking time allowed for renting the car;
 Chance that the rented car is delayed due to congestion or late return;
 Guaranteed renter rating from the commercial provider’s records.

Figure 1: Example choice task for renting out current vehicle
The second experiment (Figure 2) asked respondents to imagine their commute in a fully autonomous
car, which had a similar condition and value to their current car. Two options were possible: leaving
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the AV to drive itself to a parking location, or again, renting it out for others to use. Regardless of the
two options, the AV does the drop-offs and pick-ups from the workplace.
Renting out an AV had the same features as renting out current cars, except for the parking distance
from work, which became the duration required for the AV to arrive at the user’s workplace. The daily
net parking cost also included the cost of the car travelling each direction between workplace and the
parking location.

Figure 2: Example experiment renting out AV
Respondents received four scenarios for each situation (current car and future AV car), including two
parking and two renting out alternatives, and they were asked to choose their most and least preferred
alternatives. The scenarios were randomly chosen from sets of 12 experiments, optimised for min Dp,
using a GA algorithm (Olaru et al. 2011).
Attitudes and personality profiles
The survey also included data on respondents’ commuting patterns, attitudes towards AVs and towards
sharing their own car. Respondents also rated perceived enablers and barriers to adoption of new
technologies in the context of sharing their vehicle or owning an AV. The survey was able to take
advantage of a broader study into consumer behaviour and access responses to a 60-item Big Five
personality scale.
Confirmatory factor analysis (CFA) was applied to understand and summarise the attitudinal data and
psychometric constructs of personality (openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism). In this abstract we report MANOVA results, exploring whether there
are differences in personality constructs between groups based on respondents’ willingness to adopt
new technologies – AVs and car-sharing.
The choice models presented here are for a small sample used to test the experimental design and
survey instrument. We report two latent class models: one each for sharing their current car and for
sharing an AV in the future. The latent classes strengthen our original supposition that one class is
averse to sharing, but if a good service is offered they may consider this option. The other class
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considers the day-to-day economics of the alternatives and chooses on profit and convenience. In a
later version of this paper we will be able to make use of the attitudes and profiles of respondents to
uncover associations with class membership.
Results
A panel sample of 718 respondents from Australia (Sydney and Perth), all with driving licences,
provided complete responses to the attitudinal and personality questions. The average duration of
completion was 20.7 min. The sample included 55% males, 51% of the respondents had a bachelor
degree or above, and 49.7% were full-time employees. On average, respondents had commutes of 26.7
min and access to 2.6 cars for daily use. Only 16% mentioned constraints when choosing their travel
mode (e.g., chores to be undertaken after work). When asked directly, only one in four respondents
stated they were likely to share their current vehicle (similar to the previously cited study from San
Francisco) and one in three stated they would purchase an AV if it was available by 2025.
Table 1 offers descriptive statistics for several attitudinal/opinion taken from a review of sharing and
technology adoption literature3 and an inventory of personality items (Costa and Macrae 1992).
Table 1: Sample descriptive statistics
Construct
Indicator
Outcomes of
… safer roads
AV adoption
… less congestion
... quicker travel
… lower emissions
… lower insurance costs
… lower vehicle ownership
Barriers for AV … safety
adoption
… hacking of the system
… liability and insurance
… loss of pleasure from driving
Reasons for car
A way to earn extra income
sharing
Good for the environment
Better than having it sitting doing nothing
Providing access to a car for those who don't have
one
Allows me to belong to a group of people with
similar interests
Deterrents for
Reputation of the car-sharing company
sharing the car
Liability in the case of an accident
Having a stranger drive my vehicle
Knowing the car is there when I need it
Concern my vehicle is too unreliable for renting to
others
Personality
Extraversion
traits (Big Five Agreeableness
3

Max
5
5
5
5
5
5
4
4
4
4
7
7
7

Mean Std. Dev.
3.36
1.183
3.37
1.112
3.26
1.143
3.26
1.093
3.38
1.162
3.33
1.167
2.81
0.967
2.84
0.85
2.71
0.95
2.66
1.157
4.55
1.879
4.78
1.75
4.62
1.855

7

4.32

1.802

7
7
7
7
7

3.59
5.26
5.88
5.25
5.47

1.964
1.633
1.423
1.746
1.667

7
5
5

4.00
2.99
3.68

2.147
0.654
0.603

Due to space the literature is not summarised here. We will report the literature review in the main paper.
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Construct
BF)*

Indicator
Conscientiousness
Openness
Neuroticism

Max
5
5
5

Mean Std. Dev.
3.80
0.662
3.37
0.646
2.89
0.792

Note: *The BF scale has 60 items, so we report here only the factors scores obtained from summarising the data.

A confirmatory factor analysis established the anticipated uni-dimensional constructs for: 1) perceived
AV benefits (73.16% of the variance explained); 2) perceived AV barriers/concerns (64.11% explained
variance); 3) motivations for car sharing (65.74%); 4) deterrents for car sharing (59.78%); 5) the big
five personality traits (min 40.5% variance explained for each construct).
Correlational analysis indicates positive significant associations between benefits of AV, motivations
for sharing, reported WTS, and a few personality traits. Specifically, Openness (indicative of
adventure, unusual ideas, curiosity, and variety of experience) and Conscientiousness (tendency to be
organised and show self-discipline, act dutifully and responsibly) had significant correlations with
respondent’s attitudes towards AVs and willingness to purchase an AV.
Agreeableness, Conscientiousness, and Openness have higher scores for those respondents who are
more willing to share their car or to purchase an AV (Table 2). A test of differences (MANOVA)
between the groups indicated – albeit marginal – differences in personality scales based on grouping
for likelihood to purchase an AV (p=0.055) and willingness to share (p=0.098 ). The results in Table 2
highlight the potential to use personality profiles to help explain latent class memberships in the stated
choice models.
Table 2: Big Five Personality Factor Scores
Likelihood to
Personality factor
purchase an AV
Group
score
Mean Std. Dev.
No
3.01
0.63
Extraversion
Yes
2.92
0.68
No
3.60
0.61
Agreeableness
Yes
3.74
0.58
No
3.76
0.72
Conscientiousness
Yes
3.81
0.64
No
3.35
0.65
Openness
Yes
3.43
0.65
No
2.92
0.77
Neuroticism
Yes
2.80
0.83

WTS their current
car
Mean
Std. Dev.
3.09
0.62
2.96
0.65
3.60
0.59
3.69
0.60
3.69
0.60
3.77
0.70
3.34
0.61
3.39
0.66
2.97
0.70
2.87
0.81

Choice Models
Preliminary results of the discrete choice models show that service attributes including parking
cost/profit, parking time/distance, renter rating, as well as positive attitudes towards AV and
personality traits may be critical determinants of the use of AVs and the acceptance of sharing. The
pilot survey included an attribute for undercover parking or on street parking, but parameter estimates
were insignificant across all model specifications. It was decided not include the attribute in the main
survey and, therefore, estimates are not reported here. An initial sample of 52 was whittled down to 44
useable responses (primarily judged by shorter than expected completion times). The best-worst choice
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data looks promising (models on worst choice data had strong fits), but the choice models presented
here are on best only choice data.
Two models are reported: a latent class (LCM) model for car-sharing the current vehicle and another
for sharing a hypothetical AV that respondents may own sometime in the future. The motivation is to
provide an evidence base for consumer choice models around the context of AVs, which is likely to
open up additional opportunities in the vehicle sharing space. The course of inquiry was to see if the
parameter estimates would change or be somewhat stable over the two choice contexts. While we are
measuring consumers’ early expectations, the modelling approach aims to measure if taking the driver
out of the equation allows vehicle owners to be more open to sharing their vehicle. Admittedly, the
models are made under the assumption that individuals still own cars in the future, but this does
represent one conceivable way that AVs may enter the market (Sun et al., 2017).
Table 3 reports the choice estimates for the car-sharing context (on the left) and AV sharing (on the
right). For both contexts a dominant class 1 (approximately 66%) is open to the possibility of sharing,
but do weigh up the cost or profit of the alternative against the ‘quality of the provider’, as measured by
the sharing attributes. There is a smaller class 2 that predominantly chooses to not share. The parameter
estimates for this class should be interpreted with caution. For the AV sharing model, all sharing
attributes have non-significant attributes. Whereas the attributes of 20% chance of being late and rating
are significant, this may be due to some respondents that do choose across the parking and sharing,
exhibiting price sensitivities that are more like class 2. We expect that the larger data set will allow a
better specification of the latent class models that allow estimates of heterogeneity in the class
membership function related to attitudes and personality profiles.
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Table 3: Choice estimates for current car-sharing and AV sharing
Car-Sharing (Current Car)
Parameter
p-value

Attribute

Car-Sharing (AV)
Parameter
p-value

Dominant Class – Open to the idea of sharing
4

Walking distance (m)
Profit ($5, $8.50, $12), or
Cost (-$5, -$8.50, -$12) per day
20% chance of being (5, 15 35) min
late
Minimum renter star (0, **, ****)
rating
Maximum (2hr, 4hr, 8hr) booking time

-0.063

0.014

-0.024

0.081

0.073

0.009

0.053

0.088

-0.045

0.012

-0.064

0.007

0.289
Did not fit

0.002

0.769
-0.440

0.000
0.000

Smaller Class – Strong preference for Not sharing
Walking distance (m)
Profit ($5, $8.50, $12), or
Cost (-$5, -$8.50, -$12) per day
20% chance of being (5, 15 35) min
late
Minimum renter star (0, **, ****)
rating
Maximum (2hr, 4hr, 8hr) booking time
Prob Class l
Prob Class 2

-0.013

0.710

-0.234

0.009

0.123

0.031

0.327

0.025

-1.216

0.050

-0.052

0.354

1.206

0.116

0.566

0.234

Did not fit
Class Probability
0.621
0.379

-0.020
Class Probability
0.670
0.330

0.936

Conclusions
The paper investigates the propensity of car owners to share their vehicle though a peer-to-peer carsharing set-up. The subject of the inquiry is from the perspective of the car owner (lender), rather than
the car-sharing consumer (borrower) and the aim is to assess whether removing the driver from the
sharing model allow people to feel more comfortable about sharing their property. An additional
dimension here is the inclusion of personality traits, in addition to attitudes and perceptions about
sharing their cars and about AVs. Thus, this study brings together utilitarian (spatial, costing, chance of
being late) and cognitive aspects of car ownership and sharing behaviour, as well as sociopsychological factors that may affect willingness to share AVs in the future.
Preliminary analyses suggest that personality profiles may underlie the propensity to share. The choice
model results (whilst being limited by a small sample) indicate that the class of respondents may well
be stable over the two choice contexts. Consumers who are unwilling to share their current vehicle, do
not seem to be more open to sharing in a future where cars are autonomous. In itself this is an
interesting finding as it suggests the deterrents to renting out a private vehicle to a stranger still
dominate even with the removal of the driver element.
A final paper will based on a much larger sample (we anticipate 800+) that will allow mixing of
attitudinal, personality and choice data through the use of a hybrid latent class models. We expect to
publish this early next year.

4

AV waiting time was converted to the time to walk at a rate of 1.4km.
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Abstract
Traditionally cars have been sold to individuals however this is likely to change with
the involvement of companies such as Uber in the development of autonomous vehicles.
With the rise of the sharing economy, ridesharing, carsharing, and carpooling options
may be a popular way to introduce the expensive technology to the market and it is
important to gain insight into how this may impact consumers. Users of ridesharing,
carpooling and carsharing services formed two focus groups as well as five individual
interviews. From these it was suggested that participants’ past use of carsharing,
carpooling or ridesharing, influenced their intentions to use autonomous cars with users
of carsharing being less open to adopting autonomous cars and carpool users being
more open to using the technology. Four consumer styles (Variety seekers, information
seekers, price sensitive and brand or product loyal) were also proposed to act as a
moderator for intentions to use autonomous cars, highlighting the importance certain
groups placed on attributes such as uniqueness of the product, price and knowledge.
This has implications for companies suggesting ways that young adults could be
targeted as early adopters using ridesharing, carsharing or carpooling. However further
research is needed on the topic.
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Chapter 1: Introduction
1.1 Introduction
Autonomous cars once seemed to be something of the distant future however semiautonomous vehicles are already available and fully automated cars may just be three years
away (Bloomberg 2016). Companies such as Google are aiming for automated vehicles to
be available by 2020 whilst Uber began testing their autonomous fleet last year and Tesla
is already offering semi-automated cars. With the involvement of ridesharing companies
Uber and Lyft as well as Ford stating that it will introduce a fleet of automated cars as a
taxi or ridesharing service it is important to understand the impact that the sharing
economy may have on early adoption (Ford 2016).

1.2 Research Background
1.2.1 Autonomous cars
Autonomous cars can be defined as a vehicle that is capable of intelligent motion or action
without the need or an operator (Lozano-Perez, Cox & Wilfong 2012), there are however
multiple levels of autonomous vehicles which are explained below in table 1 (NHTSA
2013). Whilst semiautonomous vehicles are available on the market fully autonomous cars
are still being tested. Currently autonomous cars are being trialled by companies such as
Uber and Google under the supervision of drivers however they are only at a Level 3 or 4
and aren’t fully self-driving. Despite this, the future of fully autonomous cars may be
closer than most people think with Tesla CEO, Elon Musk, committing to having a fully
self- driving car completed by 2018 (Business Insider 2017).
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Table 1 Levels of Automated Vehicles (NHTSA 2013)

Level of

Type of Automation

Definition

Function-specific Automation

Automation of specific control functions

Automation
Level 1

but drivers are fully engaged and
responsible for overall vehicle control.
Level 2

Combined Function Automation

Automation of multiple and integrated
control functions. Drivers are responsible
for monitoring the roadway and are
expected to be available for control but
under certain conditions can be
disengaged from vehicle operation.

Level 3

Limited Self-Driving Automation

Drivers can cede all safety-critical
functions under certain conditions and
rely on the vehicle to monitor when
conditions require transition back to
driver control.

Level 4

Level 5

Self-Driving Under Specified

Vehicles can perform all driving

Conditions

functions under specified conditions.

Full Self-Driving Automation

Vehicle performs all driving functions on
all normal road types, speed ranges and
environmental conditions.

Source; National Highway Traffic Safety Administration (2013)
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Benefits of autonomous cars
There are a variety of benefits that make autonomous cars attractive to not only consumers
but also businesses. These range from improved safety to reduced carbon emissions and
will be discussed in more detail in the following section.
Safety
There have been many studies into the individual benefits of using automated cars in
recent years with one of the main benefits being recognised is an increase in safety. Ninety
percent of car accidents in America are the result of human error (National Highway
Traffic Safety Administration, 2008) and 40% of fatal crashes are related to either fatigue,
distraction or the involvement of drugs and/or alcohol (Fagnant & Kockelman 2015).
Therefor the introduction of autonomous vehicles could potentially save lives.
Financial
The introduction of automated vehicles could also save drivers money according to
research by Fagnant and Kockelman (2015). By reducing the number of car accidents
drivers can save money through not having to repair their car but also with the possibility
of lower insurance (Fagnant & Kockelman 2015). A reduction in the number of car
accidents could also reduce congestion and traffic jams reducing travel time and result in
fuel savings as well. Fagnant and Kockelman (2013) suggest that savings of $2000 USD
per autonomous vehicle per year due to reduced travel time, fuel efficiency and parking.
This figure could increase to $4000 USD per vehicle when including the costs of car
crashes.
Many of the benefits of automated vehicles come from having a network of autonomous
cars. To facilitate this network, vehicles need to be able to cooperate with each other and
vehicle to infrastructure communication must be developed. This would enable the
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formation of platoons of autonomous vehicles which reduces the drag experience by those
in the middle, this is particularly important for larger vehicles such as trucks and could
result in fuel savings of up to 20% (Adler, Miculescu & Karaman 2016). Furthermore
vehicle to infrastructure communication could enable cars to better anticipate changes in
conditions and facilitate faster reactions, breaking smoother than a human driver would be
able to do which could result in savings on fuel (Fagnant & Kockelman 2015).
This may also benefit companies with transportation costs for products that are moved via
road being reduced if autonomous cars are implemented. Other companies such as those
that offer car insurance may not benefit from autonomous cars as it is proposed that less
people will purchase car insurance if autonomous cars are fully adopted (Muoio 2017).
This has been seen before, with Tesla currently arguing insurance premiums should be
adjusted for their cars as the introduction of autopilot to Tesla cars in 2015 resulted in a
reduction of crash rates for their vehicles of 40% (Muoio 2017).
Environment and changing consumption
By increasing fuel efficiency autonomous cars could also benefit the environment. This is
due to possible reductions in carbon dioxide emissions with figures suggesting that
autonomous vehicles could use up to 90% less energy (Brown, Gonder & Repac 2014). As
the cars are safer it has also been proposed that some safety features in autonomous cars
could be removed to make the cars lighter, further improving their fuel efficiency.
Changing consumption behaviours may negatively impact the possible environmental
benefits. With benefits such as faster travel and the ability to sleep behind the wheel on
long journeys it has been suggested that consumers might start to drive longer distances.
Furthermore, in increasingly crowded cities where parking is expensive the fact that, in
some situations it is more expensive to pay for parking than to continuously have the car
drive around the block could result in autonomous cars driving longer distances and
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therefore using more fuel (Worland 2016). The findings of Brown et al (2014) predicted
that changes in consumption could result in over a 200% increase in energy usage by cars.
Autonomous cars are undoubtedly going to change how people use cars. By not having to
focus on driving, automated cars could impact travel behaviours allowing people to sleep,
travel whilst under the influence of alcohol or improve productivity by allowing them to
work in the car as they drive to work. They will also allow for segments who are currently
unable to drive themselves due to disabilities or being too young or old to hold a licence to
travel independently. Improving independence for elderly and disabled people has been
shown to have positive effects on overall quality of life and general wellbeing (Persson
2000; Karakaya et al. 2009). Overall there are a variety of benefits that have been proposed
for autonomous cars however there are also possible drawbacks.
Drawbacks to autonomous cars
Cost
Despite many companies aiming to release fully autonomous cars in 2020 or 2021 there is
already concern over their price. The autonomous cars that Uber is currently using in their
trials cost $300 000 according to Oliver Cameron the leader of Udacity’s self-driving car
team. Google’s car costs about $150 000 which they say will decrease due to economies of
scale however is likely to still be significantly more expensive than a traditional Level 1
car (Google's Autonomous Vehicle 2017, LeVine 2017). This means that autonomous cars
may not be accessible to everyone and dispersion may take longer with some people not
being able to afford to purchase an autonomous car until much later. Research has
suggested that the additional cost of automation could drop to only $5000 in 2030 and
$3000 in 2035 (IHS 2014). This may have negative flow on effects as, without a large
number of autonomous cars, the benefits of a network cannot be achieved. The inflated
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price may also change transportation behaviours, or the business model companies choose
to introduce autonomous cars with.
Regulations
Other major obstacles for the adoption of autonomous vehicles include regulations.
Governments are scrambling to keep up with possible changes in behaviour and the legal
implications of this. Some Australian laws regarding driving require a human driver, for
example it is a requirement that, when breaking, the driver’s hands do not leave the
steering wheel which negates the point of an autonomous car as it is not necessary to have
someone holding the steering wheel at all times (Clayton Utz 2016). Other countries also
have problems with regulations with California recently implementing laws requiring
‘drivers’ of autonomous vehicles to be able to take control of the car which would require
owners of autonomous vehicles to have additional training and a driving license (Barr &
Ramsey 2015). Current prototypes differ vastly from traditional cars, with driving controls
being more resemblant of a gaming control than the steering wheel most drivers are
familiar with. The process of re-education drivers as well as requiring them to possess a
valid driver’s license negates the benefit of providing independence to those who are
unable to get a license.
There is also confusion over liability in the instance of an accident, for example are car
owners at fault if their autonomous vehicle is involved in an accident even though they had
no control over it. More of these issues are likely to occur once fully automated cars are
available to the public and it is important that laws are in place to protect consumers as
well as encourage the adoption of automated cars.
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Autonomous Car Industry
Automated cars have garnered significant attention from a range of businesses, bringing
diverse backgrounds to the development of AVs which will undoubtedly impact the future
direction of automated vehicles. Car manufacturers such as Ford and Toyota have invested
$1 billion (USD) into developing automated vehicles whilst Tesla already offers semiautomated (Level 4) cars (Korosek 2017). Other sectors have also shown interest with
Google currently testing their automated cars and in Australia RAC has been involved in
the testing of automated buses (RAC 2016, Waymo 2017). Furthermore, American
ridesharing giants Uber and Lyft have also expressed interest in automation and how it can
be introduced through their pre-existing networks (Newman 2017, Uber 2017). Other
companies such as Tesla have followed their lead and are setting up ridesharing and car
sharing networks for introducing autonomous cars (Muoio 2016). These are just some of
the companies currently shaping the future of autonomous cars. Although there has been
research into the implications of automated vehicles on consumers, it does not take into
account the sharing economy which many of these companies are involved in and are
likely to introduce autonomous cars into.

1.2.2 Sharing Economy
The sharing economy can be defined as ‘an economic system in which assets or services
are shared between private individuals, either free or for a fee, typically by means of the
Internet’ (Oxford English Dictionaries 2015). This covers a wide range of businesses
including Kickstarter, Airbnb and Uber with different ride and car sharing business models
falling into subcategories such as on-demand economies and collaborative consumption
(Botsman 2015).
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Collaborative Consumption
Collaborative consumption is a reinvention of traditional market behaviours, for example
renting and sharing, taking place on a larger scale through technology and the internet
(Botsman 2015). A successful example of collaborative within the transportation industry
is Zipcar which reinvents traditional market behaviours surrounding car rental. This is a
prime example of collaborative consumption as Zipcar requires no human contact, cutting
out middlemen to reinvent the renting process. Users sign up online and after being sent a
card ,which can be used to unlock cars, they are able to book cars to rent online. Originally
based in America, Zipcar has recently expanded to Melbourne where is gives its members
access to cars at either an hourly or daily rate. This alternative to owning a car is extremely
popular with over 950 000 members worldwide and more than 12 000 vehicles in the
United States, UK, Spain, France, Austria, Germany, Turkey, Canada and now Australia
(Zipcar 2017). Within these countries Zipcar targets urban areas, airports and college
campuses.
On-Demand Economies
On demand economies are platforms that directly match customer needs with providers to
immediately deliver goods and services (Botsman 2015). The most prominent example of
an on-demand economy is Uber which is a ridesharing company that connects travellers to
available drivers via an app. What makes Uber an on demand economy is its efficiency in
connecting providers (drivers) with riders which allows immediate service delivery across
offerings such as Ubereats (food delivery), Uberpool (carpooling) and Uberblack (ride
sharing). Only a year after its 2014 launch in Australia Uber had more than 10 million
rides, filling gaps in the public transport system, with more than half ending in ‘transport
deserts’ that were over 800m from moderate frequency public transport (Deloitte 2016).
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Sharing Economies
The term ‘sharing economy’ is used to describe an economic system based on sharing
underused assets or services, for free or for a fee, directly between individuals (Botsman
2015). Popular examples of sharing economies in transport include Blabla Car and Car
Next Door, these are car sharing companies that facilitate the sharing of underused cars
between consumers meaning that people can rent their personal cars.
A Comparison
These terms have occasionally been used interchangeably which has created confusion and
so, for the purposes of this research, they will be treated as separate entities. The main
points of difference are outlined below in table 2. The most unique of the models is that of
the sharing economy which connects consumers with unused goods with consumers who
need them. On demand economies are similar however connect businesses or providers
with consumers. Finally, collaborative consumption bypasses middle men and uses
technology to reinvent market activities such as renting.

Table 2 Comparing business models
Model
Sharing Economy
Collaborative
Consumption

On Demand
Economy

Main Points of Difference
• Sharing underused assets or services
• For free or charge
• Directly between individuals
• Reinvents traditional market behaviours
(Renting, lending, swapping, sharing,
bartering, gifting)
• Bypass middle men
• Enabled through technology
• Platforms that match users with providers
• Involves businesses
• Goods/services are delivered immediately

Example
• Air BNB
• Car Next Door
•
•

eBay
Zipcar

•
•

Uber
Uber eats
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1.3Problem Definition
Traditionally cars have been sold to individuals however this is likely to change with the
involvement of companies such as Uber and Lyft in the development of autonomous
vehicles. With the rise of the sharing economy, ride sharing, car sharing and carpooling
options may be a popular way to introduce the expensive technology to the market.
Though there has been research into the benefits of autonomous vehicles there is very little
research into their early adoption, particularly in regard to their introduction through the
sharing economy. With Uber already trialling an autonomous vehicle through their app,
Google trialling their autonomous car with a ride hailing service and Ford pledging to offer
either an autonomous ride sharing or taxi service it seems inevitable that the sharing
economy, collaborative consumption and the in-demand economy will impact early
adoption in some form. This exploratory research aims to address these gaps and provide
valuable insights for transportation companies and policy makers into a possible future of
shared autonomous cars.

1.4 Contribution
This study aims to explore how early adoption of automated cars may be impacted by the
sharing economy as well as how the adoption process and intentions to use autonomous
cars may be influenced by individual factors such as attitudes, social norms and perceived
behavioural control. In doing so the research will add to knowledge surrounding the
Theory of Planned Behaviour as well as Diffusion of Innovation for autonomous cars,
giving insight into consumers perspectives on the technology.

1.5Conclusion
In conclusion to this chapter, fully autonomous cars are currently being developed and
tested while some semi-autonomous cars are already available on the market. These are
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likely to have a large impact on consumers, offering benefits such as improved safety and
possible monetary savings whilst also posing a problem for regulation makers to ‘keep up’
with the demands of a rapidly changing industry. A drawback to adoption is the expense
of purchasing an autonomous car however companies are looking at alternative business
models to solve this problem with a current focus on ridesharing and carsharing. These
will be discussed further in the following chapter which will also explore relevant theories
and research into autonomous cars.

351 of 424

Chapter 2: Literature Review
In this chapter relevant theories such as Diffusion of Innovation (Rogers 2003), and the
Theory of Planned Behaviour (Ajzen 1991) will be discussed along with research into
consumption styles. Three modes of transport (ridesharing, carsharing and carpooling) will
also be explored along with possible implication of automation before a conceptual
framework for the study will be outlined.

2.1 Relevant Theories
2.1.1 Diffusion of Innovation
Radical innovations are defined as having a significant impact on a market, this may be
through creating a new market, changing the structure of an existing market or making an
existing product obsolete (Schumpeter 2013). Autonomous cars are therefore a radical
innovation as they have been predicted to supersede traditional cars and so Rogers’ (2010)
Diffusion of Innovation model can be applied to give insight into consumer adoption of
automated vehicles and ridesharing practices. Rogers (2010) Diffusion of Innovation
model describes how innovation is accepted over time in society as well as how
communication within the social system can assist in accelerating the process
Innovation acceptance is represented through an S curve which segments consumer
adoption into the following categories; innovators, early adopters, early majority, late
majority and laggards (See figure 1) (Rogers 2010). Moore (2014) explains how a ‘chasm’
exists separating the early market which consists of Innovators and Early Adopters from
the mainstream market. It is difficult to move from the early market to the mainstream
market however doing so accelerates the diffusion of innovation (Moore 2014). The point
at which the mass market begins to adopt the innovation is referred to as the tipping point
and results in substantial increases in sales (Gladwell 2006). Maloney’s 16% rule suggests
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that different approaches need to be taken with communications to the early market
focusing on scarcity whilst social proof should be the message to the mass market
(Maloney 2010). What sets autonomous cars apart from other innovations is that most
benefits are reliant on a network of autonomous vehicles. This makes it crucial for
autonomous cars to reach the tipping point for network benefits to be realised but also
difficult to encourage consumers to initially adopt the technology without some of the
benefits.

Figure 1 Rogers Diffusion of Innovation Curve

Innovators and early adopters are important as they can turbocharge the diffusion due to
their integration into local social systems as well as the general respect their peers hold for
them, strengthening the credibility of word of mouth behaviour (Rogers 2003; Plötz et al.
2014; Reinhardt & Gurtner 2015). Research has not been conducted exploring diffusion of
innovations for autonomous cars which could be beneficial gain insight into the early
market’s behavioural intentions as it will enable an understanding of their purchasing
behaviour when automated cars become available on the market (Ajzen 1991; Rogers
2010).
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2.1.2 Theory of Planned Behaviour
As it is not possible to measure consumers’ purchasing behaviours for automated cars yet
it is beneficial to consider their intentions. Ajzen’s (1991) Theory of Planned Behaviour
(TPB) suggests that intentions are influenced by behavioural attitudes, subjective norms
and perceived behavioural control. This is shown below in Figure 2 which has adapted the
TPB model to exclude behaviour as it cannot be measured for automated vehicles which
consumers are unable to purchase at the current time. Previous studies suggest that past
behaviours and moral norms may also impact behavioural intentions (Ajzen 2002; Godin,
Conner & Sheeran 2005; Ouellette & Wood 1998).

Figure 2- Modified Theory of Planned Behaviour
As defined by Ajzen (1991), attitudes or more specifically attitudes towards the behaviour
explore how favourable (or unfavourable) an individual’s evaluation of the chosen
behaviour is. Social norms was described as a measure of perceived social pressure that
could either complete the behaviour in question or to prohibit it. Finally perceived
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behavioural control reflects an individuals’ perceptions of the level of difficulty in
performing the desired behaviour.
A multitude of studies have applied The Theory of Planned Behaviour to transportation
particularly around behavioural patterns of car use (Ajzen 1991; Gardner & Abraham
2008) and recently exploring factors that may impact the use of alternative modes of
transport such as bicycles, public transport and automated vehicles (Donald, Cooper &
Conchie 2014; Walker, Stanton & Salmon 2016). These studies do not, however, consider
how subjective norms seem to be shifting away from an individual ownership model with
the increasing popularity of the sharing economy and success of businesses like Uber and
Zipcar (Botsman & Rogers 2011).
Ajzen (1991) explains how subjective norms are related to individuals’ normative beliefs
that others will approve or disapprove of behaviours, in this case the use of automated
vehicles. The resulting subjective norm is reliant on the strength of the normative belief as
well as the individual’s motivations to conform (Ajzen 1991). With the rise of the sharing
economy it is becoming more socially accepted that people engage in alternative modes of
transport such as ridesharing, car sharing and carpooling (Botsman & Rogers 2010). Some
cities are actively encouraging this particularly as car related problems linked with
pollution as well as congestion continue to worsen (Agatz et al. 2012; Teodorović &
Dell’Orco 2008). Although studies have been conducted on intentions of individuals to
adopt automated vehicles they have not taken into account the impact of shifting social
norms and how pre-existing ridesharing and car sharing platforms may impact early
adoption practices.

2.1.3 Consumption Styles

Consumer style refers to variables associated with people’s engagement in consumption
activities (Solomon 2014). Past research by Nygrén et al. (2015) connected four different
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consumer styles specific to green energy adoption with the adoption profiles of the
diffusion of innovation. This is beneficial as it gives more insight into the motivations of
adopters however due to how context specific the definitions for enthusiasts, green
developers, utilisers and green consumers were it was difficult to apply them to possible
users of autonomous cars. Furthermore, the focus was purely on early adopters and
innovators which meant the styles were unable to capture all potential adopters (Nygrén et
al. 2015).
There are unlimited possibilities for consumption styles as each individual consumer is so
unique, however, focusing on the four broader categories proposed by McCarty et al
(2007) will be beneficial to exploring the decision-making process of early adopters of as
they allow for the inclusion of consumers from different countries.
McCarty et al (2007) used a broad definition to encapsulate elements of information
search, decision making and shopping behaviours. These included decision rules relating
to price, quality and value, attitudes towards information sources as well as variety seeking
behaviours such as number of brands considered and level of browsing. Consumption
styles have been shown to differ between countries however it was found that four
consumer segments were evident across all cultures (McCarty et al. 2007). These segments
were classified as brand loyal, price sensitive, information seekers and variety seekers.
Brand loyal consumers were found to be more likely to engage in habitual purchasing,
choosing to purchase well known or favourite brands. This results in these consumers
being the least influenced by pricing and are less likely to extensively search for bargains.
In general, they visit fewer shops, resulting in a limited information search, and are the
least likely of the four segments to check prices of products. Brand loyal consumers also
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were unlikely to engage in word of mouth about products and brands and were resistant to
the influence of advertising.
The decision-making process for the price sensitive segment was found to based mainly
around price. These consumers were more likely to visit a number of shops to check prices
and find sales as well as being less likely than other segments to have a preferred brand.
These shopping behaviours mean that they make less impulse purchases and were less
likely to buy new products compared to other clusters such as variety seekers and
information seekers. Furthermore, due to the importance placed on price they are less
swayed by advertising.
Information seekers were found to value knowledge about the products and brands they
purchased which resulted in extensive information searching from a number of sources,
perceiving the shopping process to be ‘fun’. This cluster was the most likely to engage in
word of mouth, exchanging information with others and finding advertising to be
informative. Whilst being open to trying new products, the segment tended to purchase
well- known products and brands.
The final cluster was that of the variety seekers, with the group being the most likely to be
early adopters of new products and have a tendency to exhibit impulsive purchasing
behaviour. Variety seekers were more likely to try brands that were not well known
however were less likely than information seekers to discuss products and brands with
others.
Research has not connected broad consumption styles with the Theory of Planned
Behaviour. However, it may be beneficial to do so in order to give insight into individual
factors such as price which could influence segment’s adoption of autonomous cars that
other theories such as the Theory of Planned Behaviour do not take into consideration.
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2.2 Ride Sharing and Carpooling
Ridesharing is based on the matching of passengers with available drivers, this is generally
enabled through an app however is otherwise similar to a taxi service which sets
ridesharing apart from car sharing and carpooling (Chan & Shaheen 2012). Apps that offer
ridesharing like Uber, Lyft and GoCatch, enable the efficient sharing of rides, often for a
lower price than taxis can offer, whilst allowing drivers to make money (Deloitte 2016,
Gocatch 2017). This is an example of an on demand service as the platforms match
customer needs (getting to a destination) with providers or drivers who are able to
immediately deliver the required service (Botsman & Rogers 2010). Castle (2017) found
that users of UberX were often motivated by the reduced prices, with taxis being 40%
more expensive. They were also more convenient to order, showing up faster than taxis
which sometimes did not arrive despite being booked in advance. The service experience
also encouraged users to be loyal to ridesharing as participants rated it as being
significantly better than taxis with some drivers offering water and refreshments to riders
(Castle 2017).
Carpooling is not a new form of transport and has been used informally as a way for
drivers to split the costs of parking fees, fuel and general travel expenses with others
traveling to and from similar destinations (Teal 1987). However, currently businesses are
offering services such as UberPOOL which allows for strangers to share a car and reduce
the cost of the trip with other strangers traveling to a similar destination or simply in a
similar direction (Furuhata et al. 2013). The reduced price was the main motivation for
consumers choosing to use carpooling over ridesharing, particularly for longer journeys
(Deakin, Frick & Shively 2010).
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Current Businesses in Australia
Ridesharing Offers
Ridesharing has been incredibly popular in Australia with Uber’s success since entering
the market in 2014 encouraging the emergence of more apps such as Hop, Shebah, Shesafe
and Schofer. Gocatch and Hop have a very similar product offering to Uber targeting
different segments through the addition of luxury options. Most of the apps position
themselves as different from Uber particularly by highlighting how they don’t use surge
pricing. Furthermore Shofer, Shersafe and Shebah have female drivers for female
passengers in an attempt to ease safety concerns. Hop has attempted to attract more drivers
by partnering with Hertz, a car rental company, and offering cheap rental options to drivers
who don’t own cars and would otherwise not be able to be a driver.
Carpooling Apps
Recently there has been a shift to carpooling with ridesharing apps now offering ‘shared
ride sharing options’ or focusing solely on carpooling in order to differentiate themselves
from other ridesharing apps. Some of these carpooling options move away from the on
demand economy towards the sharing economy as it involves the sharing of underused
assets between individuals (Botsman 2015). Carpooling involves the grouping of travellers
into a privately owned vehicle, generally based on similar destinations or general
direction(Chan & Shaheen 2012). This further reduces prices while also promising to help
combat congestion and the negative environmental impact of driving (Deloitte 2016). Such
apps in Australia include Uber with its Uberpool option, NSW Carpool, Hitch a Ride,
CoHop and Backseat. Backseat’s release was delayed due to worries about regulations and
highlights how changes must be made in order to encourage the success of new carpooling
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apps. NSW Carpooling is an app supported by the city of Sydney encouraging carpooling
in an attempt to reduce congestion. It differs from Uber in that drivers are not paid with
those involved sharing the cost of driving such as parking, fuel and toll fees. CoHop is an
app that is specific to the Maquarie Park area in Sydney and focuses on commutes to and
from work, positioning itself as a ‘green’ alternative. Hitch a Ride is the final app that is
positioned as a social ride sharing app, connecting and suggesting passengers and drivers
through shared social networks via social media, payment is not fixed and not confined to
money with the website suggesting that it can range from ‘home made lasagne to a six
pack’ (Hitcharide 2017).
Carpooling Websites
Carpooling websites have also become popular, particularly for journeys that are regular or
long distance journeys planned in advance. The websites are often more established than
the apps however aren’t able to connect people at short notice, generally requiring
forethought. Some websites such as Coseats and Lifesocial appeal to backpackers
traveling between cities positioning carpooling as fun and an adventure with likeminded
people. Carpool World meanwhile focuses on the environmental benefits of carpooling
whilst Shareurride which is based in New South Wales and Victoria combines both,
suggesting individual benefits such as reduced congestion, travel time, vehicle emissions
and expenses as well as the opportunity to meet new people and make friends (Shareurride,
2017).

2.2.1 Benefits
Individual
The main individual benefit of ridesharing is economic gain, with research finding that
Uber on average costs twenty percent less than traditional taxis which in turn benefits
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consumers who save approximately $81 million each year (Deloitte 2016). This is made
possible using an app that matches service providers to consumers, reducing transaction
costs (Deloitte 2016). Despite being more expensive than public transport this opportunity
cost of having more flexibility in choosing the destination as well as additional comfort is
enticing to users (Nielsen et al. 2015; Stiglic et al. 2016). The introduction of ‘shared
ridesharing’ options such as UberPool and Lyft Line has resulted in fairs being lowered
even further with Uber stating that by sharing your ride you pay 20% less whilst sharing
your Lyft ride can reduce your fare up to 60% (Deloitte 2015, 2016, Lyft 2017, Uber
2017).

Society
Ridesharing does not just benefit individuals and there has been a push by some
governments, particularly in America and Europe, to encourage the adoption of ridesharing
for its benefits to society as a whole (Agatz et al. 2011). Increased congestion in cities has
resulted in initiatives such as ridesharing to be encouraged in order to reduce the number
of cars on the road (Teodorović & Dell’Orco 2008). This also has positive flow on effects
for the environment with reductions in carbon emissions which could be reduced further
with the use of electric cars (Fagnant & Kockelman 2014). Examples of government
incentives for ridesharing include lower toll prices for carpooling and the addition of ‘high
occupancy vehicle lanes’ that offer faster commutes for people who do not travel alone
(Yang & Huang 1999). The benefits that ridesharing has on reducing pressure on road
networks as well as carbon dioxide emissions require widespread adoption to have a
significant impact which is being hampered by consumers trust in ride sharing (Fagnant &
Kockelman 2014; Nielsen et al. 2015).
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2.2.2 Drawbacks
Safety has been a major concern regarding ride sharing with some suggesting that more
regulation is required for the industry (Feeney 2015). Nielsen et al. (2015) found that
consumers perceived safety to be a ‘disadvantage’ of ridesharing. Traditional taxi services
require passengers to trust the driver and ridesharing further adds to the unknown by
including more strangers in the form of passengers. This could pose a safety risk to both
drivers and passengers of ridesharing services as it is impossible to fully vet all passengers,
furthermore due to a lack of regulation of ridesharing the drivers are not as stringently
checked as taxi drivers (Feeney 2015). Concern has been centred around the safety of the
passengers however statistics from America show that significantly more taxi drivers are
killed or injured than passengers (Feeney 2015). With the emergence of carpooling options
on ridesharing apps it exposes passengers to more strangers and possibly more danger.
Nielsen et al. (2015) discussed social exclusion as a disadvantage of ridesharing. In
western culture, social status, identity and freedom can be gained or demonstrated through
the ownership of a car (Nielsen et al. 2015). As users of ridesharing would not own a car
they forgo the social benefits of ownership, this is important for early adoption as Rogers
(2003) suggests that early adopters can be motivated by a need for ‘upward social
mobility’. Ridesharing has become a ‘grey area’ of transportation, offering a much more
efficient service but also raising questions regarding safety as well as how important car
ownership is (Feeney 2015; Nielsen et al. 2015).

2.2.3 Addressing Drawbacks
Some ridesharing businesses in Australia have addressed the issues that consumers have
raised, seeing them as opportunities for growth. By using ridesharing adopters are less
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likely to gain social status, Uber have attempted to change this by adding bonus services
such as Uberblack, which offers ‘low cost luxury’ (Uber 2017), enabling consumers to ride
in cars they may otherwise be unable to purchase. Although physical ownership is
important for social status, it is becoming increasingly expensive and unviable to own and
operate a car individually and so many are beginning to perceive that ‘access is better than
ownership’ (Kevin Kelly, 2011).
The concern for safety in ridesharing has impacted negatively on perceptions of
ridesharing and willingness to use however has also presented new opportunities in the
market to cater to those who are more vulnerable (Feeney 2015). To address safety
concerns for both drivers and passengers there has been an emergence of more targeted
providers of ridesharing, including Shesafe and Sheebah, which offer ridesharing for
women and children provided by women with all drivers being strictly documented
(Sheebah 2017 ,Shesafe 2017).

2.2.4 Implications of Automation
Despite research suggesting that automation is the future of the taxi industry little research
has explored the possible implications on ridesharing (Enoch 2015). ARK Research (2016)
found that a shared autonomous vehicle could cost passengers $0.25 (USD) per mile
compared to a taxi fee of $2.25 (USD) per mile. Automation raises questions on the
importance of human interaction in relation to the quality of the service provided
(Parasuraman, Sheridan & Wickens 2000). The role of the driver is complex, they
communicate with passengers and maintain the car which is why Uber’s rating system for
the quality of the ride is based on the driver (Uber 2017). Removing drivers could impact
the level of safety of passengers (Feeney 2015). For those travelling alone they may feel
safer however, for ‘shared ride sharing’ or carpooling, removing the driver is removing the
only known entity who has had a background check and this may cause additional safety
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concerns. Furthermore, without the presence of the owner of the car as a driver does
ridesharing become something completely different, possibly closer to car sharing.

2.3 Car Sharing
Car sharing can be defined simply as a service that provides members with access to
vehicles at a fixed rate that is often hourly (Millard-Ball 2005). Botsman (2015) suggests
that car sharing platforms like Zip Car are an example of collaborative consumption within
the sharing economy as they change traditional renting particularly between consumers
through technology enabling car sharing to take place on a much larger scale (Belk 2014).
Whilst taxis and ridesharing are good for occasional one way trips car sharing offers an
alternative to conventional car ownership (Schaefers 2013). Carsharing was found to be
attractive to four different consumer style clusters; social activists, environmental
protectors, practical travellers and economisers (Burkhardt & Millard-Ball 2006). This
reflects how motivations for using share cars varies from a those looking to protect the
environment by driving less to people who want to save money by not owning a car,
similar across all users was the need to travel despite not owning a car (Burkhardt &
Millard-Ball 2006).

Current Businesses in Australia
There are a range of car sharing businesses in Australia such as Zip Car, Student Car
Share, Flexicar, Go Get, GreenShareCar, DriveMyCar and Car Next Door. Most of the
businesses are based out of Melbourne and Sydney with Zipcar recently launching in
Melbourne, joining Go Get and Flexicar which are similar to the internationally successful
Zipcar in that they offer an app to users. Some car sharing businesses don’t use an app and
all arrangements are made online, these include Green Car Share as well as Car Next Door
and Drive My Car whose websites act as a platform to connect consumers with each other.
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To compete with car rental companies, car sharing businesses aim to reduce prices in a
variety of different ways. People who participate in car sharing generally have to pay a
yearly membership fee as well as the cost of using the car however Hertz 24/7 and Drive
My Car remove the membership fee to reduce the barriers for consumers who want to try
car sharing. Alternatively, by using underutilised cars instead of investing in a fleet Car
Next Door and Drive My Car are able to offer significantly lower prices than other rental
and car sharing businesses with Car Next Door stating on their website that prices could be
up to 50% less than those on other car sharing websites (Car Next Door 2017). Whilst
these are based on the east coast, car sharing has also been introduced into Perth by
Student Car Share which targets university students with lower prices and cars that are
conveniently placed near campuses.

2.3.1 Benefits
Car sharing offers an alternative to individual car ownership particularly for those who
find that running a car is too expensive. Companies who offer car sharing cover the costs
of maintaining the cars including long term parking, insurance, maintenance, fuel and
cleaning. Consumer group CHOICE found that it is more beneficial to own and run a car
for those who travel 10 000 km or more per year (a weekly travel time of 20 hours) (Castle
2015). However, for those who live close to the centre of a city and don’t drive to work,
using a car sharing program could save money, particularly for those who drive less than
5000km a year (Choice 2015). As shown in Table 3, the cost of driving could be cut to
25% the cost of individual ownership for people who drive 1250km a year, however this
does not reflect the traveling patterns of a typical city resident who drives 10 000km
(Choice 2015). Drawing on the findings of McCarty et al (2007), price sensitive consumers
could be attracted to the possible savings offered by carsharing.
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Table 3 Cost of Car Sharing
10000 km/year

5000 km/year 96km

2500km/year 48km

1250km/year 24km

192.3km and 20

with 10

with 5 hours' driving

with 2.5

hours' driving time

hours' driving time

time each week

hours' driving time

each week

each week

Ownership

$537.47

$468.27

$433.66

$416.36

GoGet

$857.55

$444.31

$237.70

$134.39

GreenShareCar $1042.38

$522.82

$263.03

$143.98

Hertz 24/7

$858

$429

$214.50

$107.25

Flexicar

$781.50

$393.67

$199.75

$119.58

each week

Source: Car Sharing vs Car Buying (Castle 2015)

2.3.2 Drawbacks
Car sharing faces some of the same problems as ridesharing particularly in relation to links
between car ownership and self-image. Companies such as Go Get have attempted to
combat this by offering luxury cars.
Another problem faced by car sharing is its limited target market. As shown in Table 1 car
sharing can save a significant amount of money for those who drive less than 5000 km per
year however this is less than half the distance the average city resident will drive in a
year. The locations of the cars can also be problematic as many companies are based
purely in inner city Melbourne or Sydney (Hertz 24/7) which may impact convenience and
discourage those who live outside the centre of the city. Furthermore, users need to have a
license and recent trends, particularly for those aged 18 to 28, show that young people are
choosing not to get a license (Department of Infrastructure and Regional Development
2016). This age range is particularly important for car sharing businesses as they often
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can’t afford or don’t need to own their own car which has resulted in companies like
Student Car Share targeting the age bracket specifically and reducing membership costs
for students (Student Car Share 2017). Those who don’t have a license however are unable
to use car sharing and may instead turn to alternatives such as ridesharing.
Car sharing also requires a lot of planning on the behalf of the user who needs to book the
car in advance and must select the amount of time they will use the car for. Cars are not
always available and some car sharing companies attempt to combat this by implementing
a member to car ratio to ensure cars are available to people when they need it (Hertz
2017). This ratio is generally 30 people to a car but the network for some businesses isn’t
big enough in Australia to have cars available to members at the times they require. As
cars need to be returned one way trips are not possible and driving to places such as work
where the car will be parked and not utilised for a significant period of time make car
sharing an unviable option. Car sharing has a number of drawbacks however has been
successful overseas and the eastern states of Australia as it has been proven to save money
for those who don’t rely on driving regularly.

2.3.3 Implications of Automation
Automation could have a massive impact on how car sharing works removing some of the
main drawbacks of the model such as the need for a driving license, possibly reducing
prices and also enabling one way trips (Fagnant & Kockelman 2014). Research has
suggested that the introduction of automated vehicles will reduce the occurrence of traffic
accidents and possibly the need for car insurance (Litman). Car sharing companies insure
all of their cars which is reflected in the pricing system, therefore by lowering the cost of
car insurance car sharing could become much cheaper and more enticing to different
segments. Automation could also increase the target market of car sharing to include those
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who don’t have a driving license, this would create an overlap between the car sharing and
ridesharing market which enables people who can’t drive an alternative to modes such as
public transport. As automated cars in essence drive themselves it introduces the
possibility of the car driving itself back to its original location or even to where the user is.
This would make car sharing much more convenient, not requiring users to have to travel
to the car or return it thus enabling one-way trips. The introduction of autonomous vehicles
could make car sharing much more convenient and accessible to those who aren’t able to
use it currently as well as blurring the lines between car sharing and ridesharing.

2.5 Conceptual Development
The involvement of ridesharing giants Uber and Lyft in the development and trial of
autonomous cars suggests that ridesharing, car sharing and carpooling may have a
profound impact on the early adoption of autonomous cars. However, it is inevitable that
autonomous cars will also transform these business models as well and this seemingly
cyclical relationship will be explored through this exploratory dissertation.
Botsman (2015) suggests that the sharing economy is a blanket term and there are many
business models such as collaborative consumption, shared economies and on demand
economies that it encompasses. This is reflected in the first research question which aims
to explore the motives behind consumers decisions to use ridesharing, car sharing and
carpooling as well as how automation may impact it. By introducing autonomous cars
through ridesharing, car sharing and carpooling there will likely be impacts for early
adopters as some may choose not to purchase a car for their individual use, possibly
influencing the acceleration of diffusion of innovation.
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Ajzen’s Theory of Planned Behaviour gives valuable insight into how intentions can be
influenced by attitudes, social norms and perceived behavioural control however it does
not take into account past behaviours or the relative importance individuals place on
attributes such as price. Consumption styles fill this gap and the second research question
explores if consumption styles will impact purchasing intentions. The proposed changes to
the Theory of Planned Behaviour model are outline below in Figure 3.

Figure 3 Adapted theory of planned behaviour model

Research Questions
1. How will past behaviours influence the adoption of autonomous cars?
2. How do consumption styles influence the Theory of Planned Behaviour in regard
to intention to adopt autonomous cars?

2.6 Summary
This chapter discussed the differences between carsharing, ridesharing and carpooling
highlighting how the introduction of autonomous cars may impact each business model.
Drawing on past literature surrounding diffusion of innovation, theory of planned
behaviour and consumer styles a theoretical model was proposed that will be explored later
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in Chapters 4 and 5. The next Chapter will explore the methods of the study as well as
research philosophy that guided its design.
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Chapter 3: Method
Chapter three discusses the research philosophy that guided the research as well as
research design, data collection and data analysis. Descriptions of the sample as well as the
coding process are also reported in tables 5 and 6.

3.1 Research Philosophy
Research philosophy is important as it governs ontology, methodology and epistemology.
Ontology is concerned with how reality is understood whilst epistemology refers to how
the research reflects reality. Finally, methodology is how epistemology and ontology are
applied in the research (Neuman 2002). The qualitative and exploratory nature of this
research along with other factors such as the importance placed on gathering rich data
about participants’ experiences are listed in table 4 and show why an interpretivist
approach was taken.
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Table 4 Comparing interpretivism with the study
Interpretivist approach

Context of research

Ontology
Nature of the world
and being.

No direct access to real world

•

Reality

No single external reality

•
•

Methodology
Focus of the research

Understanding and interpreting.

•

Researcher’s
techniques
Role of the researcher

•

Not quantitative
•
•
•
•
•
•

Epistemology
• Grounds of
knowledge
• Relationship
between research
and reality

(Carson et al. 2001)

•
•
•

Focus on participants
perceptions of experience
Autonomous cars aren’t
available to public.
Exploratory research
Exploring different
perceptions/perspectives
towards autonomous cars.

Gain insight into the use
of ridesharing, carsharing
and carpooling
(Understand decision
making).
• Explore perceptions of
autonomous cars.
Qualitative

Experience what they are
studying
Have input into what is studiedcreate meaning
Allow feelings to govern reasons
Less clarity around distinctions
between value judgements and
facts
Contextual knowledge is
important
Influenced by individual
experience and science.

•

Understanding comes from
‘perceived’ knowledge
Aims to understand specific
context
Focuses on the specific

•

•

•

Interpreted meaning from
what participants said in
interviews.
Tried to maintain the
richness of the data.

Place value in the context
of participants answers.
Understand that responses
reflect the reality for that
individual. Perceptions
vary and this study aimed
to explore these
differences.

3.2 Research Design
Case studies are an example of research that can be qualitative and have been suggested to
be useful for three different reasons by Benbasat et al. (1987, p.370). These reasons
include allowing researchers to study a phenomenon in a natural setting as well as the
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ability to explore "how" and "why" the phenomenon occurs in order to gain insight into the
nature and complexity of processes that occur. Finally case studies were found to be useful
when the research is exploratory (Benbasat, Goldstein & Mead 1987). The exploratory
nature of the research questions along with a need to capture the complexity of the
decision-making process resulted in it being acceptable to use case studies. A case study
for ridesharing, carsharing and carpooling was deemed to be appropriate with two focus
groups separately focusing on users of ridesharing and carsharing whilst five individual
interviews were used for users of carpooling. Due to the exploratory nature of the area a
qualitative approach involving interviews and focus groups was deemed to be appropriate,
with the aim to give insight into the varieties of shared transport and how automation may
impact them from the perspective of current consumers.

3.2.1 Sampling Design
The target population for the qualitative portion of the study are people between the ages
of 18 and 28 who have used either car sharing, ridesharing or carpooling. This age group
was chosen as recent statistics have suggested that there has been a change in social norms
with fewer young Australians getting their driving licenses (Department of Infrastructure
and Regional Development, 2017). There were 15 participants altogether, with 10 involved
in the focus groups and five being individually interviewed. Despite recommendations for
focus groups to consist of six to eight people (Stewart & Shamdasani 2014) , the focus
groups consisted of five participants due to difficulty in finding people who had used
carsharing (which has only recently been introduced to Perth) and carpooling (which is not
available in Perth). Convenience sampling was employed where suitable cases were found
and selected given they fit the requirement criteria, in this case the use of either car
sharing, carpooling or ridesharing (Robinson 2014, p. 32). Due to the exploratory nature
of the research it was also acceptable to use convenience sampling (Vandenbosch,
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Saatcioglu & Fay 2006, p. 267). This was useful as some apps that focus on carpooling
and car sharing are not as established as ridesharing apps such as Uber in Western
Australia which made it harder to find participants.
Table 5 Participant information
Participant ID

Gender

(Mode of transport

Age

Nationality

Bracket

Owns a

Usage of

car

mode of

with allocated

transport

number)
Car share 1

Female

27-29

Iranian

No

Regular

Car share 2

Male

21-23

Australian

No

Regular

Car share 3

Male

24-26

Chinese

No

Regular

Car share 4

Female

18-20

Cambodian

No

Regular

Car share 5

Male

21-23

Malaysian

No

Irregular

Carpool 1

Male

21-23

Australian

Yes

Trial

Carpool 2

Female

21-23

Australian

Yes

Trial

Carpool 3

Female

18-20

Singaporean No

Irregular

Carpool 4

Male

21-23

Singaporean No

Regular

Carpool 5

Male

24-26

Singaporean No

Regular

Ride share 1

Male

18-20

Malaysian

Yes

Irregular

Ride share 2

Male

21-23

Australian

Yes

Regular

Ride share 3

Female

21-23

Australian

Yes

Regular

Ride share 4

Female

24-26

Syrian

Yes

Regular

Ride share 5

Female

21-23

Australian

Yes

Irregular
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3.3 Data Collection
There were two focus groups held as well as five interviews, each focusing on a different
transportation method (carpooling, car sharing and ridesharing). The semi structured
interviews went for between 50 and 90 minutes and were recorded on two devices, one
recording voices whilst a video was also taken to aid in the transcription process (Drever
1995). These were only kept for the purposes of transcription which was be denaturalised
and deidentify participants by giving them pseudonyms. Any information that was
revealed during the focus groups that may be used to identify the participant was also
removed to maintain the participants’ anonymity.

3.3.1 Focus Group/Interview Questions
The questions that were used for the semi structured focus groups and interviews are listed
in Appendix 1 and are loosely related to constructs from the Theory of Planned Behaviour
(Ajzen 1991). This was based on past findings that showed how questions derived from
the Theory of Planned Behaviour were proven to be strong indicators of car use (Gardner
& Abraham 2008).The constructs explored included attitudes, intentions to purchase or use
autonomous cars and subjective norms as well as looking at past behaviour and
participants’ experiences (Ajzen 2002; Ajzen 1991). For exploring intention to use,
probing questions focused on participants’ levels of innovativeness were asked, drawing
on past research to form the questions (Goldsmith & Hofacker 1991; Hurt, Joseph & Cook
1977). The questions were adapted for each group focusing on either car sharing,
carpooling or ridesharing depending on which mode pertained to the participants. Some
basic demographic questions were also included as well as broad questions on car
ownership that were constant across all three groups.
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3.4 Data Analysis
After the interviews and focus groups’ discussions had been transcribed a thematic
analysis will be employed. The data analysis of the qualitative data aims to find themes
which represent groups of ideas that are repeated across the transcripts (Auerbach &
Silverstein 2003, p. 42). Nodes were created and recorded manually to allows for
similarities between the transcripts to be identified and recorded easily (Chan et al. 2013,
p. 127). For the purposes of this analysis the guidelines developed by Braun and Clarke
,listed in Appendix 3, will be used to provide direction for the thematic analysis (Braun &
Clarke 2006, p. 79). The repetition of this process, looking for similarities and identifying
differences, resulted in the development of themes relating to consumer’s behaviours
regarding shared transport means as well as automated vehicles which were pertinent to
answering the research questions. A thematic analysis was deemed to be an appropriate
method of analysing the qualitative data as it had been used in a similar qualitative study
concerned with links between vehicle automation and vehicle sharing (Kool 2016). Finally
triangulation was used, comparing the results from the focus groups and interviews with
each other as well as past research (seeing if the findings aligned with the theory) to
increase the reliability of the results (Miles, Huberman & Saldana 2013; Denzin 2001).

3.4.1 Coding Process
Tables 6, 7 and 8 contains the codes used that are pertinent to the findings, giving a brief
explanation as well as example of the code that was taken from the transcripts.
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Table 6 Coding- Constructs of Theory of Planned Behaviour
Code
Attitudes

Description
General feelings or thoughts
towards
automation/ridesharing etc
• Positive
o Enjoyment
o Excitement
• Negative
o Fear
o Dislike
• Uncertain
o Curious

Example
‘I think it will be a good
thing…especially if they
are fully adopted’
(Carpool 4)

Reference
(Ajzen 1991)

Social Norms

The influence of others
behaviour/judgement on
participants actions.
• Pressure to conform
o Government
o Peers
o Family
• Desire to ‘stand out’
• Resistance to social
norms
• Desire to fit in
The ability to give up control
to autonomous cars. Either
able to or not, some were
wary to fully cede control.
Refers to what participants
said they would do.
• Adopt autonomous
cars
• Not adopt
• Wait to adopt

‘You aren’t really judged
for having a car or being
able to drive it’s more the
opposite’(Carshare 1)

(Ajzen 1991)

‘I’d like to have a
steering wheel, so I have
the option of driving’
(Carshare 5)
‘I’d probably wait until
more people were using
them and they were
cheaper’ (Ridesharing 4)

(Ajzen 1991)

Perceived
Behavioural
Control
Intention

(Ajzen 1991)
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Table 7 Coding- Adopter profiles
Code

Description

Example

Reference

Innovator

Want to be the first to adopt
autonomous cars.
Willing to adopt autonomous
cars

‘I like to stay ahead of
trends’ (Carpool 1)
‘I love technology! I’d
use one, I’d buy one if I
had the money’ (Carshare
1)
‘I’d probably wait to see
(if they are safe) before I
got in one’ (Carpool 3)

(Rogers 2010)

‘I’d like to buy one
(autonomous car) but it
would have to be the
same price as a normal
car’ (Rideshare 2)

(Rogers 2010)

‘I think I’d prefer being
able to drive’ (Car Share
2)

(Rogers 2010)

Example

Reference

‘Some people would
think I’m ahead of the
trend’ (Carpooling 1)

(McCarty et al.
2007)

‘I would wait until other
people had tried it’
(Carshare 4)

(McCarty et al.
2007)

‘I’m broke…if it was
cheaper than other
options I’d probably try
it’ (Rideshare 2)
‘I wouldn’t buy an
autonomous car…I just
like driving cars’
(Carshare 3)

(McCarty et al.
2007; Siddiki
et al. 2015)

Early adopter

Early majority

•

Late majority

•
•

•

Laggards

•
•

Wants to wait for
friends/others to use
autonomous cars before
they do
Uncertain
Willing to adopt
autonomous cars but
don’t have money to
purchase one.
Plans to wait a significant
amount of time before
adopting (to ensure safety
etc)
Don’t intend to adopt
autonomous cars
Resistant to change

(Rogers 2010;
Cundy et al.
2014; Plötz et
al. 2014)
(Rogers 2010)

Table 8 Coding- Consumer styles
Code

Description

Variety Seekers

•
•
•

Information
Seekers

•
•
•

Price Sensitive

•
•
•

Brand/Product
Loyal

•
•
•
•

Tries new products
Trend setting
First to experience
(enjoys experience of
trying new things)
Searches for information
Waits for others to use
products
Gathers information from
variety of sources
Choose cheapest option
Concerned about price
Low disposable income
Habitual purchasing
Preference for products
they’d used before
Desire to support
campany/industry
Enjoy the
product/experience they
use too much to change

(McCarty et al.
2007)
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Chapter 4: Results and Analyses
This Chapter presents and analyses the results of the two focus groups and five interviews
conducted for users of ridesharing, car sharing and carpooling. Section 5.1 explores the
theory of planned behaviour and how social norms, attitudes and perceived behavioural
control may influence intentions to use autonomous cars. Finally, in this section the
influence of alternatives to ownership on intentions to adopt autonomous cars will be
explored. Section 5.2 focuses on evidence supporting different consumer styles and is built
on in section 5.3 which discusses how these consumer styles may have a moderating effect
on consumer intentions to adopt autonomous cars.

4.1 Theory of Planned Behaviour
The findings from the focus groups and interviews conducted suggest that intentions to
adopt autonomous cars were influenced by attitudes, social norms and perceived
behavioural control.

Social Norms
There were conflicting findings in regard to social norms showing it could possibly have a
positive (seen for information seekers), neutral (variety seekers) or negative (brand or
product loyal consumers) influence intentions on participants intentions. Participants also
often conflicted themselves and it seemed that this stemmed mainly from participants
inability or perhaps unwillingness to see how their behaviours were influenced by others.
When asked directly if they were influenced by others, participants denied that their
transportation decisions were impacted by the judgement others with one person stating, ‘if
there are people that might be a bit apprehensive about me using an autonomous vehicle
well I don’t care…I’m not going to spend my life worrying about what other people think
of me’ (Carshare 1). This seeming indifference to the opinions of those around them was
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in contradiction to responses given for questions indirectly exploring the impact of social
norms on transportation decisions.
Social norms were found to be ingrained with transportation decisions particularly
regarding car ownership and pressure to hold a driver’s license with it being connected to
ideas of prestige. A trend of the interviews was social pressure for young people to have a
driver’s license and for Australians to own a car. One participant who had lost their
driver’s license reflected on the freedom offered by driving yourself and also what it
means to own your own car stating that car ownership is ‘almost like a prestige thing, we
are so concentrated on ownership and material goods’ (Rideshare 2). Despite being
expensive and alternatives being available, car ownership was still largely viewed as a
necessity in Australia. One participant whose car broke down explained their situations
saying, ‘I’ve saved a lot of money recently by not having a car but in the future I’d want
my own car’(Carpool1). Peer pressure played a role in this decision as people felt they
would be judged if they weren’t able to drive or didn’t own a car (‘You aren’t really
judged for having a car or being able to drive it’s more the opposite’ Carpool 2).
Interviewees also discussed instances where family influenced the participants’ choices,
with parents often placing pressure on children to be able to drive. One participant was
encouraged by their parents and reasoned that ‘having parents who have come from the
country kind of makes a difference (in the importance of getting a driver’s license) … it’s
(having a driver’s license) a thing for people who grew up in regional areas’(Carpool 1).
Getting a driver’s license was also likened to a rite of passage with many participants
reasons for getting a driver’s license being linked to increased independence, for example
‘I wanted to have the freedom to sort of go wherever I wanted to, that sort of independence
so I wasn’t relying on my parents’ (Ridesharing 3). Responsibility was also important for
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some ‘I got it (a driver’s licence) in high school so I would drive myself to school and I
would also take my little brother to school’ (Ridesharing 2). The necessity of
independence was influenced by social networks which were able to give some
participants freedom without them having to drive. one participant explained why their
friends waited to get their licences, ‘My friends who didn’t get their licenses at the same
time as the rest of us weren’t really disadvantaged they had people to drive them
around…their parents and friends’ (Rideshare 5).
Social networks were also able to compensate for those who did not own a car. Informally
sharing cars was also common for the participants with one interviewee, who lived at
home, explaining their situation and how they will have to adapt when they move out.
‘When I’m living at home it’s kind of easy to share cars in the house but once I move out
of home it’s going to be harder if I don’t have my own car. It will limit where I can go and
what I can do’ (Carshare 1). Despite many seeing car ownership as a necessity for those
who no longer live at home, some interviewees who moved out of home often relied on
alternatives such as car sharing but one respondent explained that they ‘use it (car share) a
lot less now that…(their) friends have cars…(they) can use’ (Carshare 5).
Cultural differences particularly between Australia and Singapore were observed.
Australians saw having a driver’s license and owning your own car as a necessity whilst
Singaporeans viewed car ownership as a luxury and symbol of wealth, one Singaporean
participant stated ‘it’s (car ownership) really expensive in Singapore…you’ve got to be
very rich’(Carpool 5). Despite many not planning to buy a car in Singapore all of the
participants from Singapore had their driver’s licenses. The Singaporean government
played a significant role in shaping social norms, incentivising young Singaporeans to get
their licenses by reducing the cost for young adults.
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Where Singaporeans found that efficient public transport meant that it was not essential to
own your own car, Australians viewed car ownership as a necessity for independence. In
contrast, Australian participants believed that public transport was not a viable alternative
to owning a car with all agreeing there are some places that public transport does not
reach. One participant who had relied on public transport said ‘(driving) is the thing to do.
In Perth everything is so spread out and public transport, especially near my house, there is
like one bus that comes past once a day. It’s not very convenient at all!’ (Carpool 2).
When asked if their decision towards potentially using autonomous cars could be
influenced by the judgement of others many of the interviewees believed that their
decision would not be influenced by others but later stated they would prefer to wait to see
what other people thought of autonomous cars before trying it themselves. Comments such
as ‘I’d wait for a friend or for other people to try it’ (Carshare 4) were common and
showed how intentions to use autonomous cars could be influenced by word of mouth and
the experiences of others. It’s difficult to know for sure how social norms may influence
the adoption of autonomous vehicles as they are not available to the market yet however
social norms were seen to influence current transportation behaviours of participants which
suggests they may be important in influencing consumers intentions to adopt autonomous
cars.

Attitudes

The participants expressed a range of feelings and thoughts about autonomous cars that
could be grouped into three main categories; positive, negative and uncertain responses.
The majority of attitudes were positive, with participants feeling excitement at the novelty
of autonomous cars. More informed participants were also excited about the potential
benefits offered by autonomous vehicles such as improved safety as well as potential fuel
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and monetary savings. This resulted in those with more prior knowledge about the
technology expressing generally more positive attitudes towards autonomous vehicles such
as trust in the technology and interest in benefits like monetary savings (see table 9). Users
of carpooling were also likely to have more positive attitudes as they were able to accept
the lack of control and uncertainty associated with the experience.
Several negative responses were also repeated across the interviews with some participants
focusing on concerns about safety as well as a dislike of being unable to control the car.
Examples of these negative responses are given and interpreted in table 10 below.
Generally those who were more attached to driving or did not have prior knowledge of
autonomous cars had negative attitudes towards them. The carshare users were more
attached to being able to drive and so were less willing to trust autonomous cars, this
resulted in generally more negative attitudes.
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Table 9 Positive attitudes towards autonomous cars
Positive attitude
Safety

Quote
‘On long haul trips it would be good
to reduce fatigue’ (Carpool 1)

Saving money

‘with better fuel efficiency it would
save money as well. (Rideshare 2)

Environment

‘The environmental effects impact me
the most. Autonomous cars could
bring down carbon emissions by
maximising fuel efficiency’ (Carpool
5)

Confident in
technology

‘I think it will be a good
thing…especially if they are fully
adopted’ (Carpool 4)

More space

‘You can fit more people in the car’
(Carshare 1)

Interpretation
This participant acknowledges that
humans driving can be dangerous,
highlighting how driving tired is a
problem on longer journeys. They
suggest that autonomous cars
could offer a solution to this
problem.
This participant was drawn to the
possibility of saving money by
having a more fuel-efficient
driving practices which would
benefit individuals.
Similarly, to the previous
statement, this participant
highlights how driving practices of
autonomous cars could be more
fuel efficient however focuses on
the positive environmental
benefits. These benefits are more
likely to be felt by the society as a
whole instead of individuals.
This participant alludes to the
potential network benefits that
come with mass adoption.
Expresses general trust in the
technology in the statement ‘it will
be a good thing’
This statement referred to
ridesharing and carpooling,
highlighting how an extra
passenger could fit into the car.
This could have benefits for
consumers (having more space in
the car) as well as businesses
(being able to charge an extra
passenger).

384 of 424

Table 10 Negative attitudes toward autonomous cars
Negative
attitude
Safety

Quote

Interpretation

‘There have been some deaths in the
trials’ (Carpool 5)

Culpability

‘There is something reassuring about
being able to blame car accidents and
even deaths on human error.
Programming autonomous cars to
respond ‘ethically’ makes the possible
deaths seem more purposeful.’
(Carpool 2)

Price

‘I probably wouldn’t buy an
autonomous car because they would be
too expensive’ (Rideshare 5)

Lack of control

‘I like being able to change gears’
(Carshare 5)

Lost jobs

‘The taxi industry is a huge market (in
Singapore) and we can’t afford to keep
losing low skilled workers’ (Carpool
4)

This participant had heard of
deaths of people who were trialling
autonomous cars which resulted in
negative attitude towards
autonomous cars as they deem
them to be unsafe.
This participant had prior
knowledge about the coding of
autonomous cars to react ‘ethically’
in dangerous situations. They
didn’t react favourably to this and
found it easier to forgive a driver
who can blame the accident on
human error in comparison to an
autonomous car that is able to
analyse the situation and decide
how to react which makes possible
deaths seem ‘planned’.
Negative attitudes towards
autonomous cars also stemmed
from perceptions that they would
be very expensive. This participant
believed they would be unable to
purchase a car because of the
price.
This participant didn’t have a
favourable attitude towards
autonomous cars as they lack the
experience offered by traditional
cars (changing gears) and require
people to give up control.
This participant was concerned
about the social implications of
autonomous cars. In particular they
were worried about how
autonomous cars might put taxi
drivers out of jobs which could
have flow on effects across
Singapore where the taxi industry
is important (particularly for
providing low skilled workers with
employment).

385 of 424

The remainder of the attitudes towards autonomous cars could be categorised as uncertain
responses. Due to how new and innovative autonomous vehicles are many of the
participants didn’t know much about autonomous scars, this resulted in two main attitudes
for this category; curiosity and uncertainty. Curiosity was more of a positive neutral
response to autonomous cars with some participants being excited to find out more or learn
from experiencing riding in an autonomous car. Uncertain attitudes were also expressed
which were more similar to those of the negative attitudes. Examples of uncertainty
included participants who were hesitant to trust the technology or try autonomous cars as
well as those who would like to know more information before trying them.

Perceived behavioural control
It was interesting to explore perceived behavioural control in relation to the use of
autonomous cars as, for a fully autonomous car, very little input is required from the user.
All of the participants had given up control of a car to a stranger (Uber, taxi, public
transport) however were hesitant to give control of a car to, what one participant
(Rideshare 4) deemed to be, a computer. Despite some acknowledging that autonomous
cars are likely to be safer than a human driver there was an almost irrational fear of giving
control fully to ‘a computer’ (Rideshare 4). An example of irrational behaviour was where
a participant was unable to explain why they would choose to wait before adopting
autonomous cars, not seeming to have any logic behind their decision making process
when they said ‘I just don’t know…it just feels wrong’(Carshare 5). This resulted in the
majority of participants preferring semi-autonomous cars over fully autonomous cars with
one person explaining their decision saying, ‘I’d like to have a steering wheel, so I have
the option of driving’ (Carshare 5). There were also two people who were unwilling to
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give up control all together and preferred driving cars, particularly manual cars,
themselves.
How willing participants were to cede control was also suggested to be context specific
with some stating they would trust autonomous cars in some situations but not others,
however, these situations were not consistent between individuals. Three participants
mentioned the speed of the autonomous car as a factor that would influence their decision
to use an autonomous car with one claiming they would only use it if it was limited to
40km per hour whilst another person suggested a 60 km per hour speed limit. The final
person said they would only use autonomous cars on freeways or long trips with the car
going over 100 km per hour deeming it safer as the car would ‘only have to change
lanes… (not) look out for kids or bike riders’(Carpool 1). Once again this showed how
participants were not always consistent in their decision making and perhaps gives some
insight into why people are the real dangers on the road as their assessments of what
comprised a ‘dangerous situation’ or required more focus and input from the driver varied
dramatically.

Intention to use
All of the participants stated they were willing to trial an autonomous car depending on
context however intentions to switch from traditional cars to fully adopt autonomous cars
differed significantly and instances of Rogers’ five innovation profiles were observed (see
table 9) (Rogers 2010). When asked if they would hypothetically try a fully autonomous
car tomorrow only two participants said yes with the rest saying they would prefer to wait.
Context was also found to be very important as touched on previously however, for the
young adults interviewed, intentions to use autonomous cars differed when alternatives to
ownership such as car sharing, carpooling and ride sharing were suggested.
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Table 11 Intention to adopt autonomous cars
Innovation Profile

Quote

Innovators

‘I like to stay ahead of trends’
(Carpool 1)

Early adopters

Early Majority

Late Majority

Laggards

Interpretation

This participant was eager to try
autonomous cars and wanted to be
the first to use them in order to set
the trend.
‘I love technology! I’d use one,
The interviewee enjoys using new
I’d buy one if I had the money’
products and expressed a desire to
(Carshare 1)
try an autonomous car however
doesn’t have enough money to buy
one.
‘I’d probably wait to see (if they Interested by autonomous vehicles
are safe) before I got in one’
however uncertain about how safe
(Carpool 3)
they are. Their intention to use
autonomous vehicles could be
impacted by the experiences of
innovators and early adopters while
they wait to see how others react to
autonomous cars.
‘I’d like to buy one (autonomous This participant would like to buy
car) but it would have to be the
an autonomous car but would
same price as a normal car’
choose to purchase a traditional car
(Rideshare 2)
unless autonomous cars were the
same price as ‘normal’ cars that
require people to drive them.
‘I think I’d prefer being able to
The respondent prefers being in
drive’ (Carshare 2)
control of the car in comparison
allowing the autonomous car to
drive itself. This person was
resistant to adopting an
autonomous car.

Car Sharing
Car sharing has only recently been introduced to Perth and so not many of the participants
had been exposed to it. Unlike ridesharing and carpooling, car sharing was used
specifically by people who did not own a car. This resulted in regular, routine use of the
share car for activities such as shopping as well as day trips. The payment plan made it
relatively inexpensive to take long trips in comparison to ridesharing and carpooling. One
drawback was that the share cars weren’t as ‘on-demand’ as ridesharing and, due to the
limited number of share cars, the trips required planning in advance ‘You need to plan and
book it (the car) in advance, especially on weekends’(Carshare 4).
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Current users of car sharing highlighted how similar ridesharing and carsharing could
become if both used autonomous cars, with one participant saying ‘it’s really the same as
Uber if both use autonomous cars’ (Carshare 4). For users of car share this had benefits as
well as drawbacks. One benefit was that there would be ‘less pressure’ as most users were
concerned about being liable for damages to the car if they were involved in an accident.
One participant also suggested that an autonomous share car could be used by more
people, for example those who don’t have a driver’s license, and for different purposes
‘could use it to go out…if I’ve been drinking’(Carshare 5). Users of car sharing were the
least open to using autonomous cars with some participants being very attached to being
able to drive the car themselves. For those who wanted to trial autonomous cars, they said
they would prefer ridesharing (mainly Uber), which was more convenient and cost
effective for shorter trips. This may be enticing to those wishing to reduce risk by limiting
the time spent in the autonomous car.
Carpooling
Carpooling is not available in Perth yet and so participants who had used it, had done so
overseas (generally America and Singapore). The main attraction of carpooling to these
participants was the price incentive which was significantly lower than the cost of a
normal rideshare. This resulted in generally price sensitive respondents using carpooling
for longer trips such as traveling from a city to the airport
One drawback was that drivers would go off the designated route to pick up additional
passengers which could add a significant amount of time to the trip one Singaporean said
that ‘depending on how long your trip is, it (Uberpool) could add an hour on’ (Carpool 4).
To avoid this some participants chose to use carpooling during ‘quiet hours’ or when they
weren’t in a rush with one user of Uberpool and Grabshare saying ‘I had lots of time
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before my flight left so I decided to try it (Uberpool) out’(Carpool 3). For longer trips
some Singaporeans also payed drivers in cash to not pick up additional passengers as ‘it
still works out cheaper (than a taxi or Uber/Grab) and it’s better for the drivers…they
make more money’ (Carpool 3). Others chose to use carpooling for shorter trips only so
that ‘they don’t pick too many people up’ (Carpool 5) resulting in a more efficient and
quicker trip. There were also social benefits which lead to people choosing to use
carpooling, for example when traveling in America one participant sought to learn more
about the area from the other passengers explaining ‘We’d only just arrived and wanted to
find out more from the locals’ (Carpool 2). One participant said their friend used
carpooling to get to university to meet likeminded people and there were also examples of
networking with one person saying ‘you can network if you travel to the business district
during peak times’ (Carpool 4). Most users didn’t think autonomous cars would change
carpooling that significantly however the women interviewed suggested that the drivers
offered some safety and they would be less willing to use an autonomous version of
carpooling ‘I might not feel as safe… especially if the other passenger was drunk or
something’ (Carpool 3).
Overall participants who had used carpooling were the most open to trying autonomous
cars, possibly due to their regular acceptance of the ‘unknown’ giving up control of the trip
to the driver and not being able to influence the route or other passengers. Users of
carsharing and ridesharing were also open to trying autonomous cars with carpooling
particularly if it was the cheapest option ‘if it was a lot cheaper I’d choose it’(. There was
also and one participant who said they would ‘feel safer surrounded by other people’
suggesting that that they would be more willing to follow through with the trial of the
autonomous car if they were surrounded by others who wanted to try it as well. The
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knowledge that other people were willing to accept the risks involved might also help to
allay their fears.
Ride sharing
Ridesharing was the most familiar mode of transport amongst the participants with
everyone using Uber at some point. Generally ridesharing was used for shorter trips as it
was perceived as being more expensive than the carpooling and carsharing for longer
journeys. Despite this companies such as Uber were seen as being cheaper than taxis and
offered a variety of benefits which one participant listed ‘costs less (than taxis)…the
service is the most systemised…you always know what you’re going to get, usually a
bottle of water or some mints or something and…tracking your ride is really
handy’(Rideshare 3). Situations where participants chose to use ridesharing varied from
going to places where parking is unavailable to times where you are unable to drive
yourself (drinking alcohol, going places in other countries).
Personal preferences for the role of the driver differed between participants and resulted in
opinions on how autonomous cars could change ridesharing varying. Some people liked
talking to the driver however this could depend on the situation and there were also
participants who didn’t like conversing with drivers at all. One Singaporean participant
who liked talking to their driver said that in Singapore ‘most of the time the driver doesn’t
really talk to you, maybe 20% of the time you get a really chatty driver’(Carpool 4). Many
people also had a negative experience with a driver with one male participant describing
his interactions with a driver who was ‘creepy’ and ‘kept talking about her ‘children with
four legs’… her cats’(Carpool 1). Autonomous cars could possibly combat these negative
experiences, standardising the service quality and some female participants suggested that
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they would see it as a safer option without the driver and would be more willing to use the
service by themselves.
When asked to choose between ridesharing, carsharing and carpooling as options to trial
autonomous cars the majority of participants chose ridesharing, preferring companies like
Uber ‘I’d probably choose Uber, the app is easy to use and…they’re trustworthy’(Carshare
4). While established brands such as Uber were preferred, Singaporeans who had the
choice of Uber and Grab said their decision would be based on price. Despite this there
were still concerns about giving control to a fully autonomous car with some still trusting
strangers (drivers) more and said they intended to wait to see how autonomous cars
performed. Overall participants were more willing to use autonomous cars when the
financial risk was reduced which resulted in increased intentions to use autonomous cars
through alternatives, particularly ridesharing, in comparison to buying an autonomous car
for themselves. This was surmised in one respondents joking comment ‘I’d buy one if I
was the richest person in the world…’ (Carshare 1).
Examples of themes evident for the constructs of the Theory of Planned Behaviour (Social
norms, attitudes, perceived behavioural control and intentions to use autonomous cars) are
explored in Table 12 below which summarises the findings of this section.
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Table 12 Summary of findings-Theory of Planned Behaviour
Construct
Social Norms

Theme description
• Social expectations
• Following examples set
by others
• Government incentives
to conform
• Rite of passage
(independence/freedompart of growing up)

Quotation
‘The original reason I
guess I got my driver’s
license is because it’s
kind of a rite of
passage’(Carpool1)

Interpretation
This participant felt
that gaining their
driver’s license was
part of the process of
becoming an adult. It
was linked with
having more freedom
and independence.
This reflected some
of the social pressure
for young people to
obtain a driver’s
license.

Attitude

•

Thoughts or feelings
towards Autonomous
Cars
Novelty/excitement
Fear/uncertainty
Curiosity

‘It would be cool to sit
in the driver’s seat and
not drive’ (Rideshare 2)

In this quote ‘cool’ is
a colloquial term for
novel and is used to
describe the
participant’s positive
and somewhat
curious attitudes
towards the
experience of being
in an autonomous
car.

Perceived ability to use
Autonomous Cars
Giving up control
Not having to do
anything
Trust in the technology

‘I feel there needs to be
the ability for a driver to
take over’ (Carshare 5)

This quote reflects a
lack of trust in fully
autonomous cars as
the participant would
feel safer being able
to take control. It also
reflects a preference
for semiautonomous
cars as the driver can
maintain some
control.

In the future would
try/purchase an
Autonomous Vehicle
Intends to buy an
autonomous car
Intends to try an
autonomous car
Intends to use
autonomous car with
alternatives
(carpooling/ride
sharing/car sharing)

‘I would like to try it, I
don’t know if I’d buy
one but it would be
interesting to try’
(Rideshare 1)

The participant was
excited to try
autonomous cars
however would
prefer to trial an
autonomous car
instead of purchasing
one. This may be due
to reduced financial
risk.

•
•
•

Perceived
Behavioural
Control

•
•
•
•

Intention (to
use AV)

•
•
•
•
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4.2 Consumer Styles
All the participants could be segmented based on McCarty’s four consumer style clusters,
with the majority being classified as either price sensitive or information seekers and the
minority being brand loyal or variety seekers.

Variety Seekers
Variety seekers were seen to be more open to trying new products like autonomous cars
and enjoy the experience of using new innovations. This need for variety and the latest
technology was encompassed by one interviewee when she stated, ‘I love new technology
in general…it’s exciting’ (Carshare 1). For one participant in this category the need for
trialling innovative technology took a slightly competitive edge as they sought to stay
ahead of trends and be the first to use new innovations stating that ‘Some people would
think I’m ahead of the trend’(Carpool 1). In trying to stay ahead of trends, the ‘variety
seekers’ stayed up to date with new products and researched those that interested them
making them the most knowledgeable about autonomous cars. Examples of their
independent research were evident in comments such as ‘Uber I think is currently testing
their autonomous car’ (Carpool 1) and ‘there have been a few fatalities’ (Carpool 4) that
were specific to the testing of autonomous cars. One participant explained their interest by
saying they were ‘into the start-up scene’ (Carpool 1) and had this level of involvement for
a variety of new products. With the effort they went to learn more about emerging
technologies the importance of using new products was linked to their self-identity with
one variety seeker going as far as saying ‘I see myself as an early adopter’(Carshare 1).
These consumers were also risk takers, being able to accept unknown outcomes to try new
products or services such as carsharing and carpooling.
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Information Seekers
Information seekers also researched products, however not to stay ahead of trends like
variety seekers, instead relying on trusted sources such as newspapers as well as word of
mouth in order to reduce risks (financial, safety etc) related to products. Participants in this
group often relied on the suggestions of friends before trying a good or service, for
example one carpool user explained the reasoning behind their first use of carpooling
saying, ‘my friend used grab (carpooling service) to get to uni and saved money and I had
more than enough time to get to the airport so I decided to try it as well’ (Carpool 3). This
makes this category unlikely to be the first to try a new product which was seen in their
intentions to use autonomous cars with the most common response being ‘I would like to
know it was safe’ (Rideshare 5) as well as expressing their intentions to wait for others to
use autonomous cars to see if they are safe.

Price Sensitive
This group was almost entirely driven by a desire to choose the cheapest alternative. One
person spoke on behalf of the carsharing focus group stating, ‘We are all broke
students…if it’s the cheapest option, I would use it’ (Rideshare 2) . Whilst many of the
participants were price sensitive to a degree some placed more importance on attributes
such as safety and were willing to pay more for autonomous cars, these participants were
not included in this category. Price sensitive consumers were seen to switch between
different modes of transport based on costs with one interviewee choosing public transport
over uber when prices increased. Singaporeans also switched companies, changing from
Uber to Grab based on the availability of promotions.
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Brand or Product Loyal
The smallest cluster consisted of those who were either loyal to a brand or product, in the
case of transportation as a ‘product/service’. As mentioned earlier one participant was
loyal to traditional taxi services stating that they wouldn’t adopt autonomous cars in order
to protect the jobs of taxi drivers, in part so that the Singaporean economy was not
negatively affected. There were also instances of participants having loyalty to the
experience of driving a car and were reluctant to adopt fully autonomous vehicles as they
enjoyed being in control and the experience of driving. This segment differed slightly
from that suggested by McCarty et al (2007) which described consumers as being brand
loyal, however for the purchasing of cars the people interviewed were more likely to be
loyal to the product of the traditional car than a single brand. The only examples of slight
brand loyalty came from the discussion of intentions to use autonomous cars with
alternatives to car ownership. Many Australians stated they would prefer to use Uber as it
was seen to be more trustworthy and had a better platform (‘If I was to use an autonomous
car I’d probably use it with Uber’ (Carshare 3)), however this wasn’t complete loyalty and
may be because in Australia there isn’t a real competitor for Uber. Singaporeans, who had
the option to use Grab, were more loyal to ridesharing as opposed to the brand Uber.
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Table 13 Summary of findings- Consumer Styles
Constructs
Variety Seeker

Theme Description
• Try new things
• First to experience

Interpretation
They like being the
first to experience
new products across
a variety of areas.

Information
Seeker

•

They want to learn
from other people’s
experiences with
autonomous cars.
Particularly
regarding how safe
they are.
Being ‘broke’ is a
colloquial term for
not having money.
This participant’s
decisions were
influenced by their
lack of disposable
income which
resulted in price
being the main
obstacle for their
adoption of
autonomous cars.
Their purchasing
behaviour is focused
on choosing the
cheapest option.
This participant
enjoys the
experience of driving
and is therefore
‘loyal’ to the product
(traditional cars) and
unwilling to adopt
autonomous cars that
don’t offer the same
experience.

•
•

Price Sensitive

•
•
•

Brand/Product
Loyal

•
•
•
•
•

Quote
‘I know a bit about
autonomous
vehicles…I’m into the
startup scene a bit’
(Carpool 1)
Want more information ‘I would wait until
other people had tried
before trialling
Wait for friends/family it’
(Rideshare 5)
to use
Safety needs to be
proven
Choose cheapest
option
Price is biggest
concern
Have little disposable
income

‘I’m broke…If it was
cheaper than other
options I’d probably
try it’
(Rideshare 2)

Habitual purchasing
Preference for products
they know/have used
before
Prefer manual cars
Want to support
company/industry
Want to support brand

‘I wouldn’t buy an
autonomous car… I
just like driving cars’
(Carshare 5)

4.3 Moderating effect of Consumer Style
The four consumer styles were found to have a moderating effect on intentions to adopt
autonomous cars. Participants were categorised into the four consumer style segments to
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explore the influence of each of the social norms, attitudes and perceived behavioural
control

Variety Seekers
The decision-making process for variety seekers was seen to be influenced most strongly
by social norms and their attitudes towards autonomous cars. This group was able to cede
control of the car to the technology the easiest and take more risks. Motivations to try
autonomous cars stemmed from their positive attitudes towards autonomous vehicles being
excited at possible benefits and the novelty of the experience. The innovativeness of the
technology was also attractive to the segment who placed importance on leading trends.
This need to set trends meant that their intentions were influenced by social norms as they
aimed to lead changes to social norms.
Table 14 Variety seeking as a moderator
Consumer Style

TPB

Quotation

Interpretation

Variety Seekers

Social Norm

‘Some people would think
that I’m ahead of the trend
doing something new and
exciting’
(Carpool 1)

They want to be the first to try
an autonomous car to set the
trend. Whilst they think some
may criticise them for being
unsafe, the majority would see
them as a trend setter.

Attitude

‘It would be nice to read
the paper on your morning
commute’
(Carpool 2)
‘fatigue on long haul trips
is a real problem, it would
be good to sleep behind the
wheel’
(Carpool1)

Excited by autonomous cars
and the possibilities they offer.

PBC

Willing to fully give up
control, see it as part of the
experience. Has enough trust
in the technology to consider
sleeping in an autonomous car.
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Information Seekers
Social norms have the strongest influence on information seeker’s intentions to adopt
autonomous cars. This was partly due to their uncertain attitudes towards autonomous cars
and their need for more information before committing to trying the technology. This
additional information was seen to come from sources such as friends and family members
as they wait to see how autonomous cars perform.
Table 15 Information seeking as a moderator
Consumer Style

TPB

Quotation

Interpretation

Information Seekers

Social Norm

‘In theory it’s good, in
practice it could go either
way…I’d wait until it had
proven itself’ (Carpool 4)

This participant is uncertain
about the benefits and
drawbacks of autonomous
cars. They express a desire to
wait and learn from others’
experiences with autonomous
cars ensuring autonomous cars
are beneficial/safe or ‘proven
itself’ before adopting the
technology.

Attitude

‘I’d want to know it was
safe before I got in an
autonomous car’ (Carshare
3)

This participant’s focus is on
being certain that autonomous
cars are safe to use. They are
cautious to adopt autonomous
cars as they don’t know
enough about them.

Price Sensitive
For price sensitive participants social norms and attitudes were seen to be important in
shaping intentions. Despite price being the main consideration in the decision-making
process, price sensitive consumers with positive attitudes to autonomous cars were,
unsurprisingly, more open to using them. Social norms were also suggested to play a role
with some participants suggesting they would wait before adopting the technology, for
example ‘I’d probably wait until more people were using them and they were cheaper’
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(Rideshare 2). Despite being constrained by price these participants were influenced by the
decisions of those around them and if autonomous cars were to become ‘mainstream’
which could reduce prices they would be more willing to use them. They are likely to
adopt technology once it’s been adopted by the majority as it becomes cheaper or if
incentives are provided. Governments providing financial incentives to encourage people
to conform to or change social norms could be particularly effective for this segment.
Table 16 Price sensitivity as a moderator
Consumer Style

TPB

Quotation

Interpretation

Price Sensitive

Social Norm

‘It’s always going to be that
having your own car is
more convenient’ (Carshare
2)

Long term they plan to
conform to social norms and
own a car but are unable to
currently do so. Convenience
is highlighted, suggesting that
time is possibly costed in their
way of thinking.

Attitude

‘I’ll never be able to buy an
autonomous car in my life
time’
(Carshare 3)

This participant has a negative
attitude towards the cost of
autonomous cars, believing
them to be too expensive for
them to purchase. Despite
stating they would be unable to
buy an autonomous car they
may be willing to use
autonomous cars.

Brand or Product Loyal
The final category of Brand or Product Loyal consumers were influenced most strongly by
their attitudes and perceived behavioural control whilst being somewhat resistant to social
norms that did not align with their attitudes. Brand or product loyal participants generally
had more negative attitudes towards autonomous cars, being more favourable to having
control of the car themselves and enjoying the experience of driving and changing gears.
Even if autonomous cars were adopted by the majority of society their enjoyment would
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make them resistant to adopting the technology and would be more open to alternatives
such as semiautonomous cars.
Table 17 Brand/Product loyalty as a moderator
Consumer Style

TPB

Quotation

Interpretation

Brand/Product Loyal

Social Norm

‘Didn’t want to drive
anything other than a
manual car even though
everyone was driving
automatic cars in the city’
(Carshare 4)

Attitude

‘I’d probably choose Uber,
I’ve used it before’
(Rideshare 5)

The participant acknowledges
their past resistance changes of
social norms from manual to
automatic cars. They are more
set in their ways and can be
resistant to changes or what
others may do. Despite
acknowledging changing
trends they are unwilling to
change their behaviour.
This participant’s intentions
are influenced by their past
experiences with Uber. They
like to stick with what they
know or have used in the past.

PBC

‘I prefer driving…like
wherever…I just like
driving’ (Carshare 5)

Prefer traditional cars and
driving the car (particularly
manual cars) themselves.
There are no situations where
they would prefer an
autonomous car.

4.4 Chapter Summary
Chapter 5 presented the results of the two focus groups and five interviews, with the
analyses suggesting evidence to support the use of Theory of Planned Behaviour.
Consumer styles were observed to be linked with innovation profiles as well as influencing
the importance of attitudes, social norms and perceived behavioural control in shaping
intentions. The findings of this chapter will be explored further in terms of the literature
review in the following chapter.
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Chapter 5: Discussion
This Chapter discusses the results presented in Chapter 4 in terms of the objectives,
conceptual framework and research questions presented in Chapter 1 and Chapter 2. The
contributions of the study to theory and knowledge are discussed along with managerial
implications.

5.1 Alternatives to ownership and adoption of autonomous cars
Research Question 1; How will past behaviours influence the adoption of autonomous
cars?

The first research question aimed to explore how alternatives to ownership may influence
the adoption of autonomous cars. Past research into the adoption of transportation
innovations suggested that ,because of the importance of price, middle aged men were
likely to be early adopters due to their higher levels of disposable income and travel
patterns however (Plötz et al. 2014). This study found that young adults could be early
adopters of autonomous cars through carsharing, ridesharing or carpooling, contradicting
the findings of Plötz et al. (2014). Overall, alternatives to individual ownership such as
ridesharing, car sharing, and carpooling could influence the decision- making and
intentions of early adopters, allowing for younger age brackets to adopt the technology as
well as possibly increasing the speed of diffusion.
Past research exploring transportation decisions has focused solely around the choice
between public transport and individual ownership of a car (Donald, Cooper & Conchie
2014). The findings of this study indicate that it is not a binary decision and people who
did not own a car sought to use a combination of modes of transport instead of relying
purely on public transport (‘When I lost my license I caught lifts with friends and relied on
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Uber a lot…public transport near my house…isn’t very convenient’ Carpool 2). It is
suggested that alternatives to ownership could also have an impact on young adult’s
intentions to adopt autonomous cars. Most of this segment would otherwise be unable to
purchase an autonomous car due to their lower levels of disposable income and
participants in this study were attracted to cheaper alternatives (ridesharing, carsharing and
carpooling) which increase the trialability of autonomous cars by reducing financial risk.
Using different business models to encourage early adopters to trial autonomous cars may
have flow on effects for uncertain consumers who wish to wait for others to use
autonomous cars before they do.
Different business models experienced also influenced participants intentions to use
autonomous cars. This consumer centric approach was different from the business
perspective Fagnant (2014) had when discussing the implementation of autonomous cars
with carsharing, suggesting possible benefits to consumers but not how consumers may
perceive them. The findings of this study suggest that although shared autonomous
vehicles may benefit consumers they prefer other modes such as ridesharing. Despite all
participants stating they would prefer to use an autonomous car with either ridesharing, car
sharing or carpooling over buying one, only one participant said they would prefer trailing
it with carpooling whilst all other participants preferenced ridesharing. Reasoning behind
this was due to ridesharing’s convenience, lower prices and trustworthiness that came with
well established brands such as Uber whilst the person (Carpool 2) who chose carpooling
explained that they ‘wouldn’t feel as crazy’ if they were surrounded by others. Ajzen
(2002) also suggested that past behaviours can influence consumers decisions through
habituation which was also shown to be relevant to transportation behaviours by Donald,
Cooper and Conchie (2014). Habituation may be an explanation as to why ridesharing, the
most commonly used of the transportation modes, was the most popular.
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Some participants also believed that autonomous cars might negatively impact car sharing
and carpooling. Users of share cars liked being in control of the car as well as the
experience of driving which resulted in many suggesting they would prefer
semiautonomous cars. One female user of carpooling services also explained her decision
of preferring autonomous ridesharing over autonomous carpooling saying she would not
feel as safe without the presence of a driver. This reflected how autonomous cars and
alternatives to ownerships such as ridesharing, car sharing, and carpooling are likely to
impact each other.

5.2Consumer styles influence on the Theory of Planned Behaviour
Research question 2; How do consumption styles influence the Theory of Planned
Behaviour in regard to intention to adopt autonomous cars?

The second research question explored how consumer styles may influence the Theory of
Planned Behaviour in the context of autonomous cars. There has been extensive research
into the Theory of Planned Behaviour and ,in finding links between attitudes, social norms
and perceived behavioural control with intentions to use autonomous cars these are
supported (Ajzen 1991; Kiriakidis 2015). One of the main differences from past literature
on the Theory of Planned Behaviour (Ajzen 1991) was the finding that consumers styles
may act as a moderator for intentions to adopt autonomous cars as it was able to account
for factors such as price that played an integral role in the decision making of some
participants.
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There was evidence supporting four distinct consumer styles (Variety seekers, information
seekers, price sensitive consumers and brand or product loyal consumers) which replicated
the findings of McCarty et al (2007) who suggested that the four styles transcended
cultural barriers. From the analyses of the interviews, it was suggested that these consumer
styles acted as moderators for intentions to adopt autonomous cars with different segments
placing differing levels of importance on social norms, attitudes and perceived behavioural
control in their decision-making process.
Variety seekers
The influence of social norms, attitudes and perceived behavioural control was observed to
vary dramatically across the four different clusters. Thus, the Theory of Planned Behaviour
model for each consumer style was different. Variety seekers were seen to have generally
more positive attitudes towards autonomous cars and the biggest risk takers, accepting the
concept of giving up control of a car very easily. The findings of Reinhardt and Gurtner
(2015) that early adopters of disruptive innovations are more knowledgeable about the
product were mirrored with participants who intended to adopt autonomous vehicles often
researching them. One such particpant (‘Carpool 1’) went as far to say ‘I know a bit about
autonomous vehicles…I’m into the start-up scene’ suggesting that knowledge of the
product is required to be an early adopter or part of ‘the start-up scene’.
Variety seekers also sought to stay ahead of or even set trends by trying new products
(Figure 4). For example, ‘Carpool 1’ stated ‘some people would think I’m ahead of the
trend’. This resulted in them intending to not only adopt autonomous cars but be the first
to do so making this segment likely to be innovators or early adopters. Connecting ‘variety
seekers’ with early adopters has also been alluded to in a recent study that suggested early
adopters had a need for uniqueness (Moldovan, Steinhart & Ofen 2014). This reflects the

405 of 424

finding of this research that variety seekers as early adopters seek novel innovations in
order to stay ahead of trends.

Figure 4 Variety seekers and TPB
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Information seekers
Information seekers were generally more hesitant towards adopting autonomous cars and
their intentions were linked strongly to their uncertain attitudes and desire to follow social
norms (Figure 5). Due to their more uncertain attitudes towards automation they were
reliant upon social norms and the experiences of others to inform their decision to try
autonomous cars. Attitudes, despite being uncertain, were generally positive and leaning
towards curiosity which could make this segment likely to be the early majority for
adopting autonomous cars. The importance of positive word of mouth by innovators and
early adopters in order to cross the ‘chasm’ (Gladwell 2006; Maloney 2010; Moore 2014)
and encourage the early majority to adopt (accelerating the diffusion of innovation) was
highlighted in this study as information seekers suggested they may wait for others to trial
autonomous cars before doing so themselves.

Figure 5 Information seekers and TPB
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Price sensitive
Price sensitive participants were seen to make purchasing decisions based sometimes
purely around price with one price sensitive person stating, ‘I’d probably choose the
cheapest option…I’m that broke’ (Rideshare 2). Traditionally they would be the late
majority for adopting innovations, waiting for prices to reduce before purchasing
autonomous cars. Introduction of autonomous cars through ridesharing, carsharing and
carpooling would impact this segment the most, enabling them to become early adopters.
This resulted in their intentions to use autonomous cars with an alternative to individual
ownership being influenced by their own attitudes as well as social norms. This was
similar to the information seekers as some uncertain price sensitive participants also
expressed a desire to wait and learn from the experiences of others (Figure 6). The finding
also supports past research highlighting the importance of price in the decision making
process of early adopters as well as other motivations such as fear (Siddiki et al. 2015;
Cundy et al. 2014).

Figure 6 Price Sensitivity and TPB
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Brand or product loyal
The final category was that of the brand and product loyal participants. In the exploration
of consumer styles, the category of ‘brand or product loyal consumers’ also differed from
the category suggested by McCarty et al (2007) which was consisted of only brand loyal
consumers. This was due to the finding that loyalty to traditional cars or brand such as
Uber was extremely complex and could be motivated by a variety of factors such as past
behaviour, enjoyment of the experience and a desire to protect jobs. Despite habituation
encouraging brand loyalty (the preference for Uber), product loyalty was more important
in influencing general intentions to adopt autonomous cars.
Brand or product loyal consumers didn’t intend to fully adopt autonomous cars as they
were influenced strongly by their negative attitudes and lower perceived behavioural
control whilst being resistant to social norms These consumers were unwilling to give up
control of driving and enjoyed the experience offered by driving which made them loyal to
‘normal’ cars and hesitant to try a fully autonomous car, instead preferring
semiautonomous versions ‘I’d feel better if there was a steering wheel’ (Car Share 5). The
importance of driver trust towards shaping attitudes has previously been highlighted by
Walker (2016), however is similar to the findings of this research, particularly for this
cluster’s negative attitudes which were found to stem from concerns about safety and a
lack of trust in the ‘self-driving’ technology. Another participant also didn’t want to adopt
autonomous cars in order to protect the jobs of taxi drivers, making them product loyal.
These participants were resistant to changes in social norms and were the least likely to
fully adopt autonomous cars suggesting they may be laggards.
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Figure 7 Brand/Product loyal consumers and TPB

Research into the diffusion of innovations by Rogers (2010) was also supported, with
evidence being found for the existence of members of the five different innovation profiles
(see table 9). It was an interesting observation that the four consumer style categories
corresponded with Rogers’ (2003) innovation profiles which has also been done by
Nygrén et al. (2015) using the context of green energy solutions. Despite suggesting vastly
different categories, similar factors to those found in this study such as financial
difficulties and a need for consumers to have more information were identified as
motivating factors for intentions to adopt (Nygrén et al. 2015). This suggests that the
relationship between consumer styles and adoption profiles may not translate to different
innovations as factors such as price and novelty that were seen to influence certain
categories willingness to adopt differ across products. For autonomous cars, which were
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perceived to be very expensive and novel, variety seekers were more likely to be
innovators and early adopters as they were enticed by the innovativeness and the need to
stay ahead of trends. Perceptions of price negatively impacted price sensitive consumers
intentions to purchase an autonomous car, resulting in them being more likely to be the
late majority. This segment however was much more willing to adopt autonomous cars,
possibly becoming early adopters, if they were offered with alternatives such as
ridesharing, carsharing and carpooling. Information seekers were unlikely to be early
adopters for autonomous cars as they desired to wait for others to use the product, however
assuming there was positive word of mouth regarding autonomous cars they could become
the early majority. One ‘information seeker’ said she would wait ‘maybe a year or
longer…just until it seemed safe’ (Carshare 4). Finally, there were those who were brand
or product loyal and unwilling to change their ways, this meant they could be laggards in
the diffusion of innovation process.
The context of the research, exploring autonomous cars and the influence of alternatives to
individual car ownership, was unique and resulted in the findings differing from past
research into transportation behaviours. Despite differences due to the exploratory nature
of the topic, overall the findings of this research support significant literature into wellestablished theories such as the Theory of Planned Behaviour and Diffusion of Innovation.

5.3 Contributions
This exploratory research fills gaps in the literature regarding transportation decision
making, exploring alternatives to public transport and individual car ownership. In
researching the impacts of ridesharing, car sharing and carpooling in the context of
autonomous cars it also gave insight into consumer perceptions. The findings build on
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literature surrounding consumer styles, indicating they may influence decision making by
acting as a moderator in the Theory of Planned Behaviour model (See figures 4, 5, 6 and
7). Using consumer styles as a moderator allows for motivations for decision making
practices, such as those based purely around seeking the lowest price, to be captured by the
adapted Theory of Planned Behaviour model.
In linking the four consumer styles to Rogers’ (1991) innovation profiles, the findings
connect theory surrounding the Diffusion of Innovation process with the Theory of
Planned Behaviour. This allows for suggestions as to how attitudes, social norms and
perceived behavioural control may have differing levels of importance when shaping
different innovator profiles’ intentions to adopt autonomous cars. These contributions to
knowledge surrounding ridesharing, carsharing and carpooling as well as consumer
intentions to use autonomous cars could have managerial implications.

5.4 Managerial Implications
The findings of this research have implications for companies looking to introduce
autonomous cars and suggests that young adults could be reached and become early
adopters using collaborative consumption, on demand or sharing economies. In
communications to young adults, it may be beneficial to highlight the uniqueness of the
service when targeting variety seekers before transitioning towards more personal accounts
from past users which may be better at persuading information seekers (the early
majority). For this demographic, price appears to play an integral role in their decision
making and the process of diffusion could be accelerated by lowering prices for the
autonomous version of the transport below that of the traditional mode to entice price
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sensitive consumers. This could possibly result in an acceleration of the diffusion process
and allow for network benefits of autonomous cars to be realised sooner.
The suggestion that past behaviours could influence intentions to adopt autonomous cars
could also be beneficial to businesses. Users of carpooling were generally more open to
using autonomous cars possibly due to their risk-taking behaviour and ability to accept not
being in control of multiple elements of a journey (length of trip, other passengers, route
etc). The link that was observed between widespread use of ridesharing and a general
preference by trying autonomous cars using ridesharing implicated that habituation may
influence intentions. These findings give businesses insight into how potential consumers
could be targeted based on their past transportation behaviours however more research is
required.

Chapter 6: Conclusion
6.1 Limitations and future research

This research was limited by a variety of factors which could be rectified in future studies
into the topic.
Improvements could be made on this study with limitations such as the participants not
being equally exposed to the three different modes of transport. Knowledge about
carsharing and carpooling was limited for Australian residents, particularly those from
Perth as carpooling is not available and carsharing has only been recently introduced. This
made it difficult for some participants to compare the three categories. Unlike carsharing
and carpooling, ridesharing had been used by all participants which, due to habituation,
may have skewed the results towards participants preferring ridesharing to test
autonomous cars. Future research could focus on people who have been exposed to
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ridesharing, carsharing and carpooling to gain more insight into the intentions of more
informed consumers.
Furthermore, additional research is required to gain a better understanding of the
relationship of consumer styles in the Theory of Planned Behaviour as well as Diffusion of
Innovation. Due to the exploratory nature of this study, future research could focus on the
relationship between consumer styles and attitudes, social norms, perceived behavioural
control and intentions to adopt innovations. It could be beneficial to have a quantitative
study to better understand the directions and strength of possible relationships.
The sample may have also influenced the results, Rogers (2010) suggested that people
with higher levels of education were more open to adopting innovations. This could be
problematic for this study as all participants were university students and so the general
population may be less open to using autonomous cars. Larger focus groups that are more
representative of the general population could be beneficial in gathering more
representative data. Despite this, the impact of social norms on intentions may result in
uncertain participants being pressured to change their stance and agree with others who
have stronger opinions towards autonomous cars. It is also difficult to know how
consumers may act on their intentions as autonomous cars are not available to the public
yet. when autonomous cars are available to the public, it could be interesting to test the full
Theory of Planned Behaviour model to see how intentions and other variables may
influence the adoption and behaviours of consumers.
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6.2 Closing Remarks
‘The implementation of autonomous driving needs a whole new rethinking. To really make
it an attribute for society, we really need to think differently about where and when and
how we implement this.’ (Henrik Fisker, Business Insider 2016)
In this statement Henrik Risker, an automotive designer and entrepreneur, touches on the
complexity of introducing autonomous cars to the market in order to ensure their benefits
are realised. As companies like Uber and Google prepare to begin trialling autonomous
cars with ridesharing services, this study gives valuable insight into the consumer’s
perspective of both autonomous cars and alternatives to individually owning an
autonomous car. It is exciting to see how business models such as the sharing economy
could have the power to change the way innovations are diffused, making technology more
available to segments that would have otherwise been unable to have access to it.

415 of 424

References
Adler, A, Miculescu, D & Karaman, S 2016, Optimal policies for platooning and ride
sharing in autonomy-enabled transportation.
Agatz, N, Erera, A, Savelsbergh, M & Wang, X 2012, 'Optimization for dynamic ridesharing: A review', European Journal of Operational Research, vol. 223, no. 2, pp.
295-303.
Agatz, N, Erera, AL, Savelsbergh, MW & Wang, X 2011, 'Dynamic ride-sharing: A
simulation study in metro Atlanta', Procedia-Social and Behavioral Sciences, vol.
17, pp. 532-550.
Ajzen, I 1991, 'The theory of planned behavior', Organizational behavior and human
decision processes, vol. 50, no. 2, pp. 179-211.
Ajzen, I 2002, 'Residual effects of past on later behavior: Habituation and reasoned action
perspectives', Personality and social psychology review, vol. 6, no. 2, pp. 107-122.
Auerbach, C & Silverstein, LB 2003, Qualitative Data An Introduction to Coding and
Analysis, NYU Press, New York. Available from: ProQuest. [7 June 2016].
Barr, A & Ramsey, M 2015, California Proposes Driverless-Car Rules. Available from:
https://www.wsj.com/articles/california-proposes-rules-for-autonomous-cars1450293308. [13 August 2017].
Belk, R 2014, 'You are what you can access: Sharing and collaborative consumption
online', Journal of Business Research, vol. 67, no. 8, pp. 1595-1600.
Benbasat, I, Goldstein, DK & Mead, M 1987, 'The case research strategy in studies of
information systems', MIS quarterly, pp. 369-386.
Botsman, R 2015, 'Defining The Sharing Economy: What Is Collaborative Consumption—
And What Isn't', Fastcoexist. com, vol. 27. Available from:
https://www.fastcompany.com/3046119/defining-the-sharing-economy-what-iscollaborative-.
Botsman, R & Rogers, R 2010, 'Beyond zipcar: Collaborative consumption', Harvard
Business Review, vol. 88, no. 10, p. 30.
Botsman, R & Rogers, R 2011, What's mine is yours: how collaborative consumption is
changing the way we live, Collins London.
Braun, V & Clarke, V 2006, 'Using thematic analysis in psychology', Qualitative Research in
Psychology, vol. 3, no. 2, pp. 77-101. Available from: ProQuest. Available from:
http://www.tandfonline.com/doi/abs/10.1191/1478088706qp063oa. [2 June
2016].
Brown, A, Gonder, J & Repac, B 2014, 'An analysis of possible energy impacts of
automated vehicle', Road vehicle automation, pp. 137-153. Springer.
Burkhardt, J & Millard-Ball, A 2006, 'Who is attracted to carsharing?', Transportation
Research Record: Journal of the Transportation Research Board, no. 1986, pp. 98105.
Brown, A, Repac, B & Gonder, J 2013, Autonomous Vehicles Have a Wide Range of
Possible
Energy Impacts. Available at: https://www.nrel.gov/docs/fy13osti/59210.pdf. [13
August 2017].
Carson, D, Gilmore, A, Perry, C & Gronhaug, K 2001, Qualitative marketing research, Sage.

416 of 424

Castle, J 2015, Car Sharing vs Car Buying. Available from:
https://www.choice.com.au/transport/cars/general/articles/car-sharing-vs-car-buying.
[13 August 2017].
Castle, J 2017, UberX vs Taxi-which is best?. Available from:
https://www.choice.com.au/transport/cars/general/articles/uberx-vs-taxi-which-one-isbest. [13 August 2017].
Chan, K, Evans, S, Ng, Y-L, Chiu, MY-L & Huxley, PJ 2013, 'A Concept Mapping Study on
Social Inclusion in Hong Kong', Social Indicators Research, vol. 119, no. 1, pp. 121137. Available from: Springer Link. Available from:
http://dx.doi.org/10.1007/s11205-013-0498-1. [9 June 2016].
Chan, ND & Shaheen, SA 2012, 'Ridesharing in north america: Past, present, and future',
Transport Reviews, vol. 32, no. 1, pp. 93-112.
Clayton Utz 2016, Driving into the future; regulating driverless vehicles, Clayton Utz.
Available from: https://www.claytonutz.com/articledocuments/178/Clayton-UtzDriving-into-the-future-regulating-driverless-vehicles-2016.pdf.aspx?Embed=Y.
[13 August 2017].
Cundy, TP, Marcus, HJ, Hughes-Hallett, A, Najmaldin, AS, Yang, G-Z & Darzi, A 2014,
'International attitudes of early adopters to current and future robotic
technologies in pediatric surgery', Journal of pediatric surgery, vol. 49, no. 10, pp.
1522-1526.
Deakin, E, Frick, K & Shively, K 2010, 'Markets for dynamic ridesharing? Case of Berkeley,
California', Transportation Research Record: Journal of the Transportation
Research Board, no. 2187, pp. 131-137.
Denzin, NK 2001, Interpretive interactionism, Sage.
Donald, IJ, Cooper, SR & Conchie, S 2014, 'An extended theory of planned behaviour
model of the psychological factors affecting commuters' transport mode use',
Journal of environmental psychology, vol. 40, pp. 39-48.
Drever, E 1995, Using Semi-Structured Interviews in Small-Scale Research. A Teacher's
Guide, ERIC.
Enoch, MP 2015, 'How a rapid modal convergence into a universal automated taxi service
could be the future for local passenger transport', Technology Analysis & Strategic
Management, vol. 27, no. 8, pp. 910-924.
Fagnant, DJ & Kockelman, K 2015, 'Preparing a nation for autonomous vehicles:
opportunities, barriers and policy recommendations', Transportation Research
Part A: Policy and Practice, vol. 77, pp. 167-181.
Fagnant, DJ & Kockelman, KM 2014, 'The travel and environmental implications of shared
autonomous vehicles, using agent-based model scenarios', Transportation
Research Part C: Emerging Technologies, vol. 40, pp. 1-13.
Feeney, M 2015, 'Is Ridesharing Safe?', Cato Policy Analysis, vol. 767, p. 2.
Furuhata, M, Dessouky, M, Ordóñez, F, Brunet, M-E, Wang, X & Koenig, S 2013,
'Ridesharing: The state-of-the-art and future directions', Transportation Research
Part B: Methodological, vol. 57, pp. 28-46.

417 of 424

Gardner, B & Abraham, C 2008, 'Psychological correlates of car use: A meta-analysis',
Transportation Research Part F: Traffic Psychology and Behaviour, vol. 11, no. 4,
pp. 300-311.
Gladwell, M 2006, The tipping point: How little things can make a big difference, Little,
Brown.
Godin, G, Conner, M & Sheeran, P 2005, 'Bridging the intention–behaviour gap: The role
of moral norm', British journal of social psychology, vol. 44, no. 4, pp. 497-512.
Goldsmith, RE & Hofacker, CF 1991, 'Measuring consumer innovativeness', Journal of the
academy of marketing science, vol. 19, no. 3, pp. 209-221.
Hurt, HT, Joseph, K & Cook, CD 1977, 'Scales for the measurement of innovativeness',
Human Communication Research, vol. 4, no. 1, pp. 58-65.
IHS 2014, 'Emerging Technologies: Autonomous Cars-Not If, But When', IHS Automotive
study, http://press. ihs. com/press-release/automotive/self-driving-cars-movingindustrys-drivers-seat.
Karakaya, MG, Bilgin, SÇ, Ekici, G, Köse, N & Otman, AS 2009, 'Functional mobility,
depressive symptoms, level of independence, and quality of life of the elderly
living at home and in the nursing home', Journal of the American Medical
Directors Association, vol. 10, no. 9, pp. 662-666.
Kiriakidis, S 2015, 'Theory of Planned Behaviour: the Intention-Behaviour Relationship
and the Perceived Behavioural Control (PBC) Relationship with Intention and
Behaviour', International Journal of Strategic Innovative Marketing, vol. 3, pp. 4051.
Kool, DJ 2016, 'Exploring Causalities between Vehicle Automation and Vehicle Sharing'.
LeVine, S 2017, What it really costs to turn a car into a self-driving vehicle. Available from:
https://qz.com/924212/what-it-really-costs-to-turn-a-car-into-a-self-drivingvehicle/. [13 August 2017].
Litman, T, 'Autonomous vehicle implementation predictions'.
Korosek, K 2017, An inside look at Ford’s $1 billion bet on Argo AI. Available at:
https://www.theverge.com/2017/8/16/16155254/argo-ai-ford-self-driving-carautonomous. [20 August 2017].
Lozano-Perez, T, Cox, IJ & Wilfong, GT 2012, Autonomous robot vehicles, Springer Science
& Business Media.
Maloney, C 2010, The Secret to Accelerating Diffusion of Innovation: The 16% Rule
Explained.
McCarty, JA, Horn, MI, Szenasy, MK & Feintuch, J 2007, 'An exploratory study of
consumer style: Country differences and international segments', Journal of
Consumer Behaviour, vol. 6, no. 1, pp. 48-59.
Miles, MB, Huberman, AM & Saldana, J 2013, Qualitative data analysis, Sage.
Millard-Ball, A 2005, Car-Sharing: Where and how it succeeds, Transportation Research
Board.
Moldovan, S, Steinhart, Y & Ofen, S 2014, 'Share and scare”: Solving the communication
dilemma of early adopters with a high need for uniqueness', Journal of Consumer
Psychology, vol. 25, no. 1, pp. 1-14.

418 of 424

Moore, GA 2014, Crossing the Chasm: Marketing and Selling Technology Project,
HarperCollins e-Books.
Muoio, D 2016, Henrik Fisker has bold plans for a Tesla rival, but he's staying away from
selfdriving tech. Available from: https://www.businessinsider.com.au/henrik-fiskerelectric-car-no-driverless-tech-2016-10?r=UK&IR=T. [10 November 2017].
Muoio, D 2016, Tesla Driverless Ridesharing Plans Could Take on Uber. Available at:
https://www.businessinsider.com.au/tesla-driverless-ridesharing-plans-couldtake-on-uber-2016-10?r=US&IR=T. [20 August 2017].
Muoio, D 2017, Tesla is already showing how the insurance industry will be disrupted by
self-driving cars. Available from: https://www.businessinsider.com.au/driverlesscars-could-negatively-affect-insurance-industry-2017-2?r=US&IR=T. [13 August
2017].
Muoio, D 2017, These 19 companies are racing to build self-driving cars in the next 5
years.
Available from: http://www.businessinsider.com/companies-making-driverlesscars-by-2020-2017-1/?r=AU&IR=T/#tesla-recently-made-a-big-move-to-meet-itsgoal-of-having-a-fully-self-driving-car-ready-by-2018-1. [13 August 2017].
Neuman, LW 2002, 'Social research methods: Qualitative and quantitative approaches'.
Newman, P 2017, Lyft to Test Autonomous Cars in San Fransisco. Available at:
http://www.businessinsider.com/lyft-to-test-autonomous-cars-in-san-francisco2017-9/?r=AU&IR=T. [15 September 2017].
NHSTA 2013, Automated Vehicles for Safety. Available from:
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety. [20
March 2017].
Nielsen, JR, Hovmøller, H, Blyth, P-L & Sovacool, BK 2015, 'Of “white crows” and “cash
savers:” A qualitative study of travel behavior and perceptions of ridesharing in
Denmark', Transportation Research Part A: Policy and Practice, vol. 78, pp. 113123.
Nygrén, NA, Kontio, P, Lyytimäki, J, Varho, V & Tapio, P 2015, 'Early adopters boosting the
diffusion of sustainable small-scale energy solutions', Renewable and Sustainable
Energy Reviews, vol. 46, pp. 79-87.
Ouellette, JA & Wood, W 1998, 'Habit and intention in everyday life: The multiple
processes by which past behavior predicts future behavior', Psychological bulletin,
vol. 124, no. 1, p. 54.
Oxford Dictionary 2015, Sharing economy. Available at:
https://en.oxforddictionaries.com/definition/sharing_economy. [10 May 2017].

419 of 424

Parasuraman, R, Sheridan, TB & Wickens, CD 2000, 'A model for types and levels of
human interaction with automation', IEEE Transactions on systems, man, and
cybernetics-Part A: Systems and Humans, vol. 30, no. 3, pp. 286-297.
Persson, B 2000, 'Brief report: A longitudinal study of quality of life and independence
among adult men with autism', Journal of Autism and Developmental Disorders,
vol. 30, no. 1, pp. 61-66.
Plötz, P, Schneider, U, Globisch, J & Dütschke, E 2014, 'Who will buy electric vehicles?
Identifying early adopters in Germany', Transportation Research Part A: Policy and
Practice, vol. 67, pp. 96-109.
RAC 2016, Interllibus. Available at:
https://rac.com.au/about-rac/advocating- change/initiatives/intellibus. [20
August 2017].
Reinhardt, R & Gurtner, S 2015, 'Differences between early adopters of disruptive and
sustaining innovations', Journal of Business Research, vol. 68, no. 1, pp. 137-145.
Robinson, OC 2014, 'Sampling in Interview-Based Qualitative Research: A Theoretical and
Practical Guide', Qualitative Research in Psychology, vol. 11, no. 1, pp. 25-41.
Available from: Ovid. Available from:
http://dx.doi.org/10.1080/14780887.2013.801543. [8 June 2016].
Rogers, EM 2003, Diffusion of innovations, 5th ed. edn, Free Press, New York., NY.
Rogers, EM 2010, Diffusion of innovations, Simon and Schuster.
Schaefers, T 2013, 'Exploring carsharing usage motives: A hierarchical means-end chain
analysis', Transportation Research Part A: Policy and Practice, vol. 47, pp. 69-77.
Schumpeter, JA 2013, Capitalism, socialism and democracy, Routledge.
Siddiki, S, Dumortier, J, Curley, C, Graham, JD, Carley, S & Krause, RM 2015, 'Exploring
Drivers of Innovative Technology Adoption Intention: The Case of Plug‐In
Vehicles', Review of Policy Research, vol. 32, no. 6, pp. 649-674.
Solomon, MR 2014, Consumer behavior: Buying, having, and being, Prentice Hall Upper
Saddle River, NJ.
Steinmetz, K 2015, Oxford Dictionaries Adds Janky, EGOT and Ridesharing. Available from:
http://time.com/3724601/oxford-dictionary-janky-egot-ridesharing/. [21 May
2017].
Stewart, DW & Shamdasani, PN 2014, Focus groups: Theory and practice, Sage
publications.
Stiglic, M, Agatz, N, Savelsbergh, M & Gradisar, M 2016, 'Making dynamic ride-sharing
work: The impact of driver and rider flexibility', Transportation Research Part E:
Logistics and Transportation Review, vol. 91, pp. 190-207.
Teal, RF 1987, 'Carpooling: who, how and why', Transportation Research Part A: General,
vol. 21, no. 3, pp. 203-214.
Teodorović, D & Dell’Orco, M 2008, 'Mitigating traffic congestion: solving the ridematching problem by bee colony optimization', Transportation Planning and
Technology, vol. 31, no. 2, pp. 135-152.
Uber 2017, Self Driving Ubers.Available at:
https://www.uber.com/cities/pittsburgh/self-driving-ubers/. [15 September
2017].

420 of 424

Vandenbosch, B, Saatcioglu, A & Fay, S 2006, 'Idea Management: A Systemic View*',
Journal of Management Studies, vol. 43, no. 2, pp. 259-288. Available from:
http://dx.doi.org/10.1111/j.1467-6486.2006.00590.x.
Walker, GH, Stanton, NA & Salmon, P 2016, 'Trust in vehicle technology', International
journal of vehicle design, vol. 70, no. 2, pp. 157-182.
Waymo 2017, Journey. Available at: https://waymo.com/journey/. [20 August 2017].
Worland, J 2016, Self-Driving Cars Could Help Save the Environment—Or Ruin It. It
Depends on Us. Available from: http://time.com/4476614/self-driving-carsenvironment/. [13 August 2017].
Yang, H & Huang, H-J 1999, 'Carpooling and congestion pricing in a multilane highway
with high-occupancy-vehicle lanes', Transportation Research Part A: Policy and
Practice, vol. 33, no. 2, pp. 139-155.
Zipcar 2017. Carsharing; An alternative to car rental with Zipcar. Available from:
http://www.zipcar.com/. [5 June 2017].

421 of 424

Appendix 1- Focus Group and Interview Questions
Participation in car sharing/carpooling/ridesharing
How often do you use this mode?
What are the reasons you use it?
Do people you know use it?
Would others approve of you using this method?
What are the reason they approve/disapprove?
When do you use it most/ under what circumstances?
Where do you use it most? (eg in the city/ other country)
What are some benefits of this mode of transport?
Are there any problems associated with traveling in this way?
Overall thoughts on transportation method?
Would you use it again in the future?
Car Ownership
Do you have a driver’s license?
What are the reasons you do/don’t?
What do you believe others may think about this?
Do you own a car?
What are the reasons you own/don’t own a car?
Do you have access to the use of a car?
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Would you want to own a car in the future?

Ideas on Automation
Do you know what automated cars are?
What do you think about automated cars?
Do you think there are any benefits to automated cars?
What are they?
What is most important to you?
Do you have any concerns about automated cars?
Prompts/Examples- price, trust in technology etc.

Impacts of automation on shared transport
Companies such as Uber (Ridesharing/carpooling) and car2go (Car sharing) are invested in
the development of automated cars and so it is likely that automated cars will be available
in (insert applicable mode) in the future.
How do you think this will impact (insert applicable mode)?
Are there any positive impacts you can think of?
Are there any negative impacts you can think of?
Would you be more or less likely to use an automated version of (mode of transport)?
What are your reasons behind this?
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Intentions for using automated vehicles
Would you use an automated vehicle in the future?
Reasons why/why not?
What do you think other people might think about your choice?
Would you buy an automated car for your own personal use?
Reasons why/why not?
What do you think other people might think about your choice?
Would you consider using an automated car in a… context
•

Carpooling- Definition- The grouping of travellers into a privately owned vehicle,
generally based on similar destinations or general direction.

•

Ridesharing- Definition-Matching of passengers with available drivers through an
app.

•

Car sharing- Definition- A service that provides members with access to vehicles at
a fixed rate that is often hourly

Which of these most appeals to you? What are your reasons behind this?
Which of these is the least appealing? What are the reasons behind this?
Demographic Questions
What is your age?
What nationality do you identify as?
Conclusion (Further comments, any other thoughts on the topic?)
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Appendix 2- Braun and Clarke (2006) Phases of Thematic Analysis

