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SUMMARY 

This thesis presents the results of an examination of the role of carbon dioxide emissions 

information in the personal transport sector. With the widespread acceptance that human 

transport activities are contributing to the emissions of greenhouse gases, there appears to be an 

emerging movement to provide individuals with adequate information to allow them to make 

sustainable transport choices. While public and private sector organisations are providing 

emissions estimates to individuals, very little research currently exists examining the impact of 

such information, and the role that it can play in shaping opinions and transport behaviours. 

This thesis specifically focuses on the provision carbon dioxide emissions information via 

digital platforms such as online journey planners and transport related smartphone applications. 

This thesis presents a multi-element research approach examining individuals’ need for such 

information, their ability to interact with and understand emissions estimates, and its impact 

upon their awareness, attitudes, and behaviours. 

The first part of this thesis assesses current approaches being taken within the transport sector to 

provide individuals with emissions information and outlines the research opportunities that this 

emerging field presents. This element of research highlights and categorises the numerous 

different approaches currently being taken by numerous organisations to provide such 

information. 

This research also provides an examination of methods of framing carbon dioxide emissions 

information in such a manner that it is more easily understood by individuals. These results 

appear to indicate the individuals have a varying range of preferences, in terms of how they 

understand emissions information. 

This thesis presents the results of a stated preference experiment designed to investigate the 

potential role of emissions information in terms of influencing individuals’ mode choices. This 

research was conducted via an online questionnaire, and indicates that decreases in the 

emissions arising from public transport modes leads to an increase in the attractiveness of these 
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modes. This in turn suggests that the provision of emissions information may have a role to play 

in promoting sustainable transport. This analysis also highlights the potential role that an 

examination of respondent information assessment behaviour can play in terms of improving 

multinomial logit model performance.   

The final element of the research presented in this thesis concerns the assessment of the 

outcomes of a field trial as designed to examine the impact of using an environmentally themed 

transport application. The results of this trial suggest that while individuals find carbon 

emissions information to be both interesting and informative, in terms of its ability to increase 

their existing knowledge, this information did not appear to have a notable impact upon their 

transport choices. 

Overall the results of this research appear to suggest that there is a need for emissions 

information relating to personal transport, in terms of educating individuals to the consequences 

of their actions, and a general receptiveness towards such information. While the provision of 

emissions information as a standalone intervention may not be viewed as an effective driver of 

behaviour change, this information does appear to have a role to play in terms of increasing 

awareness and personal reasonability within the general public. 
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CHAPTER 1: INTRODUCTION 

1.1 Climate Change and Transport Emissions 

Anthropomorphic climate change is the alteration in the global climatic system as a result of the 

emission of greenhouse gases from human activities. The majority of the international scientific 

community now appears to be of the consensus that humanity is contributing to global climatic 

change as a result of the emission of greenhouse gases (Bray, 2010; Doran and Zimmerman, 

2009). According to the Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2007) 

“warming of the climate system is unequivocal” and it is very likely that climate change will 

result in a 1.8 - 4°C average global temperature rise by the end of the 21
st
 century. The cause of 

these increases in greenhouse gas concentrations appears be clear; according a 2014 report from 

the IPCC “Human influence on the climate system is clear. This is evident from the increasing 

greenhouse gas concentrations in the atmosphere, positive radiative forcing, observed warming, 

and understanding of the climate system” (IPCC, 2014).  

1.1.1 The Role of CO2 and Transport 

Currently, global transport sector accounts for roughly of 23 percent of total worldwide 

anthropomorphic greenhouse gas (GHG) emissions (IEA, 2014).  In both Ireland, and the 

European Union 27 (as of 2013), transport accounts for a sizeable proportion of emissions, 

usually estimated to be in the region of 20 - 25% of annual totals (EPA, 2014; IPCC, 2007; 

EEA, 2012). If the transport sector adopts a “business as usual” approach and does not 

implement any significant changes, it is predicted that emissions will be one third higher than 

their 1990 levels by 2020 (EU, 2011). Within the Irish transport sector CO2 emissions fell by 

26% between 2007 and 2013 which would appear to indicate progress in terms of climate 

change mitigation, however the largest decreases observed were in the freight and aviation 

sectors rather than in personal surface transport (public transport and private cars) (SEAI, 

2014). It is also important to note that a 6.7% contraction was observed in the economy in the 

same period (SEAI, 2014). While the period 2007-2012 has seen an increase of 15% in the 
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energy efficiency of the Irish transport sector, energy use per capita on transport is still 30% 

higher in Ireland than the EU average (SEAI, 2014). 

1.1.2 Governmental Targets 

Numerous international targets exist with regard to reducing greenhouse gas emissions from 

various activities by set dates. Current EU targets aim at producing a reduction of emissions to 

50% of 1990 levels by 2020 (EU, 2012), and a reduction of 85 - 90% by 2050 (EU, 2012). To 

meet these very ambitious targets, major emissions reductions will be required across all 

sectors, as no single act or sector is going to provide an adequate individual solution. Transport, 

and in particular personal transport, offers an opportunity for individuals to contribute 

significantly to climate change mitigation measures. As part of the European Commission’s 

2011 White Paper on transport (EU, 2011) a target of a 60 percent reduction in transport 

emissions by 2050 is outlined. 

The Irish national transport policy document “Smarter Travel” acknowledges the need for 

emissions reduction in the future stating “A reduction in greenhouse gas emissions and 

increased efficiency in the transport sector will contribute to Ireland’s international 

commitments regarding climate change” (DOT, 2009). Under the National Transport 

Authority’s (NTA) Greater Dublin Area Draft Transport Strategy (NTA, 2012) it is recognised 

that Ireland needs to reduce its CO2 emissions arising from the transport sector by 20 percent of 

its 1990 levels by 2020. 

To achieve these targets, it has been acknowledged that a number of significant changes need to 

be made to the way that the Irish population currently travels. Under the government’s Smarter 

Travel policy document it is estimated that driving, which currently accounts for 65% of 

commuter trips, will be reduced to 45%, with 10% of these trips taking place by bicycle (DOT, 

2009). However, it is recognised that, even with improved transport infrastructure and more 

efficient use of existing services, it is highly likely that individuals’ lifestyles will have to 

change considerably to realise this vision (DOT, 2009). 
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1.1.3 Potential Role of Emissions Information in the Personal Transport Sector 

The reduction of CO2 emissions within the personal transport sector will only be possible with a 

combination of technological and behavioural solutions (Waygood et al, 2011). Such solutions 

will require a large number of individuals to alter their transport habits. If individuals are to be 

expected to make more sustainable transport choices, they must first have the requisite 

information to make informed comparisons between available options. It appears that while 

individuals may be, to some degree, aware of how their transport choices impact upon the 

environment, this understanding is quite weak (Whitmarsh et al, 2011). Research has 

demonstrated that there is a need for more tailored and targeted information to aid individuals’ 

choices (Anable et al, 2006; Lorenzoni et al, 2007). 

While the precise role that information plays in altering individuals’ attitudes and behaviours 

may be uncertain, and a matter for debate for proponents of certain behavioural theories 

(Metcalfe and Dolan, 2012; Avineri, 2012), it is clear that without basic information, it is very 

difficult for individuals to make conscious decisions without first being aware of the nature of 

the problem. 

The last decade has seen the emergence of a large number of digital services designed to 

provide individuals with information about the transport alternatives available to them. These 

services may come in the form of online journey planners, smartphone applications or stand-

alone digital devices. Typically such devices or applications take in a selected origin and 

destination and return information on possible routes, with associated trip characteristics such 

as trip time and cost. As well as providing information on these traditional characteristics, it is 

also possible for such applications to provide users with estimates for the CO2 emissions 

associated with the routes and modes available to them. With the emergence of smartphone 

technology it is now possible for users to log their historic trips and gain feedback regarding the 

environmental consequences of their actions. These technologies provide previously 

unavailable platforms to increase awareness of the environmental impact of transport choices, 

while at the same providing a valuable service to user. 
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1.2 PEACOX Project 

The research presented in this thesis formed part of the wider PEACOX (PEACOX: Usable 

Persuasive Trip Advisor for Reducing CO2-consumption) project which was funded as part of 

the European Union’s Seventh Framework Programme. This project was established to examine 

the impact of providing individuals with emissions information via a smartphone application. 

For the purposes of the PEACOX research project a bespoke journey planning application was 

developed for the Android smartphone platform with the goal of providing users with CO2 

emissions information in tandem with relevant information concerning trip time and directions 

between a selected origin and destination. The project team consisted of a consortium of 

academic and commercial concerns from various European Union member states. The project 

partners are outlined in Table 1.1.  

1 Table 1.1 Project Partners 

Partner Member State 

Trinity College Dublin Ireland 

Fluidtime Data Services Austria 

Centre for Usability Research  Austria 

Telematix Software  Czech Republic 

Institute of Communications and Computer Systems  Greece 

ITS Vienna Region Austria 

Swiss Federal Institute of Technology Zurich  Switzerland 

TOM TOM International Netherlands 

 

As part of the project, a series of field trials were organised in Dublin and Vienna to test both 

the technical functionality and usability of the application, and the response of users to the 

information it provided. The results presented in this dissertation pertain solely to the Dublin 

component of this research, as it was not possible to replicate all research methods in both 

locations due to resource constraints and language issues. Further research regarding a 

comparison between the two cities has been undertaken and will be presented in subsequent 

academic publications. 

The PEACOX application and the Dublin field trials are discussed in more detail in Chapters 3 

and 6. Further information regarding the PEACOX project, including project documentation 
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and research findings not directly relevant to this dissertation, can be found by accessing the 

project website at: http://www.project-peacox.eu/home/ . While some of research presented in 

this thesis was undertaken as part of the PEACOX project, the design and analysis of 

experiments is solely the work of the candidate. Where data is collected in tandem with other 

project partners, it will be indicated.  

1.3 Research Objectives    

The provision of real time emissions information to the public within the transport sector is a 

relatively new development. This especially true with regard to utilising digital technologies 

such as smartphone applications and online journey planners. Research is required with regard 

to the need and demand for this information, the role and format that it should take, and its 

potential to impact upon individuals’ levels of awareness, attitudes, and behaviours. For the 

purposes of this research the following objectives were identified to best meet these 

requirements:  

1. An examination of the methods currently being used to provide emissions information 

to transport users 

2. An assessment of the effectiveness of various methods of framing emissions 

information with the aim of improving individuals’ understanding of such information 

3. An examination of the current levels of knowledge regarding the emissions contribution 

of transport modes in the Greater Dublin Area (GDA)   

4. An assessment of the demand for emissions information as a feature of journey 

planning smartphone applications 

5. An investigation of the role that trip specific emissions information can play in altering 

the attitudes and behaviours of individuals utilising preference experimental methods 

6. An examination of the impact upon the mode choices of individuals using a smartphone 

journey planner with trip information specific information functionality over an 

extended period   
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7. An examination of the application of discrete choice modelling methods to examine the 

role of emissions information in real world situations 

8. The production of a number of recommendations for the integration of emissions 

information into new and existing transport information services 

1.4 Overarching Methodology 

While this thesis examines a number of interrelated research questions, the overarching theme is 

an exploration of the role of emissions information in the personal travel choices of individuals. 

To achieve this goal a six step sequential approach was implemented beginning with a literature 

review to identify the research questions and culminating in field testing of a smartphone 

application which provided emissions information as part of its journey planning functionality. 

Including the critical assessment of research, the following the overarching methodology can be 

defined as below:  

 Step One: Review of Literature and Identification of Research Questions (Covered in 

Chapter 2) 

 Step Two: Audit of existing approaches (Applications and Websites) to providing 

emissions information on a digital platform (Covered in Chapter 2) 

 Step Three: Design and distribution of surveys to examination the potential 

receptiveness of individuals to emissions information (Chapter 4: Pre-Trial Surveys) 

 Step Four: Implementation of Stated Preference Experiment (Stated Preference Survey: 

Chapter 5)   

 Step Five: Eight week panel study/Field trial providing an in depth examination of the 

impact of emissions information as part of a journey planning (Application Field Trial: 

Chapter 6) 

 Step Six: Critical Assessment of research findings and formation of overall findings 

and recommendations for further research  (Chapter 7) 
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1.4.1 Overview of Dissertation  

The remainder of this thesis is presented in the following format: 

Chapter 2 Literature Review and Background: This chapter provides an overview of the need 

for emissions information and the emergence of attempts to utilise information to impact upon 

individuals transport choices. Specifically this chapter outlines the barriers that individuals face 

when attempting to transition to sustainable modes and the potential role of information, current 

approaches being taken to provide emissions information via digital technologies, and an 

examination of the wider landscape regarding the role of digital technology in transport choices.  

Chapter 3 Research Design and Methods: This chapter provides an outline of the approaches 

taken to address the research questions examined in this dissertation. This chapter summary of 

the methods used to collect and analysis the various data sets relevant to this research.  

Chapter 4 Examination of Issues relating to the Provision of Emissions Information: This 

chapter provides an examination of a survey results pertaining to a number of specific issues 

relating to the provision of transport emissions information via digital technologies. 

 The demand for emissions information and current usage trends regarding journey 

planning applications 

 Methods of framing emissions information in terms of understanding and likely 

influence on behaviour 

 Current levels of understanding with the populous regarding the emissions contribution 

of various transport modes available within the GDA 

Chapter 5 Stated Preference Experiment: This chapter outlines the results of a stated preference 

experiment to analysis the impact of emissions information on a hypothetical trip utilising a 

large sample of respondents. 

Chapter 6 Application Field Trials: This chapter presents the results of an eight week field trial 

designed to examine of the impact of an emissions themed journey planning application.  
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Chapter 7 Discussion: This chapter combines the results of the research presented in the 

previous chapters to clearly demonstrate how these approaches have addressed the relevant 

research questions. 

Chapter 8 Conclusions, Critical Review, and Further Research Recommendations: This chapter 

outlines the overall conclusions of this research and provides a number of recommendations for 

further research based upon the results presented in this dissertation. This chapter also provides 

a critical review of the research undertaken. 
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CHAPTER 2: LITERATURE AND BACKGROUND  

2.1: Introduction  

When considering the potential role of emissions information in terms of influencing the 

transport behaviour of individuals, it is important to consider the landscape into which such 

information would fit. The first section of this chapter identifies some of the barriers against 

large scale transitions to sustainable transport practices, and will assess the potential role of 

targeted emissions information in helping address some of these issues. The second section 

provides an examination of current approaches being utilised within the transport sector to raise 

awareness amongst individuals of the environmental impact of their transport actions. The third 

section of this chapter will provide an overview of the existing digital transport information 

sources and their impact upon users’ behaviours and perceptions. The fourth section outlines 

current gaps in the literature and research opportunities in this area.  

2.2 Barriers to Sustainable Behavioural Change  

While modal shift towards sustainable modes is highly desirable, with regard to reducing 

anthropogenic greenhouse gas emissions, there are a number of barriers to achieving this shift. 

This section highlights some of these barriers and how they can impact upon efforts to achieve 

desired behavioural change.  

Before considering the specific challenges facing the transport sector, it is important to 

acknowledge wider issues governing human behaviour and its resulting environmental impact, 

specifically with regard to climate change.  

2.2.1 The Ability to Relate to Climate Change 

One of the first barriers one must consider when discussing the promotion of sustainable 

choices, is why individuals should alter their current behaviours, and what they personally 

would ultimately gain from doing so. While it is clear that there is a need for large scale 

emissions reduction on a global scale, it is also important to consider why any given individual 



10 
 

would consider it important for him or her to alter their behaviour, and what issues may be 

encountered with regard to fostering such an attitude. One issue concerns the fundamental 

nature of climate change itself as a process and what problems it presents in terms of motivating 

behaviour change in individuals. 

2.2.1.1 The Nature of Emissions 

One of the first problems that are encountered when the problem of climate change is 

considered must be the physical nature of the primary agents. Greenhouse gases, such as CO2, 

have a number of features that make it very easy for them to be ignored or never even 

considered in the first place. Taking CO2 as an example, it becomes clear how some of these 

problems arise. CO2 in its gaseous form is both invisible and odourless, and therefore it is very 

hard for an average individual to detect emissions levels, without the assistance of scientific 

methods (Avineri, 2012; Anable, et al, 2006). While it is possible that tail pipe emissions may 

be confused with either water vapour or particulates, it is essentially impossible for an ordinary 

individual to identify when and where emissions are being produced. This becomes a classic 

case of a problem being out of sight and therefore out of mind (Lorenzoni et al, 2007).  

This problem becomes even more acute when electrified modes of transport are considered. 

Modes such as electric cars, trams and electrified heavy rail often rely on a national grid as their 

power source, where emissions are produced at a distance both in terms of time and space from 

the associated trips. For example an individual travelling by electrified tram may not ever think 

about the CO2 emissions being produced by distant coal and oil powered generation plants.  

2.2.1.2 Nature of Climate Change 

The majority of greenhouse gas emissions are produced in industrialised regions such as 

Europe, North America and East Asia (EPA, 2008), whereas effects are currently being most 

acutely felt at the geographic poles, in high altitude regions, and vulnerable developing 

communities such as the Maldives and Bangladesh (IPCC, 2014). Therefore, many of the 

regions that are likely to be most severely impacted are also home to many of the world’s most 
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vulnerable people, who have benefited least from the exploitation of fossil fuels, and who may 

lack the resources to adapt to new “normal” climatic conditions. In essence climate change can 

be considered to be a “buried” phenomena, as it is hard to distinguish this from natural changes 

in the weather when observed from the short time horizons of an average individual (Whitmarsh 

et al, 2011). This may be a case of individuals mistaking weather fluctuations with climate. 

The combined effect of nature of climate change and the invisibility issue associated with 

greenhouse gases results in it being a “Non-Salient Issue” for a large proportion of individuals 

(Bord et al, 2000). Individuals may have an abstract understanding of climate change and that it 

is occurring, and they may even feel that they have some part to play in it, but can easily fail to 

consider it in the decisions they make in the course of their everyday lives. As stated by Line et 

al. (2010) when examining the behaviour intentions of young people, “Participants referred to 

their lack of concern about climate change due to their limited experience of related impacts”. 

This phenomenon is not just confined to climate change, or even environmental issues. Large 

numbers of individuals undertake activities such smoking, over-eating, and under-exercising 

despite the possessing knowledge about the long term consequences of these activities. The 

same problems occur with regard to encouraging individuals to save money and to contribute to 

their pensions (Ariely, 2008). In all the aforementioned cases, the activity, or lack of activity, 

may have known long term negative consequences for the individual in question, yet corrective 

behaviour change does not occur, as individuals essentially discount future costs in favour of 

more immediate problems or pressures.  

2.2.1.3 Tragedy of the Commons 

Climate change resulting from human activities can be considered as a prime example of what 

Garret Hardin labelled “Tragedy of the Commons” in his 1968 article (Hardin, 1968). This 

theory essentially stated that where there is a common resource which is accessible by 

individuals acting rationally in their own self interest, the resource will eventually becoming 

depleted if it is not correctly managed. This theory has been applied to a wide number of 

economic and environmental problems such as the depletion of fisheries, grazing on common 
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land, and the over exploitation of aquifers (Gardner and Stern, 1996). If the environment, or 

more specifically global climatic stability, is considered as a common resource, climate change 

can appropriately be considered as a case of the tragedy of the commons. Billions of individuals 

each make small, often seemingly insignificant, contributions to the determent of the stability of 

the global eco-system in the form of their everyday decisions. Examples within the transport 

sector include deciding what model of car to buy, taking long haul flights, or deciding to drive 

rather than to take non-motorised or public transport. While society as a whole is eroding away 

a vital natural resource, it could be argued there is little or no tangible economic benefit in an 

individual taking action to alter their behaviour. In fact the individual who acts out of a sense 

social responsibility may place himself or herself at a disadvantage as, in the transport sector at 

least, they are often forsaking mobility and time to travel in a manner that is less detrimental to 

the global climatic balance.  

2.2.1.4 Altruism  

Climate change is a global problem, but not all individuals and societies are equally culpable in 

terms of emissions produced, and not all individuals will experience the same effects from 

changes to the stability of the climate. It is highly likely there are many who will benefit from 

the changes and uncertainty associated with climate change, as uncertainty creates opportunities 

for large profits (as well as large losses) within the global markets (Heinberg, 2011). Even if 

climate change causes a net loss to the world economy, there will also almost certainly be a 

number of individuals who will derive significant personal gains from it. It is nearly impossible 

therefore to predict how changes in a single individual’s behaviour will impact upon his/her 

future. If sustainable behaviour has no measurable or predictable personal benefit, and may be 

associated with measurable loss, both in terms of monetary costs and undesirable lifestyle 

changes, the necessary behaviour changes must be driven a form of motivation other than 

monetary gain.   

Just as individuals contribute to charitable causes without expecting personal reward, it is often 

suggested that individuals make necessary behaviour changes out of some altruistic urge to help 
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their fellow man (Gardner and Stern, 1996). The reliability of altruistic motivation is far from 

assured, however, particularly when the benefits of the behaviour may not be seen for decades, 

or even within the lifetime of a given individual. It has also been argued that, while altruistic 

behaviour is indeed witnessed in all human societies, that this altruism often only extends to 

family, friends and people with whom we feel common bonds (Gardner and Stern, 1996).  

2.2.1.5 Powerlessness 

Anthropogenic climate change is a phenomenon caused by the actions of billions of individuals 

worldwide resulting in huge global weather changes. In the face of such a huge problem many 

individuals exhibit a sense of powerlessness (Aitken et al, 2011; Lorenzoni et al, 2007), in terms 

of the potential impact any sustainable actions they may undertake will have. This becomes 

exacerbated when comparisons are made with the collective output of large industry and 

powerful industrial nations, most notably the United States and China (Whitmarsh et al, 2011).  

In addition to this, the weak link between cause and effect results in an inability to quantify the 

impact of any actions individuals that may take in an effort to reduce their carbon footprint. If 

individuals are unable to receive positive feedback regarding their behaviour, these actions may 

appear to be meaningless. As current market conditions can fail to provide substantial financial 

rewards to individuals acting in a sustainable manner (Hughey et al, 2011), this lack of social 

and personal recognition serves only to compound the problem of lack of motivation for the 

movement towards more sustainable behaviours.  

2.2.1.6 The Free Rider Effect 

Individuals may be of the opinion that by altering their behaviours that they are essentially 

enabling others to act as free riders contributing nothing, and therefore the overall 

environmental situation remains unchanged to their personal detriment (Aitken et al, 2011). 

While unsustainable actions remain unpunished by the market it is very difficult to initiate 

behaviour change. Unlike other socially undesirable activities, such as drinking alcohol in 
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public or smoking in places of work, it is very difficult to identify who these “free riders” are 

and therefore the force of social pressure as a tool for change is diminished. 

2.2.1.7 Public Scepticism 

While the vast majority of the scientific community is of the agreed that human activity is 

increasing the concentration of CO2 in the atmosphere, and hence producing an environment of 

increased global climatic instability (NASA, 2014), opinion varies on the degree to which this is 

occurring and the likely effects resulting from it (Bray, 2010). This can often be misinterpreted 

by individuals with vested interests as proof that there is still considerable debate as of whether 

climate change is occurring. The perceived need for “balance” in the popular media often 

results in climate change deniers being given what may be considered to be disproportionate 

public exposure (Climate Progress, 2011), leading to scepticism within the general populace 

regarding the validity of climate change as a theory (Lorezoni et al, 2007; Poortinga et al, 

2011). 

2.2.1.8 Other Priorities 

Ordinary individuals have numerous concerns that they must deal with on an on-going bias. 

These concerns are typically wide ranging in nature and may include financial pressures, health 

concerns, or issues with personal relationships. The average person appears to have a limited 

ability to consider all possible relevant issues simultaneously. The “finite pool of worry” is the 

idea that the ability to focus one’s attention across a range of issues can be further diminished 

by the occurrence of acute events such as health troubles or job loss (Columbia, 2009). The 

current global economic recession has put pressure on a large sector of society that would have 

previously been relatively financially secure (Irish Examiner, 2013). These concerns may erode 

away at the finite pool of worry reducing the amount of time and cognitive energy that 

individuals have to focus upon issues such as the environment (Lorenzoni et al, 2007. 

Whitmarsh et al, 2011). When what is remaining of this limited resource is then spread across 

all environmental concerns it is hardly surprising that climate change can simply fall off the 

radar for the majority of the population. 
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Figures 2.1-4 displays the results of selected Google Trend (Google Trends, 2013). Google 

Trends allows users to analysis Google searches and see how often certain terms have been 

searched for on the Google search engine over a given period. These graphs display results for 

the terms “Global Warming” and “Climate Change” at both a global and localised Irish level. 

All four graphs show periods of peak interest in these terms between 2007 and 2010 and 

subsequent declines. If this metric is treated as a rough barometer of public concern and 

interest, it is clear that climate change is slipping from public attention. While these graphs do 

not provide any explanatory information, the decline appears to coincide with the global 

economic downturn of 2008, suggesting that other issues have usurped climate change in public 

consciousness.   

1Figure 2.1 Google Trends Climate Change (Ireland) (Google Trends, 2013) 

 

2Figure 2.2: Google Trends Global Warming (Ireland) (Google Trends, 2013) 
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3Figure 2.3: Google Trends Climate Change (Worldwide) (Google Trends, 2013) 

 

4Figure 2.4: Google Trends Global Warming (Worldwide) (Google Trends, 2013) 

 

2.2.2 Transport Specific Barriers 

While there are a number of generic barriers discouraging individuals from undertaking 

behaviours that may reduce their carbon footprints, there are a number that are specific to the 

transport sector. These barriers can be divided into two rough classifications; infrastructural or 

“hard barriers” and physiological or “soft barriers”. Both barrier types present distinct 

challenges that require very different solutions. 

2.2.2.1 Hard Barriers 

The term “hard barriers” refers to physical or infrastructural barriers that prevent individuals 

from engaging in sustainable travel practises. These may include the lack of access to public 

transport, unreliable and overcrowded services, the lack of safe and well maintained cycle paths 

and pedestrian walk ways, as well as unfavourable climatic conditions e.g. extremes of cold or 

precipitation. Many hard barriers may be a result of a historic lack of investment in public 

transport, car-orientated urban planning, or be the legacy of low density urban sprawl (Browne 
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et al, 2011). In the case of the weather it may simply be a function of the geographic location of 

a city. Deconstructing hard barriers often requires investment in large scale infrastructural 

projects such as the construction of new public transport lines and the retrofitting or upgrading 

of existing services. Projects such as these typically result in the need for large scale 

expenditure, often from the public exchequer, and may not desirable, or even possible, in times 

of economic downturn. While it is often possible to better utilise existing infrastructure, the lack 

of viable sustainable alternatives may impede behaviour change programmes. 

2.2.2.2 Soft Barriers 

“Soft” or internal barriers, refer to psychological impediments that the individual or society 

constructs that obstruct use of accessible sustainable modes. These barriers are a function of 

both the individual’s attitudes and also the social norms that they perceive within their 

community. An example of this might include the social acceptability of taking long haul flights 

or perceptions of public transport.  

2.2.2.3 Perception of Available Alternatives 

The decision of an individual to travel in an unsustainable manner cannot always be attributed 

to the lack of available alternatives. Whilst it is true that many individuals lack access to 

sustainable transport, the issue of perceived access is also a major barrier to mode choice. 

Sustainable alternatives may be accessible; however, the individual may perceive them to be 

unreliable, unsafe, or unsuitable to the individual’s mobility needs (Browne et al, 2011).  

2.2.2.4 Transport Habits  

Individuals often engage in habitual behaviour or low level behaviours (Moloney et al, 2010) to 

reduce the expenditure of cognitive energy (Aarts et al, 1997). Individuals possessing travel 

habits are less likely to consider other options and those with stronger habits are less likely to 

consider all the attributes of a trip, instead they employ heuristics to simplify the process of 

mode and route choice (Gardner, 2009). This can be especially true of trips such as a home to 

work commute where it is often assumed that the individual has located a satisfactory route, in 
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terms of their desired parameters, and therefore has little or no incentive to try other modes 

(Lyons, 2006). This habitual behaviour may be less than optimal if a new and more efficient 

alternative emerges, or as is the case with CO2 emissions, a trip attribute that was previously 

unconsidered subsequently becomes significant.  

2.2.2.5 Social Norms 

A number of widely accepted sociological theories, including the Theory of Planned Behaviour 

(Ajzen, 1991) and the Norm-Activation (Schwartz, 1977), highlight the role that social norms 

can play in influencing an individual’s behaviour. Social norms are essentially a set of 

behaviours that a society deems to be acceptable given a certain set of circumstances. While 

these norms often inform legislation, many actions may be considered socially unacceptable 

while still being within the law. Existing social norms appear to view sustainable behaviour as a 

worthy activity, however there is not widespread disapproval of non-sustainable behaviour, and 

therefore such behaviour will generally go unpunished in terms of the application of social 

pressure (Browne et al, 2011; Moloney et al, 2010; Lorenzoni et al, 2007).  For example, while 

one individual may be viewed favourably for cycling to work every day, it is highly unlikely 

that another individual will be looked upon unfavourably for driving the same journey. 

Social norms are not, however, fixed conventions. Instead they often vary from place to place 

and between different periods in history. Behaviours that may once have been viewed as 

acceptable, such as drink-driving, can become highly socially unacceptable as a result of 

educational schemes and the application of increased public resources (Guardian, 2014).  

2.2.2.6 More Immediate Attributes 

Traditionally research in the transport sector has concentrated upon a small number of trip 

attributes in terms of the role they play with regard to the travellers’ decision. These tend to 

include cost, time, access to public transport, comfort, and convenience (Commins and Nolan, 

2009; Chatterton et al, 2009). Unlike CO2 emissions, changes in the attribute levels of these 

factors constitute a personal gain or loss that is quite tangible to the decision maker.  
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2.2.3 Lack of Information 

Many of the issues outlined in this section are very complex and require large scale investments 

in both infrastructure and education. These barriers cannot be easily deconstructed, but that 

does not mean that transport behaviour cannot become more sustainable. One area where there 

is scope to eliminate an existing barrier, is with regard to knowledge of transport related 

emissions. While individuals may be vaguely aware that their transport actions impact upon the 

environment, there is evidence that this understanding is quite weak (Bord et al, 2000). Existing 

research has highlighted the need for more tailored and targeted information to inform 

individuals about the environmental impact of their transport decisions. (Anable et al, 2006; 

Lorenzoni et al, 2007).   

Unlike other forms of trip information such trip times and costs, which are typically displayed 

at transport stops and at points of sale for tickets, environmental information has traditionally 

been difficult for the average traveller to access. This information cannot easily be deduced by 

the service users, rather it has to be provided to them by some external party. If such is 

information is not readily available, it is highly unlikely that a significant number of individuals 

will alter their behaviour, regardless of their attitudes towards sustainable behaviour (Avineri 

and Waygood, 2013). Therefore if individuals are to be expected to act in a manner that can be 

considered to be more sustainable than current behaviours, they must first be equipped with the 

tools to do so. The provision of emissions information may be viewed as the first step towards 

influencing sustainable transport behaviour, as without the appropriate information it is close to 

impossible to make an informed choice.  

Considering the barriers presented in this section, it can argued that information provision has 

the potential help to tackle some of these issues and help to promote sustainable personal 

transport. While it is important to consider the limitations of information provision in isolation, 

it does have the potential to overcome some of the barriers examined (Waygood et al, 2011).  
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2.2.4 Nudging 

The idea of the “Nudge” was popularised in the 2008 book of the same title by Richard Thaler 

and Cass R. Sunstein (Thaler and Sunstein, 2008). In essence the method advocated by the 

authors is known as ‘liberal paternalistic’ approach. This approach supports the individual’s 

right to make a free choice, but suggests that this choice may be influenced by carefully 

manipulating the choice architecture. Thaler and Sunstein (2008), acknowledge that ordinary 

individuals do not act in accordance with the idea of the rational man, favoured by neo-classical 

economics, rather individuals often employ cognitive shortcuts to save time and energy, and 

therefore it may be possible to take advantage of this to alter behaviour. One example of this 

strategy in action arises in the retail sales sector. In such a case two similar products may be 

placed in such a manner that one product has greater visibility to the consumer. Although both 

products may be identical in price and quality, the more prominent one will likely see greater 

sales due to its placement as individuals are unlikely to seek out all the available information 

regarding their purchase options.  

In the same way it can be argued that emissions information can be provided in such a way that 

it can increase or decrease the attractiveness of a given mode. In this case the choice architect, 

namely the information provider, is not changing the attributes of alternatives; instead they are 

simply giving prominence to a previously invisible consequence of mode choice.       

2.2.5 Impact of Emissions Information 

As the provision of emissions information is still an emerging area, there are relatively few 

empirical studies present within the literature concerning the impact that emissions information 

on mode choice (Avineri and Waygood, 2013). There are a number of studies that have 

examined the impact of emissions information in other contexts and within other sectors. A 

number of studies have been conducted with regard to impact of the provision of information in 

terms of promoting changes in driving technique to reduce related emissions. Boriboonsomsin 

et al. (2011), Caulfield et al. (2014), and Martin et al. (2012) have all examined the effect of eco 

driving coaching to reduce emissions and saw modest reductions in emissions over the trial 
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periods. Fewer studies have been undertaken regarding the impact of emissions information as 

part of journey planning applications; however, experiences in the retail sector have displayed 

mixed results with regard to the provision of emissions information on packaging. Studies 

undertaken to examine grocery sales have indicated that consumers can often find emissions 

information to be quite confusing (Upham et al, 2011) and it is unlikely that this information 

will play a major role in the purchase of retail goods. Issues such as the perceived “fragmented 

and haphazard” (Gadema and Oglethorpe, 2011) approach taken continue to hamper efforts at 

educating the general population to transport emissions. The major British retailer TESCO had 

previously attempted to introduce a carbon labelling scheme to encourage more sustainable 

purchases, however the organisation ended this approach citing the large workload involved and 

the failure of other retailers to follow its lead (Guardian, 2012). 

2.2.6 Impact of Non-Emissions Information 

While this research focuses specifically on the role of emissions information within the 

transport sector, it is interesting to consider the role that information plays in promoting other 

sustainable behaviours. If emissions information is considered to be feedback, and the relevant 

smartphone applications and information sources are considered to be smart meters for 

emissions, it is possible to draw parallels with studies conducted in other fields, most notably in 

the electricity retail sector. In this sector research has been undertaken to assess the impact that 

installing meters to allow individuals to see how much of the utility they are consuming and to 

alter their behaviour accordingly. The provision of direct feedback has been observed to 

produce average savings of 5%-15% (Darby, 2006), but the long term effectiveness of such an 

approach is questionable with individuals often reverting to their previous habits (Gardner and 

Stern, 1996). It must be noted that in this industry, the users stand to gain financially by 

reducing their consumption of electricity. In contrast, in the transport sector individuals are 

likely to suffer losses in terms of mobility and flexibility, and even financially, if they choose 

more sustainable options. 
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2.2.7 Section Conclusions  

There are a large number of barriers that have the capability to prevent individuals from 

transitioning to more sustainable transport practices. While the provision of information cannot 

be considered to be a solution to all of these issues, it does represent a relatively simple method 

of beginning to deconstruct at least some of these barriers. The next section will highlight some 

of the efforts currently being undertaken to provide individuals with more information 

regarding the environmental impact of their transport choices.    

2.3 Provision of Emissions Information   

Within the transport sector a number of organisations are working to provide individuals with 

information regarding the environmental impact of the transport options available to them. The 

following section outlines some of the approaches currently being adopted by these 

organisations, and examines the role that new technologies may play in increasing public 

awareness of carbon emissions. 

2.3.1 Sources of Information 

As many new sources of emissions information are currently being developed, there are not yet 

clearly defined categories into which to place such services. When looking specifically at 

smartphone applications Manzoni et al. (2011) proposed a classification system for such 

applications consisting of “aggregated data, personal diaries, and trip-by-trip applications” 

(Manzoni et al, 2011). In reality a method of information provision may fall into multiple 

categories, however, for the purpose of this thesis five largely distinct categories have been 

identified based both upon the information the services supply and the media/technology used. 

These categories are: Legislated Product Labelling, Multiple Activity Carbon Footprint 

Calculators, Journey Planners (both Online Tradition Internet and Smartphone Applications), 

Emissions Tracking Applications, and In-Car Devices. 
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2.3.1.1 Product Labelling 

Both the European Union and the United States governments currently require that all new cars 

on sale display labels indicating information regarding the environmental impact corresponding 

to that vehicle. Under EU Directive 92/75/EC (EEC, 1992) all new cars must be accompanied 

by a sticker that indicates the carbon emissions associated with the vehicle, as well as the fuel 

consumption of the vehicle for both urban and extra urban driving environments. Similarly in 

the United States new vehicles must have an associated Fuel Economy Label, also known as a 

“Monroney Sticker” (EPA, 2011), that, among other things, discloses the fuel efficiency of the 

vehicle and its corresponding carbon footprint. Both schemes represent legislative requirements 

to provide citizens with environmental information to enable more informed purchases. Such 

schemes would also appear to be an acknowledgement of the need to provide more information 

to individuals when making transport choices and purchases. 

5Figure 2.5 Monroney Sticker (EPA, 2011) 

 

2.3.1.2 Multiple Activity Carbon Footprint Calculators  

There are currently numerous websites and applications that allow users to calculate their 

personal carbon footprint based upon a number of lifestyle factors such as home energy use and 

household insulation, food and waste, and consumption of retail goods, as well as providing 

estimates for emissions arising from transport activities. Information is often provided for each 

separate activity area, and individuals can input potential behaviour changes and receive 

feedback on likely emissions reductions resulting. This function provides an opportunity for 



24 
 

individuals to identify the area(s) of their lives where they can make the greatest emissions 

reductions with the smallest amount of distribution to their current lifestyles. This approach has 

the advantage of enabling those individuals who face serious restrictions with respect to 

transport options to reduce their carbon footprint in a more achievable manner. One limitation 

of these calculators is that they tend to make assumptions with respect to individuals’ transport 

habits, and therefore may lose a certain degree of accuracy with respect to a specific user. 

Examples of these calculators include websites such as Carbon Fund (Carbon Fund, 2014), 

Urban Eco Map (Urban EcoMap, 2014), and the World Wildlife Fund (WWF, 2014) carbon 

calculators. 

2.3.1.3 Emissions Tracking Applications 

The rise of smartphone devices in recent years has allowed for the design of applications that 

enable users to track their CO2 emissions arising from personal transport. Unlike other carbon 

footprint calculators, which often produce emissions estimates based upon national averages 

and estimated trip lengths, these applications are able to record the trips taken by individuals, 

and produce a post-trip carbon footprint estimates. Estimates may be produced by collecting 

historic trip information using Global Positioning System (GPS) traces, mobile network data 

and Wi-Fi location detection, in tandem with the phone’s accelerometer, and then multiplying 

these distances by an emissions factor for a given mode. An example of such an application is 

the Android based Ride Off Carbon (CityRyde LLC, 2011) which asks the user to select 

whether their trip will be a car, bicycle, or walking trip, and uses GPS location services to 

determine the user’s trip length and corresponding CO2 emissions.  
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6 Figure 2.6 Ride Off Carbon (CityRyde LLC, 2011) 

 

Other applications such as Carbon Diem (Carbon Hero, 2013) have added features such as the 

ability to set emissions reductions goals which are then compared to the emissions feedback 

produced by the application. In this example the application also allows users to examine their 

historic trips and plot their emissions reduction as time passes. These applications allow users to 

create much more precise and personalised indications of their transport related carbon 

footprints. 

7Figure 2.7 Carbon Diem (Carbon Hero, 2013) 

 

2.3.1.4 In-Car Devices 

A number of in-car satellite navigation devices have been designed to allow users to alter their 

driving routes and driving styles to reduce their carbon emissions. Unlike the other digital 
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applications, these devices tend to relate only to car trips. The promotion of less fuel intensive 

or “eco” driving behaviour is also financially advantageous to the driver, as reduced emissions 

are related to a decrease in fuel consumption and therefore to reduced expenditure for the 

individual. Eco-driving can take a number of forms. One approach is where the device or 

application provides a number of potential routes and produces an estimate of fuel efficiency 

and associated emissions based on factors such as the driving environment, i.e. motorway 

driving versus suburban driving, and historic traffic conditions along the routes. With the 

increased availability of real time traffic data it is also possible to estimate routes based upon 

current traffic conditions and create more accurate predictions for both emissions and fuel 

consumption.  

Other devices go one step further and provide feedback to the driver on his/her driving style. 

Unlike simply suggesting potential routes, this approach is less generalised and therefore able to 

suggest changes specific in accordance with the user’s driving style. These suggestions may 

take the form instructions regarding gear changes or reducing excessive breaking. Examples of 

this type of device are the Vexia Econav system (Vexia, 2014) and the ecoPlus device from 

TomTom (Tom Tom, 2014).  

2.3.1.5 Journey Planners (Online and Smartphone Applications) 

With the advent of smartphone technology a number of journey planning applications and 

services have emerged to help users better plan their trips. The popularity and value of these 

services must now be beyond doubt as recent findings indicate that Google’s Maps application 

is the most used smartphone application in the world (Statista, 2013), and that in the United 

States 46.2% of all smartphone users have downloaded this app, while 27% have downloaded 

Apple’s equivalent application (Statista, 2013).   

Journey planners can come in the form of websites or smartphone applications. Such services 

are provided by a wide range of organisations, ranging from local authorities and public 

transport providers to private sector software developers. Utilising an ever increasing supply of 
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real time transport information, combined with public transport timetables, many of these 

applications are able to generate a selection of routing options between a desired origin and 

destination. Results may include only driving and walking routes, or may also include 

information such as scheduled and real time public transport information, as well as maps 

outlining the possible routes.   

These applications also offer a previously unavailable opportunity to push or “nudge” (Thaler 

and Sunstein, 2008) individuals towards making more sustainable choices. These services make 

it possible to provide users with information regarding the carbon footprints of the various 

modes and routes available to them for a given trip, in tandem with more desirable information 

such as trip time and associated costs. While emissions information cannot yet be considered to 

be a common feature of journey planning applications, there are already a number of 

applications and websites that provide emissions information as part of their service. Websites 

such as the Helsinki journey planner Reittiopas (Reittiopas, 2014), or the Brighton and Hove 

based JourneyOn (JourneyOn, 2014) are primarily journey planners, but also provide users with 

emissions estimates for each of the recommended modes. 

8Figure 2.8 Reittiopas Journey Planner (Reittiopas, 2014) 

 

 

The secondary importance of emissions information can be seen more clearly in some instances 

such as the San Francisco version of the journey planner 511.org (511.org, 2014) where 
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emissions information is only available in the beta version, or the Dublin based Hit the Road 

where emissions information included in the website but is not displayed as part of the 

corresponding smartphone application, possibly due to restricts arising from limited screen 

space (Hit the Road, 2014). 

9Figure 2.9: HittheRoad.ie (Hit the Road, 2014) 

 

In situations where emissions information is not initially present it is sometimes possible for 

individuals to upgrade the journey planners, by installation software such as the Google Maps 

plug-in (Oiworld.org, 2014) which creates emissions estimates based on the routes produced by 

the applications recommendation engine.  

10Figure 2.10 Google Maps Plug-in (Oiworld.org, 2014) 
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While this information may not necessarily influence individuals’ transport choices, it does alert 

them to the presence of the environmental impact of their choices, and the various emissions 

levels associated with the available modes. As carbon emissions can be considered to be 

invisible to ordinary individuals, the inclusion of emissions information in journey planning 

interfaces represents an opportunity to highlight the link between transport choices and these 

emissions, while requiring little effort or no additional on his/her behalf. Although the 

incorporation of emissions information into journey planner interfaces appears to be increasing, 

it cannot yet be considered a common feature of such services, and little research has been 

conducted on these trends. Table 2.1 displays an assessment of online journey planners for a 

number of major cities and regions. A number of international journey planning websites are 

chosen as not all journey planners are region-specific. This cannot claim to be an exhaustive 

audit of such services, as doing so would be extremely difficult due to their often local nature, 

but it does indicate that, while emissions information is being provided by certain journey 

planners, there are still a large number of popular services in major cities that do not provide 

such information.  

2 Table 2.1 Journey Planners and Emissions Information 

City/Region Application/Provider Emissions Information 

Dublin Hit the Road
(1)

 Yes 

Ireland National Transport Authority
(2)

 No 

London  TfL
(3)

 No 

UK Transport Direct
(4)

 Yes 

Scotland  Traffic Scotland
(5)

 Yes 

Milan ATM
(6)

 No 

Berlin BVG
(7)

 No 

Madrid CTM
(8)

 No 

Vienna AnachB
(9)

 No 

Amsterdam 9292
(10)

 No 

Helsinki Reittiopas
(11)

 Yes 

Stockholm SL
(12)

 No 

Toronto TTC
(13)

 No 

San Francisco 511
(14)

 Yes (Beta) 

Montreal STM
(15)

 No 

New York MTA
(16)

 No 

Sydney TransportNSW
(17)

 No 

Melbourne PTV
(18)

 No 

Singapore SBS T
(19)

 No 
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International Google Maps
(20)

 No (Plug-in Available) 

International Bing Maps
(21)

 No 

International RAC UK
(22)

 Yes  

International AA UK
(23)

 No 

 

(1) Hit the Road. Available at:http://hittheroad.ie/ 

(2) National Transport Authority, Transport for Ireland National Journey Planner. Available at: 

http://www.journeyplanner.transportforireland.ie/nta/XSLT_TRIP_REQUEST2?language=en 

(3)Transport for London. TfL Journey Planner. Available at: 

http://journeyplanner.tfl.gov.uk/user/XSLT_TRIP_REQUEST2?language=en 

(4) Transport Direct (2014), Journey Planner. Now closed  

(5)Traffic Scotland, CO2 Emissions Calculator. Available at: http://trafficscotland.org/carboncalculator/ 

(6) Azienda Trasporti Milanesi, Journey Planner, Available at: http://www.atm.it/en/Pages/default.aspx 

(7) BVG, Journey Planner. Available at: http://www.bvg.de/en/ 

(8) Consorcio Transportes Madrid, Transport Information System. Available at: http://www.ctm-madrid.es/ 

(9) AnachB, Journey Planner. Available at: http://www.anachb.at/bin/query.exe/dn?L=vs_anachb 

(10) 9292, Available at: http://9292.nl/en 

(11) Reittiopas, Journey Planner. Available: http://www.reittiopas.fi/en/ 

(12) Storstockholms Lokaltrafik, SL Start. Available at: http://sl.se/en/ 

(13) Toronto Transit Commission, Trip Planner. Available at: http://www.ttc.ca/Trip_planner/  

(14) 511, Trip Planner (Enhanced Beta). Available at 

http://enhancedtripplanner.transit.511.org/transitmmtp/tripplanner/index.aspx 

(15) Société de transport de Montréal (STM). Journey Planner. Available at: http://www.stm.info/en# 

(16) Metropolitan Transit Authority (MTA), Trip Planner.  Available at : 

http://tripplanner.mta.info/MyTrip/ui_web/customplanner/tripplanner.aspx 

 

(17) Transport for NSW, Journey Planner. Available at: http://www.transportnsw.info/ 

 

(18) Public Transport Victoria. Journey Planner. Available at:. 

http://ptv.vic.gov.au/journey#jpsearch%5Baction%5D=showPlanner 

(19) SBS Transit, Journey Planner. Available at://www.sbstransit.com.sg/journeyplan/step1.aspx 

(20) Oiworld.org, Carbon Footprint for Google Maps. Available at: 

https://chrome.google.com/webstore/detail/carbon-footprint-for-goog/ednfpjleaanokkjcgljbmamhlbkddcgh?hl=en 

 

(21) Bing Maps. Available at: http://www.bing.com/maps/ 

(22) RAC Route Planner. Available at: http://www.rac.co.uk/route-planner/ 

(23) AA Route Planner. Available at: http://www.theaa.com/route-planner/index.jsp 

 

http://www.atm.it/en
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2.3.2 Information Provision  

2.3.2.1 Push and Pull 

One important distinction that should be made between the methods of information provision 

under consideration is whether the information is “pushed” to the user by the service provider, 

or whether it is “pulled” by the user. When a user navigates to a website or downloads a 

smartphone application with the intended purpose of informing themselves about their carbon 

footprint they can be said to be pulling this information, as they have to make a consensus effort 

to access the service. This “pull” behaviour applies primarily to dedicated carbon calculators 

websites and emissions tracking applications, as well as fitted driving coaching equipment such 

as ecoPlus (Tom Tom, 2014). In all cases the individual has made the decision to gather 

information about how their actions impact upon the environment. It is therefore likely that 

such individuals will possess a higher level of environmental concern than an average member 

of the population.  

In the case where users do not necessarily have to seek out emissions information, it may be 

highlighted to them in tandem with the more desirable travel time and route information. 

Therefore such information is likely to be viewed by individuals who are not specifically 

interested in actively learning about their carbon footprint. As these applications and journey 

planners provide immediate personal benefit to the user, rather than longer term social benefit, 

they are likely to have the ability to reach out to more individuals than dedicated carbon 

calculators ever can. The inclusion of environmental information within the interfaces of 

information provision applications therefore creates an opportunity to “Nudge” individuals into 

making more sustainable decisions. 

2.3.2.2 Information Methods  

Table 2.2 presents an analysis of current methods of providing individuals with information 

about the environmental consequences of their transport choices. The following characteristics 

were used to analyses information sources: 
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Transport Specific: Does the source deal solely with transport or, as is the case with many 

carbon calculators, does it provide information on emissions arising from multiple activities? 

Personalised: Is the information calculated based upon specific characteristics of the user? This 

could include information relating to driving style, car model, or recordings of actual trips 

taken? 

Information Supplied: Does the source only provide emissions information, or is it provided in 

tandem with other data? 

Trip Specific: Does the source provide information on a trip specific basis? This may be 

calculated based on a specific origin-destination pair.  

Recommendation / Alternative Supplied: Does the source supply alternatives to the mode or 

route that the user has inputted? While it is important to highlight the impact of a trip, it is more 

useful to make users aware of more sustainable options available to them so they can change 

their behaviour accordingly. 

Primary Function: Is the primary purpose of the source to provide emissions information, or is it 

provided to supplement primary information such as trip time or cost?  

Push/Pull: Is the user required to actively seek out emissions information (pull) or is it 

automatically presented to them as a default (push)? Sources where emissions information can 

be calculated, but is not presented as a default are considered to require a pull.
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3Table 2.2 Assessment of Emissions Information 

Resource Format Trip 

Specific 

Personalised Information 

Supplied 

Transport 

Specific 

Recommendations

/ Alternatives 

Supplied 

Modes 

Covered 

Primary 

Function 

Push/ Pull 

EU Labels 
1
 Eco Label Passive No CO2 No No Car Yes Push 

Fuel Economy 

Label 
2
 

Eco Label Passive No CO2 Yes No Car Yes Push 

Hitheroad.ie
3
 Online Journey 

Planner 

Active No CO2 & 

Routes 

Yes Yes Rail, Light Rail, 

Bus 

No Push 

Route Rank
4
 Online Journey 

Planner 

Active No CO2, Routes 

& Cost 

Yes Yes Rail, Car, Air 

Travel 

No Push 

Urban EcoMap
5
 Online Carbon 

Calculator 

Active Yes Heuristics No No Walk, Car, 

Bike, Public 

Transport, 

Hybrid Cars 

Yes Pull 

Carbon Diem
6
 Smartphone 

Application 

Active Yes CO2 Yes No Walk, Car, 

Cycle, Metro, 

Rail, Ferry, Air 

Travel 

Yes Pull 

Ride Off 

Carbon
7 
 

Smartphone 

Carbon 

Calculator  

 

 

Active Yes CO2 Yes No Car, Walk, 

Cycle 

Yes Pull 
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EcoNav
8
 Dedicated 

Device 

Active Yes CO2, 

Driving 

Recommend

ations 

Yes Yes Car No Push 

Tom Tom 

ecoPlus
9
 

Dedicated 

Device 

Active Yes CO2, 

Driving 

Characteristi

cs 

Yes No Car No Pull 

 

Transport 

Direct
10

 

Online Journey 

Planner 

Active No CO2, Routes, 

and Costs 

Yes Yes Car, Bus, Light 

Rail, Metro, 

Walk 

No Pull 

Reittiopas
11

 Online Journey 

Planner 

Active No CO2, Routes, 

and Energy 

Consumption 

Yes Yes Metro, Bus, 

Walk, Cycle, 

Car 

No Push 

Google Maps 

Extension
12

 

Extension for 

Online Journey 

Planner 

Active No CO2 and 

Routes 

Yes Yes Car No Pull 

Traffic 

Scotland
13

 

Online Carbon 

Calculator 

Active No CO2 Yes Yes Car, Coach, 

Rail, Motorbike 

No Pull 

Carbon Fund
14

 Online Carbon 

Calculator 

Active Yes CO2 No No Car, Bus, Rail, 

Air Travel 

Yes Pull 

Carbon 

Footprint.com
15

 

Online Carbon 

Calculator 

Active Yes CO2 No No Car, Bus, Rail , 

Motorbike, Air 

Travel 

Yes 

 

Pull 

Loco2.com
16

 Online Journey 

Planner 

 

Active Yes CO2, Route 

and Cost 

Yes No Rail No Push 
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JourneyOn.co.u

k
17

 

Online Journey 

Planner 

Active Yes CO2, Route, 

Energy 

Consumption 

and Cost 

Yes Yes Walk, Cycle, 

Car, Public 

Transport 

No Push 

511 (BETA) SF 

Bay
18

 

Online Journey 

Planner 

Active Yes CO2, Route 

and Cost 

Yes Yes Walk, Bus, Car, 

Rail, Ferry, 

Cable Car 

No Push 

CO2GO
19

 Smartphone 

Application 

Active Yes CO2 Yes No Bus, Metro, 

Walk, Cycle, 

Rail, 

Motorbike, Car 

Yes Pull 

Green Meter
20

 Smartphone 

Application 

Active Yes Fuel 

Efficiency, 

CO2, 

Driving 

Statistics 

Yes No Car Yes Push 

Commute 

Greener
21

 

Smartphone 

Application 

Active Yes CO2 and 

Route 

Yes Yes Car, Public 

Transport, 

Cycle, 

Rideshare 

Yes Push 

RAC UK
22

 Online Journey 

Planner 

Active No Routes and 

CO2 

Yes Yes Car, Walking No Push 

 

1. Council Directive 92/75/EEC of 22 September 1992 on the indication by labelling and standard product information of the consumption of energy and other resources by household appliances  

2. Environmental Protection Agency. Last retrieved 11.02.2014. http://www.epa.gov/otaq/carlabel/index.htm 

3. HittheRoad.ie. Last Accessed 15.02.2014 

4. routeRANK. Last accessed 13.02.2014. http://www.routerank.com/en/ 
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5. Urban EcoMap. Last accessed 13.02.2014. http://ams.urbanecomap.org/?locale=en_US#/act 

 

6. Carbon Hero Limited. (2013) Carbon Diem {Mobile Software Application]. Retrieved from: https://play.google.com/store/apps/details?id=com.carbonhero.carbondiem.ui.android&hl=en 

7. CityRyde LLC (2011). Ride off Carbon (Beta). [Mobile Software Application]. Retrieved from: https://play.google.com/store/apps/details?id=cityryde.app&hl=en 

8. Vexia econav, last accessed 11.02.2014 https://www.vexia.eu/en/content/8-econav 

 

9. Tom Tom, ecoPlus last accessed 11.02.2014 http://business.tomtom.com/en_ie/products/ecoplus/highlights/ 

 

10. Transport Direct. CO2 Emissions Calculator http://www.transportdirect.info/Web2/JourneyPlanning/JourneyEmissionsCompare.aspx?&repeatingloop=Y .  Last  accessed 10.02.2014 

 

11. Reittiopas Journey Planner. Last accessed 15.08.2013 http://www.reittiopas.fi/en  

12. Oiworld.org. Carbon Footprint for Google Maps. Retrieved from Chrome Web Store 13.02.2014 https://chrome.google.com/webstore/detail/carbon-footprint-for-goog/ednfpjleaanokkjcgljbmamhlbkddcgh?hl=en 

 

13. Traffic Scotland. CO2 Emissions Calculator www.trafficscotland.org/carboncalculator/ Accessed 10.02.2014 

 

14. Carbon Fund Calculator. Last accessed 10.02.2014. https://www.carbonfund.org/individuals 

 

15. Carbon Footprint. Carbon Footprint Calculator. Last accessed 20.02.2014 

16. Loco2. Loco2.com. Last accessed 13.02.2014. https://loco2.com/ 

 

17. JourneyOn Journey Planner. Accessed 10.02.2014.www.journeyon.co.uk/jplanner#journeytop 

18. 511.org Enhanced Planner (Beta) http://enhancedtripplanner.transit.511.org/transitmmtp/tripplanner/index.aspx#. Accessed 10.02.2014 

19. CO2GO. Last accessed 13.02.2014. http://senseable.mit.edu/co2go/ 

20. Hunter Research and technology, LLC (2009). greenMeter. [Mobile Software Application]. Retrieved from: https://itunes.apple.com/en/app/greenmeter/id289973918?mt=8 

21. Volvo information Technology. 2013. Commute Greener. [Mobile Software Application]. Retrieved from: https://play.google.com/store/apps/details?id=com.commutegreener.facebook&hl=en 

 

22. RAC Route Planner. Last accessed 13.02.2014. http://www.rac.co.uk/route-planner
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2.3.3 Emissions Information in Other Sectors  

While knowledge concerning CO2 emissions associated with specific actions may not be 

commonplace, a number of sectors other than transport are also witnessing the emergence of 

information campaigns aimed at making the general public more aware of the environmental 

impact of their actions and choices.  

2.3.3.1 Energy Sector  

Within the energy sector there is an emerging emphasis being placed upon electricity providers 

to highlight the sustainable aspects of their power product. Figure 2.11 displays a typical insert 

from an Airtricity (Airtricity, 2014) electricity bill, highlighting the company’s emissions with 

respect to competitors.  

11 Figures 2.11 & 2.12 Emissions Information in Electricity Sector 

 

Websites such as Energyelephant.ie (Energy Elephant, 2014) provide electricity customers with 

information such as the current composition of the electricity available from the national grid, 

in terms of generation technologies, and the CO2 emissions currently associated with the 

production of one kilowatt hour. Figure 2.12 presents a screenshot taken from 

Energyelephant.ie displaying the carbon footprint associated with a kilowatt hour of electricity, 

the previous year’s average carbon footprint, a traffic light visual denoting sustainability, and 

the percentage of the current electricity supply being provided by wind power. 
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2.3.3.2 Building Sector 

Buildings are one of the principal sources of global CO2 emissions, both in terms of their 

construction and operation. In terms of operation emissions, these tend to arise from the space 

heating and cooling demands of the property rather than any equipment being operated inside. 

Under European Union legislation (EC, 2012), all buildings for sale must have a Building 

Energy Rating Certificate indicating how energy efficient the building is. This is graded on a 

colour coded alphabetical scale similar to those seen in the white goods sector. The certificate 

also contains information on the CO2 emissions associated with the building in terms of 

kilograms of CO2 per metre squared per year. As with dedicated in-car devices there is a 

financial motivation to purchase or construct more energy efficient buildings as this leads to 

savings in heating and cooling costs.  

12Figure 2.13 BER Label (SEAI, 2014) 
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2.3.3.3 Retail Sector 

Many of the issues that the transport sector encounters with regard to linking consumer choices 

to environmental consequences are also a major concern in the retail sector. Similar to the 

transport sector, individuals in a retail setting make choices between a number of different 

available products and services based upon the attributes of those services such as the cost of 

the product, its quality, and how fit it is for purpose. However, unlike the transport sector, many 

of these attributes are clearly displayed or promoted in the form of point of sale signs and 

labels. In such a setting consumers are more likely to be able to passively obtain information 

about products, rather than actively search for it as is often the case when making transport 

decisions. Organisations such as the Carbon Trust (CarbonTrust.com, 2014) provide 

corporations with independent certification and labelling regarding the CO2 emissions 

associated with their products and services.  This is intended as method for businesses to 

display to their customers their commitment to reducing emissions, while allowing consumers 

to make purchases in line with their environmental principals. These labels often contain 

information about the carbon footprint of the product, the associated lifecycle emissions, and 

tips to help individuals further reduce emissions.   

13Figure 2.14 Carbon Trust Label (Carbon Trust, 2014) 

 

An examination of a number of different sectors has shown that increasingly efforts are being 

made to highlight the environmental impacts of consumer choices. While the motives behind 
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this information provision may differ, with some organisations seeking to increase the 

attractiveness of their brand while others operate for altruistic purposes, the provision of 

emissions information appears to be viewed as a valuable service. The provision of 

environmental information in sectors where it is not legally mandated demonstrates that 

organisations appear to believe that promoting sustainability creates added value either for their 

product or their brand. While this is not yet the norm in terms of consumer goods and services, 

it does demonstrate growing acknowledgement of the need to provide individuals with the tools 

and information to make sustainable lifestyle choices.  

2.3.4. Section Conclusions 

This section aimed to examine the methods that are currently being employed to increase 

awareness of the environmental impact of various modes of transport. This analysis has 

revealed that a wide range of organisations are producing emissions estimates and making these 

figures available to individuals in order to help encourage more sustainable transport choices. 

The internet and smartphone applications provide these organisations with new opportunities to 

supply more accurate and personalised information at a time close to the user making his/her 

decision. Many of the organisations that provide emissions information do so as secondary 

service, and the inclusion of CO2 estimates into journey planner interfaces provides a prime 

example of how to an application can be environmentally informative without losing its primary 

functionality. The combination of emissions estimates with potential more desirable, 

information constitutes an opportunity to inform both concerned individuals and those who are 

not actively seeking environmental information.  

While these methods cannot alone be expected to create significant alterations in terms of 

behaviour change, they do mark the recognition of the fact that before individuals can be asked 

to make sustainable transport decisions, they must first be supplied with the relevant 

information to do so. These methods provide individuals with information that may otherwise 

have been hidden or buried and therefore absent from consideration during the decision making 

process.  
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2.4 Non-Emissions Information 

2.4.1 Information provision in the transport sector 

The previous sections outlined the approaches currently being undertaken to provide individuals 

with information regarding the environmental impact of their transport choices. While this 

forms the primary area of interest for this research, such information is seldom provided in 

isolation; rather it is often given in tandem with other forms of transport information. In many 

cases the primary purpose of such applications is to provide travel time or cost information to 

the user, with emissions information supplied as an additional functionality. This section will 

outline some of the advances that have emerged in the last few years with regard to the general 

provision of transport information, with special attention being paid to the role of internet (on 

both traditional and smartphone platforms) based sources in the GDA.   

2.4.2 Transport Information in Dublin 

Traditionally transport information has primarily consisted of published timetables that were 

made available at public transport stops or in paper form, such as maps and leaflets. While some 

advances had been made with regard to the use of call centres and Short Message Service 

(SMS) (Caulfield and O'Mahony, 2009), it is the emergence of internet based information 

sources that has greatly expanded the range of options available (Pitt et al, 2009). This has been 

further augmented with the emergence of mobile internet devices, such as smartphones, which 

enable users to access dynamic transport information on-trip. These resources allow individuals 

to perform tasks such as route generation and optimisation that were previously impossible due 

to technological restraints. The following section will outline some of the more technologically 

advanced sources of transport information currently available in the GDA.  

2.4.2.1 Real Time Public Transport Information  

Over the past few years a range of new Intelligent Transport Systems (ITS) have been deployed 

across the GDA by both public sector organisations and private sector firms. These systems are 

designed as a means of providing travellers with more accurate information regarding their 
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journeys. Information from multiple sources is often combined to allow individuals to access 

functions such as searching for routes between selected origins and destinations, viewing the 

real time location and predicted arrival time of public transport services, and generally aiding in 

the journey planning process.  

Possibly the most visible of the recent ITS developments is the roll out of at-stop real time 

public transport information (RTPI) signage across a large section of the Dublin Bus network. 

Utilising GPS tracking units on board the Dublin Bus fleet, it is possible to detect the location 

of all equipped buses in real time. Using this information it is then possible for the system to 

create estimated bus arrival times a given stop. This information is then distributed to be 

displayed via the electronic signage at the relevant bus stops. There are currently plans to 

extend this system to over five hundred such stop displays across the GDA (Dublin Bus, 2014).  

14Figure 2.15 RTPI Display in Dublin (Transport for Ireland, 2014) 

 

While RTPI signage has been present at commuter and regional rail stations, as well as at stops 

along the Luas tram network for some time, its roll out across the bus network marks a 

significantly larger undertaking in terms of required infrastructure. Also due to the much larger 

number of bus routes, and the level of time variability involved in routes sharing public roads, 

this information innovation can be seen as a major step towards better utilising existing 

services. While at stop information is not yet present at a large number of stops, particularly 
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those in suburban and rural sections of the network, this information is also available via the 

organisation’s smartphone application (Dublin Bus, 2014). Bus location and stop status 

information is also accessible via an application programming interface (API) (Dudlinked, 

2014) and is used by a number of other applications developed by private and public sector 

organisations. 

One of these applications is the National Transport Authority’s (NTA) Transport for Ireland 

all-island journey planner
1
 (NTA, 2014). Available on both the smartphone and traditional 

internet platforms, this application provides a nationwide journey planning service for multiple 

transport modes based upon a mixture of real time information and published timetables. Users 

enter a desired origin and location, as well as the time of the intended trip, and are presented 

with public transportation information regarding potential routes and modes. A large number of 

modes are covered including: Dublin Bus (Local Bus), Bus Eireann (National Bus), certain 

private bus operators, DART (Metro or heavy rail) as well as mainline rail services, Luas light 

rail, taxi, and cycling (for selected urban areas). The application also has the capability to alter a 

number of default settings, such as maximum desired walk time or modes to be excluded from 

consideration, to allow for more personalised and relevant recommendations. 

15Figure 2.16 National Journey Planner (Transport for Ireland, 2014) 

 

                                                           
1
 http://www.journeyplanner.transportforireland.ie/ 
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Numerous other applications, such as hittheroad.ie (HittheRoad, 2014) and Luas Times 

(MacDroid, 2013), have been developed by private software firms based upon data streams 

available from public transport providers and Dublin City Council. Since November 2013, it 

has also been possible to use the Transit feature of the Google’s Maps application for Dublin 

(NTA, 2013).  This service combines Google’s extremely popular maps service with public 

transport information and predictive traffic congestion forecasts.   

16Figure 2.17: Google Maps (Google Maps, 2014) 

 

2.4.1.2 Dublin Bikes 

Dublin has a transport infrastructure that has changed little over the last few decades. While the 

construction of the Luas system marked a major investment in terms of the deployment of 

transport infrastructure, this service in many ways mirrors the style of service delivered by rail 

services within other parts the GDA. One development that can be seen as being markedly 

different from existing public transport options is the Dublin Bikes Scheme. Launched in 2009, 

this scheme allows members to access public bikes at a wide number of stations across the city 

centre. One issue that has arisen with this scheme is with regard to the availability of bikes or 

parking spaces at busy stations. To meet this concern a number of applications have been 

developed to allow users to view the status of intended origin and destination stations. These 
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applications allow users to locate stations and to see whether there are bicycles available at 

nearby stands or whether there are free spaces at stands close to their desired destination.  

17Figure 2.18: Dublin Bikes Applications (JCDecaux, 2014; Quentin DOMMERC, 2014) 

 

2.4.2.3 Analysis of Transport Information Sources in Dublin 

Table 2.3 outlines a sample of some of the journey planning applications and websites currently 

providing information to transport users in the GDA. While this list cannot claim to be 

exhaustive as new applications are constantly emerging, especially on the less regulated 

Android platform, it does provide an insight into the wide range of sources of transport 

information now available in the GDA. It is also clear that many of these applications are 

providing the same information as each other: some applications even share the same names. 

The purpose of these applications also appears to vary, with some being produced by transport 

operators to promote their services, while others are developed by private developers as 

advertising platforms, or by apparently by private citizens as an aid to fellow transport user.
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4Table 2.3 Sources of Transport Information in the GDA 

Application Publisher Type Modes Covered Information Supplied 

National Journey Planner
(1)

 National Transport Authority Web, Smartphone Taxi, Bus, Luas, Rail, Walk Transport Stop Locations, Published 

Time Tables, Route Planning Service, 

Real Time Public Transport 

Information (RTPI) 

Hit the Road
(2)

 Commutable Web, Smartphone Bus, Luas, Rail, Walk Transport Stop Locations, Published 

Time Tables, Route Planning Service, 

Real Time Public Transport 

Information (RTPI) 

Google Maps 
(3)

 Google Web, Smartphone Bus, Luas, Rail, Private Car, 

Bicycle, Walk 

Transport Stop Locations, Published 

Time Tables, Route Planning Service, 

Real Time Public Transport 

Information (RTPI) 

Dublin Bus 
(4)

 Dublin Bus Smartphone Bus Bus Stop Locations, Bus Route 

Planning, Real time Information, ,Fare 

Calculations, Published Timetables, 

News Updates 

Bus Time Dublin
(5)

 Appsie Smartphone Bus Dublin Bus Stop Locations, Real time 

Information, Published Timetables 

Real Time Bus Eireann
(6)

 Brian Cunningham Smartphone Regional Bus Regional and National Bus Stop 

Locations, Real time Information, 

Published Timetables 

Luas
(7)

 Luas Smartphone Luas Real Time Luas Information, Stop 

Locations, Fare Calculator, News 

Updates 
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Luas Times
(8)

 MacDroid Smartphone Luas Real Time Luas Information 

Luas Times
(9)

 Acet Smartphone Luas Real Time Luas Information 

Dublin Bikes Service
(10)

 GreenGrowApps Smartphone Dublin Bikes Bike Station Locations, Biking and 

Parking Availability, Timer 

Dublin Bikes
(11)

 Quentin DOMMERC Smartphone Dublin Bikes Bike Station Locations  

Irish Rail
(12)

 Iarnrod Eireann, HaCon Smartphone Rail Real Time Train Timetables, Journey 

Planner, Rail Updates 

Next Bus Dublin
(13)

  Stephen McBride Smartphone Bus Dublin Bus Stop Location, Stop 

Schedule  

Dublin Bus GPS
(14)

 Oliver Nash Smartphone Bus Bus Timetables, GPS Location of 

Buses 

Dublin City Parking
(15)

 DC Development Studios Smartphone Private Car Location of City Centre Car Parks, 

Current Space Availability 

Dublin RTPI
(16)

 Remo Jansen Smartphone Rail, Luas Rail and Luas Timetables, Dublin 

Bikes Information 

Dublin Ireland Transport
(17)

 Get The Real Apps Smartphone Bus Bus Journey Planning 

Dublin Commuter
(18)

 Dublin.IO Smartphone Luas, Private Car Luas Schedules, Traffic Information, 

Weather Forecasts 

Walk Dublin
(19)

 Dublin City Council Smartphone Walk Walking Routes, Location Detection, 

Popular Locations 

Hailo
(20)

 Hailo Smartphone Taxi Taxi Location, Call Taxi 
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(1) National Transport Authority, Transport for Ireland National Journey Planner. Available at: 

http://www.journeyplanner.transportforireland.ie/nta/XSLT_TRIP_REQUEST2?language=en 

(2) Hit the Road. Available at:http://hittheroad.ie/ 

(3) Google Maps. Available at: https://www.google.ie/maps 

(4) Dublin Bus, Mobile App. Available at : http://www.dublinbus.ie/en/your-journey1/mobileapps/ 

(5) Appsie, Bus Time Dublin. Available at: http://bustime.appsie.com/ 

(6) Brian Cunningham, Real Time Bus Eireann. Available at: https://play.google.com/store/apps/developer?id=Brian+Cunningham&hl=en 

(7) Luas, Luas. Available at: https://play.google.com/store/apps/details?id=ie.dovetail.rpa.luas&hl=en 

(8) MacDroid, Luas Times. Available at: https://play.google.com/store/apps/details?id=com.mbcdev.nextluas&hl=en 

(9) Acet, Luas Times. Available at: https://play.google.com/store/apps/details?id=com.acet.service&hl=en 

(10) GreenGrowApps, Dublin Bikes Services. Available at: https://play.google.com/store/apps/details?id=com.greengrowapps.dublinBikes&hl=en 

(11) Quentin DOMMERC, Dublin Bikes Available at: https://play.google.com/store/apps/details?id=com.quentindommerc.dublinbikes&hl=en 

(12) Iarnrod Eireann /HaCon, Irish Rail. Available at: http://www.irishrail.ie/timetables/apps 

(13) Stephen McBride, Next Bus Dublin. Available at: https://play.google.com/store/apps/details?id=com.nextbus.dublin&hl=en 

(14) Oliver Nash, Dublin Bus GPS. Available at: https://play.google.com/store/apps/developer?id=Oliver+Nash&hl=en 

(15) DC Development Studios, Dublin City Parking. Available at: https://play.google.com/store/apps/details?id=dc.ase.dublincityparking&hl=en 

(16) Remo Jansen, Dublin RTPI. Available at: https://play.google.com/store/apps/details?id=com.wolksoftware.irishrail&hl=en  

(17) GetThereApps, Dublin Ireland Transport. Available at: https://play.google.com/store/apps/details?id=com.dublintransitneedz&hl=en 

(18) Dublin.IO, Dublin Commuter. Available at: https://play.google.com/store/apps/details?id=io.dublin.commuter&hl=en 

(19) Dublin City Council, Walk Dublin. Available at: http://www.dublin.ie/walkdublin/ 

(20) Hailo, Hailo. Available at: https://www.hailoapp.com/ 
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2.4.3 Other Forms of Transport Information 

Other examples of traveller information include within the GDA include: variable message 

signs (VMS) on the region’s motorway network and in city centre locations, updates regarding 

the availability of parking spaces in the city’s larger car parks, and web-based feeds from traffic 

cameras operating at certain locations across the road network. Public transport operators also 

use social media sites such as Twitter to push transport updates to the general public in real time 

and to ensure a wide reach. 

2.4.4 The Impact of Transport Information Individuals’ Behaviours  

While the provision of transport information may be seen as a positive development in terms of 

improving experiences of transport services, it does require considerable levels of investment in 

research and infrastructure, especially with regard to data collection. It is therefore important to 

gain an understanding as to whether or not this investment is yielding returns, in terms of 

improvements in both customer satisfaction and system efficiency. While transport information 

has been available to travellers since the first published railway timetables, this research is 

focused upon the impact of Advanced Traveller Information Services (ATIS), with specific 

attention being paid to the role of internet-based applications accessed via personal devices such 

as computers, tablets, or smartphones. While this is an emerging research area, a number of 

studies have been carried out to examine the impact of the provision of transport information on 

travellers’ behaviour.   

2.4.4.1 Advantages of Real Time Information 

The majority of transport systems are based upon technologies that are nearly a century old, and 

while considerable improvements have occurred in certain sectors, transport systems are in 

many ways similar to those experienced in the 20
th
 century, or even in the case of railways the 

19
th
 century. One area where considerable changes have occurred in the early years of the 21

st
 

century is the provision of real time information via digital technologies. This section will 

examine the role that this information appears to be playing with regard to improving 

individuals’ experiences of existing transport networks.   
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When examining the benefits of providing information, it is important to understand the role 

that such information is said to play in the transport sector. Lyons (2006) argues that the 

provision of information plays three important roles:  “1. make the individual aware of the 

travel options available to them for a particular journey; 2. Empower the individual to make 

more fully informed travel choices; and 3. Assist the individual in being able to successfully 

undertake and complete the journey”. Specifically, concerning ATIS, Chorus et al (2007) 

highlight the role that such services can play as a means of attracting new customers to a service 

or retaining existing ones. Similarly Watkins outlines the utility that ATIS provides to the user 

as “One inexpensive way to combat the perception of unreliability from the user perspective is 

real-time transit information” (Watkins et al, 2011). It is clear therefore that the provision of 

information is expected to yield multiple benefits to both users and service providers. One 

benefit arising specifically from the provision of real time information that has received 

particular attention is the ability to yield reductions with regard to perceived waiting times. 

2.4.4.2 Reductions in Perceived Waiting Times 

The reduction of perceived waiting times for public transport users is often highlighted as a 

benefit accruing from the prevision of real time information. In contrast to the quantifiable 

waiting time reductions credited to ATIS, this refers to individuals own personal experience of 

time spent waiting of public transport. Research has shown that individuals in general have a 

tendency to overestimate the time that they spend waiting for public transport (Nijkamp et al, 

1996; Kronberg et al, 2002.). However, a wide range of studies have shown that by providing 

individuals with real time public transport information, you can reduce the amount of time that 

they perceive to wait, without any improvements to service levels (Warman, 2003). Perceived 

reductions in waiting times of up to 26% have been noted with the provision of at-stop 

information, as well as reductions in passenger anxiety (Schweiger, 2003). Furthermore the use 

of mobile data has been shown to have the ability to reduce actual waiting times by allowing 

individuals make better use of their time and are able to time their arrival at public transport 

stops to better coincide with services (Watkins et al, 2011). 
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2.4.4.3 Search Behaviour 

While transport applications offer users the ability to access valuable information regarding 

their intention transport route/mode, it is unlikely that they will be accessed for all trip types 

that an individual undertakes. There is a cognitive cost associated with searching for 

information (Gao et al, 2011) and users often exhibit satisfacting behaviour (Lyons, 2006) 

where they may choose a route that is “good enough” but not optimal, with respect to the 

attributes they consider important. Information may not be used to examine available 

alternatives; rather it may simply be used for conformational purposes (Lyons, 2006). This 

search behaviour appears to be linked to the riskiness of the routes available to the user, with 

more unpredictable routes yielding higher levels of search behaviour (Gao et al, 2011). The 

likelihood of individuals accessing transport information is also related to unobservable 

personal characteristics such as experience with the service or route (Hato et al, 1999). Survey 

results arising from this research further outline the non-uniform nature of information access 

with regard to trip and mode type and are further explored in Chapter 4 Section 2.  

2.4.4.4 Willingness to Pay 

While previous research has shown that individuals are willing to pay for information of the 

type examined in this section (Caulfield and O'Mahony, 2009; Khattak et al, 2003), the 

abundance of high quality free applications, especially those provided by transport operators, 

suggests that the primary purpose of these services maybe to promote existing services, rather 

than generate revenue directly. Public transport operators and governmental organisations may 

develop applications to improve the quality of their services, both in perceived and measurable 

terms. Applications also emerge from ordinary citizens with altruistic motivations, or private 

organisations who wish to use them as platforms to promote other products (e.g. Google Maps 

and Google Transit). 

As this is still an emerging sector, and as the technologies involved continue to advance and a 

greater understanding of the applicable business models emerge, it is likely that there will be 

more scope for digitally provided transport information to impact upon the behaviours of users. 
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2.4.5 Section Conclusion  

This section has outlined how the emergence of new forms of telecommunications technology, 

particularly smartphones, has enabled a wide range of methods of information provision to be 

developed within the transport sector and  has outlined the extent of this technology within an 

Irish, and specially Dublin, context.  It is clear that there are currently a large number of sources 

of transport information that simply did not exist a decade ago and that more are emerging all 

the time. While such sources have been developed for varying purposes, it seems clear that the 

provision of such information is intended to have an impact upon the users’ behaviour.  

2.5 Gap in Literature/ Research Opportunities 

While the reviews presented in this chapter indicate that there appears to be a considerable 

move towards providing individuals with emissions information, there is still very little in terms 

of academic research examining this area. Specifically, there appears to be very little in terms of 

empirical research regarding the behavioural impact of such information (Avineri and 

Waygood, 2013). What research that has been done to date with regard to the role of 

personalised emissions information in the transport sector has been mainly qualitative in nature, 

and has concerned itself with asking individuals how they would respond to such information, 

rather than testing it in an experimental setting (Chatterton et al, 2009; Coulter et al, 2008). This 

research has tended to focus specifically on the role of emissions information, and has not 

assessed how such information could interact with the other trip attributes, as would be the case 

in a real world scenario (Avineri and Waygood, 2013). Research has also focused on methods 

of framing emissions information (Avineri and Waygood, 2013), however, little has been done 

to examine the role of emissions information in a real world setting manner. Similarly studies 

have been undertaken to assess the ability of individuals to understand and act in relation to 

environmental information (Whitmarsh et al, 2011; Lorezoni et al, 2007), however this has had 

quite a generalised focus, and has not examined the specific issues relating to the transport 

sector. In an Irish context very little research has been conducted regarding the role of 

emissions information, and was has been done has tended to focus on the accuracy of estimates 
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produced (Kenny and Grey, 2009) rather the impact of this information upon behaviour. While 

academic projects appear to be currently underway to assess the role of emissions information 

in transport (CO2GO, 2014; Sixth Sense Transport, 2014) very few publications on the topic 

have emerged. This appears to suggest that there is a need for a more in-depth and behaviour 

focused examination of the role of emissions information in the Irish personal transport sector.  

2.6 Chapter Conclusions 

This chapter was designed to provide an overview and background of the issues that inform and 

impact attempts to provide transport emissions information via digital media platforms such as 

journey planning smartphone applications. While it has been acknowledged that lack of 

information is by no means the only barrier to individuals transitioning to more sustainable 

transport behaviours, it is apparent that such the provision such information may represent a 

positive development with respect to this goal. It has also been established that such an 

approach is already widely used by a large of organisations, albeit with varying methods of 

information delivery. It has also been shown that digital technologies are playing an increasing 

role in the way that individuals interact with existing transport systems, and that such 

technologies appear to be of value to their users. Finally the need for in depth research into this 

area has been highlighted. The next chapter will provide an outline of the empirical research 

methods undertaken as part of this thesis. 
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CHAPTER 3: RESEARCH DESIGN AND METHODOLOGIES 

 3.1 Introduction 

This chapter is designed to provide an overview of the various empirical techniques used as part 

of this research. As this research employed number of different data collection and analysis 

methodologies, this chapter does not aim to provide an in depth discussion of all the methods 

used, rather it endeavours to describe the overall methodology of the research and data 

gathering processes, and highlight the logical links between the approaches adopted. More 

detailed and experiment specific backgrounds and methodologies are provided in subsequent 

chapters. 

Firstly a methodological overview is provided, followed by a guide to each of the specific 

research methods. The final section describes the relationship between the methods used and 

their role in creating a holistic examination of the topic.  

3.2 Overarching Methodology 

While this thesis addresses a number of interrelated research questions, the overarching theme 

is an examination of the role of emissions information in personal travel choices. To achieve 

this goal a six step sequential approach was implemented starting with a literature review to 

identify the research questions and culminating in the field testing of a smartphone application 

which provided emissions information as part of its journey planning functionality. These steps 

are: 

 Step One: Review of Literature and Identification of Research Questions (Covered in 

Chapter 2) 

 Step Two: Audit of existing approaches (Applications and Websites) to providing 

emissions information on a digital platform (Covered in Chapter 2) 

 Step Three: Design and distribution of surveys to examination the potential 

receptiveness of individuals to emissions information (Chapter 4: Exploratory Surveys) 
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 Step Four: Implementation of Stated Preference Experiment (Stated Preference Survey: 

Chapter 5)   

 Step Five: Eight week panel study/field trial providing an in depth examination of the 

impact of emissions information as part of a journey planning (Application Field Trial: 

Chapter 6) 

 Step Six: Critical Assessment of research findings and formation of overall findings 

and recommendations for further research  (Chapter 7) 

18Figure 3.1: Methodology Logic 
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As the first two steps have previously been discussed in depth in Chapter 2, the remainder of 

this chapter will concentrate steps 3, 4 and 5. Step 6 is an assessment and discursive activity, 

and therefore does not need a methodological explanation. This step is covered in Chapter 7. 

3.3 Pre-Trial Surveys (Chapter 4) 

After establishing the research questions, and identifying current approaches towards supplying 

emissions information, it was deemed necessary to gain a better understanding of some of the 

issues that were viewed as being likely to influence users’ receptiveness to such information. 

While the application field trials were designed to provide in-depth qualitative and quantitative 

data, the nature of this approach combined with resource constraints determined that a small 

sample size would be appropriate for this study. Therefore, to provide a better representation of 

the potential user population, and allow for a greater generalisation of the results, two larger 

scale surveys were conducted as part of this research. 

This portion of the research involved the distribution of two online surveys, one in March 2012 

and one in November/December 2012. For the purposes of this thesis these will be referred to 

as Survey 1 and Survey 2 based upon their respective distribution dates. A copy of both surveys 

is included in the appendices.    

3.3.1 Survey 1 (March, 2012) 

The first survey was designed to achieve two specific goals: 

1. To assess how people are currently interacting with journey planners, and what are the 

most desired functionalities of such applications.   

2. To examine the effectiveness of various methods of framing and contextualising 

emissions information to allow for greater levels of user understanding.  

The overall sample for the first survey consisted of 438 responses. However, as many responses 

contained missing data, this is not the effective sample size for the experiments. Where 

responses are provided they were considered for analysis as it was felt that discarding a large 
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number of responses based upon partial incompleteness would lead to an unnecessary loss of 

information. Further details on the samples considered for each of the relevant experiments 

conducted as a part of Survey 1 is provided in Chapter 4. 

3.3.1.1 Application Usage and Feature Demand 

The first part of the Survey 1 was designed to investigate how users currently interact with 

journey planning services and to analyse the demand for emissions information as part of an 

online journey planner or smartphone application. This section also examined the demand for 

such services/applications with respect to trip type/purpose and the socioeconomic 

characteristics of respondents. Further details regarding this research are outlined in Chapter 4, 

Section 2. 

3.3.1.2 Methods of Framing Emissions Information 

The second half of Survey 1 was designed to examine the effectiveness of different methods of 

framing emissions information for both ease of understanding and ability to influence users. 

Survey respondents were presented with four different framing methods and asked to rate the 

modes accordingly. Respondents were also able to provide comments regarding the 

effectiveness of the various methods of contextualising emissions information. Further details 

regarding this element of the research are provided in Chapter 4, Section 3. 

3.1.2 Survey 2 (November/December 2012)  

The second survey was designed with two specific goals: 

1. To gauge individuals’ ability estimate the emissions arising from various modes of 

personal transport available in the GDA. 

2. To conduct a stated preference experiment to examine the potential impact of emissions 

information on mode choices. 

As with the first survey, the number of responses varied with each experiment due to missing 

data, but although the overall sample contained 505 responses, not all these responses 
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completed all of the sections. Details of the samples considered for each of the relevant 

experiments are presented in Chapter 4. 

3.3.2.1 Assessment of Current Levels of Emissions Knowledge 

In order to gain a better understanding of the need to provide individuals with transport 

emissions information, it was decided to conduct an experiment to test individuals’ existing 

ability to relate emissions to commonly used transport modes in the GDA. This was achieved 

by presenting the survey respondents with a number of modes and asking them to assign per 

person emissions values to them based on their personal estimates. This approach also enabled 

the creation of a ranking system based upon the individuals’ estimates of how one mode 

compared to another. Further details are provided in Chapter 4, Section 4.    

3.4 Discrete Choice Modelling and Stated Preference Methods (Chapter 5)  

One of the principal research objectives of this thesis was to examine the impact of CO2 

emissions information on the transport behaviour of individuals. The first step in addressing this 

specific research goal was the design and implementation of a stated preference experiment. 

This experiment was distributed as part of the second survey and involved presenting 

respondents with a number of hypothetical scenarios and asking them which of the modes 

available they would be most likely to pick based upon the trip time and emissions information 

provided. This information was then varied and the changes in responses were analysed using a 

multinomial logit modelling approach to assess the impact of changes in emissions information 

on their stated mode choice.  

Further details regarding the discrete choice methods and the specific design of this experiment, 

as well as the suitability of this technique and the rationale behind its selection, are presented in 

Chapter 5.  

3.5 Application Field Trial (Chapter 6) 

The application field trial constituted the final experimental phase of the research. This involved 

an eight week trial of the PEACOX smartphone application. This application is a journey 
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planning smartphone application on the Android platform designed to provide users with 

feedback regarding the emissions associated with the modes and routes available to them. 

Recruited users were asked to use the application to plan their trips for a six week period. The 

trial also included pre and post-trial workshops and a number of surveys to collection additional 

data. 

3.5.1 Data Collection 

Whereas previous data collection exercises presented in this research focused upon data 

gathered from larger sample sets at a single interval, the application field trials were more 

concerned with collecting information regarding the use of such an application in a real world 

setting. To ensure that users’ experiences were properly captured, a number of different 

qualitative and quantitative data collection methods were used during the trials. These included: 

 Data logged by the application regarding users trip choices 

 Data logged by the application regarding the users route search behaviour 

 User interaction with the application interface, specifically regarding an assessment of 

information presented 

 Users’ comments and feedback regarding their overall experiences with the application. 

The decision to implement multiple data collection techniques was based upon a desire to make 

best use of the opportunity provided by having prolonged and in depth contact with the 

application users. 

3.6 Interrelationship of Experimental Methods  

As outlined in this chapter, a number of different methods were used as part of this research to 

gain a more holistic view of the role that emissions information could play in individuals’ 

transport choices. These methods were chosen so that by the time the research culminated with 

the field trials, a number of findings would emerge. The review of literature and audit of 

existing methods was designed to both identify the gaps in the literature, and also to highlight 

the emerging popularity of providing emissions information to aid individuals transport choices. 
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Once these steps had identified this research area as being both academically relevant, and also 

in line with current industry approaches, the exploratory surveys were created to gain a better 

understanding of the environment in which such services operate. Specifically these surveys 

examined the user demand for such information, some of the potential methods of framing 

emissions information, and the need, in terms redressing a knowledge vacuum, to inform the 

public of their transport related emissions. Building upon these findings, the stated preference 

survey and the field trials were designed to allow for the examination of the potential role of 

emissions information in influencing mode choice, with each method complementing the other. 

As is evident in Table 3.1, the stated preference survey and field trials both supplement and 

complement each other, and enable a more thorough and rounded assessment of the role of 

emissions information.   

5Table 3.1 Comparison of Experimental Methods 

 Stated Preference  Field Trials 

Sample Size Large (~450 Individuals)
2
 Small (21 individuals) 

Response Type Stated Intention Real World Observation 

Timeframe Single Observation  Repeated Observations 

Attribute Correlation Emissions Independent Emissions Correlated to Time 

 

Overall the methods used in this research complement and augment each other, and provide a 

thorough overview of the current and potential role of emissions information in promoting 

sustainable transport behaviours. An analysis the picture that emerges from the combination of 

these research methods, as well as a critical review of the overall research, is provided in 

Chapter 7: Research Findings and Discussion. 

The next chapter will discuss the first of the empirical approaches: The Exploratory Surveys. 

                                                           
2
 Observations vary w.r.t each model 
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CHAPTER 4: EXPLORATORY SURVEYS 

4.1: Introduction 

This chapter provides an overview of the research undertaken as part of the pre-trial stage of the 

research, with the exception of the stated preference experiment which will be examined in 

Chapter 5. Section 4.2 provides an examination of how individuals currently interact with 

journey planning applications and websites, and what are the most desired functions of these 

services. Section 4.3 describes an investigation into the effectiveness of various approaches to 

framing emissions information to improve user understanding of the environmental impact of 

their trip choices. Finally Section 4.4 provides an analysis of current levels of emissions 

knowledge within the GDA, with respect to transport options in the GDA.  

4.2: User Interaction with Journey Planning Applications and Websites 

This section presents the results of the first part of the Survey One distributed in March 2012 

(for further details see Chapter 3 Section 3). The purpose of this element of the research was to 

gain a better understanding of how individuals are currently interacting with transport related 

smartphone applications and online journey planners. This research follows on from the 

assessment of existing sources of transport information in the GDA, presented in Chapter 2 

Section 4, specifically focusing on individuals’ interaction with transport applications, and 

assesses whether such applications constitute a suitable platform for the provision of emissions 

information. 

The results presented in this section were also presented in Brazil and Caulfield (2013a). 

4.2.1 Background 

As outlined previously, there is currently a wide range of internet and smartphone based 

information sources available for transport users within the GDA. As this is a relatively new 

sector, it is unclear how individuals are interacting with these devices and applications in a 

transport context. While the existence of a large number of transport based smartphone 
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applications within the Irish market (See Chapter 2 Section 4) would suggest that there is a 

significant demand for such technologies, it is important to gain an understanding of how 

individuals -are interacting with such services. For example, just because an individual 

downloads an application does not necessarily guarantee that he or she will use it as part of their 

decision making process, neither does it provide any information regarding regularity of use. To 

investigate these behaviours, the first half of the Survey One was dedicated to analysing the 

stated application usage patterns of respondents. This survey was distributed online to a number 

of large employers in the GDA via the SurveyMonkey (Survey Monkey, 2014) website and 

survey design suite. Table 4.1 presents the demographic characteristics of the sample. While 

this represents the overall sample, not all respondents provided answers to all the questions. As 

there was no clear logical method of discarding responses, the totals for each of the analyses 

presented in Tables 4.2-4.6 vary. 

6Table 4.1 User Interaction Sample Gender 

Gender N=405 

Male 44.6% 

Female 55.4% 

Age 
15-24 11.1% 

25-34 30.6% 

35-44 25.3% 

45-54 21.7% 

55+ 11.3% 

 

4.2.2 Sources of Transport Information 

While certain technical features of smartphones such as mobile internet and geo-location enable 

applications to offer users the ability to get more precise and personalised information than is 

possible with more traditional information sources, it is not yet known how popular transport 

related smartphone applications are in comparison with more traditional information sources. 

Initially respondents were asked to simply state whether or not they accessed transport 

information, be it traffic data or public transport information, from a number of sources. While 

services such as on-street public transport displays and on road variable message signs may 
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provide individuals with important information, it was assumed that individuals would be more 

likely to use this information after they had already selected their preferred mode, and therefore 

these sources were not included in this analysis.  

 Respondents were asked whether they received transport information from any of the following 

sources:  

 Radio 

 Internet 

 Television 

 SMS  

 Smartphone Applications 

The results displayed in Table 4.2 indicate that while smartphone applications appear to lag 

behind both radio and the traditional Internet as information sources, they must now be 

considered to be a major source of transport information, providing information to 31.4% of the 

sample. Smartphone applications appear to be considerably more popular than both television 

and Short Message Services messages. Possible explanations for the popularity of the radio may 

be attributed to its status a “push” medium. A certain proportion of individuals may be listening 

to the radio for other purposes, such as entertainment or to keep abreast of the daily news, and 

are provided with transport information, such as traffic updates, as an additional service. As is 

also the case with the traditional Internet, a much greater proportion of the population is likely 

to have access to radios, particularly drivers, and therefore accessibility is less of an issue. 

7Table 4.2 Sources of Transport Information 

N=387 Radio Internet Television SMS Smartphone 

Uses 60.0 % 79.0% 10.6% 8.6% 31.4% 

Doesn’t Use 40% 21.0% 89.4% 91.4% 68.6% 

 

As the majority of data collected in this section is categorical in nature, the most appropriate 

method of detecting differences in application use with respect to demographics was deemed to 

be the Chi Squared test (Field and Hole, 2003). This test is designed to detect the likelihood that 
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the difference between expected and observed proportions within a sample at a given alpha 

value. In this case the test was used to detect whether application use varied unexpectedly for a 

given demographic characteristic. 

1 Equation 4.1 

     
       

 

  
     

 Where: Oi=observed frequency , Ei= expected frequency 

Table 4.3 presents the results of this analysis. Examination of the how demographic 

characteristics impacted upon information sourcing from smartphone applications revealed the 

role of age as a factor. This involved performing cross-tabulations between the respondents 

answering regarding where they sourced transport information and their responses to 

demographic and travel habits questions. While initial chi-square testing using the age 

categories presented in questionnaire did not reveal any statistically significant differences, the 

simplification of age into segments of under and over 45 revealed significant variations. 

Simplification for other Education and the respective transport habits in to binary variables (of 

various configurations) did not yield similar results in terms of producing cross tabulations with 

significant Chi squared values. 

8Table 4.3 Significance of Demographic Variables 

Variable Age (45 split) Gender Education Car Owner 

P
 

<0.005* 0.236 0.793 0.143 

Variable PT Ticket Cycling Habits Walking Habits Driving Habits 

P 0.146 0.418 0.628 0.135 

* Rejects the null hypotheses at 95% Probability 

 

Table 4.4 presents the differences in the percentage of the sample segments accessing transport 

information from the sources under examination.  The choice to split the sample by age at 45 

years old was due to this partition yielding the most statistically significant results of the 
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arrangements tested. There is notable difference between the popularity of smartphone 

applications between the two age groups. 

9Table 4.4 Sources of Transport Information vs. Age 

Source Radio Internet Television SMS Smartphone 

Under 45 (N=262) 52.3% 79.4% 7.3% 8.4% 38.5% 

Over 45 (N=125) 74.4% 73.6% 16.0% 8.8% 15.2% 

 

4.2.3 Smartphone Ownership 

The most obvious barrier to the use of smartphone applications, in terms of accessing transport 

information, is the lack of access to a smartphone. Smartphones are a relatively new technology 

and a sizeable proportion of the population still lack access to them, however their popularity 

does appear to be increasing (RedC, 2012). Within the sample a number of demographic cross 

tabulations were investigated, however age was observed to be the only socioeconomic 

characteristic that displayed significant variance with regard to Smartphone ownership.   

As Table 4.5 demonstrates, with the expectation of the 15-24 age group, Smartphone ownership 

declines steadily with regard to age. 

10Table 4.5 Smartphone Ownerships vs. Age 

Age Bracket 15-24 25-34 35-44 45-54 55+ 

Owns Smartphone (N=221) 60.5% 71.7% 60.6% 39.0% 39.5% 

 

This issue becomes compounded when it is considered that, within the subset of smartphone 

owners, it was observed that younger individuals are more likely to use transport related 

applications than individuals in the older age bracket (Table 4.6). If individuals in this age 

bracket are not as likely to access information using smartphone applications, the provision of 

emissions information via this platform would appear to be potential less effective than other 

methods. 
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11Table 4.6 Application Use vs. Age (Smartphone Owners) 

Age Bracket (N=221) Under 45 Over 45 

Uses Application 58.1% 38.8% 

Doesn’t Use Application 41.9% 61.2% 

 

4.2.4 Application Use 

As previous research has highlighted, individuals are less likely to access information for trips 

that are habitual or well known to them (Gao et al, 2011). To investigate how this applied to the 

use of smartphone applications in the GDA, respondents were asked to consider the following 

trips
3
:  

 Driving commuting trip 

 Driving non-commuting trip that they were familiar with 

 Driving non-commuting trip that they were unfamiliar with 

 Public transport commuting trip 

 Public transport non commuting trip that they were familiar with 

 Public transport non commuting trip that they were unfamiliar with 

 Walking or Cycling commuting trips 

 Walking or Cycling non-commuting trips that they were familiar with 

 Walking or Cycling non-commuting trips that they were unfamiliar with 

Respondents were asked to indicate on a Likert-like scale ranging from “Very Often” to 

“Never” how often they used journey planning smartphone applications for each trip type.  

As the raw data produced does not lend itself to any easy comparison between the trip types 

considered, it was decided to create a “frequency score” for each trip type. This was created by 

multiplying by 4 the percentage of respondents who selected the “Always” option for a given 

mode, the “Often” option by 3, the “Sometimes” option by 2, and the “Rarely” option by 1, and 

summing these scores. A score of 0 was assigned to the “Never” option as in this case no 

                                                           
3
 While this mode combinations may represent somewhat of a generalisation, this approach was taken to avoid additional question 

complexity and survey fatigue. 



67 
 

activity takes place. Using this metric it becomes apparent (see Table 4.7) that transport 

applications are used much more frequently for trips that users are unfamiliar with. Higher 

values indicate higher frequency of application use for the trips under consideration. Results 

indicate a wide variation in application use with respect to the different modes and trip types 

considered. Unfamiliar driving trips, followed unfamiliar public transport trips, are the most 

frequent trip types that lead users to access transport applications. It appears that the range 

across which the values of public transport trips vary is much smaller than for driving and 

walking/cycling trips, suggesting that applications still have a considerable value for public 

transport trips that individuals are familiar with. This makes sense intuitively as public transport 

services often contain variations that even an individual with experience of a given route may 

not always be able to predict. Therefore, it may be the case that applications are being used for 

two primary distinct purposes: drivers use applications for route finding purposes, similar to 

satellite navigation devices, as do public transport users on unfamiliar routes while public 

transport users access applications on routes they know to check real time information. 

12Table 4.7 Application Use Metric vs. Trip Type 

Trip Type Frequency Score 

Driving Commuter Trips 93.3 

Driving Familiar Non Commuter  Trips 93.7 

Driving Unfamiliar Trips 257.0 

Public Transport Commuter Trips 160.0 

Public Transport Familiar Non Commuter Trips 139.3 

Public Transport Unfamiliar Trips 223.9 

Walking or Cycling Commuter Trips 93.5 

Walking or Cycling Familiar Non Commuter Trips 91.9 

Walking or Cycling Unfamiliar Trips 182.9 

 

4.2.5 Important Application Features 

Transport applications typically provide more than one service to the user. To gain a better 

understanding of what motivates individuals to access transport applications, respondents were 

asked to select from a number of features and indicate which feature they deemed most 

desirable as part of a transport related smartphone application. These features were chosen to 
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represent typical features of transport smartphone applications based on the assessed 

information sources presented in Chapter 2: 

 Real Time Public Transport Information 

 Travel Time Information 

 Traffic Information 

 Trip Cost Information 

 Environmental Impact Information 

 Weather Information 

As it was recognised that the value to a user of any given feature was likely to vary with respect 

to trip type, respondents were asked to select a feature for both a trip they were familiar with 

and one that they were unfamiliar with. Familiarity with trips was left to be defined by the 

respondents. The results presented in Table 4.8 indicate that for familiar trips public transport 

information was deemed to be the most desirable feature; whereas for unfamiliar trips travel 

time information was found to be the most desirable. One interpretation of this finding is that 

where individuals already possess a rough estimate of the time it should take them to travel 

between two points they can calculate any potential deviations based upon data regarding 

current public transport activity or traffic conditions. However, for trips where individuals have 

little previous knowledge it is important that they receive information regarding the potential 

travel time involved in completing their trip. In the context of this research it is important to 

note the low priority given to the provision of environmental information. While this does not 

necessarily mean that environmental information is not a desired service, it does indicate that it 

is unlikely to be the principal reason why an individual chooses to install a transport application 

on their device. Therefore, it would appear that organisations wishing to highlight the impact of 

transport on the environment must pay specific attention to delivering satisfactory primary 

functionality if they are to reach a wider audience.   
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13Table 4.8 Application Feature vs. Trip Familiarity 

Feature Familiar Trip (N=385) Unfamiliar Trip (N=385) 

Public Transport Information  41.1%  19.2% 

Travel Time Information 16.3 % 54.8% 

Traffic Information  23.0% 9.9% 

Cost Information 12.9% 12.2% 

Environmental Information  3.4% 2.9% 

Weather Information  3.4% 1.0% 

Total  100.1% 100% 

*Result of rounding  

Section Summary and Conclusions 

This section outlines the results of an experiment designed to assess the levels of transport 

application usage within a sample of respondents from with the GDA. Results demonstrated the 

popularity of both traditional Internet based applications and those available on smartphone 

platforms. Application usage was found to differ significantly with respect to the nature of the 

planned journey and the demographic characteristics of the individual. User age was found to 

have a significant impact on both smartphone ownership and application usage, with both 

ownership and usage decreasing with respect to age. While this may be a concern with respect 

to reaching all sections of the population, the overall results of the analyses appear to indicate 

that smartphone applications are playing a substantial role in how individuals in the GDA 

access transport information. This indicates that transport applications have the potential to 

reach a large number of individuals, and therefore can be considered to be suitable platforms for 

introducing emissions information into individuals’ mode choice calculations.  This being said, 

it is important to note that environmental information does not appear to be regarded as an 

important primary feature. It is, therefore, essential that any organisation wishing to educate 

individuals about the environmental impact of their trips also provide strong primary 

functionality such as accurate public transport information and travel time estimation to 

encourage use. 
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Section 4.3 Presentation of Emissions Information for Journey Planning  

4.3.1 Introduction 

As outlined in Chapter 2 Section 3 there are currently a wide range of approaches being 

undertaken to try to communicate the environmental impact of transport choices to consumers. 

CO2 emissions are a measurable and quantifiable trip attribute in the same manner as time and 

cost are, but there are a number of differences between emissions and trip time and costs in 

terms of individuals’ ability to relate this information. Both time and cost information come in 

the form of metrics that individuals encounter multiple times during the course of a normal day: 

namely currency such as Euro and cent, and units such as hours and minutes. Given the 

ubiquitous nature of time and cost information across nearly all activities, individuals have 

developed internal references which they can use to compare information they are presented 

with. Not only can they relate the time and cost information associated with one alternative to 

that for another, they can also compare this information with time and costs associated with 

other activities or products they frequently encounter. Emissions information, on the other hand, 

often appears in a knowledge vacuum (Whitmarsh et al, 2011), where individuals have no 

previous experience with the metrics being used. If this is the case the provision of information 

alone may not have much value and therefore may soon be discarded. If individuals are to be 

expected to make transport decisions based on emissions estimates, they must first understand 

this information. One way to achieve this is to pay specific attention to the form in which such 

information is presented. This section will focus on effectiveness of some of the framing 

approaches that can be used to give individuals a clearer understanding of the emissions 

information relating to their transport options. The results presented in this section were also 

presented in Brazil et al. (2013b). 

4.3.2 Current Approaches in Carbon Calculators and Journey Planners 

As there are a wide variety of emissions information providers, and as there is no universal 

approach for providing environmental information, a number of distinct approaches are being 

undertaken to make emissions more relevant to the general public. An examination of some of 
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these approaches has highlighted a number of common strategies that are being employed.  For 

example Traffic Scotland’s website provides a carbon calculator (Traffic Scotland, 2014) 

enabling users to compare the emissions arising from undertaking a trip with emissions arising 

from other modes. This site also allows users to see how their trip emissions compare with 

emissions arising from other commonly undertaken activities. The reference activities include 

heating a domestic dwelling, providing light using an energy saving light bulb, and boiling a 

given number of kettles. The website of the Dutch governmental agency Centraal Bureau voor 

de Statistiek (CBS, 2014) provides a carbon calculator that represents carbon emissions in the 

form of a graphical footprint which varies in colour depending on individual’s emissions. 

Individuals can also view the contribution of specific sections of their lifestyle such as housing, 

food, transport, and recreation. However, information on the precise amount of CO2 produced 

for each activity is not clearly apparent. The web-based application Carbon Quilt (Carbon 

Visuals, 2014) takes a different approach and provides users with a unique approach for 

visualising their annual carbon emissions in the form of a “quilt” of CO2 superimposed over a 

satellite image of an urban area. Users are also able to see the volume of CO2 represented in the 

form of a cube or sphere where scale is provided by an adult human figure.   

 

The website of the utility company General Electric (GE, 2014) enables users to see the 

emissions created by a number of different products and activities such as sending a text 

message, conducting an online search or using one paper towel. The United States 

Government’s Environment Protection Agency (EPA, 2014) has the facility on their website 

that allows users to compare their carbon emissions with other activities such as the carbon 

sequestered by 10 years of tree seedling growth or the burning of a given number of railcars full 

of coal. Research in this area has examined the use of natural imagery such as trees in 

contextualising emissions information (Waygood and Avineri, 2011). While traditional 

economic theories tends to consider a rational individual who will consider information 

regardless of what form it takes, findings from the field of behavioural economics have shown 

that the manner information takes can have a major impact upon how it is processed 
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(Kahneman, 2011). Based upon this previous studies have highlighted the importance of 

framing with regard the presentation of emissions information in terms of factors such as a 

loss/gain paradigm (Avineri and Waygood, 2013). 

19 Figure 4.1 Sample Approaches to Presenting Emissions  

 (Transport Direct, 2014; CBS, 2014; Traffic Scotland 2014; Carbon Visuals, 2014) 

 

4.3.3 Methodology 

As part of Survey 1 (For more details please see Chapter 3 Section 3) an examination of a 

number of different ways of communicating emissions information were examined.  

4.3.3.1 Sample  

As previously stated, the number of respondents who provided answers for each of the 

experiments contained in Survey 1 differed. For this reason it was decided to consider each 

experiment to have a sample that contained a subset of the overall sample. For the purposes of 

this experiment respondents who did not provide a preferred presentation approach were 
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excluded. Table 4.9 outlines the socioeconomic characteristics of the sample considered for this 

analysis. 

14Table 4.9 Emissions Presentation Sample Gender 

Gender N=355 

Male 45% 

Female 55% 

Age   

15-24 12.3% 

25-34 32.5% 

35-44 23.8% 

45-54 21.1% 

 

4.3.3.2 Emissions Presentation Approaches 

Survey respondents were presented with four approaches to interpreting the carbon emission 

arising from their trips. Each approach presented the respondent with information on the 

attributes of the three modes available (bus, driving, and heavy rail) for a hypothetical trip. As 

the purpose of this study was to examine how carbon emissions information could be integrated 

into a smartphone application interface, information on travel times and trip costs associated 

with each mode were also presented as these attributes are likely to be included on any transport 

related application. These approaches were based upon methods already being employed by 

existing journey planning applications and carbon calculators. To ensure that respondents were 

aware that they were being asked to assess the method of presenting emissions, rather than 

choose the mode they would take, the attribute levels for each mode (time, cost and emissions) 

were kept constant for each approach.  

 

Approach 1: known as the “Basic Numerical Approach”, presented respondents with simple 

numerical information regarding the emissions that would be produced by each mode. 

Emissions information was presented in terms of the mass, in kilograms, of CO2 produced by 

each mode. No additional contextual information was made available to the user. This format be 

similar to the approach taken by many carbon calculators and is comparable to methods of 
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communicating other hard to identify with units such as calorie information on the packaging of 

food products which assume certain level of familiarity. (See Figure 4.2 for details). 

 

Approach 2: also known as the “Light Bulb Approach” was created specifically for this 

experiment, but based upon existing approaches, and contained the same information as 

provided in Approach 1 as well as additional information designed to help respondents put their 

emissions into context. Respondents were told how long a 60 watt incandescent light bulb 

would need to be left turned on to produce the equivalent amount of emissions of CO2 as their 

trip. This calculation was based upon the current Irish electricity mix (Howley et al, 2009). The 

choice of the 60 watt bulb was due to a number of factors including the simplicity of the device, 

the status of light bulbs as iconic images in previous energy saving campaigns, and its 

widespread use in Irish homes until very recently. The lightbulb also represented a brand 

neutral appliance as its power consumption and emissions are not specific to a given model or 

manufacturer. This approach is similar in nature to the approach taken by Caulfield and Brazil 

(Caulfield and Brazil, 2011) and the Traffic Scotland carbon calculator (Traffic Scotland, 

2014). Although it may be argued that comparing emissions in terms of kilograms with 

lightbulbs is merely substituting one abstract concept for another, precedents already exist such 

as the conversion of calories to Weight Watchers Points in the food retail sector (Weight 

Watchers, 2014). Approach 2 was accompanied by images of lightbulbs which increased in size 

as emissions rose to provide a visual stimulus. It should be noted that these images were merely 

illustrative and did not relate directly in scale to the emissions produced due to constraints with 

the format of the images, this was also communicated to the survey respondents. (See Figure 

4.2 for details). 

 

Approach 3: known as the “Carbon Budget Approach”. This approach presented respondents 

with the same basic information as provided in Approach 1 as well as additional information 

regarding a daily carbon budget. The principal advantage of this approach is that it provides the 

user with a frame of reference that may not otherwise have been present. To avoid a bias in 
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terms of framing effects previously encountered with regard to the presentation of emissions 

information, respondents were told the percentage of their daily carbon budget each mode 

would consume per trip and also what percentage would remain. The idea of personal carbon 

budgets is already well developed with a large body of literature addressing the concept of 

enforced carbon budgets and personal carbon trading schemes (Bristow, 2010). This approach is 

similar to the planets approach used by carbon calculators such as the World Wild Life fund 

(WWF, 2014) but differs in that it presents users with a daily, rather than annual budget, and 

was trip specific allowing users to isolate the impact of a unique choice, rather than a lifestyle 

as is the case with the WWF approach. This budget based upon McNamara and Caulfield 

(2011) and assigned respondents a hypothetical daily carbon budget of 5kg per day for travel 

activities, which could be divided across modes. The budget is purely informative and is 

unenforceable, meaning that users suffer no quantifiable personal loss for exceeding their limit 

such as a fiscal penalty, and therefore can be considered analogous with schemes such as 

weightwatchers points. (See Figure 4.2 for details). 

 

Approach 4: also known as the “Traffic Light Approach”, was constructed in such a manner 

that, while it contained the same information as the previous three approaches with regard to 

travel time and trip cost, it omitted specific numerical information on carbon emissions. This 

was intended to test whether respondents had a preference for visual rather than quantitative 

information on carbon emissions. Instead of supplying numerical information, Approach 4 

provided respondents with a traffic light colour coding system where the highest emitting mode 

was by denoted by a red light, the medium mode a yellow light and the lowest emitting mode a 

green light. This approach reflects the approach being taken by a number of carbon calculators 

such as the Dutch website CBS.nl (CBS, 2014), as well as the use of traffic light style colour 

coding in the white goods and building energy sectors in Ireland. (See Figure 4.2 for details). 
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While it must be acknowledged that these approaches do not represent all possible means of 

expressing emissions information, it was felt that they represented distinct approaches that can 

currently be found within existing interfaces. The figures for time, cost, and emissions 

presented in the approaches were based upon personal experience of Dublin transport (for time 

and cost values) and Walsh et al. (2008) for emissions values. 

20Figure 4.2 Approaches to Presenting Emissions Examined (Brazil et al, 2013b) 

 

After viewing the four approaches of carbon presentation respondents were asked to indicate 

which approach they had found the “easiest” and “hardest” to understand and which approach 

was “most likely” and least likely” to entice them to move to a lower emitting mode. This 

question format forced respondents to make a choice between approaches, while also 

addressing some of the issues of response similarity that may occurs with Likert scales.  

4.3.4 Section Results  

Table 4.10 displays the respondents’ approach preferences both in terms of understanding of the 

approach, and the approaches’ likelihood to influence mode choice. Basic Numerical 

Information provided by Approach 1 was deemed to be both the easiest to understand and the 

most influential approach with scores of 39.3% and 34.5% respectively. Responses for the Light 
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Bulb Approach are exactly the same for both understanding and influence with scores of 27.4% 

and 28.5% respectively. The largest variance between understanding and influence was for the 

Carbon Budget Approach where 16.8% of respondents stated that it was the easiest approach to 

understand but 23.6% chose it as the most influential approach. This suggests that the Carbon 

Budget approach may be perceived as more influential than understandable, and therefore 

individuals may benefit from education or training regarding such a concept. The Traffic Light 

Approach has been selected as both the approach that is hardest to understand and least 

influential by largest section of respondents with scores of 40.3% and 47.3% respectively.  An 

implication of this may be that if users can be educated to operate a carbon budget system it 

may offer a more effective method of communicating and therefore controlling carbon 

emissions. 

15Table 4.10: Assessment of Approaches 

 Basic 

Numerical 

Lightbulb 

Approach 

Carbon 

Budget 

Traffic Light 

Approach 

Easiest to Understand (N=351) 39.3% 27.4% 16.8% 16.5% 

Hardest to Understand (N=352) 14.6% 16.1% 29.0% 40.3% 

Most Likely to Alter (N=351) 34.5% 27.4% 23.6% 14.5% 

Least Likely to Alter (N=351) 16.1% 15.2% 21.4% 47.3% 

 

4.3.4.1 Cross Tabulations of Approaches with Demographics  

To assess the relationships between demographic variables, travel behaviour variables, and the 

respondents assessment of the approaches, a number of Chi Squared cross tabulations were run. 

An overview of Chi Squared is presented in the previous section. Table 4.11 displays the results 

of these cross tabulations. As previous studies have identified an “attitude-behaviour” or 

“value-action” gap with relation to individuals’ pro-environmental attitudes and the high carbon 

activities in which they actually engage in (Howarth et al, 2009; Anable et al, 2006 and Gardner 

et al, 1996). Rather than canvas opinions or attitudes, respondents were asked to state how often 

they undertook trips using different modes, allowing classification by actions rather than 

attitudes or alleged intentions. Only cross-tabulations which resulted in frequency distributions 

which are significantly different from random variation are discussed further.  
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16Table 4.11 Cross-tabulations of Understanding and Influence of Approaches 

Understanding Gender Age Education Walking Driving PT  Use Cycling 

P 0.008* 0.285 0.098** 0.482 0.396 0.265 0.696 

Influence Gender Age Education Walking Driving PT  Use Cycling 

P 0.577 0.007* 0.103 0.670 0.702 0.028* 0.280 

* Rejects the null hypotheses at 95% Probability **Rejects the null hypotheses at 90% Probability 

 

Table 4.12 displays the variance in ease of understanding of approaches with regard to gender. 

It is clear that while Approach 1 and Approach 3 display increased levels of male selection, 

Approach 4, the Traffic Light Approach has been selected as the easiest approach to understand 

by 24.8% of females in contrast to 12.3% of males. Approach 2, the Light Bulb Approach, has 

been selected as the easiest approach to understand by a similar percentage of males and 

females. Whether this reflects a male preference for more numerical presentation, as both the 

basic numerical and carbon budget approaches fall into this category and a female preference 

for more a visual presentation is unclear from this sample. 

17Table 4.12 Ease of Understanding and Gender 

(N=351) Basic Numerical Lightbulb 

Approach 

Carbon Budget Traffic Light 

Approach 

Female 34.7% 26.7% 13.8% 24.8% 

Male 40.6% 27.1% 20% 12.3% 

 

Figure 4.3 outlines the results of the cross tabulation between the influence of approaches and 

the age of the respondents. The graph indicates that the influence of the Approach 1and 

Approach 4 increase in relation to the age of the respondents while the influence of Approaches 

2 and 3 decrease. A marked change in preference exists between each end of the age spectrum 

for each of the approaches. Positive changes of 22.5% for Approach 1 and 19.7% for Approach 

4 occur, while negative changes of 18.7% for Approach 2 and 23.6% for Approach 3 are 

observed. If Approaches 2 and 3 are considered “contextualising approaches” insofar as they 

provide the respondents with some context to allow them to relate to their emissions, it is 

evident that the influence of these contextualising approaches decreases with respect to age and 

the influence of the two “non-contextualising” approaches increases.  
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21Figure 4.3 Most Influential Approaches vs. Age 

 

4.3.5 Respondents Comments 

As this research concerned individuals’ personal preferences, it was considered important to not 

just to collect quantitative information, but also qualitative data.  With this in mind respondents 

were asked to provide feedback in the form of comments and suggestions about their 

impressions of the approaches, and on how they felt these could be improved upon. It was 

hoped that these comments could provide a level of insight into the respondents’ decision 

making process that was unavailable from the statistical analysis of approach preference. Tables 

4.13-16 contain a selection of respondent’s comments regarding the approaches. These 

comments reflected the diverse and conflicting opinions provided by respondents about the 

effectiveness of the approaches. While the Basic Numerical Approach was the most popular of 

the four examined, it also proved to be the least controversial with regard to the feedback that 

respondents provided. The comments regarding the Lightbulb Approach highlighted a number 

of issues such the association between lightbulbs and bright ideas and warmth. Another 

respondent questioned the idea of linking transport emissions with emissions resulting from a 

lightbulb as the public wouldn’t be aware of the scale of either. The comments provided by 
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respondents concerning the carbon budget may be considered as some of the most interesting. 

While some respondents felt that the budget system was too prescriptive and guilt inducing, 

another respondent compared it to a game which could potentially be played with family 

members and friends to encourage emissions reduction. Comments regarding the Traffic Light 

Approach tended to focus on the lack of quantitative data provided by the approach and the 

false impression it was perceived to have created regarding the proximity of the emissions 

produced by the bus trip to those produced by driving. This may be due to the simplistic nature 

of the graphical representation and would raise the possibility that a more detailed colour coded 

scale, such as the one used on white goods in the E.U., may be more effective. 

 

18Table 4.13 Selected Respondent Comments: Basic Numerical Approach 

 

“Having the numerical values was a much better option.”-Female 15-24 

 

“Personally I would prefer approach 1 or 2 - information provided factually. Approach 3 &4 I 

would find too hectoring!”- Female 45-54 

 

19Table 4.14 Selected Respondent Comments: Lightbulb Approach 

 

“It’s very interesting to see in comparison to lightbulbs/traffic lights as it totally put the points 

into perspective”-Female 35-44 

The number of lightbulbs idea is different from the others but seeing as most people would not 

be aware of energy or emissions linked with this, I do not see much point in including it.-

Female 15-24 

“For the kg’s of co2 or percentages to be effective the values must be of concern to the user, 

this is preaching to the converted!    The light bulb (and its association with bright ideas) 
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supports the worst polluter as the ‘best idea’ “-Male 35-44 

The Light bulbs system is effective as you can relate to it but the different sized lightbulbs didn't 

really make sense, especially as lightbulbs tend to signify ideas and warmth so a bigger one can 

often be assumed better.  Perhaps instead of increasing the size of the lightbulb, add more 

lightbulbs for more emissions, and have less for less emissions, etc.”- Male 15-24 

 

20Table 4.15 Selected Respondent Comments: Carbon Budget 

 

“Daily Carbon Budget too prescriptive.” –Female, 25-34 

“The budget will make people feel guilty and less likely to participate”-Male 45-54 

“I would strongly support the 3rd scenario, because if you really care about carbon FP stuff 

you need information to be put into context, otherwise the travel costs/convenience/timeframe 

would stand out more than other issues and weight more in the decision process.”- Male 35-44 

“I don't think that the lightbulb or traffic light systems added much - the simple numerical value 

is easy to understand.  The percentage of a daily carbon allowance is very striking but I would 

be concerned that for people who drive regularly they would be busting their limit so easily that 

they may feel that making small changes would have little impact on their total so may tune 

out.”-Female 35-44 

“I liked the Daily Carbon Budget best because it's like a game and gets you motivated to aim 

for better results. If it was developed to accumulate the points over longer period of time 

(week/month/year), that'd provide even more motivation to do better. It could also become a 

reason to compare and/or compete between family members and friends!”- Female 35-44 
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21Table 4.16 Selected Respondent Comments: Carbon Budget 

 

“I feel the traffic light system doesn't give a great impression of carbon emissions and the 

advantages of one system over another as it doesn't suggest how much of a difference between 

the options.”- Male 15-24 

“Traffic lights suggest that the emissions of a bus journey (yellow light) are halfway between 

the car and the DART, whereas they are really much closer to the DART”.-Male 35-44 

“While the traffic light system clearly ranked the modes of transport so it could be seen which 

had the least to most emissions, not having the figures meant that the difference in emissions 

was not clear.” -Female 15-24 

 

4.3.6 Section Summary and Conclusion  

The purpose of the research outlined in this section was to examine the appropriateness of 

available approaches to presenting emissions information as part of a smartphone application or 

internet based journey planner. The principal finding emerging from this section of the research 

is that there is not one approach that the majority of respondents found to be preferable to the 

others, rather preferences vary across the population. It must be acknowledged that this analysis 

only examined four possible approaches to framing emissions information, and in reality there 

is a near infinite amount of approaches and combination of approaches available to potential 

interface designers.  However, the approaches chosen were selected for analysis as it was felt 

that they best represented a good cross section of the approaches current being used across a 

number of industries. 

The analysis highlighted the need to provide both numerical and contextual emissions 

information. While contextual information may be useful while individuals are unfamiliar with 

emissions metrics, it is also important that there is an available unit for comparison with other 
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activities from other sectors. In the longer term it would be desirable that individuals gain a 

better understanding of the relevant emissions metrics to allow them to make comparisons 

similar to the process of comparing monetary cost or time, or more recently promoted units 

such as calories or standard drinks. 

As more and more communication is carried out via electronic platforms, and as many 

applications and websites allow users to personalise settings, it should be possible for 

individuals to select emissions presentation approaches that best suit their personal preferences.  

Section 4.4: Assessment of Existing Emissions Knowledge 

This section presents the results of the first experiment conducted as part of Survey 2 in late 

2012, and concerns the analysis of existing levels of public knowledge with regard to the CO2 

emissions associated with various modes of transport. The results presented in this chapter are 

also presented in Brazil and Caulfield (2014a).  

4.4.1 Current Levels Emissions Knowledge 

Carbon emissions are by their very nature, almost abstract notions that the average individual 

may have considerable difficulty relating to (Whitmarsh et al, 2011; Bord et al, 2000). As 

highlighted previously, emissions are very hard if not impossible to detect, and may be 

produced at a location remote to the individual undertaking a journey. It is therefore highly 

likely that individuals only have a very limited, if any, appreciation of the CO2 emissions levels 

associated with the various modes of transport available to them.  

Currently very few public transport operators or car manufacturers appear to be willing or able 

to provide single trip emissions information that would enable individuals to make informed 

decisions regarding the environmental impact of their journeys. Rather, public transport 

operators tend to display information regarding time and cost, while emissions information 

regarding driving is at best limited, and is further hampered by the complexity of the relevant 

calculations. 
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 In light of this, it is far from established as to whether the general public has an understanding 

of the relative sustainability of various transport modes, specifically with respect to CO2 output. 

It may be the case that individuals are unaware of the environmental impact of their actions, or 

they may underestimate the effect that a change in transport behaviour may have in terms of 

reducing their overall carbon footprint. It is also possible that individuals may have undertaken, 

or be in the process of undertaking, actions which they believe will have a major impact in 

terms of reducing their carbon footprint, but are in fact much less effective than they may 

imagine. 

While it is clear that there is a need to provide individuals with information regarding the 

environmental impact of available modes (Anable et al, 2006) it is also important to first 

consider the existing levels of public knowledge regarding emissions, specifically with regard 

to the transport sector. While other studies have deemed that the general public may not be 

particularly carbon literate (Whitmarsh et al, 2011; Howell, 2012), the purpose of this 

experiment was to test this hypothesis empirically. 

4.4.2 Methodology 

This experiment formed the first half of the Survey 2 (For overview please see Chapter 3 

Section 3). As with Survey 1 it was decided to treat each experiment as if it was independent 

from the rest of the survey, and therefore had its own corresponding separate sample. The 

demographic characteristics of this sample are presented in Table 4.17. 

22Table 4.17 User Interaction Sample Gender 

Gender N=492 

Male 42.8% 

Female 57.2% 

Age  

15-24 15.7% 

25-34 25.5% 

35-44 24.7% 

45-54 25.0% 
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The format of the experiment consisted of a question where the survey respondents were 

required to match a given mode of transport to a specific emissions range for a 10km journey. 

This journey length was chosen at it was judged to be beyond the distance that the average 

respondent would usually consider for walking or cycling, but still within the range of Dublin’s 

public transport network. 

Respondents were asked to provide estimates for the following transport modes: 

 Small Car (defined as  less than 1.6L) 

 Large Car (defined as 1.6L+) 

 Tram (Luas light rail system operating in Dublin) 

 Heavy Rail (DART/Suburban Rail system operating in the GDA) 

 SUV  (Sports Utility Vehicle) 

 Bus 

These modes represented the majority of trips undertaken in the GDA (CSO, 2012). The 

decision to provide respondents with three driving options was due to the large proportion of 

trips accounted for by this mode (Gormley, 2011). While in reality there are of course far more 

than three car types available, it was considered that a simplified approach would be more 

desirable as it was unlikely that the average non-technical individual would be able to make a 

meaningful distinction between each of the modes. Electric vehicle were omitted as they are 

still uncommon in Dublin, and the emissions arising from non-motorised modes (Walsh et al, 

2008) were not assessed as it was felt that this may confuse respondents. With regards to the car 

options, factors such as vehicle service history, fuel type, and the effect of cold starts are also 

excluded as this was felt to be too in depth and potentially confusing for respondents. It was 

also considered important that the car options represented a scale of that made intuitive sense 

i.e. small to large engine size. The provision of emissions ranges made it possible for 

individuals to provide relative emissions for each mode regardless of their knowledge of the 

absolute values. This was considered to be very important as an individual may not know the 
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emissions associated with two given modes in absolute terms, but may be of the opinion that 

one mode produces greater levels of CO2 than the other. This also reflects the situation that an 

individual is likely to be faced with for a journey of this length. If non-motorised modes are not 

a realistic option, sustainable travel is therefore a case of minimising environmental impact by 

choosing the lowest emitting mode. It was also clearly indicated that emissions values are taken 

to be per passenger rather than per vehicle, as this was seen to better reflect the emissions 

reductions achievable through use of public transport. Public transport emissions are based on 

average ridership figures and in reality will vary with regard to the number of uses on a given 

service. In order to allow respondents to state that they could not make an informed estimate, 

and to minimize the impact of respondents simply guessing, respondents were able to select  a 

“Don’t Know” option for each of the modes under consideration. 

Figure 4.4 presents the question that respondents were faced with as part of the questionnaire.  

22Figure 4.4 Knowledge Assessment Question 

  

4.4.3 Knowledge Assessment Analysis Results 

Table 4.18 represents a primary analysis of participants’ estimates in terms of the frequency 

with which a given mode was represented within each range. It is clear that the Tram option is 

highly concentrated at the lower end of the scale whereas other modes appear to exhibit a range 

of variation. Heavy Rail, and to a lesser extent the Small Car option, also display a decreasing 

frequency of selection with regard to increasing emissions. Perhaps the most striking result is 

the percentage of respondents who simply stated that they didn’t know the emissions associated 
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with each mode. This represents roughly a third of all respondents. This finding in itself 

indicates that a sizeable proportion of the population are simply unable to provide any type of 

estimate or even guess regarding their transport emissions. For the rest of this section, analysis 

is performed on only the respondents that provided emissions estimates and will henceforth 

these individuals will be known as “participants”.  It was found that the vast majority of 

individuals who stated that they did not know for any given mode also failed to provide 

estimates for any of the other modes. Therefore, it was decided to consider all emissions 

estimates provided, for the purpose of further analysis within this section. 

23Table 4.18 Emissions Estimates 

 0-50 g 50-250 g 
250g- 

1kg 
1kg-5kg 5-15kg >15kg 

Don’t 

Know 
Total 

Small Car 

(N=487) 12.7% 18.9% 20.3% 11.9% 4.1% 0.2% 31.8% 99.9%* 

Large Car 

(N=489) 1.0% 14.7% 15.1% 19.0% 14.1% 3.5% 32.5% 99.9%* 

SUV 

(N=483) 0.8% 8.3% 13.3% 18.0% 14.9% 12.2% 32.5% 100% 

Bus 

(N=492) 9.4% 17.9% 14.6% 11.0% 8.1% 7.1% 31.9% 100% 

Tram 

(N=490) 36.3% 16.7% 6.5% 4.7% 1.6% 1.8% 32.2% 99.8%* 

Heavy Rail 

(N=483) 21.9% 21.1% 9.1% 6.2% 4.8% 3.5% 33.3% 99.9%* 

*Result of Rounding 

 

While this approach presents an overview of the frequency that participants matched modes 

with emissions ranges, it provides little in the way of information about the relative positions of 

modes with respect to associated emissions. When an individual is faced with a decision 

between modes based upon environmental impact, it may not be important that he/she is aware 

of the absolute emissions related to each mode, rather that they are able to recognise the 

differences in scale between the emissions associated with each option. Acknowledging the 

need to assess relative emissions placement, Tables 4.20-25 presents the results of emissions 

comparisons between modes. 
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 Using the ordinal values assigned to categories in Table 4.19, it is possible to assess the 

aggregate “distance” between emissions estimates.  

24Table 4.19 Assignment of Ordinal Values 

 0-50g 50-250g 250g-1kg 1-5kg 5-15kg >15 kg 

Category 1 2 3 4 5 6 

 

For example if an individual placed Small Car emissions in Category 4 and SUV emissions in 

Category 6 the distance between these estimates is said to be +2, similarly if the Small Car 

Emissions had been placed in Category 2 and SUV in Category 4 would yield the same result. 

The following presents an example of such a calculation: 

For the purpose of this example we consider there are 3 participants and we only look at two 

modes, say Small Car and Large Car.    

Participant One places Small Car in Category 1 and Large Car in Category 4, the distance in 

this case is therefore +3 (Taking Small Car as the Reference).  

Participant Two places Small Car in Category 2 and Large Car in Category 4, the distance in 

this case is therefore +2 (Taking Small Car as the Reference). 

Participant Three places Small Car in Category 3 and Large Car in Category 2, the distance in 

this case is therefore -1 (Taking Small Car as the Reference). 

Averaging these distances out produces an overall score of 1.33. From the view point of Small 

Car the Large Car option is scored +1.33 by respondents, and from the Large Car perspective 

the Small Car is score -1.33.  

This is then carried out for each of the 15 unique comparisons available for the modes under 

consideration. Positive numbers indicate that, on average, the participants judged a mode to 

have higher associated emissions than the reference mode. Taking for example Table 4.20, 

where Small Car is the reference mode, it can be seen that SUV, Large Car, and Bus are all 



89 
 

judged to produce more emissions than Small Car. Similarly Tram and Heavy Rail are judged to 

produce fewer emissions.    

For results presented in Tables 4.20-25 positive values relate to higher estimates and negative 

values to lower relative estimates. Comparisons are also presented twice; from the perspective 

of each of the modes for the sake of clarity and reference with other modes (i.e. Large Car has 

higher emissions than Small Car and Small Car has lower emissions than Large Car). It is 

observed that aggregate estimates place SUV higher and Tram lower than all other modes. It is 

also interesting to note that Bus is observed to have higher associated emissions relative to the 

Small Car option as in reality ,on average, per passenger emissions are much lower for Bus trips 

than any type of car trip (Walsh et al, 2008).  

25Table 4.20 Comparison with Small Car 

Large Car SUV Bus Tram Heavy Rail Large Car 

0.93 1.43 0.35 -0.82 -0.25 0.93 

 

26Table 4.21 Comparison with Large Car 

Small Car SUV Bus Tram Heavy Rail Small Car 

-0.93 0.50 -0.58 -1.75 -1.18 -0.93 

 

27Table 4.22 Comparison with SUV 

Small Car Large Car Bus Tram Heavy Rail Small Car 

-1.43 -0.50 -1.08 -2.25 -1.68 -1.43 

 

28Table 4.23 Comparison with Bus 

Small Car Large Car SUV Tram Heavy Rail Small Car 

-0.35 0.58 1.08 -1.17 -0.60 -0.35 

 

29Table 4.24 Comparison with Tram 

Small Car Large Car SUV Bus Heavy Rail Small Car 

0.82 1.75 2.25 1.17 0.57 0.82 
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30Table 4.25 Comparison with Heavy Rail 

Small Car Large Car SUV Tram Bus Small Car 

0.25 1.18 1.68 -0.57 0.60 0.25 

 

This form of comparison may be considered to be the most valid. In a normal everyday scenario 

an individual is likely to be faced with a finite number of transport options that are often 

constrained due to the existing public transport infrastructure and the nature of their journey. In 

this case it is the relative emissions of each mode that are important, as other factors such as trip 

length may also play a major role in the absolute values.  

4.4.3.1 Accuracy of Estimates 

It was deemed important to provide a comparison between the participants’ placements and 

current emissions estimates for the GDA. Using the emissions values put forward by Walsh et 

al. (2008) concerning carbon emissions produced by transport modes in Ireland, it is possible to 

conduct a comparison between the participants’ estimates and existing emissions factors. 

Values for the categories Small Car and Large Car are taken at falling between 1-5kg. Walsh et 

al. (2008) gives a value of 0.120 per passenger per kilometre for general cars in “normal” 

conditions. The United Kingdom’s Transport Direct website (Transport Direct, 2014) carbon 

calculator gives a small car value of 1.3kg for a 10km journey while Transport for Scotland 

(Traffic Scotland, 2014) gives a value of 1.7kg for a car below 1.4L, so it is assumed that both 

car categories  are likely to fall within the 1-5kg range. Treating both average and maximum 

occupancy values as being correct it is possible to categorise the remaining selections as either 

under or over estimates. Results displayed in Figure 4.5 clearly indicate that a large number of 

participants under estimated emissions for both Small Car and Heavy Rail. However the most 

striking result may be that 81% of participants under estimated the emissions associated with 

the Tram option.  
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23Figure 4.5: Under and Over Estimation of Emissions 

 

 

4.4.5 Section Summary and Conclusions  

The purpose of this section was to provide an insight into individuals’ ability to assign CO2 

levels, both absolute and relative, to various modes of transport available in the GDA. The 

principal result emerging is the realisation that while the general public may be able to identify 

the most harmful modes of transport, in terms of carbon dioxide emissions, there is a 

considerable level of confusion with regard to the emissions associated with other available 

options. Most striking of all the findings is the very low emissions values that a large proportion 

of the sample attributed to the Luas tram system. A number of reasons may be put forward to 

explain why this might be the case. The Luas is the most recent addition to the cities transport 

infrastructure, and is currently in the process of expansion. Unlike other modes, most notably 

the city’s buses, the tram does not produce visible emissions at source, this it may lead 

individuals to consider modes such as bus to have greater carbon footprints than trams when in 

reality the opposite is true. However, this is speculation, and requires further examination. This 

issue will be discussed further in Chapter 7. The emissions associated with the Small Car option 

was likewise considerably underestimated. This would suggest that individuals may view a 

reduction in car engine size, rather than a modal switch, as an effective method of reducing their 

Small 

Car 

Large 

Car 
SUV Bus Tram 

Heavy 

Rail 

% Under Estimate -47.40% -22.70% -13.50% -15.50% -80.90% -33.10% 

% Over Estimate 6.40% 26.20% 39.00% 33.50% 9.20% 19.50% 

% of 

Respondents 
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carbon emissions. This is further supported by the finding that only 34.6% of those respondents 

who provided an emissions estimated considered all modes of public transport to have lower 

emissions than the driving options. 

In the case of each mode examined, 30-35% of those surveyed stated that they simply did not 

know the emissions associated with the options. This is however in stark contrast to their 

statements also supplied as part of this survey regarding their ability to make informed transport 

choices. Table 4.26 presents the responses to the statements “I have enough information to 

make informed environmental transport choices”. Over 60% of those surveyed stated that they 

either agreed or strongly agreed with the statement. 

31Table 4.26 “I have enough information to make informed environmental transport choices (N=492)” 

S. Agree Agree Undecided Disagree S. Disagree 

14.6% 49.0% 18.1% 15.2% 3.0% 

 

Perhaps more worryingly, from the standpoint of promoting sustainable transport choices, than 

the public inability to assess the environmental impact of modes is the apparent ignorance of 

this failing. If individuals are unaware of these shortcomings, in terms of emissions assessment, 

they may be engaged in unsustainable transport behaviours without their knowledge. These 

findings further highlight the need to provide the public with accurate trip specific emissions 

information to enable them to make choices in line with their own personal beliefs. Based upon 

these results it becomes clear that the provision of trip specific emissions information has a role 

to play in educating individuals and allowing for more informed choices. 

4.6: Chapter Conclusion  

This chapter set out to provide an insight into the public receptiveness for emissions 

information supplied as part of a journey planning application. Section 4.2 highlighted the 

popularity of such applications as sources of transport information, however it also exposed 

issues regarding the role of trip type and socioeconomic variables such as age with regard to 

access to these services. This would suggest that while journey planners may offer a suitable 
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platform for emissions information for some individuals undertaking certain trips, it cannot be 

not be considered as a method of reaching all individuals for all trips. This section also 

highlights the need to provide emissions information in tandem with more desirable information 

such as estimated trip time or real time public transport information. Section 4.3 examined 

approaches to framing emissions information, and revealed the need for both raw numerical 

data and more heuristic contextualised information, preferable customisable by the user. Section 

4.4 highlighted the knowledge vacuum associated with individuals’ appreciation of the 

emissions arising from the modes of transport available to them in the GDA. This would 

suggest that the provision of emissions information has an important educational role as 

individuals appear to be undertaking trips based upon false information. This section also 

uncovered an apparent ignorance of this shortcoming within the sample, suggesting that 

individuals are over confident in their ability to recognise the environmental impact of their 

transport choices. Overall, while these results cannot be interpreted to suggest that emissions 

information alone may change behaviour, it does suggest that there is a need for such 

information and that journey planning applications may provide a suitable platform to provide it 

in certain contexts. The next chapter will outline an analysis of the potential role of emissions 

information in transport choices via a stated preference discrete choice experiment.  
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CHAPTER 5: STATED PREFERENCE EXPERIMENTS  

Section 5.1 Introduction 

This chapter presents the results of a stated preference experiment conducted in late 2012 with 

the purpose of examining the potential impact of CO2 emissions information on individuals’ 

mode choices. Unlike the findings presented in previous chapters, this element of the research 

was designed to specifically investigate the potential impact of emissions information on 

individuals’ behaviour. Utilising a discrete choice modelling framework, this element of the 

research describes the use of a stated preference experimental approach to form Multinomial 

Logit Models. The first part of this chapter provides an overview of the relevant methodology 

while the second part describes the specific experimental setup and its associated results.     

5.2 Discrete Choice Modelling 

This method refers to where an individual is required to make a choice between a finite number 

of available alternatives, and may only select a single alternative from the choice set, and as a 

consequence negates the possibility of choosing another. This differs from other modelling 

techniques such as ranked data, as it is only possible to make inferences regarding the 

individual’s primary preference. As only information relating to the selected alternative is 

gathered, knowledge of the relative rankings of non-selected alternatives is unavailable.  

 The primary advantage of discrete choice method is that it mirrors many of the choice 

situations that individuals face in the course of their everyday lives. Within the transport sector 

an individual can only pick one mode, or combination of modes, for a given trip. The very act 

of choosing to travel by one mode excludes all modes for that trip, as it is impossible to travel 

on two separate modes simultaneously.  
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In order to model discrete choice scenarios, the alternatives must possess the following traits 

(Louviere et al, 2000): 

 They must be mutually exclusive. 

 They must be exhaustive, in that all possible alternatives are considered. 

 The choice set must be finite. 

5.2.1 Random Utility Theory 

In order to facilitate the modelling of discrete choice scenarios, an underlying theory is required 

to underpin the modelling process. Discrete choices are typically modelled in accordance with 

Random Utility Theory (Louviere et al, 2000).  Random Utility Theory is an economic theory 

based upon the assumption that individuals seek to maximise the level of ‘utility’ that they can 

derive from the available alternatives. Utility is assumed to be a latent variable influencing the 

individual decision maker (Hensher et al, 2005). The decision maker does not necessarily need 

to be aware of the concept of utility as it is merely an abstraction to allow for the analysis of the 

decision making process. 

If it is assumed that there are J alternatives present as part of the choice set presented to the 

individual, the utility U that the individual derives from alternative j is Unj , j =1,..., J.  As the 

individual is assumed to seek to maximise utility, they are said to choose the alternative from 

which they derive the most utility. An individual will only choose alternative i if they derive 

more utility from it than any of the other alternatives in the choice set. 

2Equation 5.1 

            

When considering the options or “alternatives” available to the decision maker, Random Utility 

Theory places an emphasis the associated attributes. In the case of a transport choice these 

attributes may include the associated trip time and cost, but may also include other variables 

such as perceived comfort and safety.   
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For the purpose of this research we assume that individuals will only select the transport mode 

from which they can derive the maximum level of utility. 

It is assumed that utility is composed of two separate components: 

i. A deterministic component V 

ii. A random component ε 

The deterministic component is a measurable quantity that is a product of the attributes of the 

alternatives defined by the analyst in the form of a utility equation. An example in the transport 

sector would be utility deriving from the trip time and cost values associated with various 

modes. It is not possible to measure the random component, and therefore the most appropriate 

way to model this component is to assign a distribution to the random element and estimate the 

probabilities of choice (Train, 2003).   

3Equation 5.2 

         

The probability that an individual will choose a given alternative is therefore the probability that 

the utility of said alternative is greater than the utility of the other options. Further information 

on Random Utility Theory is available in Louviere et al. (2000) or Hensher et al. (2005). 

5.2.2 Multinomial Logit Model  

The most common method used to model discrete choice situations is the Multinomial Logit 

(MNL) model (Hensher et al, 2005). This model is based around the assumption that the error 

term, outlined in Equation 5.2, is independently and identically distributed based on a Gumbell 

distribution (Louviere et al, 2000). Equation 5.3 outlines the probability of an individual 

selecting a given alternative, where: 

Pi is the probability that the individual will choose alternative i, Vi is the deterministic 

component of utility for alternative i and J is the number of alternatives in the choice set. 

4Equation 5.3 
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A result of this model configuration is that changes in the attributes of the available alternatives, 

such as the travel time associated with various modes has a direct influence upon the likelihood 

of this mode being selected. 

5.2.3 Maximum Likelihood Estimation of Discrete Choice Models 

Maximum likelihood estimates are the set of population parameters that produce the observed 

sample most often based on the assumption that the sample could be generated by different 

populations. Consider a random set of n observations of a some random variable Z denoted by 

(z1, z2,...,zn ). These observations are drawn from some population characterised by a parameter 

θ. Therefore if all the n values of Z in the sample are independent, then the joint probability 

density function is: 

5Equation 5.4 

f( z1, z2…..,zn| θ )=f (z1| θ) f (z2| θ)……, f (zn| θ) 

It is considered that the Zs are free to vary and the parameter θ is fixed. If it assumed that the 

observations Zs are fixed and that the population characteristic θ is free to vary, Equation 5.4 

can be changed to form a probability density function to a likelihood function. Extending this 

approach it is possible to make postulations on the population based upon the observations of Z. 

This can then be further extended to consider a population defined by more than one parameter. 

The Zs are considered to be distributed across a normal distribution and therefore have an 

associated mean and variance. If the population characteristic θ is defined as a two dimensional 

vector of the mean and variance, the likelihood equation outlined in Equation 5.4 can be 

maximised to vector of θ. The following outlines the application of this approach for MNL 

models. It is assumed that there is a random sample of Q individuals, and for each of the 

individuals q there is an observed choice. It is also assumed that the values of the choice set 

observed by the individual Xjkq are also available. If an individual labelled q chooses an 

alternative i, the probability density function observed for that choice is f(Dataq∣β), where 

Dataq is the observed data for individual q and β is the vector of utility parameters contained in 
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the observable component of utility Vjq (The set of  available alternatives J observed by the 

individual q). If all these observations are assumed to be independent, the likelihood function 

can be rewritten b replacing the term f(Dataq∣β) by the expression for probability of the 

alternative actually chosen by the individual. Assuming that individual n1 chooses alternative 1, 

individual n1 chooses alternative 2, the likelihood function can be written as: 

6Equation 5.5 

      

  

   

       

     

      

     

 

        

 

 

This can then be simplified by introducing a dummy variable fjq, which is equal to 1 if 

j is chosen and  otherwise set equal to 0. This then simplifies to: 

7Equation 5.6 

     
  

   

 

            

 

   

 

 

Given these expressions, the log likelihood function can be written as: 

8Equation 5.7 

        

 

   

 

   

      

The L* is maximised with respect to the betas contained in the utility equations specified by the 

analyst. For the purpose of models presented in this thesis the software package ALOGIT 

(Alogit, 2007) was used. 

5.2.4 IIA Property 

It is important to acknowledge the limitations of any modelling method. One of the major 

criticisms of the MNL model centres on the independence from irrelevant alternatives property 

(Ben-Akiva & Lerman, 1985). This property states that the ratio of picking two between any 
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two alternatives is independent from the choice set in which they are placed. For example in a 

transport context this would mean that the probability of picking car over walking would not be 

altered by the introduction of a public transport option into the choice set.  

5.2.5 Multinomial Logit Model Outputs  

Once an analysis has been carried out on the relevant input data using appropriate MNL 

modelling software, a number of outputs are produced with regard to the model. As with any 

modelling process it is important to be able to interpret this information in such a way as to 

make sense of the data provided. The following outlines the various output parameters of 

interest associated with the MNL modelling process. 

5.2.5.1 Sign of Attribute Coefficients   

The sign of a coefficient associated with a given attribute for a given mode indicates the effect 

that changes in the level of that attribute is likely to have upon the overall utility of the 

alternative. For example in transport studies it is typical that both trip time and cost coefficients 

will be negative in sign, indicating that a decrease in either time or cost would make the 

alternative more attractive.  

5.2.5.2 Statistical Significance of Attribute Coefficients 

The z statistic accommodating the attribute coefficient indicates whether, at a given significance 

level, it can assume that the coefficient is statistically different from zero. Standard cut off 

points are generally taken to be alpha values of 10%, 5% and 1%, corresponding to z values of 

±1.50, ±1.96 and ±2.56 respectively. Software packages will often automatically indicate at 

which of these three levels the coefficient is significant. The statistical significance of the 

coefficient determines the level of confidence the analysis can have in it. 

5.2.5.3 Rho Squared Values 

The purpose of the Rho Squared value is to provide a measurement of “goodness of fit” for the 

model. This statistic is analogous with R-squared values that are typically presented as part of 

linear regression analysis. For the purpose of this research two distinct Rho Squared values will 
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be presented: Rho-Squared with respect to constants and Rho-Squared with respect to zero. Rho 

squared with respect to zero refers to the improvement the model represents over a model that 

assumed that the probability of an alternative being chosen is based upon equal market share. 

For instance, if there are two alternatives in the choice set the probability of either alternative 

being chosen would be 50%. Rho-Squared with respect to constants refers to the improvement 

the model represents with regard to a model that is based upon the market share observed in the 

model. So as with the previous case, if one alternative was chosen by 70% of respondents, the 

model would determine that the chances of said alternative being picked would also be 70%. In 

the case where labelled alternatives are presented to the respondents, Rho-Squared with respect 

to constants is deemed to be the more appropriate indicator (Hensher et al, 2005). In both cases 

the respective Rho-Squared values are calculated as follows: 

9Equation 5.8 

     
     

     
 

Where LL(β) is the value of the log likelihood value for the specified model, and LL(0) is the 

log likelihood function with parameters either set to zero or proportional to the market share. 

Rho-Squared values of 0.2-0.4 are considered to provide satisfactory goodness-of-fit within the 

transport sector (Hensher et al, 2005). 

5.2.6 Data Collection 

One of the major strengths of discrete choice modelling is its ability to deal with data collected 

from a number of sources. The two primary methods of data collection that tend to be of interest 

to be of interest to transport researchers are stated preference and revealed preference data. 

5.2.6.1 Stated Preference 

A stated preference setup consists of presenting individuals with a number of hypothetical 

scenarios designed to reflect situations that they could possibly be faced with in a real world 

scenario. As these are hypothetical scenarios, they allow the researcher to examine individuals’ 
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choices in a controlled experimental manner. Attributes and attribute levels can be specifically 

selected or excluded by the researcher depending upon the experimental objectives. For 

example it is possible to present respondents solely with time and emissions, while not 

providing implicit information regarding attributes such as cost and comfort. Stated preference 

methods also allow researchers to alter attribute levels in a systematic manner that may be 

impossible in a real world situation. As many attributes tend to be correlated, such as trip length 

and cost, stated preference enables the researcher to isolate these attributes as having 

independent levels. It is also possible to examine the impact of hypothetical situations such as 

the construction of new public transport infrastructure upon mode choice. Finally, stated 

preference methods also have a practical experimental advantage, as the use of surveys methods 

allows the collection of responses from a much larger sample than would be possible with 

revealed preference, given the same available resources.  

While stated preference experiments have a number of advantages over revealed preference, 

there are also a number of drawbacks to this approach. Unlike a real world situation, 

respondents have the option of choosing alternatives that may be deemed as social desirable 

options, rather than truly reflecting their own preferences or attribute valuations.  It is also 

possible that respondents may suffer from issues such as survey fatigue and answer simply to 

get to the next section of the questionnaire. While these methods can, to some extent, be 

guarded against through proper survey design, they must be considered when undertaking an 

experiment of this nature.  

5.2.6.2 Revealed Preference 

Revealed preference experiments refer to making observations of an individual’s choice in a 

real world situation. This consists of making observations in the field of individuals choosing 

between alternatives. In the case of a transport scenario, an example could be road users’ 

choices between tolled or un-tolled roads. With regard to mode choice experiments, data is 

traditional collected using travel diaries or census forms, however, the spread of Internet 

enabled mobile devices is allowing for the development of more passive and real time means of 
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data collect. The primary advantage of revealed preference methods is that they record 

individuals’ actual choices relating to a set of available alternatives.  This can be even more 

effective in situations where individuals are unaware that they are participating in an 

experiment, such as a retailer comparing sales of two similar products, or mode choice models 

regressed from national transport data sets. Revealed preference methods do, however, have a 

number of distinct disadvantages. Data collection can often prove to be both expensive and time 

consuming, therefore restricting the potential sample size and reducing the power of any 

associated statistical tests. Furthermore it is often the case that attributes are strongly correlated, 

such as price and quality. 

5.2.7 Stated Preference Methods and Transport and Emissions Information 

Stated preference techniques have a long history within the transport sector in terms of 

examining the role of certain attributes upon individuals’ choices (Louviere et al, 2000). This 

technique has been used by a number of studies to investigate the role that travel information 

can play in the terms of mode choices. Specifically, these studies have examined the potential 

impact of advanced transport information such as traffic information (Chorus et al, 2007; 

Abdel-Aty et al, 1997; Razo and Gao, 2013) and the role of at-stop real time public transport 

information (Caulfield and O’Mahony, 2009). Recently, experiments appear to be emerging 

examining the specific role that smartphone applications can play in transport choices (Tseng et 

al, 2011). Stated preference methods have also been conducted to examine the role of emissions 

information on mode choice in short non-work based trips (Caulfield and Brazil, 2011), and to 

examine the demand for more sustainable vehicles (Hidrue et al, 2011; Caulfield et al, 2010). 

Beyond the transport sector stated preference methods have been used to examine the role of 

emissions information on purchases in the grocery sector (Caputo, 2013). 

5.2.8 Suitability of Modelling Approach  

While discrete choice modelling is a widely used form of behaviour analysis within transport 

research, it appears to be particularly suited to analysing the impact of information provision on 

transport behaviour. In the case of revealed preference studies it is often assumed that an 
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individual has knowledge of the availability of a given number of modes and chooses one based 

upon its associated attribute levels. For example, an analyst may assume that an individual 

chooses to drive based upon the average commuting time associated with available modes. 

However, it is possible that the individual does not have a high level of knowledge regarding 

modes that he/she does not use on a regular basis. Therefore the choice may be made based 

upon the individual’s perception of the associated attribute levels, rather than those which the 

analyst inputs into the relevant model. In contrast, when individuals use transport applications 

they are provided with reasonably accurate estimates of actually attribute levels, or at least are 

provided with a specific value. An analyst examining the impact of transport information can 

also be relatively confident that an application user with have will have the necessary 

information available regarding more abstract attributes, such as emissions, even if the 

individual does not place relevance on this information. Similarly, an analyst examining the 

impact of transport information comparing the relative attributes of available modes can be 

more confident that a choice has actually been made, even if the user continues to travel by their 

habitual mode.  

In many cases journey planning applications are visually very similar the format of stated 

preference scenarios presented in transport research surveys. In both cases the individual is 

generally given a finite list of labelled alternatives and provided with associated attributes and 

attribute levels.  Figure 5.1 provides an example of this similarity between a transport journey 

planner (Google Maps, 2014) and a stated preference survey question (Cherchi and Ortuzar, 

2002), with alternatives (highlighted in red) and attribute levels (highlighted in blue) present. 

The only major difference lies with regard freedom of choice: whereas the stated preference 

respondent must choose between the modes/routes provided, in real life an individual may 

choose to travel in a fashion not presented by an application. 
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24 Figure 5.1: Suitability of Stated Preference 

 

This aside, it is clear that stated preference scenarios can provide an appropriate approximation 

for the choice environment created by journey planning applications. Similarly, the ability of 

journey planners to generate realistic route and mode options increases the likelihood of 

capturing the options considered by a user. For these reasons the discrete choice modelling 

approach would appear to be highly appropriate for modelling traveller choices when 

confronted with alternative specific transport information. The next section will describe a 

stated preference experiment and the models arising from it, and how they investigate the 

impact of emissions information on individuals’ mode choices. 

5.3 Stated Preference Experiment 

The stated preference experiment distributed as part of Survey 2 was designed to provide an 

empirical test as to whether or not emissions information could play a meaningful role in mode 

choices. The stated preference approach also allowed for a larger number of individuals to be 

canvassed than is possible with methods such as the application field trial. The results of this 

experiment were also presented in Brazil and Caulfield (2014b). 

5.3.1 Survey Methodology 

This experiment formed part of the second survey which was distributed to a number of 

governmental and semi state organisations in late 2012, details of which are outlined in Chapter 
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3 Sections 3 and 4. This survey was distributed via the Survey Monkey (Survey Monkey, 2014) 

survey design suite. As the stated preference scenarios were to include the majority of transport 

modes within the GDA, it was deemed necessary to distribute the survey to number of 

organisations outside, of the city centre, to ensure non-radial commuters were also captured in 

the sample. The need to collect responses from non-radial commuters was prompted by a desire 

to collect data that was more representative of the GDA as a whole. The survey was distributed 

to a number of large public sector organisations for distribution to their employees and to be 

posted on internal message boards. Table 5.1 displays the socio-economic characteristics of the 

sample considered for this analysis. Different Ns are displayed as more respondents supplied 

details regarding their age than their gender, however all respondents examined provided stated 

preference responses. 

32Table 5.1 Stated Preference Sample Gender 

Gender N=397 

Male 42.8% 

Female 57.2% 

Age  N=405 

15-24 15.7% 

25-34 25.5% 

35-44 24.7% 

45-54 25.0% 

 

5.3.2 Experimental Design 

This experiment was designed to simulate the provision of environmental information via a 

smartphone application. The following approach was taken with regard to the alternatives and 

attributes of the experiment. 

 

Alternatives: Survey respondents were presented with a hypothetical 10km radial commuter trip 

or trip to education in the GDA. This trip was selected as it was deemed feasible for the 

majority of motorised modes, but outside what may be considered to be a realistic trip for non-

motorised modes. It was also considered that a trip of this nature was most likely to have 

sustainable modes available, and would not require the transportation of items such as shopping 
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bags etc. The five alternatives made available to respondents were: Drive, Rail, Bus-Rail, Bus, 

and Park and Ride. These modes were chosen to reflect the majority of trips undertaken in the 

GDA (CSO, 2012). These trip types are also likely to be recommended by journey planning 

applications. Specifically Bus-Rail and Park and Ride were chosen to represent multimodal 

sustainable alternatives for individuals with non CBD origin-destination pairs, or with limited 

access to high quality public transport. Another advantage of the stated preference approach is 

that it affords respondents the opportunity to select modes that may not be available to them in 

the real world due to circumstances such as lack of access, such as Tram or Heavy Rail.  

 

Attributes: To reflect the nature of existing journey planners and smartphone applications, it 

was decided to include trip time and emissions as the only scenario attributes. While cost was 

considered for inclusion as an attribute, difficulties in calculating trip cost due to factors such as 

complex public transport ticketing structures and the sunk cost of driving, make cost 

comparisons unsuitable for this experiment. It was assumed that respondents would also 

consider other latent attributes such as comfort and perceived safety based upon their previous 

experiences with the modes under examination.   

 

Carbon Budget: As individuals are likely to have little in terms of internal references to 

compare emissions estimates with, it was decided to provide them with a trip specific carbon 

budget. This budget was defined with 1.25kg/km or 12.5kg of CO2 emissions as one hundred 

per cent. This is in line with transport projections under Ireland’s commitment to the Kyoto 

protocol and previous research conducted on carbon budgeting in Ireland (McNamara and 

Caulfield, 2011). Based upon the findings highlighted in Chapter 4 Section 3, with regard to the 

presentation of emissions information, it was decided to provide a traffic light inspired colour 

coding scheme in tandem with the percentage figures, to cater for as many preferences as 

possible. Emissions falling between 0-50 percent of the budget were displayed in green text, 

those falling between 50-100 percent in orange text, and those exceeding 100 percent in red. 

Table 5.2 presents the attribute levels associated with the attributes of each alternative. While it 
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is acknowledged that the provision of more additional contextual emissions information may 

make it more prominent than time information, this approach is not out of line with methods 

being used in the transport sector. Furthermore the provision of emissions information is 

designed to motivate a desired behaviour, namely the transition towards sustainable modes, and 

therefore must be grab the attention of the respondent.  

33Table 5.2 Scenario Attributes 

Alternative  Emissions (kg CO2)  Time (Minutes) 

Driving  1.2 1.5 1.8  20 35 50 

Rail  0.3 .475 .65  25 30 35 

Bus_Rail  .21 .34 .47  20 35 50 

Bus  .15 .35 .55  30 45 60 

Park and Ride  .75 1 1.25  20 35 50 

 

Attribute levels for time were based upon previous experience gained from using the existing 

transport systems in Dublin. Variability was considered to be highest for car and bus trips, as 

these are subject to congestion, and lowest for rail journeys. Attribute levels for carbon 

emissions were estimated as follows: 

 

Driving: Values for the Driving alternative were based upon Walsh et al. (2008). According to 

this research an average car produces 0.12kg of CO2 per passenger per kilometre travelling at an 

average occupancy of 1.4 passengers. Similarly an SUV produces 0.18kg at average occupancy. 

This results in emissions of 1.2kg and 1.8kg for each vehicle type for a 10km journey. To 

facilitate a third attribute level, an intermediate value of 1.5kg was selected. 

 

Rail: The Rail option was chosen to represent the various modes of rail transport in the Greater 

Dublin Area, be they Luas tram, DART or Heavy Rail, as no one system was considered to 

have a large enough catchment to be familiar to the majority of respondents. These modes were 

grouped together as they possessed many similar attributes such as reliability of arrival and 

departures, known journey lengths, comparable levels of comfort and cost.  As with all other 

alternatives, emissions factors from Walsh et al. (2008) were used. As the trip was presented as 
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a commuter trip it was deemed appropriate to use maximum occupancy emissions factors for 

the modes. The DART system produces 0.029kg/km/passenger of CO2 at full occupancy while 

the Luas trams system produces 0.064kg/km/passenger. These values became 0.3kg and 0.65kg 

respectively for the trip in question, once rounding to nearest multiple of five had occurred. To 

provide a third attribute level, the intermediate value of 0.475kg/passenger was included. 

Bus: For the Bus option emissions factors associated with Dublin Bus were used as this is the 

dominant Bus operator in the GDA. Full occupancy for a 10km trip yielded 0.16kg per 

passenger and average occupancy 0.34kg. To allow for the extensive network provided by the 

bus service and the low occupancy on more isolated and routes and addition higher emissions 

figure of 0.55kg per passenger was included.  

 

Bus-Rail: For the Bus-Rail option the intermediate values for both the Bus and Rail modes were 

considered in terms of three trip types: 

1. 7.5 km Bus and 2.5km Rail 

2. 5km Bus and 5km Rail 

3.  2.5 Km Bus and 7.5km Rail  

The resulting attribute levels where 0.3kg, 0.475kg and 0.65kg. 

Park and Ride: For this mode the same approach as the Bus Rail distance allocation was taken. 

The intermediate values for both modes were considered resulting in values, once rounding had 

occurred, of 0.75kg, 1kg and 1.25kg 

Figure 5.2 displays an example of the stated preference scenarios presented to survey 

respondents. 
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25Figure 5.2: Sample Scenario 

 

5.3.2.1 Factorial Design 

Utilising the orthogonal factorial design application in the SPSS statistical software suite (IBM, 

2013), 27 scenarios were created in accordance with methods outlined in Hensher et al. (2005). 

To ensure that these were distributed to the respondents, nine separate versions of the survey 

were created, with three scenarios in each, and assigned to the respondents randomly using a 

function available within the Survey Monkey (Survey Monkey, 2014) application. Each survey 

version was limited to three scenarios as this experiment was presented as part of a larger 

survey, and piloting indicated respondents were suffering fatigue and inattention with larger 

numbers if scenarios. 

5.3.2.2 Information Assessment 

Analysis of Discrete Choice models can often be complex, and while the significance of terms 

can be extrapolated, it is difficult to be sure of the exact role the respective attributes played in 

the respondents stated choice. As initial testing had revealed that respondents did not appear to 

consider the attributes simultaneously, and the scenarios presented contained only two 

attributes, it was decided to ask respondents to select an information assessment rule that best 

summarised how they had processed the information contained in the scenarios. 
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Respondents were asked to select from the following four choices and asked to state if they: 

 First look at time and then consider emissions 

 First look at emissions and then consider time 

 Only consider time 

 Only consider emissions 

5.3.3 Model Results 

Table 5.3 displays the results of the initial model in terms of the coefficients associated with 

each mode. From the purpose of this model only the influence of the time and emissions 

attributes for each of the modes is considered.   

10Equation 5.9 

                                

Where: 

 U= Utility of the Mode, βconst=Constant term, βt=Time coefficient, βem= emissions 

coefficient.  

This model can be considered the base model for this experiment.  

5.3.3.1Base Model (Model 1) 

Examination of the base model coefficients reveals that all terms, with exceptions of emissions 

for Driving and Park and Ride, are statistically significant at 95% confidence level. For the Park 

and Ride option this may be due to the modes low selection rate, however for the Driving 

option this would suggest that those individuals who chose this option did not place importance 

upon the associated emissions. All coefficients of statistical significance display negative signs 

suggesting that decreases in both trip cost and associated emissions increases the utility of the 

mode. In terms of time this is as expected both from the literature and on an intuitive level. The 

negative signs associated with the emissions levels indicate, that for public transport journeys at 

least, the utility associated with the alternative decreases with respect to rises in emissions. This 
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would suggest that lower emissions are related to an increase in the attractiveness of public 

transport modes. The Rho Squared w.r.t constants has a value of 0.097 suggesting that the base 

model on considering travel time and emissions does a poor job at explain the variances seen in 

the data.  

34Table 5.3 Base Model 

Observations N=1189   

Variable Coefficient Z Stat 

Drive Time -0.03*** -4.08 

Drive Emissions  0.16 0.42 

Rail Time -0.03** -2.18 

Rail Emissions -2.25*** -5.04 

Bus_Rail Time -0.07*** -10.65 

Bus_Rail Emissions -5.16*** -3.94 

Bus Time -0.04*** -7.03 

Bus Emission -3.97*** -7.36 

Park and Ride Time -0.27** -2.07 

Park and Ride Emissions -1.25 -1.58 

Log Likelihood -1655  

Rho Squared Constants only 

Rho Squared No Coefficients 

0.097 

0.271 

 

*Significant at 90% confidence **Significant at 95% confidence *** Significant at 99% confidence 

5.3.3.2 Expanded Model (Model 2) 

Table 5.5 displays the results of the expanded model. A wide range of socio economic variables 

were tested and this model includes only those that proved statistically significant for their 

respective modes. To account for respondents’ travel habits and any biases that might arise 

from this source, habitual terms have been included in the model. These habits were informed 

by a Likert style indicator variable ranging from daily use of a given mode to never using it. For 

the Bus_Rail option, the frequency with which respondents took both modes was examined, 
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however, only the Bus Habits term for the Bus_Rail alternative proved significant. For both 

socio-economic and habitual variables, the Park and Ride option was held as the reference 

option. No additional variable proved statistically significant for this mode.  Results indicate 

that the more frequently a respondent uses a given mode, the more likely the greater utility they 

accord it. Gender was coded as 1 for male and -1 for female, resulting in females being more 

likely to take the Bus_Rail option. Respondents’ residence was coded 1-5, with higher values 

indicating increased distance from the city centre. Somewhat counter-intuitively this would 

indicate that individuals living closer to the city would be more likely to drive than those 

residing in more peripheral locations. Perceived access to modes was only observed to be 

significant for the bus mode, where stated access to that mode increased its utility. The number 

of observations used to create each of the models presented in this chapter reduces as not all 

respondents provided answers to all the relevant questions. If an observation is not matched 

with an answer to a specific question relating to a variable (such as age) the software 

automatically excludes it from the analysis. 

35Table 5.4 Variable Coding 

Variable  Coding  

Gender Male=1, Female =-1 

Live City Centre=1, Inner Suburbs=2, Outer Suburbs=3, Satellite Towns=4, Rural 

Area=5 

Education Leaving Cert or Lower=1, Diploma=2, Bachelor Degree=4, Graduate Degree of 

Higher =4 

Access to Bus No=0, Yes=1 

Bus_Habit Daily=4, At Least Three time per Week=3, Weekly=2, Monthly=1, Never=0 

Rail_Habit Daily=4, At Least Three time per Week=3, Weekly=2, Monthly=1, Never=0 

Age This is a linear variable ranging from 18+ 
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36Table 5.5 Expanded Model 

Observations N=1029 

Variable Coefficient Z Stat Variable Coefficient Z Stat 

Drive Time -.03*** -3.51 Bus_Rail Emissions -7.06*** -4.79 

Drive Emissions 0.23 .54 Bus_Rail Bus_Habit 0.35*** 3.18 

Driving Habit 0.72*** 6.15 Bus_Rail_Gender -0.33*** -3.87 

Drive Age -0.03*** -2.78 Bus Time -0.05*** -7.15 

Drive Live -0.02* -1.65 Bus Emission -4.64*** -7.37 

Rail Time -0.03* -1.87 Bus Habit 0.32*** 3.11 

Rail Emissions -2.40*** -4.69 Bus Bus_Acc 0.34*** 3.11 

Rail Habit 0.33** 5.28 Bus Rail_Habit -0.19** -2.04 

Rail Age -0.02*** -2.97 Park and Ride Time -0.03** -2.32 

Rail Edu 0.21*** 3.53 Park & Ride Emissions -1.00 -1.21 

Bus_Rail Time -0.07*** -10.42    

Log Likelihood -1172   

Rho Squared Constants only 0.18   

Rho Squared No Coefficients 0.33   

*Significant at 90% confidence **Significant at 95% confidence *** Significant at 99% confidence 

5.3.3.3 Attitudes Model (Model 3) 

Model 3 incorporated a number of attitudinal variables, based on the indictors collected as part 

of Survey 2. While all attitudinal variables were tested for each of the modes, only the 

following three indicators were found to be significant, and only for the driving mode: 

 “I disapprove of others who travel in an unsustainable manner”- (Drive Disap) 

 “I should lower my carbon footprint even if I have to suffer financially”- (Drive Suffer) 

 “I believe that I should change my transport habits to reduce my carbon footprint”-  

(Drive Change) 
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These indicators were presented to survey respondents using a five point Likert scale ranging 

from Strongly Agree (coded 5) to Strongly Disagree (coded 1): The higher the coded response, 

the higher the respondent’s level of agreement with the statement. As all of the coefficients 

relating to the indicators are negative, this indicates that as levels of agreement with these 

statements increases, the perceived utility of driving decreases.  

37Table 5.6 Attitudes Model 

Observations N=1017 

Variable Coefficient Z Stat Variable Coefficient Z Stat 

Drive Time -0.03*** -3.50 Rail Change -0.22*** 3.04 

Drive Emissions 0.25 0.53 Bus_Rail Time -0.08*** -10.58 

Driving Habit 0.68*** 5.37 Bus_Rail Emissions -7.34*** -4.92 

Drive Age -0.02* -1.69 Bus_Rail Bus_Habit 0.33*** 4.94 

Drive Live -0.30** -2.92 Bus_Rail_Gender -0.32*** -3.67 

Drive Disap -0.05*** -4.23 Bus Time -0.05*** -7.43 

Drive Suffer -0.28** -2.21 Bus Emission -4.59*** -7.22 

Drive Change -0.38*** -3.28 Bus Habit 0.30*** 4.01 

Rail Time -0.03* -1.72 Bus Bus_Acc 0.03*** 2.87 

Rail Emissions -2.40*** -4.63 Bus Rail_Habit -0.02** 2.00 

Rail Habit 0.30*** 4.80 Park and Ride Time -0.03** -2.46 

Rail Age -0.02*** -2.63 Park & Ride Emissions -1.05 -1.25 

Rail Edu 0.21*** -3.04    

      

Log Likelihood -1412   

Rho Squared Constants only 0.203   

Rho Squared No Coefficients 0.359   

*Significant at 90% confidence **Significant at 95% confidence *** Significant at 99% confidence 
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5.3.3.4 Information Assessment 

The examination of how users assessed the information presented to them was intended to 

provide a simple guide to the respondents decision process in the case that both time and 

emissions variables proved to be significant. As respondents completed three scenarios it is 

assumed that they quickly established a method of processing and weighting of the information 

they were presented it with. This would represent a cognitive shortcut, where the respondent 

would discard information that he/she deemed irrelevant or less important, and concentre upon 

the primary attribute of interest. While this assessment must be treated as a rough guide to 

respondent behaviour, as it does not account for random error, it does provide an insight into the 

respondents’ consideration of the relative importance of the two attributes. It is clear that time is 

the dominant variable as it is either the primary or only attribute considered by 72% of the 

sample. It is also notable that only 3% of respondents stated that they only considered emissions 

when choosing a mode.  

26Figure 5.3: Assessment of Emissions Information (N=390) 
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5.3.3.5 Information Assessment Model (Model 4) 

Table 5.7 presents the results of the Information Assessment Rule model. This model involved 

the incorporation a variable based upon the responses stated method of processing the 

information displayed in scenarios. Responses were coded as below: 

1. Only look at time 

2. First look at time then emissions 

3. First look at emissions then time 

4. Only look at emissions  

The information assessment variables were added to the Drive, Rail, Bus_Rail and Bus utility 

equations as linear terms. These terms are labelled as Drive_Drule, Rail_Drule, 

Bus_Rail_Drule, and Bus_Drule respectively. Information assessment coefficients were found 

to be statistically significant for all modes at either 95% of 99% significance. The Park and 

Ride alternative was held as the reference mode and therefore there is no information 

assessment coefficient associated with it. The sign of the coefficients associated with the Rail, 

Bus_Rail, and Bus alternatives were observed to be positive in sign. Given the coding approach 

applied to the information assessment variable, these coefficients would indicate that the more 

attention individuals pay to emissions information, the more the utility of these modes 

increases. Conversely, the coefficient associated with the driving alternative is positive in sign 

suggesting that individuals who ignore or accord little attention to emissions information are 

more likely to choose the car option. The inclusion of the information assessment variables has 

produced a considerable improvement in the model. As with the other model extensions, the 

inclusion of addition variables resulted in the exclusion of observations where respondents had 

failed to provide additional information (in this case failing to provide an answer to the 

information assessment question).  
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38Table 5.7 Information Assessment Model 

Observations N=960 

Variable Coefficient Z Stat Variable Coefficient Z Stat 

Drive Time -0.04*** -4.28 Bus_Rail Emissions -8.31*** -5.26 

Drive Emissions 0.06 .13 Bus_Rail Bus_Habit 0.36*** 5.19 

Driving Habit 0.58*** 4.77 Bus_Rail_Gender -0.24*** -2.64 

Drive Age -0.02* .-1.81 Bus_Rail D_Rule 1.68*** 5.67 

Drive Live -0.25** -2.34 Bus Time -0.05*** -7.25 

Drive D_Rule -0.64** -1.98 Bus Emission -5.33*** -7.65 

Rail Time -0.03 -1.55 Bus Habit 0.36*** 4.5 

Rail Emissions -2.50*** -4.57 Bus Bus_Acc 0.24** 2.02 

Rail Habit 0.29*** 4.55 Bus Rail_Habit -0.20** -2.05 

Rail Age -0.16** -2.31 Bus D_Rule 1.60*** 5.29 

Rail Edu 0.21*** 3.37 Park and Ride Time -0.04** -2.45 

Rail D_Rule 0.68** 2.43 Park & Ride Emissions -0.98 -1.17 

Bus_Rail Time -0.08*** -10.7    

Log Likelihood -1009   

Rho Squared Constants only 0.238   

Rho Squared No Coefficients 0.381   

*Significant at 90% confidence **Significant at 95% confidence *** Significant at 99% confidence 

5.3.3.6 Test for Heuristic Behaviour  

The idea behind the heuristic test was to check if individuals had been interacting with the 

numerical emissions information at all, or whether they had simply been using the colour 

coding as a guide. To test whether individuals had been more influenced by the colour coding 

scheme employed as part of the interface, it was decided to create a model similar in nature to 

the base model, but where the emissions values had been replaced by either 1, 2, or 3, 

depending on whether the emissions value was coloured green, orange or red respectively. 

Modelling using this approach failed to achieve model convergence and was not pursued any 

further.  
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5.3.3.7 Goodness of Fit of Models 

For studies examining mode choice experiments within the transport sector models are regarded 

to  be good fits for the data given Rho-Squared (with respect to constants) values of between 

0.2-0.4.(Hensher et al, 2005). The initial model displayed a value of 0.097 which can be 

considered poor, although the inclusion of habitual and socioeconomic variables rises this to 

0.1765.  The further incorporation of variables reflecting the respondents’ decisions rule brings 

this vale to 0.2379 which falls within the expectable bounds of a good model. Standard random 

utility theory is based upon the premise of the rational individual who assesses all the attributes 

presented in an equal manner before making a choice. However, in real world situations 

individuals often engage in cognitive shortcuts, ascertaining essential information and 

discarding or ignoring any information they deem superfluous. The marked improvement in 

model fit result from the inclusion of information assessment highlights how variables arising 

from behavioural economics can improve upon standard random utility models, at least in the 

area of information provision.    

5.3.4 Sample Comments  

Following the stated preference experiment respondents were asked to mention additional 

attributes that may have influenced their mode choices. The comments contained in Table 5.8 

provide a sample of various latent factors that can play a role in the respondents’ decisions. 

Comfort, convenience, transfer penalties, and cost are all mentioned as factors that, while not 

being explicitly mentioned in the experiment, were considered by respondents.  The role of 

these attributes is well known from the literature. Other factors such as general dislike for 

certain services played a role, however, this may be a result of personal preference or bad 

experience and is likely to remain as a composite of the error term. 
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39Table 5.8 Respondent Models 

 

Options which required mode-change (Bus+Rail, Rail+P&R) were non-favoured - more links in the 

chain can increase chances of delays and introduce additional cost (bus+rail ticket is more expensive 

than bus-only or rail-only) 

 

Firstly avoided bus journeys secondly considered time. 

 

Personal experience with each mode came into play - comfort on each mode etc 

 

Considered time/emissions together - but also considered lots of other factors. Convenience. Chance of 

punctuality (e.g. buses are often late, walking you can always be on time). Etc. 

 

I considered time and number of modes of transport, on a commuter trip I don’t want to change bus to 

car to rail etc... just one mode 

 

Carbon emissions way down list of priorities. Comfort, time, cost, flexibility 

 

5.3.5 Interpretation of Results  

The purpose of this experiment was to examine the role that the provision of CO2 emissions 

information could play with regard to individuals’ mode choices using a stated preference 

methodology. This is an area of research that has been identified as being underdeveloped 

(Waygood and Aveniri, 2014) in terms of empirical research, and this analysis represents an 

advancement of this area.  

The scenarios were designed to reflect the format of existing environmentally themed journey 

planners, while also incorporating the results of research findings outlined in Chapter 2 Section 

3. For all models presented emissions information is found to be statistically significant utility 

equation terms for non-driving modes. This indicates that, for these modes, emissions 

information played a role in informing the respondents’ selection. For the Rail, Bus_Rail and 

Bus modes, the sign of the emissions co-efficient was observed to be negative in the case of all 
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models. This negative sign suggests that as the carbon emissions associated with an available 

mode increase, the utility of the mode, and the hence the probability of it being selected, will 

decrease. This indicates that there is a value in providing individuals with emissions 

information, in terms of encouraging the selection of more unsustainable modes over driving. 

Furthermore, it would suggest that public transport providers may benefit from highlighting the 

sustainable nature of their services, in comparison to driving. 

5.3.6 Information Assessment 

One of the standard assumptions that is made with regard to random utility theory, and neo-

classical economics in general, is that of a “rational man” (Metcalfe and Dolan, 2012) This 

essential assumes that it is only important that the decision maker has access to the relevant 

information; it does not take into account the way in which the individual processes the 

information. The results of this analysis indicate that the order in which individuals process 

information can be linked to the likelihood of them choosing a given mode.  

In the case of many standard stated preference experiments this would not be an issue as, while 

the scenarios present the user with information in a visual format, it is often assume that this 

information will be something that the participant will already be familiar with. For example if 

we were examining cycling infrastructure, it would be likely that the individual would take all 

the information in either at once, or have collected information through experience. However, in 

the case of this research we are explicitly examining the provision of information in a tailored 

manner to promote sustainable travel. This research is not only focused upon the attributes and 

corresponding attribute levels of the available modes and routes, but also upon how they are 

presented to the users. The results of this analysis highlight the importance of examining 

aspects of behaviour that are often ignored by more traditional methods. The inclusion of these 

variables also produced a pronounced improvement to the model, and would suggest that 

further research into this area may be merited to see if such results are repeatable and 

generalisable to other choice contexts. 
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Furthermore the use of an information assessment question also provides an effective “first 

glance” analysis of how individuals interacted with the emissions information provided. 

5.3.7 Potential Weaknesses 

As pointed out previously, there are a number of weaknesses associated with stated preference 

methods. One such weakness that must be considered is that of answering questions in a 

socially desirable manner. Whereas an examination of attributes such as time or costs is 

unlikely to invoke a desire to act in a socially desirable manner, as these are internal costs borne 

by the decision maker, the same cannot be guaranteed to be true for the choices involving 

environmental consequences. There is a chance that, when answering stated preference 

scenarios, participants maybe choosing an option that they may not choose in a real world 

scenario. Similarly, there is always a danger that individuals are also deluding themselves by 

selecting an option that they would be proud to select and stand over, rather than one which 

they may actually choose in the ordinary course of their lives. While this does not in any way 

invalidate the results of the models, it must be considered when considering their results to real 

world situations.  

5.4 Chapter Conclusion 

This chapter described a stated preference experiment conducted to gain a better understanding 

of the potential role of emissions information in influencing the mode choice of individuals. 

The results presented in this chapter indicate that, for public transport modes, an increase in 

associated emissions leads to a reduction in the utility of the mode. For driving emissions this 

information was found to be insignificant. As an increase in public transport utility is linked to 

lower emissions values, this would suggest that public transport operators could improve the 

perception of their services by highlighting the relatively low emissions associated with them. 

One of the principal advantages of this experiment was its ability to collect responses from a 

wide range of respondents. This chapter also identified the potential role of the incorporation of 

behaviour economics methods into discrete choice modelling to improve model performance. 

However, this only provides information regarding a single intervention, whereas in a real 
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world scenario it is likely that an individual will use a transport application multiple times. 

Furthermore, this survey only examined a single trip type, whereas individuals make trips with 

varying locations and purposes. To address this issue, and to complement the analysis presented 

in this section, further research was undertaken in the form of a panel experiment examining 

multiple use of a transport application for a wide range of trip types. The results of this analysis 

are presented in the next chapter. 
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CHAPTER 6: APPLICATION FIELD TRIALS 

6.1: Introduction  

This chapter presents the results of the PEACOX application field trial (August 11
th
-Sepetmer 

29
th
). This trial represents the final empirical component of this research. Over the course of 

eight weeks, 21 participants were introduced to the application and asked to use it when 

planning their day-to-day trips. During the trial users took part in a number of surveys and 

workshops, as well as logging their trips with the application. While the PEACOX project also 

ran a parallel trial in Vienna, only the Dublin element of the testing is discussed as it is much 

more relevant to the rest of the research presented in this thesis. It was felt to present the 

findings from the Vienna trial in this chapter would be out of context with the rest of the thesis. 

6.2 The PEACOX Application  

The smartphone application was designed and developed by the PEACOX consortium with the 

purpose of providing users with information about the CO2 emissions associated with the 

transport options available to them. While the primary objective was to design a service to 

provide accurate emissions information, there was also a need for the application to operate as a 

highly functional journey planner. When accessing the application, it was envisaged that users 

would interact with it in the following manner: 

 Users would log in and select an origin and destination and would then be presented 

with a number of route options comprised of various modes and combination of modes. 

This information included the trip time and the CO2 emissions associated with the 

modes available. The user could then select a given mode for more information. 
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27Figure 6.1: PEACOX Search Interface (PEACOX, 2014) 

 

 

 Once the user had selected a given route, he/she was presented with map information 

for this mode. Once they had completed the route they were asked to indicate whether 

or not they had completed the journey by the mode/route displayed on the application. 

If this is the case they selected the “Yes” option and this was recorded by the 

application. When this was logged it was considered to be the choose mode for that trip. 

28Figure 6.2: PEACOX Trip Logging (PEACOX, 2014) 
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This data logging approach relies upon the honesty of the user to correctly log their trips, and 

therefore there is certain accuracy issues associated. However, due to the available resources 

and the amount of trips to be recorded, this was deemed to be the best solution. 

6.2.1 Recruitment and Sample Size 

The sample recruited for the trial was comprised of twenty one individuals. Users were 

recruited via: 

 A pre-existing contact list collected during the second survey 

 Advertisements placed via public sector organisations and college notice boards  

Potential users were selected based upon meeting the following criteria defined by the 

consortium: 

 Age 18 or Older 

 Living or Working in the GDA 

 Available for 7 out of 8 weeks of the trial 

 Being a smartphone owner and comfortable with the technology  

The sample consisted of 16 male and 5 female participants. The average age of the participants 

was 26.5 years old and the majority of either held a third level degree or were in the process of 

gaining one. These sample characteristics were a result of the recruiting process, and therefore 

limit the ability to generalise the findings of the trial across the population as a whole. As the 

sample size was quite small in nature, it was deemed impossible to properly represent the 

population as a whole. This was mainly due to the high cost and time burden of obtaining a 

larger sample. It was considered that this issue had already been addressed with the stated 

preference experiment conducted in Survey Two. The purpose of this trial was to collect high 

quality medium term panel data regarding the effectiveness of an environmental themed 

journey. This information was collected via a number of different methods. These approaches 

are outlined in Table 6.1. 
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40Table 6.1 Trial Methodology 

1 Pre-Trial Workshops These workshops were organised to familiarise users with the 

application, collect demographic information, and to conduct an 

application interaction experiment 

2 Trial Data Logging This consisted of recording the trips that the users had searched 

and stated that they had taken using the application 

3 Post Trial Surveys These surveys were designed to collect information regarding 

user experience and their perceptions and feedback regarding 

the application 

 

While other datasets were collected as part of the PEACOX trial, only those relevant to this 

research are discussed in this thesis. All data presented in this chapter was collected by the 

candidate with the exception of the logged trip data which was collected in partnership with 

other PEACOX consortium members. However, the non-technical (servers, app design etc) 

aspect of the collection process was designed by the candidate and implemented by the partners 

with the relevant software development skills. This relates to the design of the PEACOX 

application interface, specifically the trip confirmation screen presented in Figure 6.2. The 

demographic information regarding the application users was also collected by another of the 

project partners placing restrictions on the format of the variables. 

Section 6.3: Pre-Trial User Interaction Experiment 

When attempting to understand the influence of emissions information upon the behaviour of 

application users, it is first important to consider whether or not the users are actually 

assimilating the information that they are being presented with. Building upon the research 

outlined in Chapter 5, it was decided to utilise the pre-trial workshops to further investigate how 

users interacted with the application when searching for route information. Once users had been 

introduced to the PEACOX application, they were presented with twenty hypothetical trips and 

asked to fill in questionnaires regarding their interaction with the application. These trips were 



127 
 

chosen to reflect trips that may arise for an application user in the course of their daily lives. 

The decision to collect twenty observations per user was based upon the need to gather as much 

information as possible within the time constraints available for this section of the workshops. 

The incorporation of trips that the user was unfamiliar with was designed to build upon the 

findings regarding application use outlined in Chapter 4 Section 2. These trips were divided into 

four categories: 

1. Frequently undertaken trips: This category included trips that users commonly take as 

part of their daily lives 

2. Less Frequently taken trips: This category included trips that users don’t often take but 

have some knowledge of 

3. Hypothetical trips: These were trips where users had little in terms of previous 

knowledge regarding the modes and routes available to them 

4. Restricted trips: This category included selected trips from the categories above but 

with restrictions placed upon them such as lack of a car or bike, or bad weather 

As the users input parameters such as home, work, and selected frequently visited destinations, 

the trips were different for each individual. Both Hypothetical and Restricted Trips were 

designed to remove trip familiarity and to simulate a truer journey planning experience. For the 

Hypothetical Trips origins and destination points were assigned to major landmarks, whereas 

for Restricted Trips users were instructed not to select their usual mode of transport for a 

familiar trip. 

Table 6.2 outlines the respective scenarios. “U” indicates where the origin and destination are 

defined “DEF” by the user, “U/P” indicates where origin is defined by the user and the 

destination is defined by the researcher. “R” indicates where both the origin and destination are 

defined by the researcher.  
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41Table 6.2 Hypothetical Trips 

Scenario  Description Restrictions Def 

1 Home to Work No Restrictions U 

2 Work to Home No Restrictions U 

3 Home to Work No Car Available U 

4 Work to Home No Car Available U 

5 Home to Work Bad Weather U 

6 Work to Home Bad Weather U 

7 Home to Shopping No Restrictions U 

8 Home to Friend’s House No Restrictions U 

9 Home to Friend’s House No Car Available U 

10 Home to Sports Arena (Aviva Stadium) No Restrictions U/R 

11 Home to Point Village (Concert Venue)  No Restrictions U/R 

12 2km Trip No Restrictions R 

13 2km Trip No Car R 

14 2km Trip Bad Weather R 

15 5km Trip No Restrictions R 

16 5km Trip No Car R 

17 5km Trip Bad Weather R 

18 >10km Trip No Restrictions R 

19 >10km Trip No Car R 

20 >10km Trip Bad Weather R 

 

As part of this experiment the users were asked to both select the mode they were most likely to 

choose, and also to state how they assessed the information presented to them. To allow for 

simplicity, and to reduce the cognitive burden on users, who had to complete several other tasks 

as part of the workshops, users were asked to select from the following options, in terms of data 

assessment:  

 Only looked at the trip time information 

 Only looked at the emissions information  

 First look at trip time information then look at emissions information 

 First look at emissions information then look at trip time information 

6.3.1 User Interaction Experiment Results  

An initial analysis of the results from this experiment highlights the dominance of trip time 

when users assessed the options available to them. Table 6.3 outlines the overall information 

assessment. As this question was also put to respondents in the stated preference survey 
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presented in Chapter 5, albeit in a much more generalised form, it is possible to compare the 

results from the two experimental methods. It is clear that in contrast to the stated preference 

setup question, that when put in a more realistic setting such as actually using the application 

repeatedly, that the time attribute is viewed as being the only attribute of importance. While it 

must be remembered that these experiments are different as one draws from a much wider 

sample, while the other is a panel experiment assessing the impact of different trip types, it does 

highlight issues that can occur in terms of consistency and the reliability of survey techniques. 

However, this may also be a result of the framing approaches taken. Whereas the stated 

preference experiment was designed in such a manner as to place emphasis upon emissions 

information and provide as much contextual information as possible, the PEACOX application 

design layout did not allow for such an approach. The most startling finding arising from the 

initial results is that for 46.8% of trips considered during the workshops the users did not 

consider the emissions information at all. 

42Table 6.3 Information Assessment 

 Workshops (N=420) SP Survey (N=390) Difference  

Only Travel Time 46.8% 16.7% 30% 

Only Emissions 6.0% 3.3% 3% 

First Time, then Emissions 46.0% 55.3% 9% 

First Emissions, then Time 1.2% 24.7% 24% 

 

As the trips presented in these scenarios covered a wide range of transport options and related 

activities, it was decided to take advantage of the workshop setting and gather more detailed 

data to investigate whether the importance of emissions information may vary with respect to 

trip type/activity, trip distance, and prevailing weather conditions. “T-E” demotes where the 

user stated that he/she first looked at travel time information and then emissions information, 

while “E-T” denotes where the user stated that he/she first looked emissions information and 

then travel time information. “Time” denotes where the user has only looked at the travel time 

information and “Ems” denotes where they have only looked at the associated emissions 

(N=420 for Tables 6.4-6.6). 
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43Table 6.4 Information Assimilation vs. Trip Type 

Scenario  Description Restrictions Time Ems T-E E-T 

1 Home to Work No Restrictions 57.1% 4.8% 38.1% 0% 

2 Work to Home No Restrictions 52.4% 0% 47.6% 0% 

3 Home to Work No Car  38.1% 0% 61.9% 0% 

4 Work to Home No Car  42.9% 4.8% 52.4% 0% 

5 Home to Work Bad Weather 61.9% 4.8% 33.3% 0% 

6 Work to Home Bad Weather 52.4% 0% 47.6% 0% 

7 Home to Shopping No Restrictions 66.7% 0% 33.3% 0% 

8 Home to Friend’s House No Restrictions 28.6% 9.5% 52.4% 9.5% 

9 Home to Friend’s House No Car  31.6% 10.5% 52.6% 5.3% 

10 Home to Sports Arena No Restrictions 45% 15% 40% 0% 

11 Home to Concert Venue No Restrictions 42.9% 9.5% 47.6% 0% 

12 2km Trip No Restrictions 33.3% 9.5% 57.1% 0% 

13 2km Trip No Car 33.3% 4.8% 61.9% 0% 

14 2km Trip Bad Weather 47.6% 0% 52.4% 0% 

15 5km Trip No Restrictions 52.4% 4.8% 42.9% 0% 

16 5km Trip No Car 38.1% 9.5% 52.4% 0% 

17 5km Trip Bad Weather 57.1% 0% 42.9% 0% 

18 >10km Trip No Restrictions 57.1% 9.5% 28.6% 4.8% 

19 >10km Trip No Car 42.9% 19% 38.1% 0% 

20 >10km Trip Bad Weather 52.4% 4.8% 38.1% 4.8% 
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While it must be acknowledged that the sample size under consideration is quite small, it does 

show some interesting level of variance with regard to trip type. An examination of the 

responses indicates that for all cases where it was stated that the trip was to be made in bad 

weather, emissions information was assessed less frequently than for the reference trip/ good 

weather trip. Table 6.5 displays the percentage of users who didn’t consider emissions at all 

(only considered time) for a given trip, and compares bad weather trips with trips with no stated 

weather conditions.  

44Table 6.5 Variance w.r.t. Weather 

Scenario No Restrictions Bad Weather Difference 

Home to Work 51.4% 64.9% 13.5% 

Work to Home 44.4% 52.8% 8.8% 

2km Trip 35.1% 48.6% 13.5% 

5km Trip 48.6% 56.8% 8.8% 

>10km Trip 48.6% 54.1% 5.5% 

 

It was also possible to compare the impact of having a car available for these trips. It appears 

that having no car available increases the likelihood of considering emissions; however this is 

not a very pronounced effect. As with Table 6.5, Table 6.6 displays a comparison of user 

information assessment for trips with no car available and trips with no restrictions. 

45Table 6.6 Variance w.r.t. Car Availability 

Scenario No Restrictions No Car Difference 

Home to Work 51.4% 40.5% 10.9% 

Work to Home 44.4% 40.5% 3.9% 

2km Trip 35.1% 35.1% 0 

5km Trip 48.6% 43.2% 5.4% 

>10km Trip 48.6% 37.8% 10.6% 

 

These results indicate that in many cases emissions information is not even considered by the 

application user. If this information is not assessed it is impossible for it have an impact upon 

the users’ behaviours. This confirms the findings presented in Chapter 4 with regard to 

emissions information being considered to be a less desirable application function than travel 

time information.  
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6.4 Application Trends  

During the field trial the application logged the frequency of user interaction, in terms of 

searches performed and trips confirmed, and emissions associated with the modes selected by 

the users. Using this information it is possible to track the frequency of mode selection for each 

user throughout the trial, to see when they accessed the application, and when they took a trip. It 

was also possible to examine the CO2 emissions produced by users, as logged by the 

application, and track with respect to progression of the trial.  

6.4.1 Application Use Patterns  

The statistics presented here relate to the application usage outside of the workshops as these 

can be considered to be closer to valid observations and more representative of users’ actions, 

rather than stated intentions. It must be noted that users were under instructions to access the 

application as part of the trial, and therefore these figures cannot be generalised for real world 

conditions, as it is unlikely that users would access such an application as frequently in the 

course of their everyday lives. However, it is still possible to examine the usage patterns that 

have emerged. Table 6.7 and Figure 6.3 present the results of an analysis of the per-user route 

searches and selections. It is clear that there is a large amount of variance with regard to the 

number of times each user accessed the application, with one individual recording 115 searches, 

whereas other users had less than 10 searches. There is also a clear variation with regard to the 

manner in which the users appeared to be accessing the application. Some users made a large 

amount of searches for relatively few logged trips whereas other users appeared to mainly 

access the application when they intended to take a trip. Figures displayed in Table 6.7 include 

observations from the week following the workshops, which although not officially part of the 

trial period does display user activity.  
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Table 6.7 Requests per User 

User Searches Taken Percentage 

 (Taken/Searched) 

1 30 6 20.0% 

2 17 2 11.8% 

3 72 13 18.0% 

4 13 4 30.8% 

5 13 3 23.1% 

6 6 1 16.7% 

7 38 23 60.5% 

8 98 51 52.0% 

9 24 10 41.7% 

10 31 10 32.3% 

11 52 27 51.9% 

12 115 50 43.5% 

13 10 1 10.0% 

14 0 0 0.0% 

15 80 14 17.5% 

16 28 4 14.3% 

17 6 0 0% 

18 16 14 87.5% 

19 4 0 0% 

20 4 0 0% 

21 13 4 30.8% 

Total 670 237 35.8% 

Average 31.9 11.28 

Standard Deviation 32.9 15 

 

29Figure 6.3: Requests per User 
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Table 6.8 and Figure 6.4 present the weekly breakdown of the searches and recorded selected 

trips. Examining searches performed, rather than trips logged, it is apparent that after an initial 

increase in application use between weeks one and two, there is a marked decline beginning in 

week three. Search rates continue to decline to week four where they appear to stabilise. With 

respect to trips logged, there is a decline after the first week, however, from week two onwards 

trips logged appear to stabilise at around 30 trips per week for the user group as a whole. 

46Table 6.8 Requests per Week 

 Searches (N=649)  Trips Taken (N=223) Percentage 

(Selected/Taken) 

Week 1 115 50 43.5% 

Week 2 147 32 21.8% 

Week 3 120 32 26.7% 

Week 4 69 33 47.8% 

Week 5 75 28 37.3% 

Week 6 59 21 35.6% 

Week 7 64 27 42.2% 

Average 92.7 31.9 

Standard Deviation 34.2 9 

 

30Figure 6.4: Requests per Week 

 

Table 6.9 presents the modal split for trips logged by the application. These results display an 
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47Table 6.9 Trial Modal Split 

Mode (N=237) Walk Bike Public Transport Car 

Observations 46 60 72 59 

Percentage 19.5% 25.3% 30.4% 24.9% 

 

Table 6.10 and Figure 6.5 present a weekly breakdown of the mode share for trips logged by the 

application. While the mode share of public transport options (Pub) appears to increase over the 

trial period, the other modes display no discernible pattern. This may be a result of changes in 

mode choice, or simply a change in the trips users choose to record. It was postulated that 

weather conditions may have caused this mode change, however an examination of weather 

pattern for the period of the trial display very little variance in terms of temperature and rainfall 

(Accuweather.com, 2014). 

48Table 6.10 Weekly Mode Split 

N=(223)  Walk Bike Pub Car 

Week 1 28% 30% 16% 26% 

Week 2 9.4% 25% 28.1% 37.5% 

Week 3 18.8% 28.1% 28.1% 25% 

Week 4 15.2% 42.4% 24.2% 18.2% 

Week 5 7.1% 28.6% 39.3% 25% 

Week 6 33.3% 0% 33.3% 33.3% 

Week 7 16.7% 13.9% 52.8% 16.7% 

 

31Figure 6.5: Weekly Mode Split 
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Figure 6.6 and Table 6.11 presents the results of an analysis of the average emissions per trip 

for each of the weeks of the field trial. These figures were calculated by summing the emissions 

associated with all the trips the application had recorded as selected for a given week and 

dividing them by number of selected trips for that week. These figures are the results of a 

simplified emissions model, and therefore cannot be considered to be highly accurate. However, 

they do reflect the information presented to the users, and therefore the basis upon which they 

are likely to have acted. Figures relating to total emissions per week are not presented as the 

variance in per week selected trips renders such an analysis invalid for comparative purposes. 

49Table 6.11 Emissions per Week per Trip 

Week Average Emissions (in grams) 

1 488 

2 475 

3 476 

4 444 

5 461 

6 494 

7 517 

 

Figure 6.6 provides a visual representation of the average weekly emissions arising from the 

trips logged by the users during the trial. This graph indicates that following a decrease in 

weekly average emissions from week one to four, there is a marked increase each week to the 

end of the trial.  

32Figure 6.6: Weekly Average Emissions 
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6.5: Discrete Choice Modelling of Trial Data 

The design of the PEACOX application ensured that the users were presented with a finite 

number of transport options and with corresponding emissions and travel time information. To 

allow for data logging, users were asked to confirm which option, if any, they had chosen to 

take. This logging approach lent itself to the application of discrete choice methods, and 

produced what can be considered a pseudo revealed preference data set. Based upon the 

successful models created in the stated preference experiments outlined in Chapter 5, it was 

decided to apply similar methods to the field trial data. An overview of the relevant theory is 

provided in that chapter. 

6.5.1 Data Preparation and Model Construction  

To allow for the effective application of the MNL model, the following steps were taken.  

33Figure 6.7: Modelling Procedure 
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6.5.2 Data Simplification 

For the purposes of creating an initial model it was decided to create a simplified choice 

paradigm only considering the four following categories as being available to use. To allow for 

an accurate comparison between modes, it was decided to only consider situations where users 

were presented with all of the following modes.  

 Walk 

 Cycle 

 Public Transport 

 Car 

If there was more than one public transport option available, and one of these modes was 

selected by the user, this option was included in the choice set. Where there was more than one 

public transport option available and none of these options were chosen, the one with the lowest 

trip time was incorporated into the choice set. This lead to the reduction of observation from 

237 to 145 valid comparable observations:  

 6.5.3 Initial Model  

The initial model was constructed using a standard MNL approach, a description of which is 

provided in Chapter 5 Section 2. The utility produced by each of alternatives modes available to 

the users was described in terms of the emissions and trip time presented to the user by the 

PEACOX application. This model was defined by the following equations: 

11Equation 6.1 

U(walk)=walk_time*time+walk_emissions*emissions 

12Equation 6.2 

U(bike)=bike_time*time+bike_emissions*emissions 

13Equation 6.3 

U(Pub Trans)=pub_trans_time*time+pub_trans_emissions*emissions 

14Equation 6.4 

U(Car)=car_time*time+car_emissions*emissions 
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Where: walk_time,walk_emissions, bike_time, bike_emissions, pub_trans_time, 

pub_trans_emissions, car_time, and car_emissions are the model variables and time and 

emissions are respective trip time and associated emissions for each of the modes under 

consideration. This model did not include any information regarding either the current travel 

habits of the users or their socioeconomic characteristics; rather it was designed to explicitly 

examine the impact of the information provided by the application upon travel behaviour. Table 

6.12 presents the results of the initial model. 

Before discussing the sign and the significance of the coefficients produced by the model, it is 

worth considering the rho-squared values produced. These outputs are discussed in detail in 

Chapter 5. The rho-squared values for this model can be considered to be quite poor, as values 

of between 0.2 and 0.4 are generally considered to indicate a good model fit (Hensher et al, 

2005). When assessing the model coefficients only those relating to the car option are 

statistically with an alpha of .05. The car time coefficient indicates that as trip time decreases 

the utility of the car option increases. This is result is as expected. However, the coefficient 

relating to the emissions associated with the car option suggests that as emissions increase, the 

utility of the mode also increase. This result would appear to be counter intuitive, and based on 

this result it could be suggested that providing emissions information actually encourages 

individuals to choose unsustainable modes. However given the poor performance of the model, 

this result should not be given too much consideration. This is especially true when it is 

considered that a large number of users stated that they didn’t assess this information at all. 
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50Table 6.12 Base MNL Model 

Base Model   

Observations N=143   

Variable Coefficient T Stat 

Walk Time 

Bike Time 

Pub Trans Time 

Pub Trans Emissions 

Car Time 

Car Emissions 

-0.14 x10
-1

 

-0.04 

0.02 

-.02x10
-1 

-0.38**
 

0.27x10
-2

** 

-1.5 

-1.4 

1.3 

-1.8 

-2.7 

2.1 

Log Likelihood -181.9695  

Rho Squared Constants only 

Rho Squared No Coefficients 

0.0293 

0.0947 

 

*No coefficients were returned for walk or bike emissions as these values were always set to zero and 

eliminated from the analysis ** Denotes statistical significance at 95% confidence  

6.5.4 Expanded Model 

In an attempt to improve the model performance, a number of addition variables were 

incorporated into the model. These variables were based upon data collected as part of the 

surveys undertaken during the field trials.  

6.5.4.1 Travel Habits 

This model integrated survey data regarding the users’ access to certain modes of transport. For 

the Bike option users were asked to state whether they owned a bike, for the Public Transport 

Opinion the ownership of a Leap Card (Electronic Smartcard) was taken as a proxy for access, 

and for the car option they were asked to state whether they had regular access to a car. These 

variables were chosen as it was presumed that users would be more likely to avail of a given 

mode if they had already made a financial investment in it. While it must be acknowledged that 

ownership of a Leap Card does not indicate the same level of investment as ownership of a 

vehicle, it was chosen as it was the most suitable indicator from the information collected as 

part of the field trials. Walking access was not considered as none of the users stated they had 

mobility issues associated with walking. These variables coded 1 for “has access” and -1 for 

“doesn’t have access” The following equations were then constructed: 
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15Equation 6.5 

U(walk)=walk_time*time+walk_emissions*emissions 

16Equation 6.6 

U(bike)=bike_time*time+bike_emissions*emissions+bike_own*bikeacc 

17Equation 6.7 

U(Pub Trans) =pub_trans_time*time+ pub_trans_emissions* emissions + 

leap_own*pubacc 

18Equation 6.8 

U(Car)=car_time*time+car_emissions*emissions+car_own*car_caracc 

Where 

bike_own denoted whether the user owned a bicycle, bikeacc was the related output parameter, 

leap_own denoted whether the user owned a leap card, pubacc was the related output parameter, 

car_own denoted whether the user had access to a car, caracc was the related output parameter, 

51Table 6.13 Travel Habits Model 

Travel Habits Investment   

Observations N=143   

Variable Coefficient T Stat 

Walk Time 

Bike Time 

Pub Trans Time 

Pub Trans Emissions 

Car Time 

Car Emissions 

Bikeacc 

Pubacc 

Caracc 

-0.14x10
-1 

-0.55 x10
-1

 

0.02 

-0.26 x10
-2

 

-0.31** 

0.2 x10
-1

 

0.47 

0.97 x10
-1

 

-0.34 

-1.3 

-1.6 

1.2 

-1.8 

-2.2 

1.6 

1.5 

0.4 

-1.5 

Log Likelihood -176.  

Rho Squared Constants only 

Rho Squared No Coefficients 

0.044 

0.112 

 

** Denotes statistical significance at 95% confidence  
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An examination of the results of this model indicates that none of the additional variables could 

be considered statistically significant. The impact of age and gender variables, as well as 

attitudes to the environment were also considered, however due to the low number of responses, 

model convergence was not possible given this data set. Similarly, the impact of information 

assessment that produced a noticeable improvement in the stated preference model was 

considered, however as there were only 21 participants the same problem occurred as with the 

other user specific variables. 

Based upon the poor model performance in terms of its explanatory power, it was decided to 

not to further investigate this method of assessing the impact of emissions information on user 

behaviour. However, when deciding not to pursue the discrete choice approach further it is 

important to consider some of the potential reasons why the modelling process produced 

models with weak explanatory power and non-intuitive results. 

6.5.5 Choice Paradigm Assumptions 

This modelling approach is based upon a Discrete Choice Modelling approach. This approach 

considers that an individual is presented with a number of alternatives and associated attributes 

and based upon these attributes the user chooses between the alternatives. Therefore a number 

of assumptions are made: 

1. The user takes time to ingest the information about the options provided by the 

application  

2. The user makes a choice rather than engaging in habitual behaviour   

As demonstrated with the pre-trial information assessment experiment and the stated preference 

survey, it is far from certain that the users were taking in all the information presented to them. 

Furthermore, it is possible that rather than using the PEACOX application as journey planner, 

the users were using the application to search travel and arrival times for pre-chosen modes, or 

to confirm pre-existing ideas regarding services levels. 
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6.5.6 After-Trip Logging 

Another concern that arose related to the problem of users logging trips after they had taken 

them. The PEACOX logging system was in some sense a trust based system. Users would 

search for routes between an origin and destination and then indicate which option they 

intended to choose based on the information provided. However, if users were using the 

application as a trip logger, the information that they were presented with would have no ability 

to influence the user’s choice as the trip had already been made. If users were logging trips in 

this manner, it would not have been detectable using the application software. 

It is important to note that as part of the trial the users were asked to use the PEACOX 

application in a manner that may not reflect how they would interact with such an application in 

a real world setting. While this was necessary to allow for the collection of the necessary data 

over a defined period, it may result in unrepresentative observations being captured.  

6.5.7 Selective Logging 

Another issue that arises from the logging procedure is the possibility that users are only 

logging a certain trip(s) repetitively. This may occur because the user has formed a habit 

wherein they access the PEACOX trip for the same trip each time to complete the purpose of 

the trial, and may forget to access the application when making new or less familiar journeys. 

The presence in the choice data set of replicate observations (excluding the workshop data) 

would suggest that this is the case.  

6.6 Post Trial Survey  

At the end of the field trials users were asked to attend a final workshop and debriefing. At this 

workshop users were asked to outline their general experiences using the application and to 

provide feedback with regard to what they felt could be improved. As some of the material 

discussed was specific to the PEACOX application, this section only outlines findings that are 

likely to be generalised to other applications and approaches.   
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During the workshops the users were asked to complete a short survey regarding their 

experiences with the application. The survey was intentionally designed to be brief and concise, 

as the users were asked to complete a number of other tasks as part of the workshop. Users were 

presented with six statements and asked to provide their level of agreement on a scale running 

from “Strongly Agree” (coded as 5) to “Strongly Disagree” (coded as 1). These statements were 

designed to examine the impact of using the application on the users’ awareness, attitudes and 

behaviours. The statements also examined the potential use of financial rewards, the level of 

user interest in the application, and the likelihood that they would use a similar application in 

the future. Table 6.14 outlines the statements and provides the aggregate respective scores. 

Users were also able to provide comments to expand upon their answers after each statement. 

A “neutral” score was assigned a value of 3, so therefore any aggregate score of greater than 3 

indicates that, on average, the users agreed with the statements presented to them.    

52Table 6.14 Survey Statements 

Statement Score 

 1. Awareness: Using the PEACOX application increased my awareness of the 

environmental impact of my transport choices 

4.1 

2. Attitude: Using the PEACOX application has made me care more about my 

carbon footprint 

4.0 

3. Behaviour: I believe that using the PEACOX application changed my travel 

behaviour 

3.4 

4. Monetary Reward: I would have been more likely to take sustainable options 

if I received a financial reward 

3.8 

 

5. Interest: The PEACOX application provided me with interesting information 

regarding my carbon footprint 

4.1 

6. Future Use: I would use an application such as this in the future 

 

3.7 

 

An analysis of these indicators appears to suggest that the application was well received in 

general as each statement produced what can be considered a positive score. Particularly high 

scores were observed with regard to the impact of the application in terms of raising the users’ 

awareness of their carbon footprint. The information supplied by the application also appears to 

be of interest to the users as Statement 5 received a score of 4.1. Users appear to somewhat 

agree with the statement that using the application altered their travel behaviour, however it 
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must be noted that this self-reported. Finally users indicated that they would be likely to use a 

similarly application in the future.   

As the sample of users was relatively small and workshops involved only a quarter of users at a 

time, it was also possible to get some qualitative feedback regarding their experiences using the 

application. A sample of user comments from the workshops regarding the impact of the 

application on their awareness of the environmental impact of their transport choices is 

provided in Table 6.15. 

53Table 6.15 Awareness Comments 

 

Using the PEACOX application increased my awareness of the environmental impact of 

my transport choices 

 

“Quantified CO2 (damage)” 

 

“Made me aware of how much CO2 the car etc. produced” 

 

“Gave me a rough idea of typical CO2 values for various transport modes” 

 

“CO2 data very informative and influential” 

 

“Made me more aware of CO2” 

 

“Increased my awareness but did not change my habits very much” 

 

 

Similarly the users agreed that the application had made them care more about their carbon 

footprint. However, an examination of the comments reveals that users appear to have had 

difficulty distinguishing between awareness and attitudes. As with the previous comment, the 

majority of responses concern the impact of the application on the user’s awareness of 

emissions. It must be noted that during the workshops the users displayed either positive 

attitudes towards the idea of reducing their emissions or were neutral regarding the subject. 
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54Table 6.16 Attitudes Comments 

 

Using the PEACOX application has made me care more about my carbon footprint 

 

“Conscious of the actual amount of CO2” 

 

“It made it more prevalent in my mind” 

 

“More knowledge of CO2stats” 

 

“Increased awareness of problem” 

 

“Wasn't aware before of the magnitude of my impact on overall CO2 emissions 

 

“Didn’t realise how much public transport contributes to my carbon footprint. I try to walk 

as much as” 

 

“Made me think about it more” 

 

“I don't think it made me care more (poor thing to say) but  I used it more as a route 

planner as I would not” 

 

“Easy to see carbon in grams saved”  

 

“Makes me more aware of emissions of each choice whereas I wouldn't have known” 

 

“It reminded me” 

 

These statements suggest that the provision of emissions information via a smartphone journey 

planner is an effective method of increasing individuals awareness of the CO2 emissions 

associated with their transport options. It is clear that the users had either underestimated, or 

simply failed to seriously consider, their carbon emissions, and the information provided by the 

application helped to make them more informed. 

Statement 3 asked the users whether they believed that using the PEACOX application 

impacted their travel behaviour.  It should be noted that this statement relates to the users 

perceived changes in their travel behaviour rather than an actually recorded change. These 

comments are outlined in Table 6.17. 
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55Table 6.17 Behaviour Comments 

 

Behaviour: I believe that using the PEACOX application changed my travel behaviour 

 

“At the start of using the app it did but it couldn't keep me motivated” 

 

“Has encouraged me to cycle more” 

 

“I already use public transport. Walking/cycling is not an option due to distance from 

town” 

 

“Encouraged me to walk more” 

 

“Encouraged me to cycle more” 

 

“I've stopped taking the car to the train station entirely and prefer using the bike, both 

financially and physiologically” 

 

“I did walk a lot already (more cost effective and proximity to town) but the app 

encouraged me to walk” 

 

“Other factors were more important to me” 

 

“It influenced my decision when other options were somewhat similar in terms of cost/time 

however in general I usually choose routes I always took” 

 

“Made me feel guilty for driving etc so walking only option” 

 

“Didn't realise how much CO2 driving actually produced” 

 

“Not a lot but for a few trips I decided to take a more sustainable mode because of the 

app” 

 

“I was more inclined to walk” 

 

“At the start of using the app I tried very hard but the app couldn't keep me motivated” 

 

 

The comments presented in Table 6.17 reveal that the some users were at least under the 

impression that using the application had influenced their transport choices. These comments do 

also highlight issues such as the importance of other variables and factors. It is interesting to 
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note that the issue of motivation and how the application failed to keep them motivated for the 

duration of the trial.  

Overall the results of this survey tend to indicate that, in general, the users felt that the 

application was successful in raising their awareness of the emissions associated with the 

transport options available to them. Whether the application actually had a serious impact upon 

their behaviour is debateable, however some users report that the application did encourage 

them to walk or cycle more.  

6.7: Chapter Conclusions 

This chapter presented the results of the PEACOX smartphone application field trial run in the 

autumn of 2014. This represented a unique opportunity to assess the impact of medium term use 

of an environmentally themed journey planning application upon the awareness, attitudes, and 

behaviours of users. In general the application, and the emissions information it provided, 

appears to have be well received by the majority of the users. Specifically, users commented on 

how the application made them more aware of the emissions associated with the transport 

alternatives available to them. However, pre-trial testing indicates that the emissions 

information was very much of secondary importance to the users, who appeared to be much 

more concerned with the travel times associated with the alternatives. These results would 

indicate that even by making emissions information much more visible to users, there is still a 

high likelihood that it will not be considered as by the users. The trial enabled the construction 

of a discrete choice model to assess the users’ behaviour, however, due to low observation 

numbers, as well as suspected trip logging issues, these models did not produce what can be 

considered to be meaningful and insightful results. An examination of the users’ mode choices 

for the trial period displayed an increase in public transport trips, however mode share for the 

other options appeared to vary considerably and not conform to a recognisable pattern. An 

analysis of logged emissions indicates that CO2 emissions arising from the trips taken during the 

trial period initially fell, however these figures rebounded as the trial went on. Application use 
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appeared to fall as the trial progressed, and this may indicate that such an application may not 

experience regularly use as part of individuals’ travel routines. 

Overall the results of this trial suggest that the users liked the application and found the 

emissions information to be interesting, when it was considered, however it cannot be stated 

that this information produced significant alternations in their travel behaviours. The application 

appears to primarily have been of benefit to the users in terms of making them more aware of 

the specific emissions associated with the modes available to them. This would suggest that 

such an approach does indeed have a number of merits, but cannot by itself by regarding as the 

only solution to the issue of unsustainable transport habits. 
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CHAPTER 7: DISCUSSION, CRITICAL REVIEW, AND CONCLUSION 

7.1 Introduction  

This chapter outlines of how the research undertaken as part of this thesis provides an insight 

into the role of emissions information in raising awareness of transport emissions and informing 

individuals’ transport behaviour. This chapter also highlights the links that have emerged from 

the research findings arising from the various experiments and investigations undertaken to 

provide an in-depth examination of the topic.  

7.2 Summary of Research 

The research presented in the previous chapters has utilised a number of different methods to 

provide a better understanding of the role that emissions information may play in promoting 

sustainable transport. Chapter 2 outlined the need for trip specific tailored emissions 

information, as well as the lack of empirical research examining this area. This chapter also 

identified some of the approaches currently being undertaken by a wide range of public and 

private sector organisations to provide such information to the general public. This suggests that 

there is both an academic and a commercial motivation to further examine the potential role of 

emissions information in the personal transport sector. The final section of Chapter 2 

highlighted the popularity of digital services, specifically smartphone applications, as a means 

of providing transport information, and hence their potential suitability as a platform for 

delivering emissions information.   

Chapter 4 provided an examination of the issues surrounding public receptiveness to emissions 

information, specifically information provided via digital journey planners. This element of the 

research also highlighted the popularity of journey planning applications, and uncovered some 

of the demographic issues concerning their ability to reach certain groups, as well as the low 

priority status of emissions information, in terms of potential functionality of such applications. 

An investigation into approaches to framing emissions information highlighted the need to 

provide both numerical comparable data in tandem with contextualisation material. This 
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material should, if possible, be designed to be as relevant to the individual as possible. This 

section of the research also highlighted the apparent knowledge vacuum and misconceptions 

present within population of the GDA regarding the emissions associated with commonly 

available modes, specifically with regard to potential emissions reductions related to smaller 

cars and the Luas light rail system.  

Chapter 5 described the results of a stated preference examining the potential role of emissions 

information on individuals’ mode choice, specifically for 10km radial commuter trip within the 

GDA. The models arising from this experiment highlight the potential role of emissions 

information in promoting public transport options by informing users of the relatively low 

emissions associated with these modes. This chapter also explored the role that information 

assessment variables can play in improving stated preference models in this context. 

Finally Chapter 6 outlined the results of the smartphone application field trial. This trial 

provided an in-depth examination into the role of emissions information with respect to 

transport behaviour and awareness of associated environmental impacts. The results of this trial 

indicate that while the provision of emissions information is generally well received, it cannot 

be considered to be an effective driver of behaviour change when viewed in isolation. 

Furthermore, issues arose with regard to users apparently either ignoring emissions information, 

or deeming it irrelevant to their decision making process. However, an analysis of qualitative 

user feedback indicates that the information provided by such an application has the potential to 

be both interesting and informative to the user, and can help to provide them with a better 

understanding of the environmental impact of their transport options. 

Overall this research has shown that both academia and industry have identified the need for the 

provision of trip specific emissions information, that the general public currently does not 

possess sufficient knowledge of transport related emissions to make informed choices, and that 

this information, while not to be considered a sole driver for behaviour change, can act as tool 

to raise awareness and knowledge within the population.  
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7.2 Impact of Research and Contribution to Knowledge 

The field of emissions information provision is a relatively new research area. Prior to this 

thesis little research, specifically of an empirical nature, had been conducted examining the 

potential role that such information may play. This research provides findings that are relevant 

both to academia and non-academic organisations wishing to promote sustainable behaviour. 

While specifically focusing on personal transport choices, the findings contained in this thesis 

have the potential to be relevant to a number of other sectors. This research provides a number 

of contributions to the existing literature and has expanded the knowledge base regarding the 

role of emissions information in mode choice in a number of specific ways: 

 An assessment and categorisation of current methods of providing emissions 

information via digital platforms 

 An investigation into how individuals in the GDA are currently sourcing and interacting 

with digital transport information 

 An expansion of research regarding methods of framing emissions information 

 The discovery of the lack of familiarity and knowledge regarding mode specific 

emissions among the population of the GDA  

 An examination of the role that emissions information can play in mode choice 

 The establishment the positive role that emissions information can play in increasing 

individuals’ knowledge and awareness of the environmental impact of their mode 

choices  

 An exploration of the role that an examination of information assessment can play in 

improving the performance of stated preference experiments 

7.3 Critical Assessment of Research 

While the research presented in this thesis provides an examination of a number of research 

topics that have received little attention to date, as with all research approaches there are a 
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number of limitations to this study. This section provides a critical assessment of methods and 

findings associated with this research. 

7.3.1 Analysis of Current Methods of Emissions Information Provision 

The research presented in Chapter 2 was designed to provide an overview of some of the 

methods currently being used to provide individuals with emissions information, and to 

highlight that the provision of such information appears to be valued by a wide variety of 

organisations. Due to the nature of these services, it was not possible to create an exhaustive 

database. It cannot be claimed that the approaches analysed cannot are representative of all 

emissions information provision services, rather they merely provide an insight into the 

relevance of this research to current approaches and the diversity of the sector. 

7.3.2 Framing and Contextualising of Emissions Information 

The examination of methods of framing and contextualising emissions information presented in 

Chapter 4 examined distinct four methods. This experiment highlighted the need to provide 

both contextual and numerical comparisons. However, there are many more ways to display 

emissions information and make it more relevant to users; the research presented in this thesis 

can be considered as an introduction to a research area that deserves further, more detailed, 

examination.   

7.3.3 Analysis of Transport Emissions Knowledge 

This research tested individuals’ ability to assign emissions values to a number of modes of 

transport in the GDA. This research represented a true empirical test of individuals’ ability to 

work with emissions data, and highlighted existing misconceptions among the population. One 

of the limitations of this element of the research was the lack of follow up questions regarding 

why individuals assigned values to given modes, or why they ranked the modes in certain order. 

It is speculated that this may be due to issues such as the visible non-greenhouse gas tail pipe 

emissions being confused with CO2, or the over emphasis on more fuel efficient cars as a means 

of producing large scale emissions creating a false impression of sustainability of this mode, 
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however this is not further explored. This was mainly due to the nature of the data, as follow up 

questioning would likely have to be tailored to the individual respondents and therefore more 

suitable to a workshop or focus group setting. 

7.3.4 Stated Preference Experiment 

The stated preference experiment presented in Chapter 5 represents the application of empirical 

methods to test the potential impact of emissions information upon mode choice. The results of 

this analysis appear to be encouraging with regard to promoting sustainable transport choices, 

as reduced emissions increased public transport utility. As with all modelling methods, this 

approach has a number of limitations, both in terms of general methodology, and specific 

design of the experiment. Principally these limitations concern issues such as respondents 

answering in an unrealistic and socially desirable manner. 

7.3.5 PEACOX Application Field Trial Design  

One specific area where improvements to experimental methods could be made is with regard 

to the PEACOX application field trials. This trial was conducted in such a manner as to collect 

as much information as possible regarding the application’s technical performance, and users’ 

interactions with it, for each of the consortium partners.  While the interdisciplinary and multi-

organisational nature of the trial created a number of opportunities that would not have existed 

otherwise, it did place a number of limitations upon the research. Specifically this concerned the 

use of either a control group or control period. If the trial had been designed to solely 

investigate the impact of emissions information upon the users’ attitudes and behaviours it 

would have been preferable to either have a version of the application without emissions 

information that could be used either by a control group, or the use of a control period. 

However, due to need collect technical data and to test the application component and server 

performance, the consortium partners decided upon the approach described in Chapter 6. It was 

hoped that the design of the application and its data logging procedures would enable the 

construction of meaningful MNL models to examine into the impact of emissions information. 

This would in turn raise questions about the suitability of discrete choice modelling methods for 
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a study of this nature, specifically over a relatively short period with a small sample size. While 

the data proved suitable for modelling, the resultant models cannot be considered to have 

yielded meaningful results. However, the small scale nature of the trial did allow for the collect 

of qualitative data regarding the users’ experiences with the application. This data provided an 

insight into how exposure to emissions information affected the users’ attitudes, awareness, and 

perceived behaviour, and was able to augment the other methods used during the course of this 

research.  

7.4 Recommendations for Further Research  

7.4.1 Longer Term Study Period 

The results presented in this thesis were derived either from once off surveys or an eight week 

field trail. There appears to be a need to examine the longer term role of emissions information. 

Specifically this should focus upon assessing how individuals access such information in a 

more true-to-life setting. As the findings of this research indicate that such information may not 

be sought on a frequent basis, there is more research needed to examine individuals’ search 

behaviour relating to emissions information.   

7.4.2 Emissions Information at Life Stages 

This research examines the impact of emissions information on individuals transport chides 

choices. However, a lot of the barriers to behaviour change tend to be associated with major life 

events and the decisions associated with them, rather than everyday decisions. Examples of 

such events could include deciding what job to take, whether to have children, or where to live. 

These choices will have a major impact upon individuals’ transport choices, determining factors 

such as access to sustainable modes and restricting mobility. Research into interventions at 

these points, with regard to the promotion of sustainable transport via the provision of 

emissions information, is recommended as these points represent the establishment of new 

transport habits.  
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7.4.3 Emissions Information in Other Sectors 

This research has been limited to the provision of emissions information in the transport sector, 

specifically with regard to mode choice. However, nearly every activity that individuals 

undertake can be considered to have an associated carbon footprint. This may a result of the 

energy used to heat used in a home, the electricity consumed by a computer, or the production 

of the food and clean water necessary to sustain human life. As with the transport sector, 

individuals also have ability to make choices that can reduce or increase the amount of 

greenhouse gas emissions, be it through reducing their consumption of red meat, changing 

electricity provider, or simply being more vigilant with their energy use. However, as with the 

transport sector, there tends to be little in the way of available emissions information, and what 

does exist can offend be either confusing or incomparable. Further research is needed to 

examine the impact of emissions information across a wider range of activities, instead 

specifically focusing upon one particular sector. This would allow an examination of which 

areas of individuals’ lifestyles have the greatest potential for change and which are most likely 

to remain unaffected. 

7.4.4 Spill Over 

While this research focused specifically on the role of emissions information on individuals’ 

transport choices, it is possible that exposure to such information may have the ability to have a 

spill over effect and impact choices in other sectors. Research is recommended to examine of 

the provision of emissions information in one sector, such as transport, can impact upon 

individuals’ choices in another area, such as retail or electricity consumption.  

7.5 Recommendations for Industry  

The research presented in this thesis examined the role of emissions information in terms of its 

effect on the awareness, attitudes, and behaviours of individuals. This information is currently 

being provided to the general public by a wider number of organisations. Based upon the 

findings of this research, a number of recommendations can be made to industry stakeholders. 
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7.5.1 Public Transport Operators 

The results of the analysis of existing emissions estimates indicates that individuals 

underestimate the difference in between the emissions arising from car journeys and those taken 

via public transport, specifically the bus. This finding was mirrored in the field trial workshops 

where users stated that they were surprised by the contribution of driving compared to other 

modes. The results of the stated preference survey indicate the utility of public transport modes 

is likely to increase with decreased emissions. These findings would suggest that public 

transport operators may have an opportunity to promote their services by highlighting the 

magnitude of the emissions reductions possible from choosing their services over driving.  

7.5.2 Application Developers 

There appear to be a number of lessons for organisations attempting to increase awareness of 

transport related emissions amongst their user base. This research suggests that even when 

emissions information is presented to the user there is a significant likelihood that this 

information will not be taken in or understood. This puts the emphasis on interface designers to 

find methods of presenting this information as to make it more relevant and understandable to 

the user. The methods presented in Chapter 4 are only some of very large range of possible 

approaches that may be used. The other important finding is the necessity to provide more 

desirable functionalities in tandem with emissions information to ensure that the users are being 

exposed to this information in the first place.  

7.6 Overall Conclusion 

In conclusion, the provision of emissions information represents an effective method of 

overcoming knowledge and awareness barriers to more sustainable transport practices. While 

information alone may not be enough to significantly alter how individuals behave, it does have 

the ability to highlight an often buried problem, and therefore should be considered an 

important step towards eventual behaviour change.  
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ECONAV Smartphone App 
 
Personal transport is one of the largest contributors to greenhouse gas emissions across the European Union. As part of 
the European Commission’s Seventh Framework Programme, the ECONAV project aims at providing citizens with a 
personal navigation device, such as a smartphone application, which will allow individuals to see the carbon emissions 
associated with the various routes and modes available to them. 
 
It is hoped that this device will provide citizens with the information they need to make well informed environmentally 
friendly travel decisions. 
 
As part of the ECONAV project this survey focuses on identifying user requirements for the device, while also examining 
how individuals relate to carbon dioxide emissions and how these emissions can be made more relevant to people’s 
everyday lives. 
 
We really appreciate you taking the time to complete this survey and would welcome any feedback or suggestions that 
you wish to contribute. 
 
If you wish to be entered in the draw for a €100 One4All shopping voucher, please leave your contact details in the 
section provided at the end of the survey 
 
 
William Brazil 
 
ECONAV PhD Researcher 
 
Trinity College Dublin 

As is common with many existing journey planning applications such as Google Maps, the user can select an origin and 
destination, and be presented with a number of different possible routes and modes such as driving, train, bus and Luas. 
 
This application also aims to provide the user with real time information such as current traffic conditions and public 
transport waiting times as well as information on the carbon emissions related to each mode. 

1. Please rate how useful you would find the following potential features when using a 
navigation/journey planning smartphone application on a trip you are FAMILIAR with. 
 
Only indicate which feature you feel would be the most useful and which would be the 
least useful

 

 
Application Features

Most Useful Least Useful

Information on Current Traffic Conditions nmlkj nmlkj

The environmental impact that one route or mode of transport has compared to 
another

nmlkj nmlkj

Route Travel Time Information (How long it will take to complete the trip) nmlkj nmlkj

Real Time Public Transport Information (Arrival times for DART, Bus or Luas) nmlkj nmlkj

Information on weather conditions nmlkj nmlkj

Information on the cost of the trip (e.g. public transport fares or petrol consumed on 
route)

nmlkj nmlkj



2. Please rate how useful you would find the following potential features when using a 
navigation/journey planning smartphone application on a trip you are UNFAMILIAR with. 
 
Only indicate which feature you feel would be the most useful and which would be the 
least useful

3. The following additional features are also being considered. Please rate their potential 
usefulness. 
 
Only indicate which feature you feel would be the most useful and which would be the 
least useful

Most Useful Least Useful

The environmental impact that one route or mode of transport has compared to 
another

nmlkj nmlkj

Route Travel Time Information (How long it will take to complete the trip depending 
on the mode or route chosen)

nmlkj nmlkj

Real Time Public Transport Information (Arrival times for DART, Bus or Luas) nmlkj nmlkj

Information on Current Traffic Conditions nmlkj nmlkj

Information on weather conditions nmlkj nmlkj

Information on the cost of the trip (e.g. public transport fares or petrol consumed on 
route)

nmlkj nmlkj

Most Useful Least Useful

The ability to view routes you have previously taken nmlkj nmlkj

The ability to get weekly or monthly totals for your trip emissions nmlkj nmlkj

The ability to share your routes with social media such as Facebook nmlkj nmlkj

The ability to get weekly or monthly totals for your trip costs nmlkj nmlkj



4. Turn by turn navigation is a system that is commonly used in satellite navigation 
(Satnav) systems used to provide directional instructions to the user  
 
i.e. "Take the next right", "Bear left in 100 metres" etc 
 
These systems can be included as part as a travel App, but can shorten the battery life of 
the phone and slow down its performance 
 
Bearing this in mind, how often do you think you would use this function in the following 
scenarios 

In this section you will be asked to answer a few questions about Transport Applications for Smartphones and online 
Journey Planners (such as Google Maps) 

5. Do you own any of the following

6. Do you own a Smartphone

Always Very Often Sometimes  Rarely Never

Driving on a Familiar Commuting Trip nmlkj nmlkj nmlkj nmlkj nmlkj

Driving on a Familiar Noncommuting Trip nmlkj nmlkj nmlkj nmlkj nmlkj

Driving on a Unfamiliar/Unknown Route nmlkj nmlkj nmlkj nmlkj nmlkj

Enroute on Public Transport nmlkj nmlkj nmlkj nmlkj nmlkj

At Public Transport Interchanges nmlkj nmlkj nmlkj nmlkj nmlkj

Walking to/from Public Transport Stops nmlkj nmlkj nmlkj nmlkj nmlkj

 
Journey Planners and Transport Applications

Yes No

Ipad or Similar Tablet Device nmlkj nmlkj

Laptop bought within the last two years nmlkj nmlkj

MP3 Player or Similar Personal Audio Device nmlkj nmlkj

GPS or Satnav System nmlkj nmlkj

*

 

Yes
 

nmlkj

No
 

nmlkj



7. Typical how much battery life does your Smartphone have after a full charge

8. Please rank the following reasons why you would delete an App, with 1 being the most 
common reason and 4 being the least common reason

9. Which of the following do you use for travel/traffic information 
 
Select more than one source if appropriate 

1 2 3 4

The App uses up too much battery nmlkj nmlkj nmlkj nmlkj

The App uses up too much space/memory nmlkj nmlkj nmlkj nmlkj

I didn't use it on a regular basis nmlkj nmlkj nmlkj nmlkj

The App didn't do what it was designed to nmlkj nmlkj nmlkj nmlkj

06 Hours
 

nmlkj

712 Hours
 

nmlkj

1324 Hours
 

nmlkj

2536 Hours
 

nmlkj

3748 Hours
 

nmlkj

More than 48 Hours
 

nmlkj

If Other (please specify) 

Television
 

gfedc

Internet
 

gfedc

Smartphone Apps
 

gfedc

Radio
 

gfedc

SMS/ Standard Mobile Phone
 

gfedc



10. For which trips and modes do you use journey planning Apps or websites (Apps or 
websites offering information on either potential routes,public transport timetables or 
traffic information) ? 
 
If you never use Apps or websites for the trips listed below, please choose the "Never" 
option

In this section you will be asked to give your opinion on a number of different methods of presenting the same information 
about the carbon dioxide (CO2) emissions that would be produced by a hypothetical trip. 
 
For this trip there are three possible modes of transport 
 
Mode A is Driving and produces 2.85kg of Carbon Dioxide 
Mode B is Bus and produces 0.32kg of Carbon Dioxide 
Mode C is DART and produces 0.25Kg of Carbon Dioxide 
 
In the scenarios presented, four different potential methods of presenting information on carbon emissions. 
 
Scenario 1 Simple Numerical Information 
 
Scenario 2 Lightbulbs 
 
Scenario 3 Daily Carbon Budget 
 
Scenario 4 Traffic Light System 

Always Very Often Sometimes Rarely Never

Driving: Commuting trips nmlkj nmlkj nmlkj nmlkj nmlkj

Driving:Noncommuting trips you are familiar with nmlkj nmlkj nmlkj nmlkj nmlkj

Driving:Trips you are unfamiliar with nmlkj nmlkj nmlkj nmlkj nmlkj

Public Transport: Commuting Trips nmlkj nmlkj nmlkj nmlkj nmlkj

Public Transport: Noncommuting trips you are familiar 
with

nmlkj nmlkj nmlkj nmlkj nmlkj

Public Transport: Trips you are unfamiliar with nmlkj nmlkj nmlkj nmlkj nmlkj

Walking or Cycling:Commuting trips nmlkj nmlkj nmlkj nmlkj nmlkj

Walking or Cycling:Noncommuting trips you are familiar 
with

nmlkj nmlkj nmlkj nmlkj nmlkj

Walking or Cycling:Trips you are unfamiliar with nmlkj nmlkj nmlkj nmlkj nmlkj

 
Presentation of Carbon Emissions



Scenario 1 
 
In this Scenario you are presented with information on your trip emissions in simple 
numerical form 

 

Scenario 2 60 Watt Lightbulbs 
 
In this Scenario you are told how long a 60 Watt lightbulb would need to be on to produce 
the same emissions as your trip depending on the chosen mode 
 

 

 

 



Scenario 3 Daily Carbon Budget 
 
In this Scenario you are given a Daily Carbon Budget for transport activities (In this 
example 5kg CO2). You are told how much of that budget would be consumed by each 
mode and how much of your budget will remain after the trip.  
 
Red figures indicate budget used and green figures indicate budget remaining 
 

 
 



Scenario 4 Traffic Lights 
 
In this Scenario you are presented with a traffic light system. you are not told the total 
amount of emissions each mode produces only which of the modes has the highest (Red), 
medium (Yellow) and lowest (Green) carbon emissions.

 

11. These scenarios are designed to make it easier to understand your carbon emissions. 
 
Please indicate which scenario makes it easiest and which scenario makes it hardest to 
understand your emissions

12. Please indicate which of these scenarios is most likely to influence your travel mode 
decision and which is least likely 

 

Easiest to Understand  Hardest to Understand

Scenario 1 ( Simple Numerical Values) nmlkj nmlkj

Scenario 2 ( Number of 60 Watt Lightbulbs) nmlkj nmlkj

Scenario 3 ( Daily Carbon Budget) nmlkj nmlkj

Scenario 4 ( Traffic Light System) nmlkj nmlkj

Most Likely Least Likely

Scenario 1 (Simple Numerical Values) nmlkj nmlkj

Scenario 2 (Number of 60 Watt Lightblubs) nmlkj nmlkj

Scenario 3 (Daily Carbon Budget) nmlkj nmlkj

Scenario 4 (Traffic Light System) nmlkj nmlkj



13. If you have any comments at this stage regarding the four scenarios presented above, 
such as what you liked or didn't like or what improvements you feel could be made, we 
would really appreciate your input

 

14. Please enter your gender

15. Please enter your age

16. Please indicate your highest level of education 

55

66

 
Demographic Information

Male
 

nmlkj

Female
 

nmlkj

1524
 

nmlkj

2534
 

nmlkj

3544
 

nmlkj

4554
 

nmlkj

5564
 

nmlkj

65+
 

nmlkj

No formal education/training
 

nmlkj

Primary education (FETAC Level 1 or 2 Cert)
 

nmlkj

Lower Secondary (Junior Cert or equivalent, FETAC Level 3 Cert, FAS Introductory Skills)
 

nmlkj

Upper Secondary (Leaving Cert or equivalent)
 

nmlkj

Technical or Vocational (FETAC Level 4/5, FAS Specific Skills etc)
 

nmlkj

Advanced Certificate/Completed Apprenticeship (FETAC Advanced Cert)
 

nmlkj

Higher Certificate
 

nmlkj

Ordinary Bachelor Degree or National Diploma
 

nmlkj

Honours Bachelor Degree/ Professional qualification or both
 

nmlkj

Postgraduate Diploma or Degree
 

nmlkj

Doctorate (PhD) or higher
 

nmlkj

If Other (please specify) 



17. Please enter your profession type

18. How many cars do you own or have access to?

19. Do you own any of the following

20. On average many flights do you take annually 
 
For the purpose of this question take the term "flight" to mean a one way trip not a return 
trip

None 15 610 More than 10

Short Haul (Inside Europe) nmlkj nmlkj nmlkj nmlkj

Long Haul (Transcontinental) nmlkj nmlkj nmlkj nmlkj

Professional Worker
 

nmlkj

Managerial and Technical Worker
 

nmlkj

NonManual Worker
 

nmlkj

Skilled Manual Worker
 

nmlkj

Semiskilled Worker
 

nmlkj

Unskilled
 

nmlkj

Unemployed
 

nmlkj

Student
 

nmlkj

Other (please specify) 

None
 

nmlkj

One
 

nmlkj

Two
 

nmlkj

Three
 

nmlkj

More than three
 

nmlkj

Leap Card
 

gfedc

Luas Smartcard
 

gfedc

Annual Bus and Luas Ticket
 

gfedc

Annual DART/Commuter Rail Ticket
 

gfedc

Other Public Transport Ticket (please specify) 



21. How often do you use the following transport modes

22. Please indicate how you found out about this survey

Thank you for taking the time to help us with this questionnaire 
 
If you have an questions or comments regarding the survey, please contact us at 
 
econavproject@gmail.com 
 
 
 

Daily
At least 3 times per 

week
Weekly Monthly Never

Walk nmlkj nmlkj nmlkj nmlkj nmlkj

Cycle nmlkj nmlkj nmlkj nmlkj nmlkj

Drive nmlkj nmlkj nmlkj nmlkj nmlkj

Bus nmlkj nmlkj nmlkj nmlkj nmlkj

Luas nmlkj nmlkj nmlkj nmlkj nmlkj

DART/Commuter Train nmlkj nmlkj nmlkj nmlkj nmlkj

 

Facebook
 

nmlkj

Company Noticeboard
 

nmlkj

Internal Email
 

nmlkj

Email from friend/family/colleague
 

nmlkj

Other (Please specify)  



This survey forms part of PhD research looking at environmental information and how it may influence transport decisions. 
As part of this research I am examining how we understand issues such as carbon emissions and the impact of transport 
upon the environment. This research forms part of the PEACOX Project and is supported by the EU under Framework 
Programme 7. 
 
This survey should take no longer than 10 minutes to complete and as a thank you for your participation, you have a 
chance of winning a €100 One for All voucher upon completion of this survey 
 
Thank you for taking the time to complete this survey and to contribute to my research. 
 
William Brazil 
PhD Researcher 
Trinity College Dublin 
peacoxproject@gmail.com 

 

In the following section you will be asked a number of questions on your attitudes towards the environment and 
knowledge of your environmental impact. 

Please indicate your level of agreement with the following statements

 
1. Introduction

 
2. Environmental Information and Knowledge

Strongly 
Agree

Agree Undecided Disagree
Strongly 
Disagree

I have access to sustainable transport options for non work/educational 
trips

nmlkj nmlkj nmlkj nmlkj nmlkj

I have enough information to make informed environmental transport 
choices

nmlkj nmlkj nmlkj nmlkj nmlkj

I have access to sustainable transport options for 
commuting/educational trips

nmlkj nmlkj nmlkj nmlkj nmlkj

I have a good understanding of how carbon dioxide contributes to 
climate change

nmlkj nmlkj nmlkj nmlkj nmlkj

I have a good understanding of how my actions contribute to climate 
change

nmlkj nmlkj nmlkj nmlkj nmlkj



For a 10 kilometre journey,how much carbon dioxide do you think the following modes of 
transport would emit 
 
Note: You can pick the same emissions for different modes of transport 
 
All emissions are PER PASSENGER

Please consider the following hypothetical 10K COMMUTER TRIP.  
 
The option labelled "Rail" can be taken to represent services such as Luas, DART and Commuter Rail. 
 
To help put your carbon emissions into perspective you are given a per km carbon budget. In the same way that people 
have a daily allowance of calories to remain healthy,this budget is a way of showing whether your travel choices are 
sustainable or not. 
 
This budget is based upon applying Ireland's carbon dioxide emissions targets to current transport emissions under the 
Kyoto Protocol. The budget has an allowance of 0.125kg per kilometre  

 

050 grams 50250 grams 2501kg 15kg 515kg
Greater than 

15kg
Don't Know

Small Car less than 1.6L nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

SUV nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Large Car 1.6L+ nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Luas nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

Bus nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

DART/Suburban Rail nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj nmlkj

 
3. COMMUTER TRIP i



Scenario 1a

 

For Scenario 1a, I would choose to travel by 
 

Car
 

nmlkj Rail
 

nmlkj BusRail
 

nmlkj Bus
 

nmlkj Park and Ride
 

nmlkj



Scenario 2a

 

For Scenario 2a, I would choose to travel by 
 

Car
 

nmlkj Rail
 

nmlkj BusRail
 

nmlkj Bus
 

nmlkj Park and Ride
 

nmlkj



Scenario 3a

 

For Scenario 3a, I would choose to travel by 
 

Where you able to view the scenarios (e.g images of different modes of transport with time 
and emissions information) on the previous two pages?

 
4. Environmental Attitudes

Car
 

nmlkj Rail
 

nmlkj BusRail
 

nmlkj Bus
 

nmlkj Park and Ride
 

nmlkj

Yes
 

nmlkj

No
 

nmlkj



When choosing a mode for the previous trips did you

Do you agree that the carbon budget helped you understand emissions

Please indicate your level of agreement with the following statements

Please indicate your level of agreement with the following statements

Strongly 
Agree

Agree Undecided Disagree
Strongly 
Disagree

I believe I already do enough to combat climate change nmlkj nmlkj nmlkj nmlkj nmlkj

I should lower my carbon footprint even if I have to suffer financially nmlkj nmlkj nmlkj nmlkj nmlkj

I have a personal responsibility to reduce my carbon footprint nmlkj nmlkj nmlkj nmlkj nmlkj

I believe that global warming is one of the most serious challenges 
faced humanity

nmlkj nmlkj nmlkj nmlkj nmlkj

I believe that I should change my transport habits to reduce my carbon 
footprint

nmlkj nmlkj nmlkj nmlkj nmlkj

I believe that global warming is occurring nmlkj nmlkj nmlkj nmlkj nmlkj

Strongly 
Agree

Agree Undecided Disagree
Strongly 
Disagree

I disapprove of others who travel in an unsustainable manner nmlkj nmlkj nmlkj nmlkj nmlkj

My friends and family would approve of me reducing my overall carbon 
footprint

nmlkj nmlkj nmlkj nmlkj nmlkj

My friends and family would disapprove of using flying regularly nmlkj nmlkj nmlkj nmlkj nmlkj

My friends and family would approve of me using sustainable transport nmlkj nmlkj nmlkj nmlkj nmlkj

First look at time and then consider emissions
 

nmlkj

First look at emissions and then consider time
 

nmlkj

Only consider emissions
 

nmlkj

Only consider time
 

nmlkj

Other 

55

66

Yes
 

nmlkj

No
 

nmlkj

If you have any comments on the budget, we would appreciate your feedback 

55

66



Please indicate how often you use the following modes of transport to undertake trips  
(Please only include trips of over 1km)

In this section you will be asked to provide some details regarding your demographic characteristics 

Gender

Age

 

Where do you live

Where do you work or attend education

Daily
At Least Three Times 

per Week
Weekly Monthly Never

Walk nmlkj nmlkj nmlkj nmlkj nmlkj

Cycle nmlkj nmlkj nmlkj nmlkj nmlkj

Drive (as driver) nmlkj nmlkj nmlkj nmlkj nmlkj

Drive (as passenger) nmlkj nmlkj nmlkj nmlkj nmlkj

Bus nmlkj nmlkj nmlkj nmlkj nmlkj

Luas, DART or Suburban 
Rail

nmlkj nmlkj nmlkj nmlkj nmlkj

Park and Ride ( e.g. Drive 
to Train/Luas Station)

nmlkj nmlkj nmlkj nmlkj nmlkj

Other nmlkj nmlkj nmlkj nmlkj nmlkj

 
5. Demographics

55

66

Male
 

nmlkj

Female
 

nmlkj

City Centre (Between the Canals)
 

nmlkj

Inner Suburbs (Between the Canals and the M50
 

nmlkj

Outer Suburb Outside the M50
 

nmlkj

Satellite Town (Bray, Swords, Naas etc.)
 

nmlkj

Rural Area
 

nmlkj

City Centre (Between the Canals)
 

nmlkj

Inner Suburbs (Between the Canals and the M50)
 

nmlkj

Outer Suburb Outside the M50
 

nmlkj

Satellite Town (Bray, Swords, Naas etc.)
 

nmlkj

Rural Area
 

nmlkj



Current Relationship Status

How Many Children/Dependents do you have?

What is your approximate average income?

What is your highest level of education obtained? 

Do you live within accessible walking distance of the following

Do you have a driver license? 

Married
 

nmlkj

In a Relationship
 

nmlkj

Single
 

nmlkj

Other
 

nmlkj

0
 

nmlkj

1
 

nmlkj

2
 

nmlkj

3
 

nmlkj

More than 3
 

nmlkj

€0€24,999
 

nmlkj

€25,000€49,999
 

nmlkj

€50,000€74,999
 

nmlkj

€75,000€99,999
 

nmlkj

€100,000 or More
 

nmlkj

Do not wish to answer
 

nmlkj

Leaving Cert or Lower
 

nmlkj

Diploma
 

nmlkj

Bachelor Degree
 

nmlkj

Graduate Degree or Higher
 

nmlkj

DART or Suburban Rail Station
 

gfedc

Luas Stop
 

gfedc

High Quality Bus Service
 

gfedc

Yes
 

nmlkj

No
 

nmlkj



How many cars or vans are owned by or available for use by one or more members of 
your household? Include any company car or van available for private use

If you OWN a car what engine size is it (choose more than one if applicable) 

Have you taken advantage of the bike to work scheme or use Dublin Bikes (please select 
both if relevant)

Do you own a leap card, annual bus ticket or any other public transport ticket

If you have any comments regarding carbon emissions and transport, in particular about 
how we UNDERSTAND and RELATE TO information about carbon emissions

 

Thank you for your contribution to this survey 
 
If you wish to be entered in the draw for the €100 one for all voucher, please supply your email address in the text box 

55

66

 
6. Thank You

None
 

nmlkj

1
 

nmlkj

2
 

nmlkj

3 or more
 

nmlkj

N/A
 

gfedc

Under 1 Litre Petrol
 

gfedc

12 Litre Petrol
 

gfedc

23 Litre Petrol
 

gfedc

Greater than 3 Litre Petrol
 

gfedc

12 Litre Diesel
 

gfedc

23 Litre Diesel
 

gfedc

Greater than 3 Litre Diesel
 

gfedc

Other (please specify) 

Bike to Work Scheme
 

gfedc

Dublin Bikes
 

gfedc

Neither
 

gfedc

Yes
 

nmlkj

No
 

nmlkj



below 
 
How did you find this survey

For further information on this project please see  
 
www.projectpeacox.eu/projectoverview/ 

Facebook
 

nmlkj

Boards.ie
 

nmlkj

Company Noticeboard
 

nmlkj

TCD Noticeboard
 

nmlkj

Circular Email
 

nmlkj

Email from Friend
 

nmlkj


