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Abstract: Thirty-four interviews were carried out with drivers in four countries to elicit their un-
derstanding about pollutants, specifically nitrogen dioxide (NOX) and particulate matter (PM). The
results showed that most of the participants knew that cars emitted carbon dioxide (CO2), but they
were less aware of the emission of NOx and PM. Also, being aware of the negative impacts of
pollutants did not necessarily lead to eco-friendly vehicle choices. Most of the drivers were aware
of pollutant friendly behaviours such as avoiding harsh acceleration/deceleration and maintaining
smooth speed but were unaware of behaviours such as efficient gear use, avoiding engine idling, or
anticipation of traffic ahead. Only a few mentioned pre-trip or strategic level behaviours (e.g., vehicle
size/weight or the selection of appropriate routes and avoidance of traffic congestion). The results
could be used to design educational material to raise awareness and provide drivers with tips to
reduce their pollutant emissions.
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1. Introduction

With four million people dying annually due to outdoor pollution [1], improvement of
air quality has become one of society’s main challenges. A number of studies have shown
that those exposed to high levels of air pollution have a reduction in life expectancy of
1–2 years (e.g., [2]). Road transport is responsible for a significant proportion of all the main
air pollutants in the form of exhaust emissions, tyre and brake wear, and road abrasion.
The resulting pollutants include carbon monoxide (CO), oxides of nitrogen (NO), and
particulate matter (PM). The latter are generally categorised by diameter as coarse (PM10),
fine (PM2.5), or ultrafine (PM0.1). Fine particles (PM2.5) from combustion emissions have
been shown to result in roughly 200,000 premature deaths, and 53,000 deaths are linked
to road transportation. And due to their small size, they can disperse to areas away from
the source (i.e., away from the traffic) [3]. Exhaust emissions have generally decreased
since 1996 due to stricter emissions standards; however, the proportion of non-exhaust
emissions (brake, tyre, and road wear) has increased. In 2017, non-exhaust emissions of
PM2.5 represented 46% of emissions from the road transport sector, compared with 18% in
2000. It is estimated that in 2019, approximately 307,000 premature deaths were attributed
to PM2.5 in the 27 EU Member States [3].

Air pollution can have negative health effects, even at low concentrations (e.g., [4]).
PM2.5 has been most associated with increased hospitalisation and mortality due to cardio-
vascular disease (e.g., [5]). In addition, other major health challenges have also been linked
to air pollution, such as asthma, cancer, diabetes, obesity and dementia [6].

Although the use of electric and other zero-emission vehicle technologies may dras-
tically reduce pollutant exhaust emissions, their slow uptake, as well as the trend of
increasing vehicle lifetime, means that vehicles with internal combustion engines are ex-
pected to dominate the fleet for years to come. In any case, electric vehicles still generate
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non-exhaust particulate matter, and due to battery weight increasing a vehicle’s mass, they
could increase PM2.5 emissions [7].

1.1. Relationship between Pollutants and Health

There are long-established negative relationships between air pollution and health,
including those observed at the neonatal stage, resulting in pre-term birth and low birth
weights. For example, it is estimated that the likelihood of pre-term birth is a function of
exposure to pollutant concentrations during the first and second trimesters of pregnancy [8].
They report that all the measured traffic-related pollutants (CO, NO2, and PM2.5) were
significantly associated with an increased prevalence of pre-term birth and were higher for
certain demographics (e.g., African Americans and those with low educational attainment).
Higher levels of air pollution are also associated with low birth weight, and this relationship
has been studied extensively in, for example, China [9], Europe [10], the US [11], and Brazil [12].
In general, these studies report that the risk of low birth weight increases as the mothers
are exposed to higher levels of pollutants in one or all the trimesters, although the effects
can be different for the different pollutants. Both pre-term birth and low birth weight are
well-documented predictors of increased neonatal and adult morbidity and mortality [13].

Furthermore, traffic-related air pollution has been linked to pregnancy loss. The
researchers investigated the relationship between week-to-week traffic-related air pollution
and conceptions resulting in live births in Boston and Israel [14]. In both locations, the
results suggest that higher traffic-related air pollution levels were associated with pregnancy
loss, particularly between 10 and 20 weeks gestation.

Lower birth weight not only influences morbidity but also health. It was found that adult
males with lower birth weight were more likely to develop adverse respiratory health in child-
hood [15]. Moreover, as well as studies suggesting that traffic pollution can contribute to new-onset
asthma, there is evidence that it can also exacerbate symptoms in existing sufferers [16].

As well as asthma, PM10 and PM2.5 have been commonly associated with increased mor-
tality from cardiovascular disease [5,17], whilst a systematic review and meta-analysis [18]
found that the main air pollutants (except ozone) were associated with a short-term increase
in the risk of acute respiratory events such as myocardial infarction (heart attack). In the
latter study, depending on the air pollutant, the population attributable fraction (defined as
the fraction of all cases of a particular disease or other adverse condition in a population
that is attributable to a specific exposure) ranged between 0.6% and 4.5%.

The World Health Organization [19] estimated worldwide deaths and disability-adjusted
life years (DALYs) for 26 major risk factors, including air pollution, by age, sex, and disease, as
part of its ongoing Global Burden of Disease project. The analysis indicates that outdoor PM
air pollution is responsible for approximately 3% of adult cardiopulmonary disease mortality
and 5% of trachea, bronchus, and lung cancer mortality. Furthermore, it is associated with
around 1% of mortality from acute respiratory infection in children in urban areas.

Air pollution is also associated with Central Nervous System diseases such as Alzheimer’s
and Parkinson’s Disease [20,21]. In addition, emerging epidemiological evidence sug-
gests an association between the risk of incident inflammatory bowel disease (colitis and
Crohn’s disease) and long-term exposure to air pollutants PM2.5, PM10, and NOx [22,23].
There is also tentative evidence that air pollution is a risk factor for diabetes. Whilst
the number of dose-response studies is low, a systematic review of 13 studies in Europe
and North America concluded that the risk of Type 2 Diabetes increased with increased
exposure to both PM2.5 and NO2, with a higher risk for females [24].

The COVID-19 pandemic was responsible for large-scale reductions in road traffic
(e.g., [25,26], providing a ‘natural’ case study for monitoring the effect of improvement in air
quality on health. A retrospective cohort study is used to establish if the travel restrictions
imposed during the pandemic led to improvements in air quality using Environmental
Protection Agency data and subsequent asthma-related hospital admissions in Dublin.
Compared to 2018–2019, there was a significant decrease in both PM2.5 and NO2, as well as
the mean number of daily asthma admissions [27].
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The negative effects of pollutants on individual health outcomes are clear, and the
perception of air quality can adversely affect mode choice decisions. Active travel modes
such as walking and cycling are known to be beneficial to health due to increases in physical
activity (e.g., [28]), and these health benefits outweigh the health risks caused by increases
in exposure to air pollution in all but the most severely polluted conditions [29]. However,
cyclists may be deterred if they perceive air quality as poor and change to another mode of
travel, creating a vicious circle [30].

1.2. Public Understanding of Pollutants

An individual driver can influence their vehicle’s fuel consumption and, hence, pol-
lutants in a variety of ways. As stated, “Eco-driving includes those strategic decisions
(vehicle selection and maintenance), tactical decisions (route selection and vehicle load),
and operational decisions (driver behaviours) that improve vehicle fuel economy” [31]. For
example, stronger acceleration and later braking can increase CO2 and NOx emissions by
up to 40% and 255%, respectively [32] and generate more tyre wear and hence PMs [33].

Research that uncovers public understanding of pollutants associated with road trans-
port is scarce, and what little there is focusses only on tailpipe emissions. To date, expertise
on pollutant emissions has mainly been used to advise European policy makers on the lim-
ited effectiveness of emission legislation (through real-world emission factors such as the
Handbook Emission Factors for Road Transport, HBEFA, and Computer model to calculate
emissions from road traffic, COPERT) and how to reduce traffic and transport pollutant
emissions. The numerous mitigation methods are rarely extended to include the perspec-
tives of users. Such understanding is important, as one of the problems with activating and
applying eco-driving is that this style of driving is less familiar to many drivers compared
to their usual driving style and, therefore, less automated and habitual [34]. Hence, the aim
of this study was to explore the perceptions and knowledge of car drivers with the aim of
identifying factors that would encourage or discourage behavioural change.

2. Materials and Methods
2.1. Research Design

A qualitative research approach was adopted to investigate the viewpoint of car users,
discover their understanding of how their own driving behaviour relates to vehicle emis-
sions (specifically NOX and PM), and identify factors that would encourage or discourage
behavioural change. Semi-structured qualitative interviews were carried out with drivers
in four European countries, chosen to represent a range of European countries with respect
to their reported deaths attributable to air pollution per 100,000 inhabitants (Sweden {0}, the
United Kingdom {26}, Belgium {30} and Greece {45}). An interview guide was developed,
and the research questions listed in Table 1 guided the interview script.

Table 1. Research questions and areas covered in the interviews.

Areas Research Questions

Knowledge

What levels of understanding do drivers have about driving in an environmentally
friendly fashion?

What pollutants do drivers think are emitted by their vehicles?
Do they have knowledge about NOx/CO2?

Do they know anything about particulates (PM2.5 and PM10)?
Do they know about the effects of pollutants on health and the environment?

What effects of NOx and particulates do they mention spontaneously?

Skills Which behaviours do drivers think they could easily adopt to reduce NOx and
particulates? And alternatively, which would they find difficult and why?

Four types of questions were included in the template, including introductory ques-
tions, transition questions, key ‘content’ questions, and closing questions. These questions
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broadly covered information related to driving and the personal profile of the interviewee,
their knowledge and skills, and their perception of eco-behaviours.

2.2. Recruitment and Interview Procedure

Thirty-four participants (eight from the UK—four males/four females; seven from
Sweden—4 males/three females; eight from Greece—three males/five females and
eleven from Belgium—six males/five females) were recruited in the summer of 2020.
The participants were aged from 18 to 60. A convenience sampling technique was adopted
for the recruitment of participants. This technique was considered the most suitable op-
tion due to recruitment challenges posed by COVID-19. All the participants were regular
drivers (defined as driving a car 3–4 times a week) and were personally responsible for the
maintenance of their vehicle or had a responsibility to ensure it had a regular check-up.
This selection criterion was applied due to the fact that there has been sufficient previous
research on drivers’ understanding and knowledge about, e.g., CO2, but we wanted to
establish if these relatively informed drivers were also cognisant of other pollutants such
as brake and tyre wear. The sample size of 34 is deemed sufficient in interview-based
studies to reach saturation point, which is “the point at which gathering more data about a
theoretical construct reveals no new properties, nor yields any further theoretical insights
about the emerging grounded theory” [35]. A recent systematic review assessed saturation
in qualitative data by conducting a meta-analysis of studies that had specifically evaluated
saturation in their own data. It was found that in 16 tests of saturation with data from
in-depth interviews, saturation was reached in under 25 interviews and, on average, in
12 interviews. The authors of this meta-analysis summarise as follows: “Sample sizes in
qualitative research are guided by data adequacy, so an effective sample size is less about
numbers (n’s) and more about the ability of data to provide a rich and nuanced account of
the phenomenon studied” [36].

To arrange interviews, email invitations were sent to participants along with a Consent
Form and Participant Information Sheet, which informed them about the project. After
receiving the consent form and time slot information, an online meeting invitation was
sent to participants. The interviews were held online. At the beginning of the interviews,
participants were informed about the structure of the interview, and permission was taken
explicitly to record it. They were also informed that the recording could be stopped at any
time and that the project report would not include any references to a specific person.

During the interviews, we attempted to keep the discussion as close to a conversation
as possible. This meant that all the questions were not always asked in the same order, and
additional questions could be included. However, it is important to note that the ordering
of the data collected does not affect the analysis as this was captured using Nvivo12,
which does not rely on the ordering effects of the responses. The interview guide also
helped the interviewer to ensure they covered all the issues set out a priori, but due to the
naturalistic nature of the data collection, respondents may have pre-empted some questions
and answered them already, so there was no need to repeat the question or prompt. To do
so would have led to a breakdown in the dialogue.

Interviews were closed by asking participants about queries or concerns they wanted
to raise. At the end of the interviews, the interviewer was required to complete the checklist.
This included noting down the duration of interviews, thanking participants, and checking
their contact details. This also included reflecting and making a note of any points found
worth remembering. On average, the interviews were approximately 40 min long.

2.3. Data Analysis

The recorded interviews were transcribed and analysed using NVivo. The transcribing
protocol was followed thoroughly to ensure the confidentiality of participants and the
smooth integration of data from all partner countries for analysis purposes. Interviewee
responses were labelled with Interviewee ID, i.e., initials of country and participant number,
e.g., UK1. Following Boyatzis’s advice on never overlooking the opportunity to ‘pre-code’
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those ‘codable’ moments worthy of attention [37], the first cycle of coding was initiated
for the UK sample after reading and reviewing a couple of transcripts and completed
after reaching saturation point. Those transcripts with contrasting data were selected for
this purpose to maximise the variety of concepts to be captured and coded. An initial
cycle of descriptive coding helped to broadly categorise key concepts captured during
the interviews. In the second stage, further reviewing and subsequent cycles of coding
were performed to identify patterns in the data. The methodology identified a range of
key themes, including participants’ knowledge and awareness about eco-driving, their
understanding of eco-driving behaviours, factors influencing their vehicle choices and
motivations, and barriers to switching to electric cars. The analyses also used the personal
attributes of participants to map differences/similarities across participants and to develop
conceptual (qualitative) models to visually present these relationships whenever possible.

In addition, the analyses classified participants into two groups—high-awareness
and basic-awareness—based on multiple assessment criteria, including participants’ un-
derstanding about the types of vehicle pollutants, sources of emissions, estimations of
pollutants, as well as their understanding about health and environmental impacts (col-
lectively referred to as knowledge and awareness). The tables in Section 3.2 provide a
summary of these assessments along with sociodemographic descriptions of the groups
for each of the sample populations. The data from Sweden were not as clear cut as that
of the other countries, and it was therefore not possible to classify the participants into
two awareness groups. It is also important to note that seven of the ten drivers in the
high-awareness category worked in the IT and analytics industry. This contrasts with those
in the basic-awareness groups, which are largely composed of relatively young profession-
als working in traditional industries such as education, hospitality, and food services (or
students). This has implications for the development of interventions which appeal to
drivers of different sociodemographic profiles and attributes.

3. Results and Discussion

This section summarises and discusses the results of the interviews from all
four countries and provides an insight into the drivers’ understandings and factors that
can encourage or discourage change. First, it highlights the knowledge and understanding of
the drivers about eco-driving and air pollution. It then reflects on the current driving practices
of participants and factors influencing those practices, including their personal profiles. It then
briefly focusses on factors that can encourage or discourage the adoption of electric vehicles.

3.1. Knowledge and Awareness about Pollution and Emissions from Cars

In general, the results showed that most of the participants knew that cars emitted CO2,
but they were less aware of the emission of NOx and PM. The reason for this might be that
CO2 is the principal emission from cars, but its contribution to climate change has also been
discussed frequently in recent years. NOx and PM have not been discussed as frequently.
Roughly half of the drivers in the UK and Belgium were classified as high-awareness, but
only one was in Greece. The Swedish drivers could not be differentiated, and overall,
their understanding of eco-driving, pollutant emission and the impact of vehicle emissions,
including health and the environment, was good.

The analyses revealed drivers from the high-awareness group understand the impacts
of using different types of fuel (petrol, diesel) on emissions and have a higher level of
understanding about types of vehicle emissions (CO2, NOx, PMs) and the impacts of these
pollutants on health and the environment:

“I know that they can make asthma a lot worse. And any sort of COPD breathing worse.
And they’re probably not very good for the skin because they probably got lots of free
radicals that attack the skin, etc. But other than that, no. Those are the only things that I
know of because those are the only things that I hear about in my daily life, like breathing
problems, it makes it harder. And, you know, if you’ve got asthma and it’s not good for
the skin”. (UK1/F)
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In the basic-awareness group, none of them had heard of NOx (except one each in the
Greek and Swedish samples) or knew about brake dust as a source of vehicle emissions.
They mentioned exhaust as the only source of vehicle emissions, and in general, do not
understand the health impacts associated with emissions:

Just CO2 for sure. And how the petrol is produced, that it is also polluting. . .I don’t
really know exactly. I do know that in the city, that that’s not the healthiest thing to do to
walk around with all those cars all your life. (BE8/M)

Something with combustion. . . [Not necessarily, something that has nothing to do with
combustion.]. . .Then I just think about the electricity that’s used in the car? (BE5/M)

Yes, it is carbon monoxide. . . or carbon dioxide that it releases. I have not really thought
about what else it might emit. There are certainly some other particles as well, but I have
not. . . I cannot on a straight arm mention some, but there are certainly some more. I am
absolutely convinced of that. (SW6/M)

I have generally heard it as a concept. They are pollutants that are dangerous to health
and if I am not mistaken, they are responsible for the formation of clouds in big cities.
(GR3/M)

Beyond knowledge and awareness levels, the study has further investigated the
fuel choices (petrol/diesel) made by the participants. The findings suggest that the fuel
economy is the most influencing element (petrol users—likely to have low driving mileage;
diesel users—likely to have high driving mileage). It is also noted that males have a better
understanding about fuel impacts compared to females irrespective of being in the high- or
basic-awareness group. However, despite being in the high-awareness group and having
an adequate understanding about fuel impacts, male drivers can consciously opt for diesel
fuel to save their running costs, as reflected below:

So there is more sporty versions of my car, which is like, you know, it’s very practical
and spacious and, you know, like comfortable. There are small, sporty versions, but I
chose the diesel version because it does more miles per gallon. . .And also because of the
nature of a diesel engine. If get a sporty car, then I drive too quickly to realize that. So
having the diesel engine is kind of more just relaxed. It helps me moderate my speed. I
sounds rubbish but I am generally in control of the car. . .because it’s a diesel car. It’s
more economic than the sporty petrol versions. And it’s like, you know, it’s twice or three
times the economic performance, you know, it uses a lot less fuel than the petrol ones. So
that’s one of the big reasons I got this as well. (UK/3M)

3.2. Understanding of Eco-Driving Behaviours

In response to questions related to eco-driving and opinions about driving in a way that
can minimise emissions of NOx and particulates, 22 behaviours were identified. However,
the low-awareness group mentioned relatively few behaviours promoting eco-driving
compared to the high-awareness group. Overall, participants who identified more than
five driving behaviours to promote eco-driving were labelled as holding high awareness
about eco-driving compared to those who identified less than five behaviours and were
labelled as holding a basic level of awareness (as can be noted in Tables 2–5).

Table 2. Classification of participants based on knowledge and awareness and personal and driving
attributes of the groups (Belgium).

Knowledge and Awareness
High-Awareness Group Basic-Awareness Group

BE1 BE6 BE11 BE7 BE9 BE3 BE5 BE8 BE10 BE2 BE4

Understanding about pollutant emissions

CO2 ✓ ✓ ✓ ✓ ✓ x x ✓ x ✓ ✓

NOx x x x ✓ ✓ x x x x x x
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Table 2. Cont.

Knowledge and Awareness
High-Awareness Group Basic-Awareness Group

BE1 BE6 BE11 BE7 BE9 BE3 BE5 BE8 BE10 BE2 BE4

Particles ✓ ✓ ✓ ✓ ✓ x x ✓ x x x

Understanding about sources of emissions

Exhaust ✓ ✓ ✓ ✓ ✓ ✓ x ✓ ✓ ✓ x

Brake dust/
materials emission ✓ ✓ ✓ ✓ ✓ x x x - x x

Understanding about pollutants estimations

Understand pollutant levels
(e.g., thresholds,
EU standards)

- ✓ x ✓ ✓ x x - ✓ ✓ ✓

Understanding about impacts of vehicle emissions

Health impacts ✓ ✓ ✓ ✓ ✓ ✓ x ✓ - - ✓

Environmental impacts x x ✓ ✓ x x ✓ x - - ✓

Understand Diesel/petrol
fuel impacts ✓ ✓ ✓ ✓ ✓ - - ✓ - ✓ -

Understanding about eco-behaviours and tampering

Understanding about
eco-behaviours * B B B B H B H B B B B

Understand tampering ✓ x ✓ ✓ ✓ ✓ x x - x x

Personal and driving attributes of drivers

Gender F F F M M M M M M F F

Age 26–40 26–40 40–60 26–40 26–40 18–25 18–25 18–25 18–25 26–40 26–40

Employment ** 2 2 1 2 1 3 1 3 1 2 -

Dependent children x ✓ ✓ x x x x x x x ✓

Car age (years) 11 12 6 18 11 14 7 - - 17 11

Fuel type D P D D D D P P P P D

Note: - indicates ‘no discussion’; P indicates ‘Petrol’, D indicates ‘Diesel’. * B indicates Basic (<5) be-
haviours and H indicates High (>5) behaviours mentioned by participants (for reference, see Table 6).
** Employment 1 = Traditional, 2 = IT/analytics, 3 = Student.

Table 3. Classification of participants based on knowledge and awareness and personal and driving
attributes of the groups (Greece).

Knowledge and Awareness
High- Basic-Awareness Group

GR1 GR2 GR7 GR8 GR4 GR6 GR3 GR5

Understanding about pollutant emissions

CO2 - - - x - - - -

NOx ✓ x x x x x ✓ x

Particles ✓ x x x x x x x

Understanding about sources of emissions

Exhaust - - - - - - ✓ -

Brake dust/materials emission - - - X - x - -
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Table 3. Cont.

Knowledge and Awareness
High- Basic-Awareness Group

GR1 GR2 GR7 GR8 GR4 GR6 GR3 GR5

Understanding about pollutants estimations

MOT - - - - - - - -

Road tax - - - - - ✓ - -

Pollutant emission (gm/km) ✓ ✓ x ✓ x x x -

Understanding about impacts of vehicle emissions

Health impacts ✓ - x - ✓ ✓ ✓ x

Environmental impacts ✓ - ✓ - - ✓ ✓ -

Understand Diesel/petrol fuel impacts ✓ - - x - ✓ x -

Understanding about eco-behaviours and tampering

Understanding about eco-behaviours * H H B H B B B B

Understand tampering ✓ ✓ ✓ ✓ x ✓ ✓ x

Personal and driving attributes of drivers

Gender M M M F F F F F

Age 26–40 18–25 18–25 26–40 26–40 18–25 26–40 26–40

Employment ** 2 1 2 1 1 1 1 1

Dependent children ✓ X - ✓ X - X -

Car age (years) - 12 17 7 10 16 25 20

Fuel type - P - - - - - -

Note: - indicates ‘no discussion’; P indicates ‘Petrol’, D indicates ‘Diesel’. * B indicates Basic (<5) be-
haviours and H indicates High (>5) behaviours mentioned by participants (for reference, see Table 6).
** Employment 1 = Traditional, 2 = IT/analytics, 3 = Student.

Table 4. Personal and driving attributes of the groups (Sweeden).

SW1 SW2 SW3 SW4 SW5 SW6 SW7

Gender M F F M M M F

Age 40–60 26–40 40–60 18–25 40–60 40–60 40–60

Employment ** 2 2 1 3 1 1 2

Dependent
children - - No No Yes No No

Car age (years) 2011 2006 2015 2016 2001 2008 2006

Fuel type D P D D P Flexi-fuel P

Note: - indicates ‘no discussion’; P indicates ‘Petrol’, D indicates ‘Diesel’. ** Employment 1 = Traditional,
2 = IT/analytics, 3 = Student.

Table 5. Classification of participants based on knowledge and awareness and personal and driving
attributes of the groups (UK).

Knowledge and Awareness
High-Awareness Group Basic-Awareness Group

UK1 UK5 UK3 UK8 UK6 UK7 UK2 UK4

Understanding about pollutant emissions

CO2 ✓ ✓ ✓ ✓ x x ✓ ✓

NOx x ✓ ✓ ✓ x x x x
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Table 5. Cont.

Knowledge and Awareness
High-Awareness Group Basic-Awareness Group

UK1 UK5 UK3 UK8 UK6 UK7 UK2 UK4

Particles x ✓ ✓ ✓ x x x x

Understanding about sources of emissions

Exhaust ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Brake dust/materials emission x ✓ ✓ ✓ x x x x

Understanding about pollutant estimations

MOT ✓ - ✓ ✓ x x ✓ x

Road tax ✓ ✓ ✓ ✓ x ✓ - ✓

Understanding about impacts of vehicle emissions

Health impacts ✓ ✓ - ✓ - - - ✓

Environmental impacts - - ✓ ✓ ✓ ✓ ✓ -

Understand Diesel/petrol fuel impacts x - ✓ ✓ - ✓ - x

Understanding about eco-behaviours and tampering

Understanding about eco-behaviours * H H H H B B B B

Understand tampering ✓ ✓ ✓ ✓ ✓ x ✓ x

Personal and driving attributes of drivers

Gender F F M M M M F F

Age 40–60 40–60 40–60 40–60 26–40 26–40 40–60 40–60

Employment ** 1 2 2 2 1/3 2 1 1

Dependent children x ✓ ✓ ✓ x x ✓ ✓

Car age (years) 12 1 2 22 1 1 2 0.5

Fuel type Petrol Petrol Diesel Diesel Petrol Petrol Diesel Diesel

Note: - indicates ‘no discussion’; P indicates ‘Petrol’, D indicates ‘Diesel’. * B indicates Basic (<5) behaviours
and H indicates High (>5) behaviours mentioned by participants (for reference, see Table 6). ** Employment 1 =
Traditional, 2 = IT/analytics, 3 = Student.

Using Michon’s (1985) hierarchical behavioural framework [38] (Michon’s (1985)
hierarchical behavioural framework divides the driving task into strategic, tactical (or
manoeuvring), and control (or operational) levels. The strategic level governs overall travel
goals and planning, the tactical level governs deliberate manoeuvres (like passing), and
the control level involves automatic actions like lane tracking and speed control). The
identified behaviours were grouped at three levels: strategic (four behaviours), pre-trip
(seven behaviours), and in-trip (eleven behaviours). The behaviours categorised at the
strategic level are those that involve long-term planning while opting for some conscious,
environmentally friendly options, e.g., using hybrid/electric cars or technology-assisted
vehicles. The behaviours listed at the pre-trip level are related to day-to-day planning for
trips before leaving the house, such as avoiding congested routes or merging multiple trips
in a single journey. In-trip behaviours are behaviours that drivers perform once they are
inside the car, for example, the use of gears, avoiding harsh brakes, and anticipation of
traffic ahead. For the present study, behaviours performed at the in-trip level are considered
the most relevant, as these are directly relevant to what the driver chooses to do once inside
the car and can directly impact their driving style. On the other hand, strategies adopted at
the pre-trip level can provide support in the execution of behaviours at the in-trip level on
a day-to-day basis. Nonetheless, actions taken at the strategic level may have indirect but
lasting impacts in the long run in promoting sustainable driving practices. For illustrative
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purposes, Table 6 provides a summary of reported behaviours for the UK drivers, grouped
at the abovementioned three levels and mapped across high- and basic-awareness groups.

Table 6. Participants’ identification of driving styles promoting eco-driving (UK).

Level Behaviours
High-Awareness Group Basic-Awareness Group

UK1 UK5 UK3 UK8 UK6 UK7 UK2 UK4

In-trip behaviours ***

Avoid harsh braking ✓ ✓ ✓ ✓ ✓ ✓ -

Smooth speed ✓ ✓ ✓ ✓ - ✓ - ✓

Avoid idling ✓ - ✓ - - - - -

Gear use ✓ - - ✓ ✓ - - -

Heavy acceleration/deceleration ✓ ✓ ✓ ✓ ✓ ✓ - -

Anticipating traffic and traffic lights - - ✓ ✓ - - - ✓

Pre-trip behaviours **

Trip chaining/Journey planning ✓ - - ✓ ✓ - - -

Servicing and maintenance ✓ - - - - - - -

Avoid traffic congestion ✓ - - - - - - -

Car sharing/carpooling - - - - ✓ - ✓ -

Alternative options (cycling) - - - ✓ ✓ - ✓ -

Route selection ✓ - - - - - - -

Vehicle weight/size - - - ✓ ✓ - - -

Strategic *

Using hybrid/electric car - - - - ✓ - ✓ -

Economic performance engine car - - ✓ - - - - -

Technology-assisted vehicle - - ✓ - - - - -

Cycling - - ✓ ✓ - - - -

Note: ✓indicates ‘yes’, - indicates ‘no discussion’.
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Overall, the analyses revealed in-trip eco-behaviours are the most salient, such as speed
management-related behaviours, including avoiding harsh braking, acceleration/deceleration,
and smooth speed:

You do not brake as much but let the car work slowly slow down or that you can accelerate
out of situations instead of having to use the brake a lot or brake hard. (SW5/M)

However, not many are aware of, or they recognise fewer, behaviours such as appro-
priate gear use, avoiding stops/starts, engine idling, or anticipating ahead. As expected,
the basic-awareness group holds a limited understanding of these behaviours compared to
the high-awareness group. Similarly, females’ identification of in-trip behaviours overall is
found to be low compared to males.

Only a few of the participants mentioned anything related to the pre-trip level. For
instance, there is a very limited to negligible understanding (or mention) about the impact
of vehicle size/weight or selection of an appropriate route and avoiding traffic congestion
on vehicle emissions. Greek drivers are the only drivers who identified the use of driving
techniques appropriate to terrain type as important to reduce vehicular emissions. They
described speed management-related behaviours such as driving at ‘low speed’ and ‘low
rpm’. The potential of using alternative modes (e.g., walking, occasional cycling to work
in summer, and public transport) is reported by only three of the drivers from the UK
(two males and one Female). Behaviours at the strategic level are the least mentioned and
only reported by the UK drivers, among which the use of electric and hybrid cars and
cycling (on permanent basis) have been identified as behaviours promoting eco-driving
other than economically performing engines and the use of vehicle with technology (e.g.,
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eco-mode features, fuel and driving style monitors (For example, Volkswagen Connect
mobile phone application collects the car’s data on acceleration, braking, and speed and
gives a driving efficiency score)). It is important to note that the number of participants
using alternative modes of transport on a daily basis is highest in the Belgian sample (out
of six, five males are regularly using alternative modes).

The analyses also recorded interesting observations in response to the question about
behaviours participants would find difficult to do in everyday driving and why. For
instance, it can be noted that most males in the study, irrespective of their group, have
reported none of the identified eco-behaviours as difficult to perform. Some of them
reported the execution of these behaviours comes naturally to them, as they are aligned
with their daily driving routines:

It doesn’t really change that much because I drive a van. It’s not very powerful. It’s not
very fast. It’s not a sports car. I do tend to, you know, and I also know that it’s not the
most economical of vehicles. I do tend to drive like that naturally. (UK8/M)

Unlike males, most females have reported some level of difficulty in performing these
behaviours, irrespective of their awareness levels. In general, avoiding harsh acceleration,
braking, and switching off the engine at traffic lights are identified as the most difficult
behaviours to execute. External factors can also prevent them from driving in a more
economical way:

I do not think that for a proper driver it is difficult from what you have mentioned. Based
on my own experience, because I drive ‘as I have only told you for 2 years, I cannot turn
off my car at the traffic light, so even if there is a tail at the traffic light I have it on so I
am always on the alert. (GR6/F)

Yes, sometimes somebody overtakes and then you might have to brake harder than you
would like to. (SW7/F)

3.3. Factors Influencing Vehicle Choices

The analyses identified several factors (including personal, vehicle, and road and
environment-related) that influenced existing vehicle choices for both the high-awareness
and basic-awareness groups. Taking Belgian driver as an example, the qualitative models
in Figures 1 and 2 highlight how the identified factors govern vehicle choices for the
sample and within models and also highlight gender dimensions. For the high–awareness
group, which likes driving and speeding orientation, car choice is usually governed by
performance-related factors, including speeding, fuel efficiency, safety, and affordability.
On the other hand, for the basic-awareness group, a car is mainly a source of meeting basic
travel needs and trust and brand familiarity, along with vehicle size and reliability, are the
dominant factors in making such a decision. In the following excerpts, it can be noted that
they are keeping the same style of car for quite some time, and the reason for doing so is
that either they themselves and/or their spouses/other family members have the same
style of car:

There is actually two Ford Fiestas. I have one of them I purchased at the time that I started
learning to drive. So eight years ago and the other one I’ve been driving on for about a
year. . . It’s a case of I think it’s just kind of come from the family, really from both sides of
myself. And my wife or family of all we had Fords. And I prefer a smaller car because it’s
kind of more convenient to come in back and forth in city drive and stuff like that than a
larger car as well. (UK/7)

For the Greek sample, ease of parking and driving in the city centre and the age of
the vehicle are also identified as the important factors influencing the choice of car. What
can be concluded is that for this group, unlike the high-awareness group, car choice is
more about making safe, reliable and regular options rather than seeking high performance
vehicles with efficient fuel economy.
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Overall, there were some differences noted with respect to gender and vehicle choices.
However, as the sample size was small, conclusions should be treated with caution to avoid
stereotypes. It is noted that female car choices, the nature of trips and driving mileage are
highly influenced by their personal factors (e.g., absence of spouse, dependent children) and
may also influence their driving styles, as reflected in the excerpt below from a participant
in the basic-awareness group:

‘So, in a normal life I am a mom in a family with two children. I have a job that runs on
4/5th. So, in principle I have to move my car to work 4 days a week, and in addition to
that I’m in charge of the housekeeping and everything that goes with it. (BE4/F)

This contrasts with males who seemed to be more independent in making their choices
and opting for vehicles and fuel choices based on their likings. Other than gender, the
presence of dependent children is identified as the single most important factor influencing
vehicular choices. Compared to single drivers who indicated a preference for small-size
and easy-to-drive city cars, it can be concluded that drivers with dependent children are
most likely to opt for larger vehicle sizes simply because they need a comfortable, spacious
people carrier.
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3.4. Motivations and Barriers to Switch to Electric Cars

When picking up the discussion around buying their next car and otherwise during the
interview, a theme capturing motivations and barriers to switching to electric/hybrid cars
has emerged. Participants identified factors such as saving in fuel costs, the opportunity
to promote environmentally friendly business, the cars of the future, development in
infrastructure and vehicle technology, as well as environmental benefits associated with
electric vehicles are some of the key advantages having the potential to lead to the purchase
of an electric vehicle. However, the high price of electric vehicles, lack of infrastructure
(e.g., availability of charging stations), and lack of performance and reliability are identified
as the key barriers prohibiting the purchase of electric vehicles. Hence, many of the
participants indicated a preference for hybrid vehicles, as reflected in the excerpt below
from a participant in the basic-awareness group:

The hybrid is self-powered with energy. If there were stations so that I could charge my
vehicle, the corresponding electric one, I would think about it. However, if I am not
mistaken, in Greece this electricity supply network has not expanded so much, so making
such a choice for me who is in the province I find it very difficult. That’s why I think
that the next model both in low consumption and in general as a philosophy would be the
hybrid because I do not have to stop and constantly look for where to find electricity, it is
easier to find gasoline than electricity. (GR2/M)

Participants with high awareness mentioned the environmental costs of EVs and did
not believe the vehicles to be much more environmentally friendly than conventional
engines. There was also a perception that these vehicles were boring. An excerpt from
a participant in the basic-awareness group gives another perspective where eco-friendly
preferences come secondary to affordability:

. . .it’s more to do with affordability. I’d love it if it didn’t pollute because then I feel really
virtuous and like a good girl when I pulled up somewhere [e-pro secondary]. But, it’s
about keeping the costs down so I can use it as much as I want to really use it without
having to worry about it. (UK1/F)

This was also supported by a participant from Sweden:

Yes, the reason is economical. I think most people are interested in saving money. But at
the same time, I want to be a little better environmentally as well. . . So that it is, a bit
economy, and a bit environment. (SW6/M)

4. Conclusions

This study provides the results from 34 interviews carried out with drivers in Bel-
gium, Greece, Sweden, and the UK to support the development of different incentives
by eliciting user understanding about emissions. It is important to acknowledge that the
aim of this qualitative research was not to generalise the findings to a wider population
but rather to represent the viewpoints of a sample of participants from the four European
countries. Hence, careful consideration should be made before generalising the study’s
conclusions and developing a large-scale interpretation of the outcomes for other popula-
tions or regions. Based on the collective findings of the study, this section discusses some
of the considerations and factors that can encourage change and prove useful in raising
knowledge and awareness of car users and bringing sustainable change over the years.
Firstly, it is important to acknowledge that people are happy to do their little bit for the
environment wherever they can. They are also aware of the need to phase out fossil fuels
and of the future of electric cars. So, a good starting point for educating drivers about
emissions and raising awareness can be as local as their local garage and as universal as
introducing role models. It is important to keep in mind that the study has found that
although all the participants have basic to high-level awareness about vehicle pollution
and its impacts, they may not always be able to adhere to good practices. This discord can
be due to both internal and external factors, for instance, their mobility needs (school runs,
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driving to multiple locations for work) and meeting driving-related motives (e.g., seeking
high performance and speeding orientations). External factors could be the behaviour of
other drivers, forcing them to brake hard. Hence, it is important that interventions are
designed to deal with such dimensions and educate people about strategies that can be
adopted to adjust and regulate their driving behaviours without compromising on their
mobility needs.

Saving in fuel costs can be a great eco-behaviour enabler. The interviews reveal that
the eco-benefits are secondary compared to fuel economy. Eco-friendly practices are not the
governing element while making these choices and only come as a secondary consideration.
This study recommends that efforts to bring change should do the following: (i) Focus on
raising awareness as a part of ‘civic responsibilities’; (ii) Inform about ‘personal advantages’
associated with eco-practices, including economic (e.g., saving fuel costs, maintenance
costs) and health benefits (e.g., harmful exposure to pollutants both inside and outside of
the car, especially for young children). It is also noted that there is limited understanding
about sources of emissions among drivers, with exhaust emission as the most obvious
source quoted by all. Hence, tests educating on different types and sources of emissions
(e.g., abrasion emissions, evaporative emissions) and exposure to these emissions inside
vehicles can be helpful in raising people’s awareness level as well as persuading them
to change. Brand familiarity and trust is another important factor that may discourage
change, and its effect is more pronounced in the basic-awareness group. The group is likely
to keep the same style of car (may change the type of fuel) as this is what they are familiar
with. Hence, it is important to look at factors that can encourage change and push people
to make choices they are less familiar and comfortable with.

Apart from what has been concluded in the above section, this paper provides some key
considerations to develop effective educational and awareness-raising campaigns as follows:

• Essential elements of eco-driving campaigns: To appeal to drivers and increase their
awareness of emissions from cars, the campaigns should give them the opportunity to
compare driving efficiency over time and compare it to a baseline score. For instance,
using a driving style app or industry standards (e.g., by performing an Exhaust PM
Test). In addition, they should have a clear set of instructions that are easy to follow.

• Intervention strategies amid technology revolution and targeting priority: Another
important consideration is to develop time-relevant tests and interventions. For
instance, if a driving style app is chosen as the best way to promote awareness, it is
important to think about the practicality and lifespan of this intervention, as many new
cars already possess these integrated features. Hence, in such cases, prioritisation and
identification of target populations may prove helpful, i.e., old car users. In addition,
drivers can be supported by technologies such as intelligent speed assistance, which
are mandatory in all new vehicles in July 2024.

• Integrating informational prompts, health appeal, cost saving and baselines: Associat-
ing ‘informational prompts’ (what can be done to reduce vehicle emissions, e.g., driving
without excessive braking can help reduce carbon footprints by this amount) could be
beneficial. Providing baseline standards (to compare emissions with other vehicles
and driving styles, SWOT charts, driving scores with previous scores) or having health
appeal (e.g., risks associated with excessive exposure to pollutants while sitting inside
the car) could also help encourage behavioural change. Cost savings (e.g., how much
fuel and maintenance costs are saved by driving at consistent speed) with eco-driving
can help increase the effectiveness of awareness-raising campaigns.

• User-centric language: It is recommended that content be developed based on user-
centric language. For example, all drivers mostly reported similar speed management-
related behaviours. However, the use of words is different. For instance, the UK
drivers used the term smooth speed more than the Greek and Belgian drivers, who
used low speed or low rpms. Hence, the integration of local expression can prove
useful in raising the driver’s practical knowledge.
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• It is also noted that all the drivers described their driving style as always being
in the context of road safety, e.g., careful, safe, calm driver. It would be useful
to develop content that can help them evaluate and describe their driving from
an eco-driving perspective.

This leads to the conclusion that a car driver’s choices and behaviours are governed
by their personal needs. Hence, efforts to reduce emissions and to encourage eco-driving
needs to come up with holistic approaches to support these ever-changing needs while at
the same time not compromising on basic principles of driving in an eco-friendly manner.

I think I educate myself and hopefully that will, you know, help me with my drive and help me
do that a little bit more than, you know, that I was doing yesterday. And hopefully tomorrow I’ll do
that little bit more. (UK8/M)

When trying to change behaviour, the program for change needs to consider the target
groups’ knowledge, beliefs, attitudes, norms, etc. In this context, the motives behind the
action are vital since it influences behaviour more than anything else. Therefore, different
user groups will require different approaches in terms of the content and delivery of
information relating to emission-reducing behaviour. For example, some drivers may be
motivated by pro-environmental information (e.g., climate change), whilst others will be
more influenced by messages pertaining to the health impacts of pollutants. We, therefore,
need to ensure that the message is relevant, that it will capture the attention of our audience,
and that it will generate change.
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