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Abstract
Active mobility and public transport are considered beneficial for health and wellbeing and valuable for climate
change mitigation. However, cyclists and pedestrians have high air pollution and noise exposure alongside traffic,
which adversely impact health and wellbeing. The measured exposure can differ from the perceived exposure,
hence, communicating en route exposure is crucial. Therefore, this study investigates how to communicate routebased exposure to cyclists and pedestrians and explores if exposure communication, e.g. via smartphones, is
worthwhile for healthy and pleasant commute. It is investigated how exposure feedback influences the motivation
to protect oneself and how exposure information should be designed. Three focus groups with 20 cyclists/
pedestrians living in Berlin, Germany, were conducted. Based on Protection Motivation Theory and Environmental
Health Literacy concept, (1) experiences and practices after recognizing exposure were discussed and (2)
information needs and communication strategies were developed. The results reveal a feeling of helplessness
regarding the ubiquity and uncertainty of pollution and a heightened threat appraisal. Anger, anxiety and rejection
were stated. Making sense of pollution levels and protective alternatives were central. A healthy routing app,
including also pleasant route factors, was desired. However, information provision was also denied. Participants
argued the responsibility should not be left to the commuters and planning for exposed road users would be
crucial. Information provision may not be worthwhile if planning authorities do not provide healthy alternatives.
People-centered approaches for tackling air pollution and noise exposure en route should be investigated further.
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1 Introduction
Ambient air pollution and noise pollution are two of the
leading environmental health risk factors in urban areas,
also in Europe [1–3]. Air pollution can cause respiratory diseases or cardiovascular diseases, psychological
distress and impact wellbeing [3–7]. Particulate matter, specifically PM2.5, is considered responsible for a
high number of premature deaths every year in Europe
[3] and is the fifth-ranking mortality risk factor globally
[8]. Noise exposure can lead to annoyance, psychological stress and impacts physical health [2]. A major source
of air pollution and noise pollution in cities is motorized
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road and rail traffic [9]. Traffic related air pollution and
noise pollution is high in the urban core alongside roadand rail-traffic with high traffic volume and might be
even reinforced by low air exchange [10, 11]. Cyclists and
pedestrians, who move alongside road- and rail-traffic,
are exposed to air pollution and noise pollution higher
than when separated from motorized traffic [12]. Some
studies estimate they inhale higher doses of air pollution
than motorized transport commuters [13, 14]. Likewise,
underground subway users are exposed to higher levels
of particulate matter (PM2.5) than above ground [15].
The noise level that cyclists, pedestrians or public transport users are exposed to is frequently higher than of car
users [10, 16].
Even though exposure and health impacts are evident,
recent studies show that cyclists and pedestrians do
not perceive their exposure as it is measured by sensors
[17–19] and do not see them as an impediment to walk
or cycle [20]. For example, a study in Leipzig, Germany,
showed that over 80% of the surveyed cyclists underestimated their exposure to particulate matter and noise
pollution [19]. When people are exposed to noise over
a longer period of time they adapt to it and the annoyance decreases [21]. A recent review shows that in most
studies perceived and measured pollution (not only in
traffic) match, however, in other studies they do not correlate [22]. Hence, this study investigates reasons behind
the mismatch in perceived and measured exposure
whilst moving, explores how people experience air pollution and noise exposure and discusses if communication about exposure en route is needed. Specifically, if
information about protective actions and healthier routes
is increasing the recognition of own exposure and helpful for a pleasant commute. The aim of this study is to
identify how to communicate route-based exposure to
cyclists and pedestrians and discuss if exposure communication is worthwhile for supporting a healthy and
pleasant commute in the city.
Many studies which provide air pollution or noise
exposure feedback measured the pollution indoor using
stationary measurement devices, only few measured and
gave feedback on exposure outdoor and even less measured on-the-move and gave exposure feedback [23].
Specifically, studies measuring, reporting back and investigating perceived exposure of cyclists and pedestrians
are rare (see literature review of [22, 23]). The few studies to date which provide cyclists or pedestrians with
air pollution and related health information emphasize
the potential of exposure communication for motivating users to take less polluted routes [24, 25]. However,
recent literature reviews show both, successful outcomes
(empowerment, protective practices, measurably lower
pollution), but also identify resignation or helplessness as a result of exposure communication [23, 26]. For
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example, in some studies participants report sadness, fear
or disappointment when receiving exposure feedback,
in others interest and surprise [23]. Generally, it is not
only about the form of the feedback, but about the pollution source and the feasibility to undertake protective
practices [23]. Hence, it is important to research people’s
needs and their coping ability when designing exposure
communication and involve them in the development
process. As shown by Riley et al. [26], few studies have
included the public when developing exposure communication. Even less studies have involved cyclists and pedestrians. This study addresses this research gap by applying
qualitative methods, specifically addressing commuters’
requirements, perceptions and practices. Focus groups
were set up to understand if and how cyclists and pedestrians (also on their way to public transport) want to be
informed about their exposure on commuting routes.
Moreover, their exposure perceptions and protective
practices were explored. Following a previous study in
which participants engaged with air pollution and noise
exposure on-the-move and simultaneously their exposure en route was measured [17], this study addresses
three research questions:
Q1. In how far does a raised awareness regarding air
pollution and noise exposure on commuting routes motivate people to protect themselves?
Q2. How can information on air pollution and noise
pollution be designed to support healthy and pleasant
mobility in urban areas?
Q3. Is information provision about exposure on daily
(inevitable) routes a worthwhile strategy to support
healthy and pleasant mobility?
In Sect. 2, the theoretical background is outlined.
Sect. 3 presents the focus groups and the research design.
In Sect. 4 the results are presented, specifically, participants’ motivation to protect themselves and their information preferences. This study specifically considers
commuting routes, i.e., inevitable routes in the city for
everyday purposes, and does not draw attention to leisure travel. In Sects. 5 and 6 the findings will be discussed
and conclusions drawn.

2 Theoretical background
Air pollution is a risk with a semantic pattern of perception, which it is hard to perceive: there is a complex
cause-effect-relation and people need to consult information from third parties [27]. It is comparable to the risks
perceived when smoking cigarettes: the invisibility of the
threats and of long-term effects are similar to the invisible and long-term effects of air pollution [28]. Many studies on air pollution perception found a direct association
between measurable air pollution and air pollution perception, only few studies did not find a correlation; however, from the studies which did not find a correlation,
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two referred to air pollution in or alongside traffic [22].
Hence, further investigating air pollution perception en
route seems crucial. Studies on measurable noise pollution and perceived noise pollution found that high sound
levels are not necessarily perceived as noise [19, 29, 30].
Generally, environmental health risks are more likely to
be perceived by people if they are able to sense them [31].
The visual appearance of dust, the irritation to the eyes,
nose or throat or the smell of exhaust fumes reinforce
perception [31, 32].
2.1 Protection Motivation Theory

Studies have shown that air and noise pollution are not
always recognized as severe by people as they are measured [17, 19, 33], hence, people may not always undertake health protective practices regarding their exposure.
Therefore, the question is how to inform about personal
exposure and how to motivate people to develop coping strategies when moving around in the city. People do
not always perceive air pollution or noise pollution as a
threat, so it might be an issue of health care to motivate
them to undertake protective practices. For researching how to motivate people to undertake healthier practices, the Protection Motivation Theory (PMT) [34] can
be consulted. The PMT is applied for researching fear
appeals and social cognitive variables which influence
people’s intention to undertake protective actions [35]. It
is a major theory in health behavior research and has also
gained attention in environmental risk research [36, 37].
According to the PMT, a person’s motivation to protect
oneself is influenced by two appraisal processes: the perceived threat appraisal and the coping appraisal [34, 35].
The threat appraisal considers how people estimate their
vulnerability and how severe they evaluate the impact of
stressors on their health [34, 38]. As for air pollution and
noise exposure on-the-move it can be defined as:
• 	 Perceived vulnerability
Perception of an individual towards her or his susceptibility to air and noise pollution, i.e., the perceived probability that air and noise pollution is
harming while being on-the-move.
• 	 Perceived severity
The perceived severity of air and noise pollution.
The coping appraisal refers to the degree to which a person believes his or her action can help to avoid the threat,
involving self-efficacy and response efficacy [34, 38]. For
air and noise pollution on-the-move it can be defined as:
• 	 Self-efficacy
The belief that one is able to successfully enact the
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proposed avoidance strategies or protective actions
regarding air pollution and noise pollution during
commuting trips.
• 	 Response efficacy
Expectancy that everyday exposure to air and noise
pollution en route can be lowered through the recommended avoidance strategies or preventive
actions.
The PMT was, for example, used to design information which was given to study participants to encourage healthy practices or used to create questionnaires
on risk perception related to transport and Covid-19
[39]. The PMT is a valuable theory for predicting healthpromoting practices [35] or designing interventions for
healthy practices, such as mitigating personal exposure
towards pollutants [23]. Specifically self-efficacy was
found to strongly predict intentions to protect oneself
from harm, even more than threat appraisal [35, 36].
The PMT is regarded as a valuable background for this
study to understand which appraisals influence cyclists’
and pedestrians’ motivation to protect themselves from
pollution en route. However, recent research has argued
that the PMT is lacking consideration of social norms,
which influence protection motivation as well [37]. For
researching how to increase people’s threat appraisal
and coping appraisal and linking it to environmental
risk research, the concept for increasing environmental
health literacy (EHL) is applied. Whereas PMT focuses
more on the individual protection motivation [37], the
EHL also addresses the collective dimensions of environmental health risks, drawing on civic life, environmental
issues and wellbeing of others [40].
2.2 Environmental health literacy

Becoming environmentally health literate can be
regarded as “the fundamental capacity to understand
and act upon the relationship between environmental
exposure and health” (Stieb et al. [41], p. 2). Environmental exposure and hazards are often a community-wide
problem which can hardly be tackled by the individual
[37], thus, the concept of Environmental Health Literacy
(EHL) is useful to address collective actions and civic
engagement next to individual awareness [42, 43]. The
concept of EHL can be used to structure information
campaigns or exposure communication, for example,
Johnston et al. [44] have applied the EHL for informing young people regarding their particulate matter
(PM2.5) exposure, showing an increased EHL. According to Gray [42], EHL comprises three dimensions: (1)
awareness and knowledge, (2) skills and self-efficacy and
(3) community change. Finn and O’Fallon [43] further
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subdivide that into: recognition, understanding, application, analysis, evaluation and creation. In theory, the
EHL enhances when a person progresses through each
stage, gains knowledge and ultimately takes action [43].
The first stage encompasses the recognition and understanding that a pollutant is severe and impacts health.
The EHL increases, resulting in an understanding of pollution and the capability to apply, analyse and evaluate
data and ultimately, gaining skills to take action. With
this increased self-efficacy people are then able to undertake health-protective actions and reduce exposure [42].
In the last step, people become capable of undertaking
collective actions to reduce pollution, e.g., informing policy or becoming active in the community [42]. However,
it should be noted that in order to move from one stage
to the next, additional skills and knowledge are required.
Also, certain competencies are needed for progressing in
EHL, such as understanding feasible protective options,
knowing strategies to take action or recognizing uncertainties [45]. When providing information that shall
increase EHL, it should be considered that information
on risks has to be beneficial for the person’s aims and be
of interest for him/her, only then it stimulates an engagement with the information [27]. Moreover, practical or
policy knowledge often needs to be incorporated to support the progressing from one stage to another, hence,
integrating views from a multidisciplinary perspective is
needed to create clear and actionable content [45]. Taking the concept of EHL for communicating air pollution
and noise exposure in traffic could be a valuable approach
for developing exposure communication strategies.

3 Research design and methods
Qualitative research is scarce in the field of air pollution
related health risk perception, yet, it offers great potential
to gain in-depth understandings of air pollution perception and health patterns [46]. Hence, focus groups as a
qualitative research method were chosen for this study.
They are part of a broader research undertaken by Marquart et al. [17], comprising three phases. This article
focuses on the third phase. The first two phases are individual studies but simultaneously served as preparations
for the third phase, the focus groups. In the first phase
“go- and ride-alongs” (qualitative interviews on-themove) with cyclists and pedestrians in Berlin, Germany,
were conducted and complemented by wearable sensors
[17]. In this phase the participants were accompanied by
an interviewer and asked about their perceived exposure
and made aware of air pollution and noise pollution en
route, applying a semi-structured interview guideline
(see [18]). Meanwhile, particulate matter and noise levels were measured on-the-move using DylosLogger 1700
(particle number count) and a smartphone with external microphone, GPS and sensing application, based on
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Ueberham et al. [19] and described in [17, 18]. The particulate matter variations in numbers could be seen on
the DylosLogger 1700 screen and could be discussed with
the participants whilst on-the-move. The en route measurements were presented to the participants during the
focus groups. In a second phase the same participants
were asked to track their commuting routes individually
on 3–5 days1 and complete a questionnaire about perceived exposure after each route taken using a tracking
app (DLR MovingLab2). This aimed at increasing awareness regarding air and noise pollution on commuting
routes and make the participants reflect on route choices.
This served as a basis for the focus groups, which were
done in a third phase and are subject of this article.
3.1 Focus group approach

Focus groups are interactive discussions with a predetermined group of people who have shared experiences
about a certain topic [47]. It is a valuable approach to
allow the participants to create new solutions of a problem, discuss perceptions and opinions regarding a shared
experience and create new ideas [47, 48]. The focus group
approach is considered as valuable, because all participants shared experiences made during the go- and ridealongs, the GPS tracking and their exposure en route was
measured.
The recruitment took place via social media, newsletters, flyers, but also direct contact with offices in the city
center and online neighborhood networks. This ensured
that people with different life circumstances, educational
background and commuting routes could be reached. As
an incentive, participants were offered personal feedback
on air and noise pollution. In total, 20 people participated
in three focus groups, six till eight participants each.
These 20 participants are out of the greater sample who
had taken part in the first two phases. Two focus groups
were held on-site, one online3. The focus group discussions took between 1 h 25 m and 1 h 41 m. An overview
of the participants can be found in Appendix A.
3.2 Procedure

The focus groups were held by a trained moderator using
a semi-structured interview guideline, which comprised
the following topics:

1

Due to the outbreak of the Corona pandemic in early 2020, two groups did
not commute daily to work anymore and hence, did not track their routes
on five days.
2
3

www.movinglab.dlr.de.

Due to the Corona pandemic in late 2020, the third focus group was held
online in November 2020 and the second focus group was in a hybrid format with two participants participating online and the others on-site (September 2020). The first focus group took place before the Corona pandemic
in December 2019.
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Shared experiences Stimulating questions were asked
underpinned by stimulus materials (pictures from the
go- and ride-alongs, GPS-tracked routes of the individual
GPS-tracking and a pollution perception ranking exercise). This should encourage an exchange and discussions
about experiences and perceptions of air pollution and
noise pollution (or other factors) en route. The questions
specifically referred to the experiences made during to the
go- and ride-alongs.
Feedback/Knowledge Participants received feedback
about their exposure during the go- and ride-alongs and
also in the focus groups (brochure with measurement
data), including measured exposure en route (text-based
explanation of high exposure and low exposure situations,
a map and graph with spatial variations) and information
on feasible protective actions, text-based information
about adverse health impacts and information channels
such as WHO or Environmental Agencies (see Appendix B). Providing study participants with their monitored
environmental exposure data enhances individual and
community empowerment, can motivate to reduce or
avoid exposure and improve environmental health literacy [49].
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then developed in a deductive-inductive approach out of
the data (see Sect. 4). The transcripts were coded in two
iterative rounds of coding.

4 Results
The focus groups revealed that engaging with information about air and noise pollution en route as well as
being made aware of one’s own exposure, as done during the go-/ride-alongs [16, 17], raised awareness. Participants’ perceived vulnerability and severity of risks and
their motivation to protect themselves were enhanced.
However, some factors lowered their perceived effectiveness of and ability to undertake protective actions: feeling
powerless, the uncertainty and ubiquity of air and noise
pollution and the importance of other factors for route
choices (Sect. 4.1). The participants generated ideas for
exposure communication, e.g., a healthy routing app, and
demanded more community engagement. Some participants also denied receiving information on air and noise
pollution, because they felt that the risk is too ubiquitous, indeterminate or it did not seem possible to protect
themselves (Sect. 4.2).
4.1 Risk perception and motivation to protect oneself

Information Examples (pictures) of information sources,
e.g. displays in the city or mobility apps, were presented,
fueling a discussion about how air and noise pollution
could be communicated. It was emphasized, that participants could creatively develop new and innovative ideas.

The engagement with data about personal exposure en
route as well as the discussions about exposure during
the go- and ride-alongs affected the perceived personal
vulnerability and severity of air pollution and noise pollution. Also, a perceived low self-efficacy and a perceived
low efficiency of protective actions were detected.

3.3 Data analysis

4.1.1 Perceived vulnerability and severity of risks

All three focus groups were recorded and transcribed.
For analysis a thematic coding was applied. This was done
in an inductive-deductive approach to generate themes
which are closely linked to literature and theory but still
open to explore new and unforeseen topics [48, 50]. The
program MAXQDA 2020 (version 20.4.1) for qualitative
data analysis was used.
The analysis resulted in two themes developed deductively beforehand: (1) Protection Motivation and (2)
information source and communication of risks. The
categories of theme (1) were built deductively based on
PMT, consisting of: (a) perceived vulnerability and (b)
perceived severity of risks as well as statements regarding (c) self-efficacy and (d) response efficacy. Theme (2)
followed deductively the concept of EHL, with the following categories: (a) information that support recognition and understanding, (b) information that support
application, analysis and evaluation and (c) information
that support creation and community change. During the
focus groups another topic appeared, which was added
later: (d) information denial. The categories were developed deductively based on the theory, the codes were

Participants are now more sensitive to air pollution and
noise pollution from road or rail traffic. Engaging with
their own personal exposure increased the perceived
personal vulnerability on everyday routes. One participant thought the traffic situation or feeling unsafe were
the source of her stress, whereas the interview made her
realize that pollution smell and noise impact her wellbeing. The participants became confident in trusting own
perceptions, if it was in line with the measurements.
One participant started evaluating her exposure in other
transport modes. Some participants described themselves as sensitive about pollution smells or noise and
had felt vulnerable before, so the measurements underlined previous perceptions. However, being made aware
of air pollution smells and sounds from traffic was not
always reported as positive, some participants regretted
they became alert:
“One thing that has definitely increased is my awareness
for air pollution. You have made me aware of the fact that
you can smell it. And since then I smell it everywhere! And
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that annoys me, well, I don’t know if I’d rather not have
known [laughs].” (P164)
“My biggest eye-opener […] is that you have pushed me
at some point: ‘how is it regarding the noise here?’ and
only then I’m so much triggered to pay attention to the
noise, which didn’t bother me at all before, and now it
bothers me extremely. This is really negative. But the big
worry is that there are more of these environmental influences […] saying, ‘oh yeah, probably something like that
has been stressing me out all along, only I’ve never been
able to say […] what it is.” (P2).
Reporting back exposure can result in an increased
risk awareness and increases perceived vulnerability,
which may be a negative outcome from the participants
view: Exposure feedback can draw attention to stressors
that people were not previously aware of. This led to the
fear that there are even more stressors of which one is
unaware (as shown in the quote).
Participants reported that they learned that sometimes side roads with less air exchange had higher particulate matter levels than main roads with good air
flow or how the number of particles varied depending
on mode (car vs. bus), time (high pollution in evening
hours) or distance to emitter. Altogether, participants
reported increased knowledge. However, environments
that were perceived to be healthy sometimes turned out
to have higher pollution levels, resulting in anxiousness
and uncertainties: for example, greenspaces or subways
could have higher air pollution levels, even though these
areas were perceived as rather healthy. This lowers the
trust in own perceptions and pollution risks. Participants
with children stated they fear the severity of air pollution when cycling or walking with their child and tried to
increasing the distance to emitters at traffic lights or on
the street.
However, sometimes participants did not feel at risk.
Some said they were used to pollution in the city, did not
smell air pollution, felt that cycling increased health anyway or did not feel health impacts:
“I find it very difficult, for example, this question, to
evaluate whether I felt a health burden. I can only say, no,
I don’t have a shortness of breath. That would be a health
burden for me. I can’t feel it. Of course, particulate matter and noise are a subliminal health burden, but at the
moment I cannot define it like that.” (P8).
“I know about the particulate matter problems and so
on, but, can I feel it? Can I measure it? Rather not. Big
city.” (P13).
For these participants air pollution and noise pollution
seem to be a prevailing circumstance when living in a big
4

P# refers to „Participant ‘number’“ (see Appendix). Note that all interview
statements in the paper are translated by the author from German to English.
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city. The immediate effects of air pollution and noise pollution can hardly be felt. The knowledge that there is an
underlying risk has increased, however, the immediate
threat is not felt.
4.1.2 Self-efficacy and response efficacy

The participants also reported how they tried out and felt
(not) able to protect themselves from air pollution and
noise pollution. Table 1 summarizes their statements.
Some participants tried out new routes or changed
their mode from train to bicycle. Others intended to wear
a mask or pulled up a scarf, hold their breath, used headphones or covered ears. A common protective practice
was to increase the distance to emitters, e.g., stopping
in front of traffic lights or cars with visible or smelling
exhaust fumes. Some protective practices made the participants feel that they had protected their health:
“I’ve also pulled my scarf in front of my face [to lower air
pollution inhalation], whether that actually helps at all?
Hm… But I have the feeling that I can still breathe [in a
highly polluted area].” (P19).
On the contrary, participants often did not believe their
route change improved health and wellbeing (response
efficacy) or they felt unable to undertake protective practices (self-efficacy). Recurring topics were the feeling of
powerlessness or resignation. This resulted partly from
unexpectedly high exposure en route, the realization
of its severity or the lack of understanding local pollution patterns. This led to a lack of confidence that individual actions can improve health, because pollution was
perceived as ubiquitous. The resulting feeling of powerlessness was often associated with a lack of political
trustworthiness:
“But I do worry about what the results will be [the measurements]. Because everything changes so super slow
or won’t change at all at the moment. […] Maybe I have
to draw consequences at some point? No, I don’t want to
move [walk/cycle] here anymore? Because I don’t want to
stress my health for the next fifteen years?” (P2).
“So far, I haven’t really worried about it, on purpose. I
decided for myself: I live in a big city, there is particulate
matter pollution, it’s like that, I would be happy if it were
lower, but I accept that as a marginal condition.” (P13).
The lack of confidence in planning and policy led to
resignation and made people consider to move away from
the city to stay healthy. Generally, suppressing exposure
was a common action to deal with pollution risks on
inevitable routes. Some reported resignation, since there
was no other option than the polluted route:
“I actually looked for alternatives a long time ago and
then I gave up at some point, because there were none. No
better alternatives. There are alternatives, but only worse
ones. Well, what I do is already what I can do and that
worries me, of course. Of course, I don’t want to get sick
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Table 1 Summary of the statements regarding coping appraisal.
The particular topics as discussed by the participants during
the focus groups and examples retrieved from the focus group
discussion transcripts
Coping appraisal
(deductively
developed from
PMT)
Self-efficacy

Response efficacy

Topic discussed (inductively developed
out of the data)

Description
(examples)

Protective actions

Increased distance to
emitter
Cover nose/cover ear/
hold breath
Alternative routes
(Perceivably) less
polluted routes are
searched
Alternative modes
Change towards less
exposed modes (bicycle
instead of subway)
Emotion focused
Exposure is (mentally, in
coping
a psychological sense)
suppressed to protect
oneself
Feeling powerless
Changing mobility
practices is difficult
Changing routes does
not have desired effect
(cf. response efficacy)
Resignation /
Protective actions
Prioritizing
contradict with more
important factors (e.g.
safety, aesthetics, time,
directness)
Perceived health and
Using headphones with
wellbeing improved
calm music suppresses
exposure
Covering nose leads to
a healthier feeling
Changing mode is good
for “body and soul”
Refuse (and feeling that Routes are already
it is useless) to change optimized
route
Route changes are not
possible (due to built
environment)
Changed routes have
equally high exposure
levels
Importance of other
Changed route negafactors
tively impacts other
factors (time, safety,
aesthetics)
Lack of political
Political actions are
trustworthiness
demanded to improve
health/wellbeing en
route, instead of individuals who have to find
an efficient response to
stressors

just because the politicians haven’t yet realized [that the
pollution is too high]. I think that’s really bad…” (P1).
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“I checked whether I can cycle here [points at a parallel street of the main road on a map], that is parallel to
the main road, so to speak. […] but these are all closed
neighborhoods, which means I ultimately end up back [on
the main road] and somehow it doesn’t make sense. So,
I thought at this point: rather a short, intense exposure
than a longer medium one.” (P6).
These quotes show that receiving information about
high exposure may lead to a feeling of injustice, worries,
helplessness, ignorance or acceptance, but not necessarily to an increase in self-efficacy. Some participants
complained about lack of alternatives: the infrastructure
often guides them along main roads with motorized traffic and perceivably less polluted residential areas were
often unsuited to cycle. Moreover, routes were often
optimized considering personal preferences, whereas air
pollution and noise pollution were not (yet) priorities in
route choices. Other factors were more decisive: time/
directness, relaxing and not concentrating, quietness,
aesthetic, livability or shops, excitement or safety. As a
result, some participants did not want and did not feel
able to change routes. Generally, most of the participants
demanded a built environment which offers routes that
are at the same time low polluted, pleasant and safe. One
participant summarized these worries:
“But, the problem is, if we have no choice but to take this
route, then the information is of no use to me. So, you have
to get to the root [of the problem].” (P4).
Hence, if a person is not able to change towards a
healthy route, information provision is not considered as
valuable.
4.2 Information needs

The participants discussed how they want to be informed.
Their statements addressed all stages of EHL, but they
sometimes also refused to receive information at all. Figure 1 provides an overview.
4.2.1 Information supporting recognition and
understanding

Information supporting recognition and understanding aims at informing people, who have not encountered
with the topic yet. Participants discussed solutions such
as displays in the city showing daily pollution, which was
part of the focus groups’ stimulus material. This would
also inform polluters. Yet, it is hard to make sense of
the numbers of city-wide displays. Measured exposure
should be translated into something easy to understand,
e.g., life years lost, comparing it to cigarettes smoked or
pictures of health impacts:
“[…] So that you would know, hey, how many cigarettes
would I smoke on my way there […] If I knew, I would
smoke one versus three cigarettes on my way to work, I
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Fig. 1 Overview of the codes retrieved during the thematic coding. The main codes are based on the main steps of increasing Environmental Health
Literacy (blue), which built on one another. It starts with recognition and understanding, then leads to application, analysis and evaluation and ultimately
results in creation and community change. The retrieved codes were allocated to the suitable EHL stage. Statements regarding information denial were
coded separately (red).

might decide to take another route with only one cigarette.”
(P18).
Risks could also be translated into health burdens, e.g.
headaches, problems with breathing/lungs or high stress
levels associated with air and noise pollution exposure.
This would specifically address the threat appraisal (see
PMT). As discussed, however, the coping appraisals
might be more influential [35, 36].
4.2.2 Information supporting application, analysis and
evaluation

Healthiest route navigation was discussed the most
for supporting individual mobility. Many participants
desired an app that integrates current pollution levels,
but also suggests alternative routes with less pollution.
The “healthiest route” as an option next to, e.g., “fastest”, “least cobble stones” or “most beautiful” was recommended. Participants who know the city well preferred
maps with real-time air pollution and noise pollution
to choose their own routes. However, as pointed out by
some participants, the healthiest routing would demand
for small-scale real-time pollution data. A suggestion to
address this issue was an app with information on realtime information about the traffic volume on a street,
which is associated with noise and air pollution.

4.2.3 Information supporting creation and community
change

In the course of the focus group discussions the participants started questioning why they only talk about passively receiving information, instead of actively changing
the situation. Taking part in the study and becoming
aware of air and noise pollution resulted in a strong sense
of activism and public engagement. The participants suggested a range of activities for the community: informing others or the public, integrating the topic in schools
or adult education, supporting local initiatives, or even
suing the state for not preventing health impacts. Participants also became multiplicators:
“I definitely walked through the neighborhood much
more consciously and also talked with many people about
particulate matter pollution. And talked with my friend
about why it’s so dirty on our first floor, because maybe
it’s also dusty due to the street in front of the door and so
on. So, there’s a lot of things that have continued [after the
interview].” (P19).
Next to public engagement, the participants demanded
political actions. Some called for more political actions
to create healthy routes, instead of leaving the responsibility to search healthy routes to the cyclists and pedestrians. They concluded that they did not only want to be
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informed where pollution is, but get to the root of the
problem and influence policy and planning.
4.2.4 Information denial

During the focus groups the participants wondered why
they, as the most environmentally friendly road users,
should change their routes to protect themselves from
pollution caused by motorized traffic (“why should I
change?” (P10)). Less polluted routes were often perceived longer or less pleasant. Some of the participants
reported anger and resignation that they have to be
responsible for travelling in a healthier way by individually changing their route. Some participants feared that
information provision, e.g., smartphones, might shift the
focus away from the actual problem:
“That is interesting. That makes me think… That I automatically remain in the position of the weaker road user
and say: Gosh! An app like that is great! But actually,[…]
we have forgotten the main topic! Namely, the elephant in
the room [idiom]. We must first take away space from the
cars, […] [space], which is already allocated [to the cars].
You have to give more space to cyclists, cyclists and pedestrians.” (P9).
This resulted in information denial and refusal of
receiving information. Many participants concluded
they did not necessarily want to be informed. Moreover, receiving information about pollution on inevitable
routes could cause stress and hence, cause health problems and lower wellbeing:
“Actually, I don’t want to be informed about it at all,
because in the end, it makes me sick. If I don’t know, I have
fewer problems with it.” (P15).
“But [I do not want information] all the time [from]
displays or so, because then, I think, I will always get in
a worse mood and could also… […] then it would totally
piss me off and that doesn’t do me any good, if I am upset
about it all the time.” (P20).
Some participants reported they feel already overloaded by information, e.g., from apps or signs. Receiving additional pollution information on-the-move could
increase stress, especially if the information appears
when a person already rides through highly exposed areas
and cannot avoid it (“that would stress me out rather than
do me any good” (P17)). .
Finally, protecting against long-term effects of air pollution or noise pollution can contradict with the shortterm desire of a comfortable, short and pleasant route.
Information which is contradictory to one’s own feelings
and belief may lead to inaction. One participant summarized her confusion:
“If I perceive something as more pleasant, should I
rather take this route or should I, based on the findings
that we have, say: well, then I take rather the route which
does not feel so good, but is actually quieter and therefore
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may not be a threat to my health in the long-run? Well,
are there any suggestions, how we should behave? Should I
rather choose according to my own perception or should I
actually act according to the data?” (P20).
These contradictions will be discussed in the following.

5 Discussion
The aim of this study was to identify how to inform
cyclists and pedestrians about their noise and air pollution exposure on daily commuting routes in the city.
First, communicating personal exposure to air pollution
and noise pollution can empower individuals to undertake protective practices and leads to community engagement, but at the same time can also result in resignation
and the feeling of powerlessness (Q1). Second, the discussion will highlight opportunities to inform about air
pollution and noise pollution to support healthy and
pleasant mobility (Q2), discussing that also enjoyable and
pleasant route suggestions could be integrated. Finally,
the question if exposure information is worthwhile to
support healthy and pleasant mobility will be discussed
(Q3), elaborating on participants’ call for political actions
and their engagement in the community.
5.1 Empowerment vs. resignation

Addressing research question Q1, receiving information
on exposure increased knowledge and raised awareness:
Pollution smells or traffic sounds were now perceived en
route. Health impacts (e.g. headache, stress) were put in
relation to the stressors. Yet, increased awareness also
has its downsides.
In line with other studies, perceptions did not always
match with measurements [17, 19, 29, 51] and participants partly appreciated the knowledge gain and felt
confident to trust their perceptions. Reporting-back
exposure measurements was regarded as positive and
people are eager to receive “their” results [49, 52]; it usually increases EHL and has the potential to tackle urban
air pollution [26, 42]. As for noise, research reporting
back noise pollution data to the public is rather scarce
[23]. People are often not aware of traffic noise and lack
actions to avoid it [53, 54]. This is similar to the participants in this study. However, if people get more
involved in noise pollution monitoring, they show an
increasing knowledge of noise pollution in the city and
a higher awareness of pleasant and unpleasant soundscapes [55]. They may be able to evaluate and integrate
quieter route sections into their daily commute. Hence,
participatory noise pollution monitoring has great
potential to empower people and raise awareness [56,
57]. Knowing about noisy and quiet areas, such as green
spaces, can decrease the perceived adverse noise pollution effects [58]. Some of the participants have already
undertaken protective practices to lower noise pollution
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by using headphones to listen to music or podcasts (see
Sect. 4.1.2), however, this protective practice may also
affect perception of sounds (e.g. cars) which act as an
attentional trigger and are decisive for safe cycling or
walking [59]. Some cyclists compensate that by e.g. looking around more often, using only one earbud or turning down the music [59], however, safety issues need to
be considered for this protective practice. Summarizing,
information on personal exposure can empower laypersons to take action and raise awareness.
Conversely, the increased awareness of a risk, which
had been suppressed before, was sometimes regarded as
negative. After becoming aware of smelling polluted air
or hearing traffic sounds some participants felt unable
to ignore it anymore. Annoyance or stress increased.
Some participants wished they would never have known
(Sect. 4.1). Some air pollution studies link air pollution
perceptions with (self-reported) health symptoms [22].
Perceiving odor of air pollution can lead to annoyance
and trigger actual health symptoms, specifically if the
odor is perceived as unpleasant [60, 61]. This is similar to
noise: if a person perceives noise and feels distressed, the
noise causes psychological stress, whereas the measured
noise pollution itself may not significantly influence psychological stress [62]. Exposure information about stressors, which had been successfully suppressed before, can
backfire and result in negative feelings, resignation and
psychological stress. Nevertheless, the measurable exposure has an assessable health impact in the long term [1,
2, 7], even if it is not perceived in situ. Exposure information has therefore to be designed with caution, limiting
its potential to result in psychological stress. This can be
done by including information about feasible and existing
protective measures.
5.2 Barriers to take action: uncertainty and ubiquity

Having feasible options to protect oneself is important.
Exposure information is of no need if there are social or
environmental barriers which prevent behavioral adaptations [26]. For example, built environmental factors
can hinder people to take routes away from pollution
or it can be the case that other factors are more decisive
for route choices (e.g. safety, aesthetics, distance, time)
(Sect. 4.1.2).
A lack of understanding can also lower self-efficacy.
Similar to Noel et al. [46], the link between air pollution and one’s health is often shaped by uncertainty.
Participants want pollution numbers to be translated
into something relatable, e.g. life-years lost or cigarettes
smoked (Sect. 4.2.1). Ambient air pollution is complex
and impacted by a variety of factors (e.g. wind), hence,
it does not always match with people’s expectations
(e.g. green spaces have high pollution (“green-is-clean
assumption”) [63]). Presumably healthy routes are not
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necessarily pollution-free. This may result in doubts that
healthy alternatives exist at all [64]. Relatable information
is even more difficult for noise pollution on-the-move.
High dB(A) levels do not necessarily represent sounds
perceived as noise: the situational context, the activity
performed and the transport mode impact if a sound is
perceived as noise [18, 30, 62]. The reported discrepancies of measured and perceived noise on-the-move prove
evidence [18, 19]. Providing real-time dB(A) measurements may not be a useful indicator, since it may not
reflect actual noise annoyance. This raises the question
how to lower exposure to air and noise pollution, especially if its spatial patterns are complex and the situational context decisive.
Firstly, it is recommended to prioritize planning of less
polluted routes and consider other factors (aesthetics,
safety, distance) when planning for cyclists and pedestrians. Only then healthy routes are an option, and information is useful. Secondly, information on air pollution and
noise pollution should be relatable and address uncertainty and ubiquity, e.g., by improving real-time data with
a city-wide monitoring network. Lastly, it may not be
worthwhile to provide people with exposure information
at this stage if they cannot change their routes. This will
be elaborated in the following.
5.3 Informing about air pollution, noise pollution and
pleasant routes

Exposure information should have a positive framing,
trigger people emotionally, provide relevant information,
communicate the co-benefits of behaviors and support
undertaking the action [26]. Technical information has to
be enriched with emotional triggers to be effective [45].
Studies reporting back exposure which led to protective
practices exist: they included storytelling-approaches or
workshops with the community next to measurement
data [44, 65]. This empowered and created a feeling of
ownership over the measurement campaign [44, 66]. This
is similar to this study’s findings: participants felt empowered by being involved in the research process.
Several possibilities to inform commuters were identified. Information should be more than just numbers [67].
Pollution measurements could be translated into illustrations or integrated in a healthy routing app. As shown by
Marquart and Schuppan [68], a healthy routing app could
draw on the PMT and integrate other health-related factors, among air pollution and noise pollution. As health
considerations are an important motivation for people to
walk or cycle [69], a healthy routing app might be specifically interesting for cyclists and pedestrians. However,
as this study has shown, a healthy routing app alone may
not be worthwhile, because other decisive factors influence a pleasant commute.
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As shown in this and previous research [17], sensory awareness (seeing and smelling greenery or water,
aesthetics, interesting sights) and social cues can even
balance negatively perceived pollution. Experiencing positive emotions and wellbeing can results in an
increased physical health in general [70, 71]. Consequently, a healthy route planning app could include
pleasant trip characteristics alongside pollution data. It
could include social cues, such as bars and cafés, urban
gardening and allotments, playgrounds or pedestrian
areas, greenery and water or interesting ‘highlights’ (e.g.
landmarks) along the route (see Marquart et al. [17]),
next to pollution. These could be combined with factors such as directness or safety, shown to be decisive for
cycling as well [69, 72]. Moreover, cyclists and pedestrians know best which factors increase their personal wellbeing along routes. With community mapping people
could collectively collect knowledge, emotions and experiences of their routes and share them with peers [73].
Adding this to route planning apps could provide collective knowledge on pleasant or (hidden) less polluted
routes. Exchanging subjective mobility experiences via
smartphone apps can enhance the own trip experience
[74]. There is no need to solely rely on general route planning apps, but include and share collective information
on pleasant, less polluted routes with peers by including a
community mapping approach in mobility apps.
5.4 Political actions and community engagement

Concerning Q3, the information denial stated by the participants shows that exposure information on daily (inevitable) routes may (at the moment) not be worthwhile.
Some participants request that health gets a higher priority in planning decisions. This is also reflected by Ramirez
et al. [67], who argues that air pollution communication
concentrates too much on individual risk-fighting behavior and does not address the “structural factors” creating
pollution. The increased knowledge of air pollution and
noise pollution inspired some participants to raise the
awareness about these stressors in their community. This
is in line with other report-back studies (e.g. Tomsho et
al. [75]). Facing negative environmental conditions is a
motivator for environmental protest [76]. Raising awareness for air pollution and noise exposure can result in
community engagement and activism [76]. Mobility apps,
as the one proposed here, could integrate community
mapping and communicate perceived air pollution or
noise pollution to decision-makers, hence, be a valuable
cornerstone for urban planning [52, 73].
5.5 Limitations

First, it should be noted that the sample may consist of
an interested and rather concerned group in terms of
environmental concern, who may – at least partly – be
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educated regarding pollution problems. As shown in previous research [77], people who feel annoyed by air pollution are usually those who are worried about it. Hence,
they may participate more likely in air or noise pollution
research. This rather “special interest groups”, who can be
dominant in participatory processes, may lead the discussions and put their interests in the focus [78, 79]. Hence,
less dominant participants or other vulnerable groups,
e.g., people with diseases (e.g. asthma) or children, may
not participate in an extensive participatory research as
this one. Future research could specifically take vulnerable populations into account [75], particularly concerning exposure in traffic, but also focus on having a diverse
educated group of people when researching EHL and
exposure communication. Second, taking the EHL as
a framework for exposure communication can be fruitful, yet, the knowledge, skills and competencies of the
targeted group need to be considered when designing exposure information. Not all people start from the
same stage. Considering pre-existing knowledge, skills
and competencies of the targeted group is crucial. Third,
the focus groups do not give conclusions in statistical
terms. The qualitative approach aims at exploring the
research subject under investigation in depths and how
it is constituted, rather than investigating its statistical characteristics [80]. Qualitative approaches can help
to better understand environmental risk perception [37,
46] and give deep insights into how people perceive air
or noise pollution, how they protect themselves and are
helping to identify communication needs and planning
requirements.

6 Conclusion
This article contributes to people-centered exposure
communication research by exploring how cyclists and
pedestrians want to be informed about a less polluted
and pleasant commute. First, it was shown that providing exposure information should be centered around
commuters’ needs, their coping abilities and knowledge
in order to avoid information denial. Addressing theories
like Protection Motivation Theory (PMT) or concepts
like Environmental Health Literacy (EHL) when designing information is recommended. Second, the ubiquity
and uncertainty of urban air pollution and noise pollution together with the inevitability of daily commute
can result in a feeling of helplessness and resignation,
raising the question in how far exposure communication is worthwhile for commuting trips. Integrating
air and noise pollution information in a mobility app
enriched with other pleasant route aspects (“pleasant
routing app”) and participatory approaches is promising. Future research could develop and test an app like
this, also applying quantitative methods such as surveys
or GPS tracking. Ultimately, policy and planning should
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not leave the responsibility to the exposed road users in
finding healthy routes, rather should environmentallyfriendly mode users be protected against health-impacting air pollution and noise pollution by implementing
planning measures. The perceived exposure, social cues
and sensory awareness (greenery and water, aesthetics
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and interesting urban form) should receive attention in
informing and planning for cyclists and pedestrians [17].
An app, which integrates pollution, pleasant route environments and addresses participatory approaches could
support healthy, pleasant and pollution-free mobility in
urban areas.

7 Appendix
Appendix A: Overview of the participants
Participant No.

Age

Female /
male

Modes of transport available

Commuting mode

Employment status

Focus group 1
P1
P2
P3
P4

55
30
n/a
59

f
m
m
f

25

m

P6

24

m

Bicycle, public transport ticket

P7
Focus group 2
P8
P9

42

f

Bicycle, car-sharing

Bicycle
Bicycle
Bicycle
Walking + public
transport
Bicycle, walking + public
transport
Bicycle, walking + public
transport
Bicycle

Full-time
Part-time (flexible)
Paternity leave
Self-employed

P5

Bicycle, car-sharing, public transport ticket
Car, bicycle
Bicycle, public trasnport ticket
Bicycle, scooter sharing, public transport
ticket
Bicycle, public transport ticket

51
58

f
m

P10

50

m

Car, bicycle
Bicycle, car-sharing, e-scooter-sharing, public
transport ticket
Car, bicycle, public transport ticket

P11
P12
P13
Focus group 3
P14
P15
P16

51
37
45

f
f
m

Car, bicycle, car-sharing, bicycle-sharing
Bicycle
Bicycle, car-sharing, bike-sharing

28
61
29

f
m
m

P17
P18
P19

31
31
30

m
f
f

P20

33

f

Bicycle
Car, bicycle, motorbike
Bicycle, car-sharing, scooter-sharing, public
transport ticket
Bicycle, car-sharing, bicycle-sharing
Bicycle, car-sharing, public transport ticket
Bicycle, car-sharing, bicycle-sharing, public
transport ticket
Bicycle, car-sharing, bike-sharing,
scooter-sharing

Student
Part-time (flexible), student
Full-time

Bicycle
Part-time
Bicycle + public transport Full-time
Bicycle, walking + public
transport
Bicycle
Bicycle
Bicycle

Full-time

Bicycle
Bicycle
Bicycle

Student
Full-time
Part-time (flexible), student

Bicycle
Bicycle
Bicycle, walking + public
transport
Bicycle

Part-time (flexible)
Full-time
Part-time (non-flexible),
student
Part-time (flexible),
self-employed

Full-time
Part-time (flexible)
Full-time
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Appendix B:
Example of two pages from the reporting-back brochure used as stimulus material during the focus groups:
information on health impacts of exposure and potential protective practices (left) and an example of reported
back noise measurements (right; translated from German to English for this article; the measurement data is made
blurry for privacy reasons).

Acknowledgements
The author would like to thank the participants of the focus groups who
volunteered their time and for sharing their opinions and experiences. The
work highly benefitted from the helpful comments and suggestions from
the anonymous reviews as well as Uwe Schlink, Barbara Lenz, Julia Jarass and
Mirko Goletz.
Authors’ contribution:
The author conceptualized the study, collected and analyzed the data and
wrote the whole manuscript as a single author. The author read and approved
the final manuscript.
Funding
Not applicable.
Open Access funding enabled and organized by Projekt DEAL.
Data Availability
The data of the study will be made available upon reasonable request.
Competing interests
The author declares no competing interests.
Received: 7 April 2022 / Accepted: 6 October 2022

References
1. Hänninen, O., Anne, K., Jantunen, B., Lim, M., Conrad, T. A., Rappolder, A.,
Carrer, M., Fanetti, P., Kim, A. C., Buekers, R., Torfs, J., Iavarone, R., Classen, I.,
Hornberg, T., C., and, & Odile, M., C.L (2014). Environmental Burden of Disease
in Europe: Assessing Nine Risk Factors in Six Countries. Environmental Health
Perspectives, 122(5), 439–446. doi:https://doi.org/10.1289/ehp.1206154
2. WHO, World Health Organization (2018). Environmental Noise Guidlines for
the European Region. World Health Organization Regional Office for Europe.
https://www.who.int/europe/publications/i/item/9789289053563
3. EEA, European Environment Agency (2020). Air quality in Europe – 2020
report. Technical Report. 9/2020. doi:https://doi.org/10.2800/786656
4. Sass, V., Kravitz-Wirtz, N., Karceski, S. M., Hajat, A., Crowder, K., & Takeuchi, D.
(2017). The effects of air pollution on individual psychological distress. Health
& place, 48, 72–79. doi:https://doi.org/10.1016/j.healthplace.2017.09.006
5. Li, Y., Guan, D., Tao, S., Wang, X., & He, K. (2018). A review of air pollution
impact on subjective well-being: Survey versus visual psychophysics.
Journal of Cleaner Production, 184, 959–968. doi:https://doi.org/10.1016/j.
jclepro.2018.02.296
6. Lin, W. H., Pan, W. C., & Yi, C. C. (2019). “Happiness in the air?” the effects of air
pollution on adolescent happiness. Bmc Public Health, 19(1), 795. doi:https://
doi.org/10.1186/s12889-019-7119-0
7. Krzyzanowski, M., Kuna-Dibbert, B., & Schneider, J. (2005). Health effects of
transport-related air pollution 2005. World Health Organization (WHO)
8. Cohen, A. J., Brauer, M., Burnett, R., Anderson, H. R., Frostad, J., Estep, K.,
Balakrishnan, K., Brunekreef, B., Dandona, L., Dandona, R., Feigin, V., Freedman,
G., Hubbell, B., Jobling, A., Kan, H., Knibbs, L., Liu, Y., Martin, R., Morawska, L.,
Pope, C. A., Shin, H., Straif, K., Shaddick, G., Thomas, M., van Dingenen, R., van
Donkelaar, A., Vos, T., Murray, C. J. L., & Forouzanfar, M. H. (2017). Estimates

Marquart European Transport Research Review

9.
10.

11.

12.

13.

14.

15.
16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

(2022) 14:49

and 25-year trends of the global burden of disease attributable to ambient
air pollution: an analysis of data from the Global Burden of Diseases Study
2015. The Lancet, 389(10082), 1907–1918. doi:https://doi.org/10.1016/
s0140-6736(17)30505-6
EEA, European Environment Agency (2020). Environmental noise in Europe
— 2020. EEA Report. 22/2019. doi:https://doi.org/10.2800/686249
Liu, Y., Lan, B., Shirai, J., Austin, E., Yang, C., & Seto, E. (2019). Exposures to Air
Pollution and Noise from Multi-Modal Commuting in a Chinese City. International Journal Of Environmental Research And Public Health, 16(14), doi:https://
doi.org/10.3390/ijerph16142539
Keuken, M., Sanderson, E., van Aalst, R., Borken, J., & Schneider, J. (2005). 2.
Contribution of traffic to levels of ambient air pollution in Europe. In M.
Krzyzanowski, B. Kuna-Dibbert, & J. Schneider (Eds.), Health effects of transportrelated air pollution /). World Health Organization (WHO).
Mitsakou, C., Adamson, J. P., Doutsi, A., Brunt, H., Jones, S. J., Gowers, A. M., &
Exley, K. S. (2021). Assessing the exposure to air pollution during transport
in urban areas – Evidence review. Journal of Transport & Health, 21, 101064.
doi:https://doi.org/10.1016/j.jth.2021.101064
Cepeda, M., Schoufour, J., Freak-Poli, R., Koolhaas, C. M., Dhana, K., Bramer, W.
M., & Franco, O. H. (2017). Levels of ambient air pollution according to mode
of transport: a systematic review. The Lancet Public Health, 2(1), e23–e34.
doi:https://doi.org/10.1016/s2468-2667(16)30021-4
Okokon, E. O., Yli-Tuomi, T., Turunen, A. W., Taimisto, P., Pennanen, A., Vouitsis,
I., Samaras, Z., Voogt, M., Keuken, M., & Lanki, T. (2017). Particulates and noise
exposure during bicycle, bus and car commuting: A study in three European
cities. Environmental Research, 154, 181–189. doi:https://doi.org/10.1016/j.
envres.2016.12.012
Shakya, K. M., Saad, A., & Aharonian, A. (2020). Commuter exposure to particulate matter at underground subway stations in Philadelphia. Building and
Environment, 186, doi:https://doi.org/10.1016/j.buildenv.2020.107322
Yao, C., Ma, A. K., Cushing, S. L., & Lin, V. Y. W. (2017). Noise exposure while
commuting in Toronto - a study of personal and public transportation in
Toronto. J Otolaryngol Head Neck Surg, 46(1), 62. doi:https://doi.org/10.1186/
s40463-017-0239-6
Marquart, H., Stark, K., & Jarass, J. (2022). How are air pollution and noise perceived en route? Investigating cyclists’ and pedestrians’ personal exposure,
wellbeing and practices during commute. Journal of Transport & Health, 24,
101325. doi:https://doi.org/10.1016/j.jth.2021.101325
Marquart, H., Ueberham, M., & Schlink, U. (2021). Extending the dimensions
of personal exposure assessment: A methodological discussion on perceived
and measured noise and air pollution in traffic. Journal of Transport Geography, 93, 103085. doi:https://doi.org/10.1016/j.jtrangeo.2021.103085
Ueberham, M., Schlink, U., Dijst, M., & Weiland, U. (2019). Cyclists’ Multiple
Environmental Urban Exposures—Comparing Subjective and Objective
Measurements. Sustainability, 11(5), doi:https://doi.org/10.3390/su11051412
Badland, H. M., & Duncan, M. J. (2009). Perceptions of air pollution during
the work-related commute by adults in Queensland, Australia. Atmospheric Environment, 43(36), 5791–5795. doi:https://doi.org/10.1016/j.
atmosenv.2009.07.050
Zhang, X., Zhou, S., Kwan, M. P., Su, L., & Lu, J. (2020). Geographic Ecological
Momentary Assessment (GEMA) of environmental noise annoyance: the
influence of activity context and the daily acoustic environment. International Journal of Health Geographics, 19(1), 50. doi:https://doi.org/10.1186/
s12942-020-00246-w
Cori, L., Donzelli, G., Gorini, F., Bianchi, F., & Curzio, O. (2020). Risk Perception of
Air Pollution: A Systematic Review Focused on Particulate Matter Exposure.
International Journal Of Environmental Research And Public Health, 17(17),
doi:https://doi.org/10.3390/ijerph17176424
Becker, A. M., Marquart, H., Masson, T., Helbig, C., & Schlink, U. (2021). Impacts
of Personalized Sensor Feedback Regarding Exposure to Environmental
Stressors. Current Pollution Reports, 7(4), 579–593. doi:https://doi.org/10.1007/
s40726-021-00209-0
Anowar, S., Eluru, N., & Hatzopoulou, M. (2017). Quantifying the value of a
clean ride: How far would you bicycle to avoid exposure to traffic-related
air pollution? Transportation Research Part A: Policy and Practice, 105, 66–78.
doi:https://doi.org/10.1016/j.tra.2017.08.017
Koenigstorfer, J. (2018). Active Transportation Decision-Making against the
Background of Air Quality Information Provision: Walking Route Preferences
of German Residents. Urban Science, 2(1), 19. doi:https://doi.org/10.3390/
urbansci2010019
Riley, R., de Preux, L., Capella, P., Mejia, C., Kajikawa, Y., & de Nazelle, A. (2021).
How do we effectively communicate air pollution to change public attitudes

Page 14 of 15

27.
28.
29.

30.

31.
32.

33.

34.
35.
36.
37.
38.

39.

40.
41.

42.

43.
44.

45.

and behaviours? A review. Sustainability Science. doi:https://doi.org/10.1007/
s11625-021-01038-2
Renn, O. (2014). Risikowahrnehmung in der Bevölkerung – Implikationen für
das Sicherheitsempfinden. Zeitschrift für Außen- und Sicherheitspolitik, 8(1),
49–67. doi:https://doi.org/10.1007/s12399-014-0436-6
Elias, W., & Shiftan, Y. (2012). The influence of individual’s risk perception and
attitudes on travel behavior. Transportation Research Part A: Policy and Practice,
46(8), 1241–1251. doi:https://doi.org/10.1016/j.tra.2012.05.013
Verbeek, T. (2018). The relation between objective and subjective exposure
to traffic noise around two suburban highway viaducts in Ghent: lessons for
urban environmental policy. Local Environment, 23(4), 448–467. doi:https://
doi.org/10.1080/13549839.2018.1428791
Kou, L., Kwan, M. P., & Chai, Y. (2020). The effects of activity-related contexts
on individual sound exposures: A time–geographic approach to soundscape
studies. Environment and Planning B: Urban Analytics and City Science, 48(7),
2073–2092. doi:https://doi.org/10.1177/2399808320965243
Gatersleben, B., & Uzzell, D. (2000). The risk perception of transport-generatd
air pollution. IATSS Research, 24(1), 30–38. doi:https://doi.org/10.1016/
S0386-1112(14)60015-7
Nikolopoulou, M., Kleissl, J., Linden, P. F., & Lykoudis, S. (2011). Pedestrians’ perception of environmental stimuli through field surveys: focus on particulate
pollution. Science Of The Total Environment, 409(13), 2493–2502. doi:https://
doi.org/10.1016/j.scitotenv.2011.02.002
Gany, F., Bari, S., Prasad, L., Leng, J., Lee, T., Thurston, G. D., Gordon, T., Acharya,
S., & Zelikoff, J. T. (2017). Perception and reality of particulate matter exposure
in New York City taxi drivers. Journal Of Exposure Science & Environmental
Epidemiology, 27(2), 221–226. doi:https://doi.org/10.1038/jes.2016.23
Rogers, R. W. (1975). A Protection Motivation Theory of Fear Appeals and
Attitude Change1. The Journal of Psychology, 91(1), 93–114. doi:https://doi.org
/10.1080/00223980.1975.9915803
Norman, P., Boer, H., & Seydel, E. R. (2005). Protection motivation theory. In M.
Conner, & P. Norman (Eds.), Predicting Health Behaviour: Research and Practice
with Social Cognition Models (pp. 81–126). Open University Press
Plotnikoff, R. C., & Trinh, L. (2010). Protection motivation theory: is this a
worthwhile theory for physical activity promotion? Exercise And Sport Sciences
Reviews, 38(2), 91–98. doi:https://doi.org/10.1097/JES.0b013e3181d49612
Heidenreich, A., Köhler, S., Seebauer, S., & Masson, T. (2020). Schutzhandeln
bei Hochwasser, Hitze und Co. – Umweltpsychologische Theorien für die
Naturrisikenforschung. Umweltpsychologie, 24(2), 92–109.
Maddux, J. E., & Rogers, R. W. (1983). Protection motivation and selfefficacy: A revised theory of fear appeals and attitude change. Journal of Experimental Social Psychology, 19(5), 469–479. doi:https://doi.
org/10.1016/0022-1031(83)90023-9
Barbieri, D. M., Lou, B., Passavanti, M., Hui, C., Hoff, I., Lessa, D. A., Sikka, G.,
Chang, K., Gupta, A., Fang, K., Banerjee, A., Maharaj, B., Lam, L., Ghasemi,
N., Naik, B., Wang, F., Mirhosseini, A. F., Naseri, S., Liu, Z., Qiao, Y., Tucker, A.,
Wijayaratna, K., Peprah, P., Adomako, S., Yu, L., Goswami, S., Chen, H., Shu, B.,
Hessami, A., Abbas, M., Agarwal, N., & Rashidi, T. H. (2021). Impact of COVID-19
pandemic on mobility in ten countries and associated perceived risk for all
transport modes. Plos One, 16(2 February), doi:https://doi.org/10.1371/journal.pone.0245886
Gray, K. M., & Lindsay, M. (2019). Measuring Environmental Health Literacy. In
S. Finn, & L. O’Fallon (Eds.), Environmental Health Literacy (pp. 19–43). Springer:
Cham.
Stieb, D. M., Huang, A., Hocking, R., Crouse, D. L., Osornio-Vargas, A. R., & Villeneuve, P. J. (2019). Using maps to communicate environmental exposures
and health risks: Review and best-practice recommendations. Environmental
Research, 176, 108518. doi:https://doi.org/10.1016/j.envres.2019.05.049
Gray, K. M. (2018). From Content Knowledge to Community Change: A
Review of Representations of Environmental Health Literacy. International
Journal Of Environmental Research And Public Health, 15(3). doi:https://doi.
org/10.3390/ijerph15030466
Finn, S., & O’Fallon, L. (2017). The Emergence of Environmental Health
Literacy-From Its Roots to Its Future Potential. Environmental health perspectives, 125(4), 495–501. doi:https://doi.org/10.1289/ehp.1409337
Johnston, J. E., Juarez, Z., Navarro, S., Hernandez, A., & Gutschow, W. (2019).
Youth Engaged Participatory Air Monitoring: A ‘Day in the Life’ in Urban
Environmental Justice Communities. International Journal Of Environmental
Research And Public Health, 17(1). doi:https://doi.org/10.3390/ijerph17010093
Hoover, A. G. (2019). Defining Environmental Health Literacy. In S. Finn, & L.
O’Fallon (Eds.), Environmental Health Literacy (pp. 3–18). Springer: Cham.

Marquart European Transport Research Review

(2022) 14:49

46. Noel, C., Vanroelen, C., & Gadeyne, S. (2021). Qualitative research about public
health risk perceptions on ambient air pollution. A review study. SSM Popul
Health, 15, 100879. doi:https://doi.org/10.1016/j.ssmph.2021.100879
47. Hennink, M. M. (2014). Focus group discussions. New York: Oxford University
Press.
48. Schulz, M. (2012). Quick and easy!? Fokusgruppen in der angewandten
Sozialwissenschaft. In M. Schulz, B. Mack, & O. Renn (Eds.), Fokusgruppen in
der empirischen Sozialwissenschaft: Von der Konzeption bis zur Auswertung (pp.
9–22). Wiesbaden: VS Verlag für Sozialwissenschaften.
49. Brody, J. G., Dunagan, S. C., Morello-Frosch, R., Brown, P., Patton, S., & Rudel, R.
A. (2014). Reporting individual results for biomonitoring and environmental
exposures: lessons learned from environmental communication case studies.
Environmental Health : A Global Access Science Source, 13, 40. doi:https://doi.
org/10.1186/1476-069X-13-40
50. Kuckartz, U. (2020). Qualitative Inhaltsanalyse. Methoden, Praxis, Computerunterstützung (5 ed.). Weinheim: Beltz Verlagsgruppe.
51. Johnson, B. B. (2012). Experience with urban air pollution in Paterson, New
Jersey and implications for air pollution communication. Risk Analysis, 32(1),
39–53. doi:https://doi.org/10.1111/j.1539-6924.2011.01669.x
52. Mason, L., Hathaway, J., Ellis, K., & Harrison, T. (2016). Public Interest in Microclimate Data in Knoxville, Tennessee, USA. Sustainability, 9(1). doi:https://doi.
org/10.3390/su9010023
53. Szeremeta, B., & Zannin, P. H. T. (2009). Analysis and evaluation of soundscapes in public parks through interviews and measurement of noise. Science
of The Total Environment, 407(24), 6143–6149. doi:https://doi.org/10.1016/j.
scitotenv.2009.08.039
54. Gilani, T. A., & Mir, M. S. (2021). A study on the assessment of traffic noise
induced annoyance and awareness levels about the potential health effects
among residents living around a noise-sensitive area. Environmental Science
and Pollution Research, 28(44), 63045–63064. doi:https://doi.org/10.1007/
s11356-021-15208-3
55. Becker, M., Caminiti, S., Fiorella, D., Francis, L., Gravino, P., Haklay, M. M., Hotho,
A., Loreto, V., Mueller, J., Ricchiuti, F., Servedio, V. D., Sirbu, A., & Tria, F. (2013).
Awareness and learning in participatory noise sensing. PLoS One, 8(12),
e81638. doi:https://doi.org/10.1371/journal.pone.0081638
56. Maisonneuve, N., Stevens, M., & Ochab, B. (2010). Participatory noise pollution monitoring using mobile phones. Information Polity, 15(1,2), 51–71.
doi:https://doi.org/10.3233/ip-2010-0200
57. Picaut, J., Fortin, N., Bocher, E., Petit, G., Aumond, P., & Guillaume, G. (2019).
An open-science crowdsourcing approach for producing community noise
maps using smartphones. Building and Environment, 148, 20–33. doi:https://
doi.org/10.1016/j.buildenv.2018.10.049
58. van Kamp, I., Klaeboe, R., Brown, L., & Lercher, P. (2016). Soundscapes, Human
Restoration, and Quality of Life. In J. Kang, & B. Schulte-Fortkamp (Eds.),
Soundscape and the Built Environment). Boca Raton: CRC Press.
59. Stelling-Konczak, A., van Wee, G. P., Commandeur, J. J. F., & Hagenzieker, M.
(2017). Mobile phone conversations, listening to music and quiet (electric)
cars: Are traffic sounds important for safe cycling? Accident Analysis & Prevention, 106, 10–22. doi:https://doi.org/10.1016/j.aap.2017.05.014
60. Orru, K., Nordin, S., Harzia, H., & Orru, H. (2018). The role of perceived air
pollution and health risk perception in health symptoms and disease: a population-based study combined with modelled levels of PM10. International
Archives of Occupational and Environmental Health, 91(5), 581–589. doi:https://
doi.org/10.1007/s00420-018-1303-x
61. Claeson, A. S., Liden, E., Nordin, M., & Nordin, S. (2013). The role of perceived
pollution and health risk perception in annoyance and health symptoms:
a population-based study of odorous air pollution. International Archives
Of Occupational And Environmental Health, 86(3), 367–374. doi:https://doi.
org/10.1007/s00420-012-0770-8
62. Kou, L., Tao, Y., Kwan, M. P., & Chai, Y. (2020). Understanding the relationships
among individual-based momentary measured noise, perceived noise,
and psychological stress: A geographic ecological momentary assessment
(GEMA) approach. Health & Place, 64, 102285. doi:https://doi.org/10.1016/j.
healthplace.2020.102285
63. Heydon, J., & Chakraborty, R. (2020). Can portable air quality monitors protect
children from air pollution on the school run? An exploratory study. Environmental Monitoring and Assessment, 192(3), 195. doi:https://doi.org/10.1007/
s10661-020-8153-1
64. Oltra, C., Sala, R., Boso, À., & Asensio, S. L. (2017). Public engagement on
urban air pollution: an exploratory study of two interventions. Environmental Monitoring and Assessment, 189(6), 296. doi:https://doi.org/10.1007/
s10661-017-6011-6

Page 15 of 15

65. Varaden, D., McKevitt, C., & Barratt, B. (2018). Making the invisible visible:
Engaging school children in monitoring air pollution in London. Research for
All, 2(2), 267–288. doi:https://doi.org/10.18546/rfa.02.2.06
66. Mahajan, S., Kumar, P., Pinto, J. A., Riccetti, A., Schaaf, K., Camprodon, G., Smári,
V., Passani, A., & Forino, G. (2020). A citizen science approach for enhancing public understanding of air pollution. Sustainable Cities and Society, 52,
doi:https://doi.org/10.1016/j.scs.2019.101800
67. Ramirez, A. S., Ramondt, S., Van Bogart, K., & Perez-Zuniga, R. (2019). Public
Awareness of Air Pollution and Health Threats: Challenges and Opportunities
for Communication Strategies To Improve Environmental Health Literacy. J
Health Commun, 24(1), 75–83. doi:https://doi.org/10.1080/10810730.2019.157
4320
68. Marquart, H. and Schuppan, J. (2022). Promoting Sustainable Mobility: To
What Extent Is “Health” Considered by Mobility App Studies? A Review and a
Conceptual Framework. 14(1), 47. doi:https://doi.org/10.3390/su14010047
69. Ek, K., Wårell, L., & Andersson, L. (2021). Motives for walking and cycling when
commuting – differences in local contexts and attitudes. European Transport
Research Review, 13(1), doi:https://doi.org/10.1186/s12544-021-00502-5
70. Steptoe, A., Deaton, A., & Stone, A. A. (2015). Subjective wellbeing, health,
and ageing. The Lancet, 385(9968), 640–648. doi:https://doi.org/10.1016/
S0140-6736(13)61489-0
71. Lyubomirsky, S., King, L., & Diener, E. (2005). The benefits of frequent positive
affect: does happiness lead to success? Psychological Bulletin, 131(6), 803–855.
doi:https://doi.org/10.1037/0033-2909.131.6.803
72. Hardinghaus, M., & Nieland, S. (2021). Assessing cyclists’ routing preferences by analyzing extensive user setting data from a bike-routing engine.
European Transport Research Review, 13(1), doi:https://doi.org/10.1186/
s12544-021-00499-x
73. Pánek, J. (2019). Mapping citizens’ emotions: participatory planning support
system in Olomouc, Czech Republic. Journal of Maps, 15(1), 8–12. doi:https://
doi.org/10.1080/17445647.2018.1546624
74. Ross, T., Burris, A., Oliveira, L., Arnott, B., & Araujo-Soares, V. (2015). A Feasibility
Study of the Effect of Phone-Based Feedback of Other Commuters’ Subjective Experiences on Driver Intentions to Change. In A. Marcus (Ed.), Design,
User Experience, and Usability: Design Discourse (pp. 548–558). Cham: Springer
International Publishing.
75. Tomsho, K. S., Schollaert, C., Aguilar, T., Bongiovanni, R., Alvarez, M., Scammell,
M. K., & Adamkiewicz, G. (2019). A Mixed Methods Evaluation of Sharing Air
Pollution Results with Study Participants via Report-Back Communication.
International Journal of Environmental Research and Public Health, 16(21),
doi:https://doi.org/10.3390/ijerph16214183
76. Preisendörfer, P., Herold, L., & Kurz, K. (2020). Road Traffic and Aircraft Noise
as Drivers of Environmental Protest? KZfSS Kölner. Zeitschrift für Soziologie und Sozialpsychologie, 72(2), 165–191. doi:https://doi.org/10.1007/
s11577-020-00686-z
77. Machado, M., Santos, J. M., Frere, S., Chagnon, P., Reisen, V. A., Bondon, P.,
Ispany, M., Mavroidis, I., & Reis, N. C. Jr. (2021). Deconstruction of annoyance
due to air pollution by multiple correspondence analyses. Environmental
Science And Pollution Research International, 28(35), 47904–47920. doi:https://
doi.org/10.1007/s11356-021-13958-8
78. Bickerstaff, K., Tolley, R., & Walker, G. (2002). Transport planning and participation: the rhetoric and realities of public involvement. Journal of Transport
Geography, 10(1), 61–73. doi:https://doi.org/10.1016/S0966-6923(01)00027-8
79. Nared, J. (2020). Participatory transport planning: The experience of eight
european metropolitan regions. In J. Nared, & D. Bole (Eds.), Participatory
Research and Planning in Practice. The Urban Book Series (pp. 13–29). Cham:
Springer.
80. Lamnek, S., & Krell, C. (2016). Qualitative Sozialforschung (6 ed.). Weinheim,
Basel: Beltz Verlag.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

