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Abstract

Purpose: Exposure to road traffic nuisance, such as noise, air pollution and traffic accidents, can lead
to feelings of annoyance or road insecurity. Annoyance is defined as a feeling of displeasure claimed
by an individual or group to be adversely affecting them, diminishing long-term quality of life; road
insecurity is recognized as affecting welfare. The aim of this study was to identify the determinants
(sociodemographic, socioeconomic, and related to daily mobility) of annoyance by noise and air
pollution and of road insecurity.

Methods: A sample of 720 subjects, aged 18 years and over, living in the Rhone Departement (France)
in 2013 was interviewed by questionnaire. Annoyance and feeling of road insecurity were estimated
on a 10-point scale from 1 (not annoyed) to 10 (highly annoyed) for each nuisance, with a threshold
of 8.

Results: The main finding was that active travel mode users experienced greater annoyance, whatever
the nuisance than motorized users.

Conclusions: The least polluting are the most annoyed. These results are very interesting. Active
travel mode users help improve air quality, alleviate traffic congestion and minimize the risk of road-
accidents, as well as improving their own health. In a context in which active travel modes and public
transport are being promoted, active travellers might be protected against such annoyance, liable to
hinder the development of such a practice.
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1. Introduction

Roadtransportisacommonsourceoftrafficaccidents[1], noise, air pollution and environmental exposures which have
heavy consequences for public health. Depending on the discipline, we talk about the three main road- traffic
“nuisances” or “negative externalities”. Beaumais and Chiroleu-Assouline talk about negative externalities when the
well-being of an agent or his or her freedom of choice of behavior is directly negatively affected by another
agent [2]. In public health, these negative externalities are known as “nuisances”. Annual statistics for Europe show
that road transport is responsible for 25,500 accidental deaths [3], road traffic noise for the loss ofabout 1 million
years of good health [4], and air pollutioncausesmorethan400,000 prematuredeaths[5]. These well-known negative
effects make road traffic one of the most environmentally harmful human activities [6].

In this context, promoting active travel modes (walking, cycling) and public transport is a strategy used in many
countries as a contemporary transport policy goal to improve air quality [7] by reducing exhaust and
greenhouse-gas emissions [8], and reduce noise, traffic congestion [9] and traffic accidents. Such policies have
another crucial objective: to improve health in the general population [10, 11]. Active travel modes have many
health benefits, including improved physical and mental health and general well-being [12-14]. In recent decades,
these health benefits have been demonstrated by many scientific studies [15-20]. Since 2008, the World

Health Organization (WHO) has recommended that people aged 18 to 64 years should practice at least 150
minutes of moderate endurance activity perweek [21].

The interaction between humankind and its environment plays an important role in quality of life, and can
unfortunately be a source of stress [22, 23]. “Looking at the impact of environmental conditions requires analysis of
the annoyance which stands for a perturbation of the relation to the life space and may have long term effects on
health”, write Moser and Robin [24]. Onthe one hand, noise and air pollution can lead to annoyance and, on the other
hand, the perception of road insecurity - in terms of fear ofhavingaroadaccidentby lack of protectionand confidence
-inaccessing the public transport system for instance, is a loss of well-being [25].

Annoyance, as illustrated by Guski [26], is a feeling of irritation, discomfort, distress, anxiety, anger or
frustration: i.e., a range of negative emotions [27, 28] diminishing long-term quality of life. This is a complex
concept, comprising a mixture of perception, emotions and attitudes potentially causing a chronic stress response [29,
30]. Annoyance is defined by Lindvall and Radford as “afeeling of displeasure [...] believed by an individual or a
group to be adversely affecting them” [31]. Most of the studiesdealingwithannoyance relatedto roadtraffic focused
on noise, and very few on air pollution. Noise annoyance has a significant negative effect on both mental and physical
health [32]. The two main determinants of annoyance with traffic-related noise are noise level and individual
noise sensitivity. Excessive exposure to daytime noise pollution and high noise sensitivity are associated with high
levels of annoyance [33-37]. People working in a noisy workplace are more annoyed than those who report
working in a quiet environment [35]. In addition to noise sensitivity, other individual factors, such as age, gender,
marital status, employment and socioeconomic status, affect annoyance. However, results vary betweenstudies. The
degree of annoyance is higher in men than in women, in people aged from 30 to 49 years compared to others
[35], in married compared to single people [35], inworking people compared to those who stay at home, and in
the working population, individuals aged from 45 to 64 are more annoyed than others. Work experience is also a
determinant of the degree of annoyance [38]. Concerning socioeconomic status, annoyance is reported to be
greater in the most advantaged groups [37], while other studies reported that people with the lowest incomes were the
most sensitive to noise, maybe because they live in less sound-proofed dwellings [39-41].

To these acoustic and individual factors, mobility-related factors can be added. Wahl et al. showed that people who
walk more frequently in their neighborhood are  more annoyed by road transport phenomena (traffic flow,
speeding, parked cars, cyclists on the sidewalk) than those who walk less frequently [42]. It is one of the few
studies which takes travel mode into account in the association between annoyance and traffic-related factors, but
unfortunately traffic nuisances such as noise, air pollution and accidents (related to feeling insecure) were not
considered: only walking was studied.

Today, in most modern societies, car use rates are high while walking and cycling are much less frequent. There are
some variations intravel modes across Europe. In France, for instance, cycling amounts to less than 8% whereas



it reaches 30% in some countries, such as Netherlands, Germany and Denmark [43]. Likewise, in France,
pedestrians represent 25% of the users, dependingonthecity,comparedto55% insome Spanish cities. The latest
nationwide Household Travel Survey, whichisconducted every 10years, showed thatthe more a city is compact, the
lessthe cars are used, in favor of public transport, walking and cycling [44]. In light of these results, itwould seem
that some countries, such as Germany, Netherlands and Denmark (aka “the European cycling country™), are more
proactive than others (France). If, however, according to Wahl et al, active travelers are the most annoyed, it
can be supposed that this annoyance or the feeling of road insecurity hinder the promotion of active travel modes.

To the best of our knowledge, traffic-related noise annoyance has been well documented, while the literature on
air pollution annoyance and the feeling of road insecurity is sparse. Moreover, travel mode was taken into
accountonly inone study. Very few studies have attempted toassess the relationship betweenannoyance related to
road-traffic nuisances such as noise or air pollutionand the feeling of road insecurity on the one hand and travel
mode on the other.

There is a need to consider the different kinds of travel modes (cars, motorized two-wheelers, public transport,
cycling, walking) when assessing annoyance related to the main road-traffic nuisances (noise, air pollution) and
the feeling of road insecurity. The present study seeks to identify determinants (sociodemographic,
socioeconomic, and daily mobility-related) of each kind of annoyance and of feelings of road insecurity.

2. Materials and methods

2.1. Study population

Subjects were recruited randomly from the general population, froma data file based on landline and/or cell-
phone numbers for the Rhone Département in France. This administrative area has a population of about

1.7 million, with an average population density of 542 inhabitants per km2 (INSEE?, 2012), 1.3 million of whom
live in the Greater Lyon urban area, and the remainder in medium-sized towns or rural areas (outside Greater
Lyon).

Subjects were selected by a survey institute between January and April 2013, according to the following
inclusion criteria: aged >18 years, living in the Rhone administrative Département. After selection, subjects
were included in the survey and interviewed by phone between May and June 2013, by the survey institute
investigators. A total of 720 participants took part in the study. Data were collected by a validated questionnaire.

2.2. The study variables
2.2.1 Outcomes: road-traffic related annoyance

Degree of road-traffic related annoyance was measured by responses a 10-point scale from 1 to 10 to the following
question: “Here are three road-traffic related nuisances: noise, pollution, and traffic accidents (in terms of feeling
insecure). Personally, how do you rate your level of annoyance onascale from 1 to 10 (not annoyed to highly
annoyed)?”

The dependent variable yj was dichotomized and constructed as follows: to study subjects with the highest

levels of annoyance, a threshold of 8 was chosen for each nuisance, in line with the French air quality index [45]
approved by the Ministry of the Environment, which ranges from 1 (very good) to 10 (very bad) with a
threshold of 8: < 8, slight or moderate annoyance; > 8, great annoyance. There were thus three study outcomes:
noise annoyance, air pollution annoyance and feeling of road insecurity.

2.2.2 Explanatory variables
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Mobility data: main travel mode

Subjects reported their main weekday travel mode, in three categories: motorized (cars and two-wheelers), public
transport, and active travel (pedestrians and cyclists). None of the survey subjects reported using roller-
skates, skateboards or a child’s scooter. Each subject was asked to estimate their typical weekday travel time (<
30min, 30min to 1h, 1 to 2h, > 2h), and travel distance (<5 km, 5to 15km, 15 to 30km, > 30 km).

Sociodemographic and socioeconomic data

These variables are: place of residence (inside or outside Greater Lyon), age (18-24, 25-44, 45-64, >65
years), gender (female, male), marital status (single, in couple, widowed/ divorced), health status (good/good
enough, not very good), employment (working/studying, looking for or withouta job/student, retired), household
size (number of children, number of adults), and way of life (living alone, not alone) were all collected for each
subject, as were socio-occupational category (6: independent, executive-professional, intermediate
profession, white-collar, blue-collar, never worked/ not working currently), educational level (4: no certificate
or lower than school-leaving certificate (baccalauréat), school- leaving certificate, bachelor’s or master’s degree,
PhD or equivalent), number of cars/motorized two-wheelers/ bicycles (0,>1), vacationing 4 or more nights away from
home during the previous 12 months (yes, no), type of accommodation (social housing, house, apartment,
other), accommodation status (home owner, tenant, supported by another person), and income. Based on
income and household size, income per consumption unit was calculated.

Road risk perception data

Subjects were asked to give their opinion on:
- which is the riskiest travel mode (car, motorized two-wheelers, bicycles, walking, public transport, roller-
skates/skateboard/child’s scooter);
— their level of concern about road accidents:
a) indifferent, because it is an unusual event, is little or nothing to worry about, or aware of risk but trust in
their ability to personally avoid an accident;
b) accidentsareaworry and cause for caution; c) very afraid, and it guides their choice of travel mode;
- the degree of anxiety concerning road accidents (1 = does not matter, 10 = very distressed),
dichotomized as<7=no,>7 =yes;
- therisk of beinginjuredin case of aroad accident (from 0 to 100%), dichotomized as < 70% =slight,> 70%
=high;
- assessment of their own behavior on the road compared to others of similar age and gander (more
dangerous, neither more nor less dangerous, more cautious).

2.3. Statistical analyses

Firstly, the study population was compared to the general population of the Rhone Département, by x2
test, to measure the degree of representativeness.

Secondly, descriptive statistics were performed to identify the type of distribution for each variable.
Then, univariate analyses were performed to determine factors associated with each outcome at a 10%
significance level, using the Pearson y? test (or Fisher’s exact test, where sample size was small).
Explanatory factors significantly associated with outcomes (each kind of annoyance) on univariate
analysis were included in a multivariate model by logistic regression with descending selection (p<0.05).
Nevertheless, in line with the objectives of the paper, the variable “main travel mode” was integrated in
each model even when the association did not appear significant. A model was constructed for each
outcome: noise annoyance, air pollution annoyance and feeling of road insecurity. Odds ratios and 95%
confidence intervals (95% CI) were determined on multivariate analysis. Each model was adjusted on
age, gender and geographic area. In each model, to check independence between pairs of explanatory
variables, interaction effects were assessed and potential correlations between explanatory variables
were measured on Spearman’s Rho coefficient. When two variables were strongly correlated, only one



of them was entered in the model. Potential confounds were studied. Factors associated with all three
outcomes (noise annoyance, air pollution annoyance and the feeling of road insecurity) are highlighted in the
Resultssection.

2.4. Ethics approval and consent

The study protocol was submitted to and approved by the French Ministry of Research (CCTIRS: Advisory
Committee on Information Processing in Material Research in the Field of Health) and the national data
protection authority (CNIL) in 2014. The survey institute ensured subjects’ oral consent before administering
the guestionnaire.

3. Results

3.1. Population characteristics

The main characteristics of the study sample are shown in Table 1. Median age was 45 years (£17); 47% were
women; 74%livedinside Greater Lyon. When compared to the general population of the Rhéne Département, men
were found to be slightly overrepresented and younger subjects (18-24 years old) to be slightly underrepresented in
the study population; distribution, however, was similar in terms of place of residence.

Table 1: Descriptive statistics of the study population compared to the general population

Study sample General population n 2 test
n=720 =1,327,755
% %
Gender *
Male 53.3 47.2
Female 46.7 52.8
Age (years) *
18-24 10.6 14.5
25-44 38.2 35.7
45-64 32.2 30.1
65and + 19.0 19.7
Area NS
Greater Lyon 73.9 76.5
Other than Greater 26.1 235

NS: non-significant

60.4% of the study sample were living ina couple. 58.8% were active, white-collar workers being the largest socio-
occupational category (23.3%). 45.6% had at least a Bachelor’s degree. In terms of accommodation, 47.5%
livedinapartmentsand 59.6% were home owners.

56.3% mainly used a motorized travel mode (car or two-wheeler), which did not significantly differ from the
general population (44.5% [46]), and only 14% of households did not own a car at all. Although 63.5% owned
a bicycle, only 3.3% actually used the bicycle as their main travel mode, which was more than in the general
population (about 1.6% [46]). Less than 21% used walking as the main travel mode, compared to 34.1% in the
general population [46]. Differences were found according to area of residence (p<0.001): inhabitants inside
Greater Lyon used motorized modes in 47.7% of cases, activetravel in27.1%and publictransportin25.2%, whilst
residents outside Greater Lyon used motorized modesin80.3% of cases, active travel in 14.4%and public transport
in5.3%.

Concerning perception of road risk, motorcycleswere by far considered the most risky travel mode (60.8%). 74.4% of
respondents worried about road-traffic accidents and reported being cautious during travel, 75.3% were very



distressed because of the risk of accidents, but 96.5% estimated they had only a slight risk of being injured in
case of aroad-traffic accident.

3.2. Description of annoyance

According to the threshold chosen (see Table 2): 36% (n=259) of the study population (i.e., than one third) were
highly annoyed by road traffic noise, 20.6% (n=148) by air pollution and 18.3% (n=132) felt road-insecure. Road
traffic noise was identified as the principal cause of high levels of annoyance (mean=6.2+/-2.8), followed by air
pollution and lastly by the feeling of road insecurity.

Table 2: Descriptive statistics according to annoyance level (/10) per nuisance

Road traffic noise Air pollution Feeling of road
Level N % N % N %
1 40 5.6 34 4.7 84 11.7
2 34 4.7 45 6.3 81 11.3
3 42 5.8 73 10.1 79 10.9
4 54 7.5 73 10.1 64 8.9
5 105 14.6 159 22.1 136 18.9
6 79 10.9 100 13.9 65 9.1
7 107 149 88 12.2 79 10.9
8 134 18.6 85 11.8 79 10.9
9 44 6.1 27 3.8 15 2.1
10 81 11.3 36 5.0 38 5.3
m(SD) 6.2 (2.8) 5.5(2.3) 4.9(2.6)

3.3. Impact of travel mode on road traffic annoyance

The multivariate logistic regression model (see Table 3) revealed that the main travel mode used was significantly
associated with the annoyance related to road traffic noise (p<0.1) and to air pollution (p=0.02). Compared to
motorized users, public transportusers andactive travel mode users were more likely to be highly annoyed by road-
traffic noise and air pollution. Concerning traffic accidents, active mode users had a higher propensity to feel road-
insecure (OR=1.3,95% CI:0.8;2.1),althoughthe association was not statistically significant.

3.4. Impact of other factors on road traffic annoyance
3.4.1 Road-risk perception

Respondents who considered they had a high risk of beinginjured in case of aroad accident were very few, but
were highly annoyed by noise and air pollutionand had a higher feeling of road insecurity than those who considered
they had only aslightrisk (see Table 3).

Another factor was associated with the feeling of road insecurity: those who had a higher feeling of road
insecurity were also very afraid of road-traffic accidents, and this influenced their choice of travel mode, compared to
those who felt indifferent to this issue.

3.4.2 Sociodemographic and socioeconomic characteristics

Gender and living situation were both associated with air pollution and road-traffic noise annoyance. Men were more
likely to be annoyed than women, and those who did not live alone were more likely to be highly annoyed by air
pollution and by road-traffic noise than those living alone. Socioeconomic factors did not seem to play an
importantrole.



Table 3: Summary of the explanatory factors for high annoyance according to type of nuisance (multivariate analyses)

Noise annoyance

Air pollution annoyance

Feeling of road insecurity

Total sample

Highly annoyed

Highly annoyed

Highly annoyed

Variables =720 =259 ORa 95%Cl  P-value =148 ORa 95% ClI P-value =132 ORa  95%Cl  P-value
N N (%) N (%) N (%)
Adjustment variables
Area ns” ns ns
Other than Greater Lyon 188 52 (27.7) 1 37(19.7) 1 32(17.0) 1
Greater Lyon 532 207 (38.9) 0.7 0.5-1.1 111 (20.9) 11 0.7-1.7 100 (18.8) 11 0.7-1.7
Gender <0.01
Female 336 100 (29.8) 1 45(13.4) 1 57 (43.2) 1
Male 384 159 (41.4) 1.6 1.2-2.2 103 (26.8) 25 1.7-3.7 75 (56.8) 1.0 0.7-1.5
Age (years) ns <0.01 ns
18-24 76 21(8.1) 1 10(13.2) 1 11(8.3) 1
25-44 275 96 (37.1) 1.2 0.6-2.3 50 (18.2) 1.8 0.8-3.9 49 (37.1) 1.3 0.6-2.7
45-64 232 85(32.8) 1.5 0.7-3.0 64 (27.6) 2.9 1.3-6.4 43(32.6) 1.4 0.6-2.9
>65 137 57 (22.0) 1.6 0.7-3.4 24 (17.5) 1.5 0.6-3.4 29 (21.9) 1.4 0.6-3.2
Main travel mode <0.01 0.02 0.11
Motorized 405 122 (30.1) 1 74 (18.3) 1 67 (16.5) 1
Public transport 144 62 (43.1) 2.1 1.3-3.1 34 (23.6) 1.9 1.2-33 26 (18.1) 0.9 0.5-1.6
Active 171 75 (43.9) 1.7 1.1-25 40 (23.4) 1.5 0.9-2.4 39 (22.8) 1.3 0.8-2.1
Socioeconomic factors
Educational level 0.02
No school-leaving certificate or lower qualifications 252 - - - 68 (26.9) 1 - - -
Full secondary education 140 - - - 28(20.0) 0.7 0.4-1.1 - - -
Bachelor’s or Master’s degree 207 - - - 30(14.5) 0.4 0.2-0.7 - - -
PhD or equivalent 121 - - - 22(18.1) 0.5 0.3-0.9 - - -
Number of cars 0.03
>1 619 - - - - - - 104 (16.8) 1
None 101 - - - - - - 28 (27.7) 1.7 0.9-2.9
Living situation 0.01 0.02
Living alone 170 51(28.7) 1 25(14.7) 1 - - -
Not living alone 550 208 (37.8) 2.1 1.3-35 123 (22.4) 2.0 1.2-3.4 - - -
Accommodation status 0.01
Home owner 429 83(31.2) 1 - - - - - -
Tenant 263 59 (43.0) 1.8 1.3-25 - - - - - -
Supported by another person 28 6(42.9) 1.9 0.8-4.2 - - - - - -
Level of concern 0.03
Not worried 111 - - - - - - 17 (15.3) 1
Worried 536 - - - - - - 92 (17.2) 1.2 0.7-2.1
Very worried 73 - - - - - - 23 (31.5) 2.4 1.2-49
Subjective factors
Road behavior compared to others 0.04
Neither more nor less dangerous 293 90 (30.7) 1 - - - - - -
More cautious 407 158 (38.8) 14 1.0-1.9 - - - - - -
More dangerous 20 11 (55.0) 2.7 1.1-74 - - - - - -
Perceived risk of being injured in case of road accident <0.01 <0.01 <0.01
Slight 695 242 (34.8) 1 136 (19.6) 1 121 (17.4) 1
High 25 17 (68.0) 3.3 1.4-8.1 12 (48) 2.7 1.1-6.7 11 (44.0) 3.5 1.5-7.9

"ns=non-significant



4. Discussion

This study set out to identify the determinants of each kind of noise or air pollution related annoyance and
the feeling of road insecurity. Our findings revealed two main points: the use of active travel modes and self-
assessed high risk of being injured in case of a road accident play an important role in these associations. The
discussion revolves around these main results.

4.1. Interpretation of results

Active travelers and public transport users felt highly annoyed by air pollution. The simplest explanation could
be that those users are objectively more exposed to air pollution, by spending time out of doors near roadways.
Year-round average NO2 concentrations (mostly emitted by road transport) on roadways in the Rhone
Département were measured at around 27ug/m3 on expressways and freeways [47]. Those concentrations are
below the recommended safe threshold of 40 pug/m3 asdefined in the French Environment Act [48] and by the
World Health Organization [49], which is not the case for fine particles (PM10, PM2.5): year-round average
PM10 concentrations in the Rhone Département were measured at around 19 pg/m3 (near the upper
recommended limit of <20 pug/m3) and year-round average PM2.5 concentrations at around 13 pg/m3 (above the
upper recommended limit of <10 pg/m3) [49].

A study was conducted in Paris a few years ago, in various locations (city center, urban areas, suburbs,
highway), according to exposure levels applicable to various modes of travel, measuring concentrations of
six pollutants:

CO, FN, NO, NO2, benzene and toluene [50]. The study found that the highest levels of these pollutants
occurred inside cars, compared to exposure for other modesoftravel, perhapsduetothecar’sself-pollution
by accumulation of pollutants inside the compartment [51]. The same was seen for every pollutant, in each
location. Cyclists and bus users were exposed to intermediate levels of pollutants, whilst pedestrians and subway
users were exposed to the lowest concentrations. Other international studies complete the picture with more
explanations. A study conducted in South Texas found that the average total particle concentrations observed
inside a school bus depended onengineage and window position [52]: with windows closed, the pollution inside
was more likely to be caused by bus self-pollution while with the windows open most inside air pollutants came
from the roadway environment outside. Kaur et al. found a tendency for lower levels of air pollution
exposure for cyclistsand pedestrians [53].

According to Hudda et al., these lower exposures could be explained by the distance between the main
traffic flow and active mode users, so that cyclists and pedestrians were exposed to only a diluted form of
the pollution to which car users were exposed [54]. Even though cyclists and pedestrians both had lower
levels of exposure, this was especially true for pedestrians and less true for cyclists, reflecting the fact
that cyclists were frequently much closer to heavy traffic than the pedestrianswere [55]. Cyclists differ from
other users by another factor: in their effort to travel quickly, cyclists have greater lung ventilation than any
other road users. For instance, cyclists breathed at a volumetric rate 4.3 timesgreaterthan car drivers[56].
Panisetal., in Belgium, demonstrated that inhaled concentrations of PM2.5 and PM10 (fine particles) per
kilometer were significantly higher when cycling than driving [56]. Then even if cyclists are exposed to
lower concentrations of pollutants than car drivers, because of their higher ventilation rate they are finally more
exposed [57, 58].

The difference between the real level of exposure and the annoyance felt could also be explained by the notion
of perceived risk. Maestracci et al. [59] and other authors [60] described a difference between perceived risk
and the objective risk to which the person is exposed. They showed,,for instance, that the situation which
motorcyclists considered to be the most frightening and liable to lead to a road accident was changing lanes,
whereas this accounted for only 6.9% of actual accidents. Likewise, a comparison between the perception
of robberies and crashes showed that robberies were perceived as a greater risk than crashes, whereas crashes lead
to higher number of victims and severe injuries than robberies [60]. “The feeling of safety is facilitated by
familiarity with the environment, but feelings of danger and vulnerability may be explained by a perception
of supposed risk and afeeling of losing control of the environment”, as Moser points out in another publication
[61]. Consequently, people who feel they have no control over the situation are likely to experience agreater
level ofannoyance.



It is possible that active travel mode users are aware of road-traffic nuisances more than motorized vehicle
users. It can then be supposed that, if they chose their kind of travel mode in order not to contribute to
pollution (noise, airpollution), they may have afeeling of suffering unjustly, which could exacerbate their level
of annoyance.

The degree of annoyance triggered by traffic noise depends firstly on noise level: the higher the level,
the more annoyed people are and the greater the severity of perceived annoyance [62]. It depends also
on other noise characteristics, such as duration and intermittency [63]. Beyond objective acoustic
factors, feeling of annoyance depends on how the noise interferes with everyday life [64] and on an
individual’s sensitivity to noise [65, 66]. People frequently exposed to traffic noise develop strategies
of adapting and coping with the problem [63]. The problem still remains, however, and subconscious
physical reactions such as raised blood pressure and levels of annoyance due to chronic noise will not
diminish unless the noise itself stops. This is the adaptation level theory defined by Brown [67]. Two
reasons can explain why cyclists, pedestrians and public transport users feel highly annoyed by noise:
either they are exposed to high levels of noise because they are outside, whereas motor vehicle users
are either inside a car or have the noise muffled by their helmet; or they develop higher sensitivity to
noise over time. Our findings are not very surprising and may seem trivial to some extent, but they
deserve scientific interpretation.

Furthermore, Kahneman and Tversky explain that the recollection of an event is influenced by its frequency
or probability [68]. Since traffic accidents are rare events, the risk for any one individual to be involved in an
accident is quite low. In the present study, travel mode was not associated with feeling of road insecurity,
maybe because each user feels sufficiently safe whilst traveling, and consider the risk of having a road
accidentinsignificant.

According to Slovic, risk perception can be influenced by how the person imagines and/or memorizes the
risk (here,thenuisance) [69], which may biastheir perception and hence their annoyance. Likewise, according
to Moser[70], sensations, memories and feelings from our past, like from our present, are bound up with
experiences, which in turnare bound up with the places around which our lives developed; the environment
carries meanings that are an integral part of cognitive functioning. The subject’s relationship with their
environment is thus determined by their past. Having sustained injury in a road-accident can cause a
heightened awareness of there being some risk of being injured again, perhaps resulting in increased
sensitivity to other environmental exposures, such as air pollution or noise. Likewise, a study [71]
showed that the higher air pollution levels people are exposed to, the more likely they are to be annoyed
by road traffic noise, and vice versa. This could explain why, in the present study, people who estimated that
there was a high probability of being injured in a road-accident were more likely to be highly annoyed by
air pollution, road-traffic noise and the feeling of road insecurity.

Levels of annoyance expressed by different individuals are hard to compare due to differences in currentand
prior experiences and the individual’s sensitivity and the representation of the risk (here, nuisance).

4.2. Study strengths and limitations

The major strength of this study was to investigate perceived annoyance for three different nuisances.
We focused on these three nuisances, which are usually studied separately, since they all have road
transport as a common source. Whichever the nuisance studied, annoyance was evaluated using the same
10-point scale and each kind of annoyance was correlated to the same explanatory factors (socioeconomic,
sociodemographic and related to daily mobility), making results comparable between the three. Analog 11-point
scale (from 0 to 10) has become common since the 1980s to evaluate subjective feelings such as pain or other
psychological feelings. Numerous studies have confirmed the sensitivity and the validity of these scales [72-
74]. They are self-report scales, which measure the intensity of the sensory component, with a good
reproducibility from day to day. This tool is very simple to use for epidemiological purposes, and it can
doubtless be used for other types of subjective feelingssuchasannoyance, asinthe presentstudy, so that
subjects evaluate annoyance, whatever the nuisance, with the same reproducibility and theannoyance caused by
each nuisance may appropriately be compared when measured by an analog scale.

Initially, atthe beginning of the study, the objective was to buildacumulative indicator ofannoyance if the same
factors appeared to be associated with all three types of annoyance, which would be very useful for further



research. However, the determinants turned out not to be the same, suggesting thatthe populationsannoyed by
each nuisance are different.

Moreover, the lack of interaction and confounding effects between the independent variables included
in each model suggests that each one impacts annoyance independently.

However, further limitations must be noted. The questionnaire lacked items about the reason why
each individual had chosen their main travel mode. Some of the possible factors (financial, distance,
ecological reason, nuisances, etc.) may have causal effects on the individual’s sensitivity to the nuisances
considered, inducingasignificant causal bias. It would have been interesting to have some information
about personal sensitivity unrelated to road traffic, such as fear of disease, nuclear disaster, war, etc., tocompare
with sensitivity to road traffic nuisances. The same applies to sensitivity to baseline or peak levels of pollution.

Furthermore, pedestrians and cyclists were included in a single category: active travel modes. This is
debatable, and it would be interesting to study pedestrians and cyclists separately. Additional data, such
as the time of day, duration and frequency of maximal annoyance could have made an interesting contribution
to our analyses. Another limitation was small sample size, resulting in a lack of power for the analysis of
certain characteristics. While the sample was representative of households in terms of place of
residence, the study subjectswere slightly less often young and slightly more often male than in the Rhéne
population as a whole, which may have introduced a bias in the results; this was taken into account by
adjusting the analyses on gender, age and area.

Concerning the geographic area, it might be interesting to distinguish the urban area from the rural and
peri- urban area. Additionally, one of the issues when studying the road- traffic related environment is the
choice of perspective from which the respondents are supposed to answer the questions. We do not know if
the respondents answered the questions in terms of the one specific travel mode that they reported as being
their main mode, or which traffic-related experiences they were thinking of in estimating the annoyance
they felt. Likewise, we had no guarantee that the interviewees kept in mind the fact that questions about,
for instance, noise were meant to specifically concern road traffic and no other sources, which again may
have introduced bias.

4.3. Implications

In spite of these limitations, the results presented in this paperare useful to better understand road-traffic related
annoyance, which is a complex notion. Moreover, the study points to some keys for future research in this
domain: travel mode should be taken into account when studying the relation between road-traffic annoyance and
its determinants or the feeling of road insecurity and its determinants. Analog scales are an easy tool to evaluate
annoyance related to several nuisances, and should be used in epidemiological studies on this topic.

The magnitude of road traffic nuisances is greatly affected by motorized transport, which mainly comprises cars.
Onthe one hand, policy makers need to increase user awareness, and especially for car users. On the other
hand, as active travel mode and public transport users feel the most annoyed about road-traffic nuisances,
perhapsthe spaceallocated for these travel modes ought to be better protected in order to continue to encourage
these practices, especially if these travel modes are chosen for environmental reasons. Pro-cycling and pro-walking
policies already in place in the Netherlands, Denmark and Germany [12] are good examplesto follow.

The solution is certainly to create a “bicycle and pedestrian friendly” environment. To start with, it
must be ensured that users of each mode will be respected by and get along with the others. Coordinated
multifaceted implementation is needed, as in the Netherlands, Denmark and Germany in their
promotion of active modes. Bicycle parking, multi-mode integration (bicycle with public transport for
example), cycling facilities on roads and intersections, traffic education for pedestrians, cyclists and motor-
vehicle users and promotion of hybrid vehicles are all key ingredients in increasing the success of active travel
modes. This in turn will diminish the nuisances due to transport.

The literature [12, 44] tends to agree that compact and mixed-use urban spaces contribute to decreasing
dependency on car and increase rates of walkingand cycling, which is a key to sustainable development.

Finally, publicdecisionmakersmustcontinuetheefforts being made, but need to better promote cohabitation
between different modes of travel, and specifically promoteandsupportactive travel modestohelp people
acceptthischoice.



5. Conclusion

The present study sought to identify the determinants (sociodemographic, socioeconomic, and related
to daily mobility) of annoyance withy noise and air pollution annoyance and the feeling of road
insecurity. The main finding was that active travel and public transport users were more strongly annoyed
by traffic air pollution and road-traffic noise than motor- vehicle users. These results are very interesting,
because annoyance and feeling of insecurity can hinder the practice of active mobility in the general
population, which is not really helpful for ecology. However, active travel mode users specifically contribute
to improving air quality, alleviate traffic congestion and minimize the risk of road accidents, aswellasimproving
theirownhealth. Thus, in a context in which active travel modes and public transport are being promoted
in most European countries, active travelers should be protected from this kind of annoyance by proper land-
use planning, taking account of all these nuisances, and particularly the risk of accidents.
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