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Abstract

Purpose To examine how road users with different de-
gree of hearing loss experience safety and mobility in
transport situations, compared to road users with normal
hearing.

Methods A questionnaire study was conducted with partic-
ipants recruited from the local branch of The Swedish hard
of hearing society. A normal hearing control group, matched
on age, gender and geographical location, was selected from
a commercial database. The response rate was 35 % (n=
194) in the group with Hearing Loss (HL) and 42 % (n=
125) in the group with Normal Hearing (NH). The individ-
uals with hearing loss were grouped into four groups accord-
ing to the degree of their hearing loss (mild, moderate, severe
and profound).

Results Hearing loss affected some specific aspects regarding
transport situations, while others remained unaffected. Indi-
viduals with hearing loss were not as likely to have a driving
license, but for those who have, hearing loss had no effect on
mileage per year. Loss of hearing had an effect on criteria for
choosing mode of transportation, but in the aggregate, no
difference between the groups could be shown in the distri-
bution of how much each mode of transportation was used.
With a few exceptions, hearing loss did not affect the ratings
of importance of hearing for different transportation modes.
Hearing loss affected most questions regarding hearing and
driver abilities, while avoidance of specific traffic situations
was not associated with hearing loss. Hearing loss had only
minor effects on the factors causing inattention when driving,
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and on the interest in a warning system for driver inattention.
The interest in a warning system for driver inattention was
high regardless of hearing category.

Conclusions Hearing loss influences the prevalence of driv-
ing license and criteria for choosing mode of transportation,
however has no effect on the distribution of how much each
mode of transportation was used. In general, in this study,
respondents with higher degree of hearing loss were less
concerned about the effect of hearing loss, indicating that
they might be using coping strategies. The interest in warning
system for inattention and the attitude towards strengthening
of auditory information in traffic situations is high regardless
of hearing category. This suggests further research on coping
strategies and on design of support systems accessible for
drivers with hearing loss.

Keywords Hearing loss - Transportation - Safety -
Mobility - Support system

1 Introduction

A consequence of hearing loss is loss of auditory informa-
tion and this loss may affect behavior in traffic situations
and can reduce traffic safety. Schmolz [12] revealed the
importance of hearing capability for road users and that
higher degree of inattention is often due to reduced hearing.
Lundélv [10] stated that adult pedestrians and cyclists with
moderate hearing loss are at a higher risk of being injured by
a vehicle, because they find it difficult to identify in which
direction sounds are coming from. According to The Swedish
hard of hearing society (Horselskadades riksforbund, HRF),
there are approximately 1.3 million adults in Sweden (17 %)
with a hearing loss [8]. This number is increasing, due
to both longer life and more noise in the environments. The
prevalence increases for all ages, although the most common
category of hearing loss is presbycusis, which is related to age
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[8]. The older part of the population is increasing and the
number of road users with hearing loss will thus also increase.

The field of transportation and hearing loss has received
relatively little attention in the literature and the level of
knowledge is thus rather low. Hearing loss is not an imped-
iment for obtaining a driving license for passenger cars,
since individuals with hearing loss are not considered as
an increased traffic safety risk [4]. However, Hickson and
coworkers [5] showed that hearing loss in older drivers is
associated with poorer driving performance in the presence
of visual or auditory sources of distraction.

Having a driving license is more common for men than
for women among older adults today [3]. Several studies [3,
9, 11] have revealed that among older couples, even if both
have a driving license, the man is typically more often the
driver. A cohort study among the next generation of older
adults (from 65 years), showed an increase of daily trips in
all transportation modes for both men and women, and it is
expected that this population will be more mobile at the age
of 80—90 than those of this age are today [7].

The use of innovative driver support systems in vehicles
(e.g., collision warning, parking aid, and lane keeping systems)
is increasing rapidly and the systems are becoming more and
more advanced. Due to a more complex in-vehicle environ-
ment (e.g., navigation system, mobile phone), there is an
increased risk of distracting the driver from the driving task.
Existing driver support systems frequently utilize auditory
information and may to some extent exclude drivers with
hearing loss. Thus, due to the low level of knowledge in the
field of hearing and transport, there is a need to describe
the population of road users with hearing loss and their
limitations and needs with respect to safe mobility. This
study is the first step of a project initiated at VTI regarding
hearing loss, traffic safety and mobility and the purpose is
to compare how individuals, with and without hearing loss,
experience safety and mobility in transport situations.

If or when hearing loss is experienced as a problem or as
restricting for the individual has to do with if loss of hearing
results in a state of disability. This occurs in some particular
situations and in some others not. Thus, in each situation, it is
necessary to distinguish between different types of hearing loss
to be able to understand the consequences and possible diffi-
culties related to it. For example, some potential problems are
associated with car drivers, (e.g. hearing warnings from your
car). Other possible complications are associated with a specif-
ic group of individuals using sign language, (e.g. signing when
driving). Areas of interest are for example communication,
emergency situations, sound perception and vehicle signals.

Due to differences related to specific circumstances and
situations (e.g. communication difficulties, lack of information)
it is likely to believe that experiences and attitudes in
transport situations vary between individuals with different
degrees of hearing loss. In the present study, experiences
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and attitudes regarding safety and mobility among road
users with and without hearing loss was examined.

In order to examine the effect of hearing loss on trans-
portation habits and on the attitudes towards safety and
mobility, the participants were categorized by the degree
of their hearing loss and whether the loss was uni- or
bilateral. Specifically, three general questions were exam-
ined: (a) how hearing loss affects the choice of transporta-
tion mode; (b) the personal view of hearing loss in relation
to transport situations (e.g. car driving, bike riding, public
transportation); and (c) the need and the design of support
systems (e.g collision warning, parking aid, navigation sys-
tems, lane keeping systems) for road users with hearing loss.

2 Method
2.1 Recruitment procedure

An invitation to participate in the questionnaire study was sent
out to all members over 25 years of age (N=555) of the local
branch of HRF (The Swedish hard of hearing society). This is
the major organization in Sweden for individuals with hearing
loss (32,000 members in total). The reason for the age limit was
that the participants should have had time to decide whether to
get a driving license and in that case acquire some driving
experience, however the mean age in this group is rather high
(Mean 71 years, SD 15 years). Furthermore, a hearing control
group (N=300), matched on age, gender and geographical
location, was selected and also asked to answer the question-
naire. The selection was performed by the Swedish National
Personal Directory (SPAR, Statens Personadressregister) by
matching all background information into specific sample size.

2.2 Participants

The response rate was 35 % (n=194) in the group with
Hearing Loss (HL) and 42 % (n=124) in the group with
Normal Hearing (NH). Declines came from both groups (n=
39 for HL and n=15 for NH), either personally or through a
relative. This was either due to dementia, disability (keeping
them from using the road) or lack of interest. Due to the fact
that hearing disorder is quite common among older adults, it
was expected that part of the respondents from the control
group would be individuals with hearing loss who for some
reason have not joined the hard of hearing society. The
percentage of hearing loss in the control group was 25 %
(n=31). All respondents with an audiogram available at the
clinic were included in the HL - group, which increased to
218 and the NH - group decreased to 93 respondents. In the
case respondents had answered that they have a hearing
disorder, but no audiogram was available, these respondents
were excluded from the analysis (n=7).
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From audiogram data, participants were sorted into groups
according to their degree of hearing loss. A Pure Tone Average
of four air conduction thresholds, PTA4 (mean of 500, 1,000,
2,000 and 4,000 Hz), was calculated and five categories de-
fined according to the WHO classification [14]: Normal Hear-
ing (<26 dB), Mild Hearing Loss (26-40 dB), Moderate
Hearing Loss (41-60 dB), Severe Hearing Loss (61-80 dB)
and Profound Hearing Loss (>80 dB). Additionally, indi-
viduals with unilateral or bilateral hearing loss were sepa-
rated for each category. Table 1 shows the distribution of
the participants according to this procedure. The present
study does not include participants who are deaf, also none
of the participants used or were dependent of sign language
for communication.

The majority of the participants were retired (74 % HL,
61 % NH). The second largest group was employed or self-
employed (19 % HL, 38 % NH).

2.3 Materials and procedure

A web based questionnaire was constructed to capture hab-
its, experiences and attitudes in transport situations, see
Appendix. The 20 questions were presented in three groups,
and formulated with the aim to investigate the three research
questions and thus covered (A) Background, Travel habits and
Criteria for choice of transportation mode (Questions 1-10),
(B) Hearing as an information source, Traffic situations that

Table 1 Distribution of participants due to type of hearing loss

Category (n) Gender (n) Age

(Years)

M SD

NH (93) M (50) 71.5 132
W (43) 63.4 145
Mild hearing loss (48) UHL: Unilateral (9) M (7) 72.1 8.0
W (2) 42.0 183

BHL Bilateral 39) M (10) 704 12.7
W(29) 698 10.1
UHL Unilateral (20) M (7) 713 9.7
W (13) 632 112
M@37) 775 83
W@48)  69.1 15.1
M (2) 435 0.7
W (1) 330 -
M@26) 767 108
W (18 701 137

Moderate hearing
loss (105)

BHL Bilateral (85)

Severe hearing
loss (47)

UHL Unilateral (3)

BHL Bilateral (44)

Profound hearing UHL Unilateral (2) M (0) - -
loss (18) W (2) 67.0 283
BHL Bilateral (16) M (7) 69.6 13.1

W (9) 66.5 18.1

are avoided and Accident/Incidents (Questions 11-15); and (C)
Need for support systems or other requirements (Questions
16-20). In a pilot study, the questionnaire was tested on ten
respondents, which led to slight modifications regarding
instructions and clarity of questions. The project was approved
by the regional ethics authority in Linkoping.

With assistance from HRF, letters were sent out to mem-
bers of the local branches. The letters included information
about the purpose and aim of the study and an invitation to
take part. Participants in the HL group were asked to sign
and return an informed consent regarding the access of their
audiogram. The control group was recruited through SPAR
(the Swedish National Personal Directory). The participants
were asked to log in to the web based questionnaire by a
personal code enclosed with the information letter. A paper
version was also supplied to those who replied that they did
not use the Internet (n=6 in the NH - group, n=14 in the HL -
group). Audiograms were provided by the local audiology
clinic for the HL group.

2.4 Analysis method

Logistic regression was run with each question as dependent
variable, binary for questions answered by “yes” or “no”
(Questions 4, 11, 12, 17, 18, 20) and ordinal for questions
answered with a point on a scale (Questions 5-10, 13—16).
Gender, Bilateral or Unilateral and Hearing Category (HLO—
HLA) were fixed factors, while 4ge was a continuous variable.
All were entered simultaneously. For each dependent variable
NH was first set as a reference among the hearing categories,
and then the testing was repeated with each of the other four
hearing categories (Mild HL, Moderate HL, Severe HL and
Profound HL) as a reference. The results from the statistical
analysis are presented with Odds Ratio (OR). This gives a
measure of the influence of the factor on the dependent
variable. OR=1 means no influence, OR>1 means an increas-
ing influence and OR<1 means a decreasing influence. For
Age, being a continuous variable, OR is a measure of the
influence per year. The confidence interval (CI) was 95 %
through the analysis, and thus all significances presented have
p<0,05. Interaction effects between Hearing Category and
Gender and between Hearing Category and Bilateral were
tested, but no significant effects were found.

3 Results

The results are presented in three sections according to the
major questions: how hearing loss affects the choice of
transportation mode; view on hearing loss in relation to
transport situations; and need and design of support systems
for road users with hearing loss (see Appendix). In each
section, there is a table presenting the significant
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differences, with OR and limits for CI 95 %, that emerged
from the analysis. Questions were no significant difference
emerged are mentioned in text after the table.

3.1 Choice of transportation mode

The questions regarding choice of transportation (Ques-
tions 4-10) revealed that there was a relationship be-
tween the degrees of hearing loss and driving license,
such that prevalence of driving license decreased with
higher degree of hearing loss, see Table 2 (n=312). For
example, the probability of participants with mild hear-
ing loss to have a driving license was higher than of
participants with profound hearing loss (OR=9.42).
However, this was not reflected in mileage per year,
since Profound HL report more mileage per year than
NH do. Additionally, for mileage driven last year, no
effect of hearing category emerged. Hearing loss was
not related to the frequency of transportation mode. A
general pattern of result that emerged was that the use
of all transportation modes decreased with increasing
age. E.g. the probability of an individual older than
another to ride a bike is smaller (OR=0.96 per year
older). Degree of hearing loss was related to criteria for
choosing transportation mode and most apparent was
that audible or written information was significantly
more important for profound HL than for the other
categories. Additionally, time was more important for
Profound HL than for NH (OR=4.14).

For comfort, mobility, feeling of security, cost and avail-
ability no significant effects were found for any of the
factors. Analysis of choice of transportation in wintertime
did not add any additional significant information.

3.2 Hearing loss and transport situations

Results from questions regarding hearing loss and trans-
port situations (Questions 11-15) are presented in Table 3.
The question of whether hearing loss effect driver abil-
ities were answered only by respondents with driving
license (n=272). The ratings of avoidance of traffic
environments and conditions are presented for car driv-
ing respondents only (n=265). With a few exceptions,
hearing loss did not affect the ratings of importance of
hearing for different transportation modes. The excep-
tions were walking and public transportation, where
hearing was rated as significantly more important for
Moderate HL than for NH (OR=3.04 and OR=2.37
respectively). A strong effect of gender emerged, such
that women regard hearing capability as more important
for all modes of transportation. Degree of hearing loss was
related to several questions regarding driver abilities and the
general pattern was that individuals with higher degree
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Table 2 Frequency of transportation mode and criteria for choosing
transportation mode. Hearing categories are according to Table 1. OR
for age is per year

Dependent Significance for ratings OR CI95%
variable
Driving license Higher for men 5.77 2.45-13.6
(yes/no) Decrease with age 0.96 0.94-0.99
Higher for NH than profound HL 5.42 1.00-29.2
Higher for mild HL than 942 2.11-42.0

profound HL
Higher for moderate HL than ~ 6.45 1.86-22.4
profound HL

Higher for severe HL than 422 1.04-17.1

profound HL
Stopped driving  Higher for men 3.56 1.76-7.52
(yes/no) Increase with age 1.08 1.04-1.11
Mileage per Higher for men 6.43 3.45-12.0
year (km) Decrease with age 0.96 0.94-0.98
Higher for unilateral 347 1.25-9.60
Higher for profound HL than NH 6.49 1.07-42.5
Mileage last Higher for men 8.00 4.41-14.5
year (km) Decrease with age 0.95 0.93-0.97
Higher for unilateral 298 1.27-7.08
Car driver Higher for men 6.22 3.89-9.95
Decrease with age 0.93 0.91-0.95
Car passenger Higher for women 2.61 1.68-4.05
Decrease with age 0.98 0.96-0.99
Bike riding Higher for men 2.08 1.21-3.57
Decrease with age 0.96 0.94-0.98
Moped driving Decrease with age 0.90 0.81-0.99
Motorcycling Decrease with age 0.89 0.80-0.99
Walking Decrease with age 0.96 0.95-0.98
Safety Higher for women 1.53 1.04-2.43
Decrease with age 0.97 0.95-0.98
Higher for mild HL than 3.06 1.18-7.94

severe HL

Higher for mild HL than 3.37 1.02-11.0

profound HL
Time Higher for NH than profound HL 4.14 1.16-13.2
Decrease with age 0.96 0.94-0.98
Environm. issues Higher for women 1.57 1.03-2.40
Audible or written Increase with age 1.03 1.01-1.58

information Higher for profound HL than NH 6.55 1.74-24.8

Higher for profound HL than 5.75 1.66-19.9
mild HL

Higher for profound HL than 4.14 1.28-13.4
moderate HL

Higher for profound HL than 6.82 1.80-25.8
severe HL

of hearing loss rated driver abilities less affected by
hearing loss. E.g The effect on noticing risk situations
was higher rated by Mild HL than by Profound HL
(OR=4.39). Avoidance of specific traffic environments and
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Table 3 Importance of hearing, effect of hearing loss and avoidance of
traffic environments. OR for age is per year

Dependent variable Significance for ratings OR  CI 95 %
Car driving Higher for women 1.71 1.08-2.69
Increase with age 1.03 1.00-1.04
Bike riding Higher for women 246 1.44-4.20
Moped riding Higher for women 2.03 1.30-3.18
Motorcycling Higher for women 2.00 1.29-3.11
Walking Higher for women 2.53 1.50-4.25
Higher for moderate 3.04 1.09-8.47
HL than NH
Public transportation Higher for women 3.78 2.43-5.89
Higher for moderate 2.37 1.10-5.12
HL than NH
Communication with Increase with age 1.04 1.02-1.05
other drivers
Determination of car Increase with age 1.02 1.04-1.08
function
Determination of Higher for NH than 6.35 1.65-24.5
road condition profound HL
Higher for mild HL than 5.31 1.57-18.0
profound HL
Higher for moderate HL 3.71 1.16-11.9
than for profound HL
Paying attention Increase with age 1.03 1.01-1.05
Higher for NH than 2.56 1.16-6.49
severe HL
Noticing emergency Increase with age 1.02 1.00-1.04
vehicles Higher for NH than 3.00 1.08-8.25
severe HL
Using support systems  Not significant
Noticing risk situations Increase with age 1.03 1.01-1.04
Higher for NH than 3.00 1.16-7.77
severe HL
Higher for NH than 7.92 1.99-31.8
profound HL
Higher for mild HL than 4.39 1.25-15.2
profound HL
Higher for moderate 4.05 1.23-9.87
HL than profound HL
City traffic Increase with age 1.03 1.00-1.06
Darkness Increase with age 1.05 1.03-1.07
Higher for women 2.63 1.49-4.64
Slippery roads Increase with age 1.04 1.02-1.07
Higher for women 399 2.29-6.95
Fog Increase with age 1.04 1.02-1.06
Higher for women 4.14 2.37-7.23
Complex crossings Increase with age 1.04 1.02-1.07
Complex roundabouts  Increase with age 1.04 1.02-1.07
Unfamiliar roads Increase with age 1.05 1.02-1.07
Driving with passengers Increase with age 1.03 1.00-1.06

conditions were mainly related to age. Avoidance was only
related to hearing loss in a few specific situations, where
again, the ratings were lower for Profound HL. Increasing

age was associated with a general avoidance of most environ-
ments and conditions.

No significances were found for the ability of using
support system, avoidance of driving on motorway or rural
road or for driving without passenger. Additionally there
was no significant effect of any factor on the involvement
in incidents or accidents.

3.3 Need and design of support systems

Only active car driving respondents were included in the
analysis of questions regarding need and design of support
systems (n=265). Table 4 displays the significant results for
ratings of factors causing inattention during driving and
attitudes towards warning system for driver inattention
(Questions 16-20). The participants were asked to rate their
general interest in warning systems and their attitudes to-
wards specific warning modalities. Regarding the effect of
hearing loss on factors causing driver inattention there was a
single significance found, namely BHL rating talking on the
phone as a higher cause of inattention (OR=2.57). For
sleepiness, difficulty in finding the way, and type of dis-
tracting surrounding no significant difference was found.
The general interest in a warning system for driver inatten-
tion was high among all respondents and the warning mo-
dalities that showed the most positive ratings included light,
sound and seat vibration. There was an effect of hearing loss

Table 4 Factors causing inattention when driving and Interest in
having a warning system for driver inattention. OR for age is per year

Dependent variable  Significance for ratings OR CI95 %
Talking on the phone Higher for women 2.07 1.19-3.59
Increase with age 1.04 1.02-1.06
Higher for Bilateral 2.57 1.21-5.43
Writing text Increase with age 1.03 1.00-1.05
messages
Passengers Increase with age 1.03 1.00-1.05
General interest Decrease with age 0.97 0.94-0.99
Beep sound Decrease with age 0.98 0.96-1.00
Higher for NH than 5.70 1.06-36.1
profound HL
Flash light Higher for bilateral 247 1.01-6.17
Spoken voice Decrease with age 0.98 0.95-1.00
higher for NH than mild HL  3.28 1.03-10.5
Higher for NH than 3.57 1.01-12.9
severe HL
Higher for NH than 10.9  1.06-99.1
profound HL
Seat vibration Decrease with age 0.96 0.94-0.98
Steering wheel Decrease with age 0.96 0.94-0.99
vibration Higher for profound HL 4.66 2.15-55.7

than moderate HL
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on warning modalities, such that loss of hearing led to less
interest in beep sound and spoken voice warning, while
steering wheel vibration was significantly higher rated by
Profound HL than by Moderate HL. Most respondents
(65 %) thought that more auditory information could be
useful and there were no significant effect of hearing category,
age or gender.

4 Discussion

The present study was designed to examine three ques-
tions: (a) how hearing loss affects the choice of trans-
portation mode; (b) view on hearing loss in relation to
transport; and (c) need and design of support systems for
road users with hearing loss. In general, the results reveal
that hearing loss, affects some aspects regarding how
individuals experience safety as well as mobility in trans-
port situations, where as other situations remain unaffect-
ed by the degree of hearing loss.

4.1 Choice of transportation mode

A new finding is that prevalence of driving license had a
strong negative correlation with degree of hearing loss.
However, this was not reflected in mileage driven, which
was not negatively affected by hearing loss. The impli-
cation is that respondents with driving license all drive to
the same extent regardless of hearing loss or not. Mile-
age per year was significantly higher for Profound HL
than for NH, however in mileage last year, there was no
difference found. This may imply that these individuals
think that they drive more than they actually do, since
mileage per year suggests an estimation and mileage last
year is a more precise question. For respondents with
Severe HL and Profound HL without driving license, the
reasons for not having a driving license included other
medical motives, such a vision disorder or a disability
affecting the motoric performance.

When it comes to distribution of how much each
mode of transportation was used, the typical pattern of
men driving and women being passengers appeared.
Also less transportation as function of increasing age
was in line with previous research c.f. [3]. Degree of
hearing loss did not affect the distribution of how often
each mode of transportation was used, although there
was a strong effect on the criteria for choosing trans-
portation. This might be explained by several respond-
ents having commented that each mode of transportation
has its own specific problems. For ratings of criteria
that are important when choosing transportation mode,
in all significant differences found, either Severe HL or
Profound HL were involved, indicating that loss of
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hearing affect choice of transportation, which is a new
finding. This also indicates that there are other or addi-
tional criteria to consider due to the severe or profound
hearing loss. Respondents with Mild HL rated safety
higher than Severe HL do. This might imply that indi-
viduals with higher degree of hearing loss have to
consider additional aspects. For example, time was not
as important for Profound HL as for NH, suggesting
that a higher degree of hearing loss leads to other
priorities than a fast transport. Furthermore, written in-
formation was more important for Profound HL than the
other groups. This seems reasonable since the less you
hear, the more you are in need of written information.
Safety and environmental issues were higher rated by
women than by men. This is in line with previous
research c.f. [14], who revealed that safety skills in-
crease as a function of femininity. This is a cultural
and social concept related to gender, which is most
commonly but not exclusively seen in women [6]. In-
creasing age led to lower priority of fast transportation
and higher priority of audible or written information.
These attitudes correspond with those in Profound HL
which is not surprising since hearing loss increases with
age.

4.2 Hearing loss and transport situations

There was only minor effect of hearing loss on the question
of how important hearing is for different transportation
modes, Moderate HL rated hearing as more important when
walking and for public transportation than NH. Possibly, for
individuals with normal hearing, it is difficult to imagine
how audible information is needed in these situations. There
was a strong effect of gender, such that women experience
that hearing is more important for all modes of transporta-
tion, which corresponds with the women being more anx-
ious and thinking more about safety c.f. [3]. In general, the
effect of hearing on driver abilities was higher rated by NH
and Mild HL than by Profound HL and in some cases also
than by Severe HL, which is a new finding. One explanation
could be that a higher degree of hearing loss forces the
individuals to use different forms of coping strategies,
which can be seen as a sort of adaptation. Tactical compen-
sation (e.g. timing, distance, avoidance) is a known coping
strategy among older drivers, proven to support mobility
and reduce accident risk. By adopting slower speed and
longer following distance, mental workload is reduced and
attention allocated to process relevant information to the
driving task [1]. For individuals with hearing loss, Ander-
sson and Hégnebo [2] have shown that strategic problem
solving and self-controlling coping strategies are more fre-
quently used than escape or avoidance. This is in line with
hearing loss having no effect on avoidance of any specific
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traffic situations or environments. A general feature of
avoidance was correlated with age c.f. [3]. Women reported
avoidance of more situations than men did c.f. [3, 9, 11].

4.3 Need and design of support systems

There were no significant results for involvement in inci-
dents or accidents. According to the literature, higher inat-
tention [12] and poorer driving performance in the presence
of distractors [5] is to be expected in older adults with
hearing loss. This contradiction might be an indication of
the fact that drivers with hearing loss have developed coping
strategies to avoid distractors or to compensate for their
hearing loss, or a combination of the both.

The general interest in a warning system for driver inat-
tention was high regardless of hearing loss and the modal-
ities with most positive ratings were (in descending order)
light, sound, and vibration. This is not surprising since light
and sound are those most commonly used in cars and thus
more familiar to all drivers. That steering wheel vibration
was significantly more interesting for individuals with pro-
found hearing loss, than for individuals with moderate hear-
ing loss, is probably a result of other modalities being less
suitable. There was no significant difference for the question
whether there are traffic situations where it could be useful
to strengthen or complement auditory information. Among
all respondents 65 % thought that more auditory information

5 Conclusion

Prevalence of driving license decreases with hearing
loss, although mileage driven is not negatively affected.
Hearing loss influences the criteria for choosing trans-
portation mode, however has no effect on the distribu-
tion of how much each mode of transportation is used.
In general, respondents with higher degree of hearing
loss are less concerned, indicating that they might have
developed coping strategies to handle their hearing loss.
The interest in warning system for inattention is high
regardless of hearing category. This yields also for the
attitude towards strengthening of auditory information in
traffic situations. Preferred warning modalities are (in
descending order) light, sound and seat vibration. This
suggests further research on coping strategies and on
design of support systems accessible for drivers with
hearing loss.
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could be useful. Appendix
1. Man O Woman O
2. Date of birth? Year:
3. Do you have a loss of hearing? Yes O No O
If yes, what type of hearing loss?
4. Do you have a driving license? Yes O No O
a) If yes, what year did you receive your driving license?

b) If no, why not?

5. Approximately how many kilometers do you drive per year normally?

Oo Oo-1000

[ 1001-3000 [03001-5000 [5001-10000 [ More than 10000

6. Approximately how many kilometers did you drive last year (2010)?

0o Oo-1000

Comments:

[ 1001-3000 [03001-5000 [O5001-10000 [I More than 10000

7. What is your main occupation at the moment? (Tick only one alternative)

a) O Employed

b) O Self-employed
¢) 0O Student

d) O Retired

e) O Sick listed (more than 3 months)

f) [ On leave of absence
g) O Unemployed
h) O Homemaker
i) [ Other, namely
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8. How often do you use the following modes of transportation in summertime?
Never 1-2 1-2 3-4 5-6 Daily

times/  times/ times/ times/

month week week week

Car(as driver) O O O O O O
Car (as passenger) O O O O O O
Bicycle O O O O O O
Moped O O O O O O
Motorcycle O O O O O O
Public trarﬁsportatlon (e.g. O O O O O O
bus or train)
Walking (at least 3 km) O O O O O O
Comments:

9. How often do you use the following modes of transportation in wintertime?

Never 1-2 1-2 3-4 5-6 Daily

times/ times/ times/ times/
month week week week

Public transportation (e.g.
bus or train)
Walking (at least 3 km)

Car(as driver) O O O O O O
Car (as passenger) O O O O O O
Bicycle O O O O O O
Moped O O O O O O
Motorcycle O O O O O O

O O O O O O

O O O O O O

Comments:

10. On a scale from 1 to 5, where 1 is Totally unimportant and 5 is Very important, how
important are the following criteria for you when choosing transportation mode?

1 2 3 4 5
Totally Very
unimportant important

Comfort O O O O O
Mobility O O O a O
Safety O O O O O
Feeling of security O O O O O
Cost O O (| O O
Time O O O O O
Environmental issues O O O O O
Availability O O O O O
Audible or written information O O O O O
Other, namely O O O O O

Comments:

11. Have you as a driver experienced a serious incident during the last five years (2006-
2010)? (By a serious incident a situation very close to result in an accident is meant.)

Yes No O
If yes, how many times: times

Comment:
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12. Have you as a driver experienced a road accident during the last five years (2006-
2010)? (By road accident a situation in road traffic, were at least one vehicle was in
movement and a person was injured is meant.)

Yes O No O
If yes, how many times: times

Comment:

13. On a scale from 1 to 5, where 1 is Totally unimportant and 5 is Very important, how
important is hearing as an information channel for the following Traficant groups?

1 2 3 4 5 Don’t
Totally Very know
unimportant important

Car drivers O O m} O O m}
Bicyclists O O O O O O
Moped rider O O O O O O
Motorcyclists O O O O O O
Pedestrians O O m} O O m|
Travelers in public O O O O O O

transportation

Comments:

14. On a scale from 1 to 5 where 1 is Not at all and 5 is Very much, to what extent do you
think that reduced hearing affect the drivers ability to:

1 2 3 4 5

Not at Very

all much
Communicate with other Traficant’s O O O O O
Asses the function of the vehicle O O O O O
Communicate with passengers O O O O O
Assess road condition O O O O O
Be attentive O O O O |
Use support systems (e.g. parking aid) O O O O O
Notice emergency vehicles O O O O O
Notice risks O O O O O
Other, namely: O O O O O

Comments:

15. On a scale from 1 to 5 where 1 is Never and 5 is Always, How often do you deliberately
avoid car driving during the following conditions or in the following traffic
environments?

1 2 3 4 5 Not
Never Always relevant

Motorway m| O O O O O
Rural road m} O O O (m} O
City traffic (| O O O (] O
Driving in the dark O O O O O O
Slippery roads (| O O O (m} O
Driving in fog O O O O O O
Complex crossings m} O O O (m} O
Complex roundabouts (| O O O (m} O
Unknown roads m| O O O O O
With passenger O O O O O O
Without passenger m} O O O (m} O
Other, namely: O O O O O O

Comments:
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16. To what extent do the following factors make you inattentive when driving?

1 2 3 4 5 Not
Not at Very relevant

all much
Sleepiness m} O O O O O
Talking on the phone m} O m} m} O (m}
Reading or writing text messages O m| m} m| O O
Adult passengers (over 16 years) m} O O O O O
Children passengers (6-16 years) m} m} m} m} O (m}
Children passengers (0-5 years) O m| m} m| O O
Difficulty in finding the way m} O O O O O
Beautiful surroundings | O [} O ] O
Boring surroundings m} O O O O O
Commercial/ shops | O [} O O (m}
Other, namely: O O O O O O

Comments:

17. A distraction warning system warns a driver who has been distracted from the driving
task. The purpose of the system is to make the driver attentive to the driving task.
Would you be interested in having that system in your car?

YesO No[ Not relevant OJ

18. If you would have a distraction warning system in your car, how would you like to
receive the warning? (You can tick several boxes)

Yes No Don't

know
By a sound(e.g. a beep) O O m}
By a light O O m}
By a voice O O m}
By a seat vibration O | m|
By a belt vibration O O O
Other, namely: O O O

Comments:

19. Can you in your own words describe traffic situations where hearing impression can
play an important role?

20. In your opinion, are there traffic situations where it could be useful to strengthen
hearing impressions and/or give complementing information?
YesO No[O

If yes, what kind of information? Describe what you think:
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