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SUMMARY 

 

The objective of this study was to examine through a questionnaire how road users with different 
degree of hearing loss experience safety and mobility in transport situations compared to road users 
without hearing loss.  

Participants were recruited from the local branch of HRF (The Swedish hard of hearing society). A 
control group without any known hearing loss, matched on age, gender and geographical location, 
was selected from a commercial database. The individuals with hearing loss were grouped into four 
groups according the degree of their hearing-loss (mild, moderate, severe and profound). 

The results revealed that hearing loss affects some specific aspects regarding transport habits, while 
others remain unaffected. Individuals with hearing loss are not as likely to have a driving license, but 
for those who have, hearing loss has no effect on mileage per year. Loss of hearing has an effect on 
criteria for choosing transportation, but the use of each transportation mode is unaffected. With a few 
exceptions, hearing loss does not affect the ratings of importance of hearing for different transportation 
modes. Degree of hearing loss affects most questions regarding hearing in relation to driver abilities, 
while avoidance of specific traffic situations or environments is only associated with hearing loss in 
specific situations. Hearing loss has only minor effect on the factors causing inattention when driving 
and on the interest in a warning system for driver inattention. Preliminary results from open questions 
point at a general wish for more and complimentary information in all transportation modes, thru texted 
information, light warnings, traffic light in all crossings etc.  

It can be concluded that hearing loss influences the prevalence of driving license and criteria for 
choosing transportation mode. However hearing loss had no effect on the travelling frequency 
independent of mode. Respondents with profound hearing loss were less concerned about hearing 
loss with respect to travelling, indicating a coping strategy. This suggests further research on coping 
strategies and on design of support systems accessible for drivers with hearing loss.  
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1. PURPOSE OF THE STUDY 
 

According to The Swedish hard of hearing society (Hörselskadades riksförbund, HRF) there are 
approximately 1.3 million adults in Sweden (17%) with a hearing loss (HRF, 2009). This number is 
increasing, due to both longer life and increase of 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 (HRF, 2009). The older part of the population is increasing and the number of road 
users with hearing loss will thus also increase.  A consequence of hearing loss is lack of auditory 
information and this disorder may affect behavior in traffic situations and can reduce traffic safety. 
Schmolz (1987) revealed the importance of hearing (auditory information) for road users and that a 
higher degree of inattention could be an effect of reduced hearing. Lundälv (2004) 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 from the direction of potential hazards.  

 
The field of transportation and hearing loss has received relatively little attention in the scientific 
literature. Thus, it can be expected that the level of knowledge is rather low. Hearing loss is per se not 
an impediment for obtaining a driving license for passenger cars since hearing loss is not considered 
as an increased traffic safety risk for drivers [Englund, 2001]. However, Hickson, Wood, Chaparro, 
Lacherez, and Marszalek (2010) showed that hearing loss in older drivers is associated with poorer 
driving performance in the presence of visual or auditory distractors.  
 
Due to the low level of knowledge in the field of hearing loss and transport, there is a need to 
investigate the population of road users with hearing loss and with respect to their needs and 
limitations for a safe mobility. The purpose of this study was to compare how individuals with and 
without hearing loss experience safety and mobility aspects of their personal travelling. Specific 
conditions and situations when hearing loss is experienced as a problem or as a restriction for the 
individual has to do with loss of hearing resulting in a state of disability 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 difficulties related to it.  

Due to differences related to specific circumstances and situations (e.g. communication difficulties, 
lack of information) it is likely that personal experiences and attitudes in transport situations vary 
between individuals with different degrees of hearing loss. In the present study experiences and 
attitudes regarding safety and mobility among road users with and without hearing loss was 
investigated. The participants were categorized by the degree of hearing loss and whether the loss 
was uni- or bilateral for deeper understanding of hearing loss impact on transportation habits and on 
the view on safety and mobility. Specifically, two general questions were examined: (a) how hearing 
loss affects the choice of transportation mode and (b) the personal view of hearing loss in relation to 
transport situations (car driving, bike riding, public transportation etc.). 

 

 

2. MATERIALS AND METHODS 
 

2.1 Recruitment Procedure 
An invitation to participate in the questionnaire study was distributed to all members of the local branch 
of HRF (The Swedish hard of hearing society) over 25 years of age (N = 555). The reason for the age 
limit was that the participants should have had time to decide whether to get a driving license or not 
and have a chance to acquire some driving experience. Furthermore, a control group (N = 300) 
without any known hearing loss, matched on age, gender and geographical location, was selected 
from a commercial database, and also asked to answer the questionnaire.  

  



2.2 Participants 
The response rate was 35% (n = 194) in the group with Hearing Loss (HL) and 42% (n = 125) in the 
control group. Declines came from both groups (n = 39 for HL and n = 15 for Control), 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. The percentage of hearing loss in the control group was 25% (n = 31). Thus, some respondents 
from the control group were transferred to the hearing loss group. Furthermore, all respondents with a 
sufficient audiogram were included in the HL group, which increased to 218 and the control group with 
normal hearing decreased to 94 respondents. In the case respondents answered that they had a 
hearing disorder, but no audiogram was available, respondents were excluded from the analysis (n = 
7).  

Participants were categorized into groups according to degree of hearing loss based on audiogram 
data. A mean value of the dB-level in the frequencies of 1, 2, and 4 kHz was calculated and five 
categories defined: Normal Hearing (< 26 dB), Mild Hearing Loss (26−40 dB), Moderate Hearing Loss 
(41−70 dB), Severe Hearing Loss (71–90 dB) and Profound Hearing Loss (> 91 dB). Additionally, 
individuals with unilateral or bilateral hearing loss were separated for each category except of course 
the control group. Table 1 shows the distribution of the participants according to the defined 
categorization. Note that the control group (with normal hearing) is named NH and the hearing loss 
groups are named HL1−HL4.  

Table 1: Distribution of participants due to type of hearing loss 

Category (n) Gender (n) Age (Years) 

M SD 

NH: Normal Hearing (94) M (50) 71,5 13,2 

W (44) 63,4 14,5 

HL1:  
Mild Hearing 
Loss (48) 

UHL: 
Unilateral (9) 

M (7) 72,1 8,0 

W (2) 42,0 18,3 

BHL 
Bilateral (39) 

M (10) 70,4 12,7 

W (29) 69,8 10,1 

HL2: Moderate 
Hearing Loss 
(134) 

UHL 
Unilateral (23) 

M (9) 65,1 14,9 

W (14) 61,0 13,5 

BHL 
Bilateral (111) 

M (53) 77,3 9,9 

W (58) 69,5 14,8 

HL3:  
Severe Hearing 
Loss (26) 

UHL 
Unilateral (0) 

M (0) - - 

W (0) - - 

BHL 
Bilateral (26) 

M (13) 75,1 8,2 

W (13) 69,3 16,9 

HL4: Profound 
Hearing Loss 
(10) 

UHL 
Unilateral (2) 

M (0) - - 

W (2) 67,0 28,3 

BHL 
Bilateral (8) 

M (4) 68,5 14,5 

W (4) 61,8 12,4 

 

2.3 Procedure 
A web based questionnaire was constructed to capture habits, experiences and attitudes in transport 
situations. The 21 questions were presented in three groups, and formulated with the aim to 
investigate the two research questions and thus covered (a) Background, Travel habits and Criteria for 
choice of transportation and (b) Hearing as an information source, Traffic situations that are avoided 
and Accident/Incidents. Open questions and room for comments were also included. The project was 

approved by the regional ethics authority in Linköping.  

With assistance from HRF, letters were posted to members 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 use of a unique code attached in 
the information letter. An alternative paper version was used for those who did not have access to 
internet. Audiograms were provided by the local audiology clinic for the HL1- HL4 groups.  

 



2.4 Analysis 
Logistic regression was run with each question as dependent variable, binary for questions answered 
by “yes” or “no” and ordinal for questions answered with a point on a scale (1-5). Gender, Bilateral or 
Unilateral and Hearing Category (NH−HL4) were fixed factors, while Age was a continuous variable. 
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. For Age, being a continuous variable, OR is a 
measure of the influence per year. Interaction effects between Hearing Category and Gender and 
between Hearing Category and Bilateral were tested, but no significant effects were found.  

 

 

3. RESULTS 
 

3.1 Choice of Transportation 
The results are presented in three different tables where significant differences are presented with OR 

and limits for CI 95% (see Table 2–4).  

Table 2; Prevalence of driving license and mileage per year. Hearing categories are according to Table 1. OR for age is per 

year.  

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

Driving license 
(yes/no) 

higher for men 5,77 2,45 13,6 

decrease with age  0,96 0,94 0,99 

higher for HL1 than for HL3 4,77 1,17 19,2 

higher for HL1 than for HL4 6,36 1,03 39,3 

higher for HL2 than for HL3 3,30 1,10 9,88 

higher for HL2 än för HL4 4,20 1,16 20,6 

Stopped driving 
(yes/no) 

higher for men 3,56 1,76 7,52 

increase with age  1,08 1,04 1,11 

Mileage per year 
(km) 

higher for men 6,43 3,45 12,0 

decrease with age  0,96 0,94 0,98 

higher for UHL 3,47 1,25 9,60 

higher for HL3 than for NH 6,30 1,38 28,1 

higher for HL4 than for NH 10,9 1,07 110 

Mileage last year 
(km) 

higher for men 8,00 4,41 14,5 

decrease with age  0,95 0,93 0,97 

higher for UHL 2,98 1,27 7,08 

 
Table 3: Frequency of transportation modes. OR for age is per year. 

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

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 

 
  



Table 4: Criteria for choosing transportation mode. Hearing categories are according to Table 1. OR for age is per year. 

 

 
The results revealed that there was a relationship between the degrees of hearing loss and driving 
license, such that prevalence of driving license decreases with higher degree of hearing loss. 
However, it is important to note that this is not reflected in mileage per year and that hearing loss is not 
related to the frequency of each transportation mode. A general pattern that emerged was that the use 
of all transportation modes decreases with increasing age. Degree of hearing loss is related to criteria 
for choosing transportation mode and most apparent is that audible or written information is 
significantly more important for HL4 than for the other categories. For comfort, mobility, feeling of 
security, cost and availability no significances were found. Choice of transportation in summertime and 
in wintertime did not reveal any significant difference.  
 

3.2 Hearing Loss and Transport Situations 
Ratings of the importance of hearing for various transportation modes are presented in Table 5. The 
question of whether hearing loss affect driver abilities were answered only by respondents with driving 
license (see Table 6). Table 7 displays the ratings of avoidance of traffic environments and conditions 
for car driving respondents.  

Table 5: Importance of hearing for various transportation modes. OR for age is per year. 

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

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 2,46 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 HL2 than for NH 3,04 1,09 8,47 

Public transportation higher for women 3,78 2,43 5,89 

higher for HL2 than for NH 2,37 1,10 5,12 

 

Table 6: Effect of hearing loss on driver abilities, rated by participants with driving license. OR for age is per year. 

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

Communication with other drivers increase with age 1,04 1,02 1,05 

Determination of car function  increase with age 1,02 1,04 1,08 

Determination of road condition higher for NH than for HL4 6,95 1,32 36,7 

higher for HL1 than for HL4 6,19 1,28 29,9 

Paying attention  increase with age 1,03 1,01 1,05 

higher for NH than for HL3 3,34 1,07 10,4 

Noticing emergency vehicles  increase with age 1,02 1,00 1,04 

higher for NH than for HL4 6,09 1,23 30,1 

Using support systems higher for HL1 than for HL4 7,31 1,19 45,2 

Noticing risk situations increase with age 1,03 1,01 1,04 

higher for NH than for HL4 9,04 1,81 45,1 

higher for HL1 than for HL4 5,23 1,17 23,4 

higher for HL2 than for HL4 4,22 1,01 17,8 

 

 

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

Safety higher for women 1,53 1,04 2,43 

higher for HL1 than for HL3 3,06 1,18 7,94 

decrease with age 0,97 0,95 0,98 

higher for HL1 than for HL4 3,37 1,02 11,0 

Environmental issues higher for women 1,57 1,03 2,40 

higher for HL4 than for HL3 3,60 1,00 12,9 

Audible or written  
information 

increase with age  1,03 1,01 1,58 

higher for HL4 than for NH 6,55 1,74 24,8 

higher for HL4 than for HL1 5,75 1,66 19,9 

higher for HL4 than for HL2 4,14 1,28 13,4 

higher for HL4 than for HL3 6,82 1,80 25,8 



Table 7: Avoidance of traffic environments or circumstances rated by car driving participants. OR for age is per year.   

Dependent variable Significance for ratings OR CI 95% 

Lower Upper 

Avoidance of 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 3,99 2,29 6,95 

higher for NH than for HL4 15,0 1,38 60,1 

higher for HL1 than for HL4 10,6 1,03 88,6 

higher for HL2 than for HL4 11,8 1,21 75,4 

higher for HL3 than for HL4 22,3 2,04 89,3 

Fog increase with age 1,04 1,02 1,06 

higher for women 4,14 2,37 7,23 

higher for HL2 than for HL4 10,5 1,12 99,5 

higher for HL3 than for HL4 13,4 1,58 95,1 

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 

 

With a few exceptions, hearing loss did not affect the ratings of importance of hearing for different 
transportation modes. The exceptions were walking and public transportation, where hearing is rated 
as significantly more important for HL2 than for NH. A strong effect of gender emerged, such that 
women regarded hearing capability as more important for all modes of transportation. Degree of 
hearing loss is related to most questions regarding driver abilities and the general pattern is that HL4 
rate driver abilities less affected by hearing loss. Shunning of specific traffic environments and 
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 HL4. Increasing age was associated with a general 
dodging of most environments and conditions. No significant differences were found for situations like 
motorway, rural road and driving without passenger. Additionally the question of involvement in 
incidents and accidents showed no significant differences between groups.  

 

3.3 Preliminary results from open questions 
The most frequent comments in the open questions are presented in Table 8. Since, with a few 
exceptions, only participants in the HL1 – HL4 groups gave comments, these results only relate to 
respondents with hearing loss.  

Table 8: Frequent comments and answers to the open questions 

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

Frequency 
% 

Pedestrians are startled by bike riders coming from behind 10 

Other than auditory signals  are  demanded for support systems 7 

A wish to notice emergency vehicles  earlier is expressed 29 

Communicating with passengers is hard while driving 5 

Auditory information in public transportation is hard to encounter 6 

Hearable (e.g. volume, pitch, quality) or texted information is important for all kinds of transport 6 

If, in your opinion, there are traffic situations where it could be useful to strengthen hearing 
impressions and/or give complementing information, describe what you think 

 

Signal horn complemented with light signal 10 

In-vehicle warning when emergency vehicles are coming closer 14 

More traffic information on the radio 7 

Traffic lights at all crossings are needed 6 

More texted information on public transports 7 

 
  



4. DISCUSSION AND CONLUSION 
The present study was designed to examine two questions: (a) how hearing loss affects the choice of 
transportation and (b) view on hearing loss in relation to transport. In general, the results reveal that 
hearing loss, affects some aspects regarding how individuals experience safety as well as mobility in 
transport situations, where as other situations remain unaffected by the degree of hearing loss.  

Prevalence of driving license has a strong negative correlation with degree of hearing loss. However 
this is not reflected in mileage per year, which is not affected by hearing loss. The implication is that 
respondents with driving license all drive to the same extent regardless of hearing loss or not. Mileage 
per year was significantly higher for HL3 and HL4 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 in HL3 and HL4 without driving license, the reasons for not having a driving license 
include other medical motives such a vision disorder or a disability affecting the motoric performance.  

When it comes to of the use of different transportation modes, a typical pattern is that men drive and 
women are passengers. There was also a decrease of different transportation modes with increasing 
age. This is in line with previous research [c.f. Dillén, Schmidt and Jarlebring, 2005]. Degree of hearing 
loss did not affect mode of transportation although there was a strong effect on the criteria for 
choosing transportation. This might be explained by several respondents 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 HL3 or HL4 are involved, indicating that loss of hearing affect choice of 
transportation. This also indicates that there were other or additional criteria to consider due to the 
severe or profound hearing loss. Respondents in HL1 rate safety higher than HL3. This might imply 
that individuals with higher degree of hearing loss have to consider additional aspects. For example, 
time is not as important for HL4 as for HL1, suggesting that a higher degree of hearing loss leads to 
other priorities than a fast transport. Furthermore, written information is more important for HL4 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 are higher rated for women than for men. This is in line 
with previous research [c.f. Türker, 2006], who revealed that safety skills increase 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 [Hirdman, 2003]. Increasing age leads to lower priority of fast 
transportation and higher priority of audible or written information. These attitudes correspond with 
those in HL4 which is not surprising since hearing loss increases with age.  

There were only minor significant effects of hearing loss on how important hearing is for different 
transportation modes, HL1 – HL4 rate 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 hearing is more important for all modes of transportation, which corresponds with 
the women being more anxious and thinking more about safety [c.f. Dillén, Schmidt and Jarlebring 
2005, Türker, 2006]. In general, the effect of hearing on driver abilities is higher rated by NH and HL1 
than by HL4 and in some cases also than by HL3. 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 compensation (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 [Adrian Postal, Moessinger, Charles, 2010]. For individuals with 
hearing loss, Andersson and Hägnebo [2003] have shown that strategic problem solving and self-
controlling coping strategies are more frequently used than escape or avoidance. This is in line with 
HL4 not avoiding any specific traffic situations or environments.  

A general feature of avoidance is correlated with age [c.f. Dillén, Schmidt and Jarlebring 2005]. The 
avoidance due to hearing loss is connected to specific traffic situations (slippery roads and fog) and 
again the pattern of HL4 being less concerned appeared. Women avoid more situations than men do 
[c.f. Dillén, Schmidt and Jarlebring, 2005; Levin et al, 2007; Rosenbloom, 2006].  

There were no significant results for involvement in incidents or accidents. According to the literature, 
higher inattention [Schmolz, 1987] and poorer driving performance in the presence of distractors 



[Hickson, Wood, Chaparro, Lacherez, and Marszalek, 2010] 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 preliminary results from the open questions point at a general demand for more and 
complementary information in all transportation modes. Suggestions from the respondents include for 
example texted information, light warnings and traffic light in all crossings.  
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