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 I. Introduction 

Hearing loss has been identified as one of the most common chronic 

health conditions of adulthood, estimated to affect around 16% of the adult population 

(Shield 2006; Wilson et al. 1999). Its prevalence rises steadily with age, and increases 

steeply from about age 55 (Ries 1994) so that almost a third of the 50-plus population 

has some degree of hearing difficulty. With the expected growth in the elderly 

population and the younger generation’s increased exposure to noise via media 

consumption and the use of e.g. mp3-players (Morata 2007; Fligor & Cox 2004) the 

prevalence of hearing problems can be expected to escalate in the upcoming years. 

   Because it is an impairment that affects the very core of human existence–the ability 

to communicate–it deeply impacts not only the hearing impaired individual but also his 

or her family, colleagues, and social surroundings, and depending on the severity of the 

disability, can result in feelings of frustration, anxiety, low self-esteem, and social 

isolation (Kochkin & Rogin 2000; Crandell 1998; Danermark 1998; Mulrow et al. 

1990; Bess et al. 1989; Brooks & Ellis 1982).  A hearing impairment can therefore  

profoundly impact the individual’s social, psychological and physical well-being not 

only in the private sphere but also at work, where having a hearing impairment can 

result in a loss of job function, lowered job satisfaction, and lowered labor market 

participation.  

     The vast majority of jobs these days require communication skills and the ability to 

engage in discussions and dialogue with colleagues, customers or collaborators. When 

one has problems with one’s hearing, workplace information may be lost; but equally, 

if not more importantly, engaging in small talk around the water-cooler or during lunch 

becomes difficult. The prevalence of workplace difficulties caused by hearing problems 

is well documented: research indicates that people with hearing impairments are more 

likely than people without such problems to be unemployed or take early retirement so 

that overall labor force participation is reduced for the hearing impaired compared to 

the normal hearing (Christensen 2006; Kochkin 2005; Ries 1994).   

     Alternative coping strategies such as the use of assistive devices, or informing one’s 

surroundings about the hearing disability can be used to overcome the difficulties and 

barriers arising as a result of the hearing loss. Some hearing impaired persons talk 

freely about their disability, seeking understanding and help from their surroundings, 
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whereas many others conceal their impairment and try to downplay its consequences. In 

contrast to most other impairments, a hearing loss is not visible and is therefore more 

easily hidden. Concealment of the impairment seems to be a coping strategy that many 

people with a hearing loss instinctively and self-protectively use. According to 

Goffman (1964, 1959), individuals establish and maintain social identity through 

interaction with others and use different strategies to appear ‘normal’ and non-deviant. 

Hearing impairments are often associated, in a prejudicial way, with being physically 

old or mentally slow. Because of these stigmas, many hearing impaired persons 

possibly feel reluctant to acknowledge or recognize their own hearing problems in 

order to protect their own self-image (Martin et al. 2000; Hétu 1996; Hallberg 1992; 

Hétu et al. 1990). This strategy, however, does not solve the core issue in dealing with a 

hearing loss, i.e., the communication difficulties that the lack of hearing causes. What 

occurs instead is that the hearing impaired person’s co-workers and colleagues perceive 

him or her as being arrogant, aloof, or unfriendly, because he or she does not always 

respond as expected, lowering productivity and job satisfaction even further for the 

hearing impaired. 

   There appear to be large gender differences when it comes to hearing abilities and 

coping strategies. Men generally tend to get hearing problems earlier in life and more 

severely than women do (Duijvestijn et al 1999; Sininger et al 1998). Additionally, men 

and women seem to be affected by their hearing problems in different ways 

(Christensen, 2006) and the preferred coping strategies differ between genders with 

women e.g. more often informing others and using verbal strategies (Hallberg, 1999; 

Garstecki & Erler, 1998). Furthermore, some studies show that men often are more 

unwilling than women to acknowledge their hearing difficulties (Uchida et al. 2003; 

Kricos 2000; Hétu et al. 1990). 

    The aims of this paper are twofold: First, we seek to investigate to what extent 

hearing difficulties lead to early retirement through disability benefits. In Denmark 

disability benefits are granted to people who are unable to work or support themselves 

because of physical, psychological, or social reasons. As a recipient of disability 

benefits is only allowed very limited labor income in addition to the disability benefits, 

receipt of disability benefits in Denmark is equivalent to early exit from the labor 

market (Ministry of Social Affairs 2002). Given that it is very difficult to be granted 
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disability benefits solely on the grounds of a hearing disability, we hypothesize that the 

main effect of a hearing difficulty will be through the higher probability of application 

to disability benefits for the hearing impaired compared to those with normal hearing. 

As self-reported functionally measured hearing is likely to be endogenous to labor 

supply, we simultaneously estimate receipt of disability benefits and functional hearing 

using hearing aids as an instrument for the latter. 

   Second, we examine the effects of the acknowledgment of personal hearing problems 

and the use of different coping strategies on labor force participation. The coping 

strategies included are: informing one’s employer about the hearing difficulties and the 

use of different assistive devices at work such as phone amplifiers or wire loops. As 

informing one’s employer may also be endogenous to labor supply, we simultaneously 

estimate a three-equation model of receipt of disability pension, functional hearing and 

coping strategies. 

    We use unique Danish survey dataset containing questions about labor force 

participation, work experience, health, and functional hearing difficulties. In addition to 

answering the survey questions, all respondents underwent a clinical audiometric 

hearing test. A total of 2,407 respondents between the ages of 50-64 participated, 

constituting a survey sample that approximately represents the Danish population 

within this age group.  

   Previous research on the hearing impaired based on representative data have mostly 

used self-reported hearing difficulties to identify the hearing impaired (Access 

Economics 2006; HRF 2005; Kochkin 2005; Ries 1994). By doing so two possible 

problems arise. First, hearing disability might be measured with error due to the 

possibility of unacknowledged hearing loss in these studies which may bias its effect on 

labor force participation down towards zero. Second, a self-reported hearing problem 

will likely be endogenous to labor supply as individuals may report hearing loss e.g. to 

justify collecting disability benefits. 

   Our data include both a subjective self-reported measurement of the respondent’s 

functional hearing in everyday life as well as a clinical measurement of the 

respondent’s average hearing threshold obtained through an audiometric hearing test. 

By including both measurements, we are able to account for the effect on labor market 

participation of an unacknowledged and unrecognized hearing impairment as well 
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account for the bias which arises when measurements of hearing loss are self-reported 

only. To our knowledge, no other studies have systematically addressed these issues 

making this a more reliable and accurate study of the effects of hearing loss on labor 

supply than those in the previous literature.  

    Of the many findings that result from our study, a major one is that a functional 

hearing disability significantly increases the individual’s likelihood of receiving 

disability benefits, while a clinically measured hearing loss only has an effect when it is 

accompanied by other health problems. We also find somewhat differing results for 

men and women, with the largest gender differences obtained in the case of coping 

strategies.  

    In section II we describe the details of the dataset, including a discussion of our 

definition of a hearing disability and the measurements we access. In section III we 

present our empirical model, while we discuss our estimation results in section IV. 

Section V concludes. 

 

 

II. Data and approach 

A. Survey data 

Despite the large numbers of people who are affected by hearing difficulties, few 

studies uncovering the magnitude of the problem have used representative data for 

country populations. Studies dealing with hearing impaired persons most often collect 

their data among individuals already in treatment for their hearing problems. The data 

therefore includes only people who have acknowledged their hearing difficulties and 

have acted upon them. As mentioned earlier, as hearing difficulties are often met with 

prejudice, this gives people few incentives to recognize and admit to the disability. 

When a survey includes only individuals who have acted upon their hearing problems, 

it ignores the substantial number of people living with a hidden hearing disability. In 

this study we use a survey data set including 2,407 respondents representative of the 

Danish population between 50 and 64 years of age. Personal information on about 

3,000 people in that age range were drawn from Statistics Denmark’s administrative 

data registers which contain the Central Person Registry (Det centrale personregister) 

or CPR identifier for every person in the country and which researchers can therefore 
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use to link all appropriate individuals for their survey. This method ensures a 

completely representative population sample of the Danish population within the 

chosen age group. Out of the 3,000 individuals in the sample, we obtained answers 

from 2,407, yielding a response rate of 80 percent.  

    The survey, which we conducted in the spring of 2005 through in-home interviews, 

poses questions about current employment and collection of public benefits as income 

replacement. Furthermore, it covers work experience and expected retirement age for 

people still on the labor market and work experience and retirement reasons for those 

already retired. We have, moreover, included an array of questions concerning health 

and health status. All respondents underwent an audiometric hearing test after the 

survey interview was concluded. 

    In this study, only people on the labor market and receiving disability benefits are 

included, leaving us with a data set containing 1,990 respondents. That is to say, we 

exclude people on an early retirement scheme, people on sick leave, people enrolled in 

an educational program and housewives not working away from home. We choose to 

exclude people on an early retirement scheme because this form of exit from the labor 

market is voluntary whereas exit through disability benefits is most often involuntarily 

due to health problems and thereby constitute a very different reason for exiting.  

 

B. Measurement of hearing disability 

To capture hearing difficulties in the population as accurately as possible, we use two 

different ways of measuring hearing ability: a clinical audiometric hearing test for all 

respondents without the use of hearing aid and an assessment of the respondents’ 

functional hearing in everyday life based on survey self-reports. To date, few studies 

about the hearing impaired have had access to data containing responses from both 

hearing impaired individuals and individuals with normal hearing. By using our own 

measurements of the respondents’ hearing loss, we are able to record and compare 

labor force participation and work experience according to the severity of the hearing 

disability, ranging from people with no hearing difficulties to those with severe hearing 

problems. By using a combination of both self-reported hearing ability and the results 

of an audiometric hearing test, we are able to gain a better understanding of the effect 

of hearing disabilities on the application and allotment of disability benefits while also 
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being able to detect and include people who are unaware of, or reluctant to 

acknowledge their hearing loss. In this way we hope to measure hearing more precisely, 

but at the same time, pay special heed to the compatibility of the two health measures 

and the econometric problems associated with applying these in labor supply and 

employment estimations. In the following sections we will describe the two different 

methods of hearing measurement and the different coping strategies included in the 

survey.  

 

1. The audiometric hearing test 

Sounds vary according to intensity measured in decibels (dB) and frequency measured 

in hertz (Hz). In pure tone audiometry, the hearing threshold in dB is measured for each 

ear at frequencies of different Hz, varying from low pitch to high pitch. We have 

measured the respondents’ hearing at 500, 1,000, 2,000 and 4,000 Hz, see Figure 1 for 

an audiogram for a typical individual in our sample. In order to classify the hearing 

level, we find the average hearing threshold across the different frequencies and use the 

average for the better ear. If there is more than a 25 dB difference between the average 

thresholds for the two ears, we add 5 dB to the average threshold for the better ear. This 

procedure is the standardized ISO method (ISO 1990). The measure has a range from -

10 dB to 90 dB. A 0 dB threshold average is considered to be normal hearing, a 45 dB 

threshold average as a moderate hearing disability, whereas a dB threshold average of 

90 or more represents severe hearing problems. In Figure 1, the individual has a hearing 

threshold of 22.5 dB equivalent to a very mild hearing disability. 

 

FIGURE 1 ABOUT HERE 

 

    Most people lose their hearing ability in the high frequencies first (Toh et al. 2002). 

Fifty percent of the information in normal speech lies within 1,600 – 4,000 Hz and 70 

percent in the area above 1,000 Hz. Therefore, being able to hear at high frequencies is 

very important for understanding speech. Because having good hearing in the low tones 

does not compensate for the loss of hearing in the high tones and because a dB 

threshold average ranging from low pitch to high pitch does not account for this factor 

(Pavlovic 1987), we use an average of the dB hearing level at only 2,000 and 4,000 Hz 
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in our estimations. In terms of Figure 1, this would yield an average of 30 dB 

equivalent of a mild hearing disability. We believe that by so doing we obtain the most 

accurate picture of the populations’ hearing abilities. The threshold average with 

measurements only at 2,000 and 4,000 Hz also seem to have the strongest correlation 

with receipt of disability benefits because it has a significant effect for women (see 

appendix A). This is caused by women generally having fewer hearing problems than 

men while they also set in later in life for women. 

    Although audiometric procedures such as pure tone audiometry provide information 

about the extent of hearing loss and sound sensitivity, these procedures do not 

necessarily reflect the various problems that people with a hearing impairment 

experience in daily life. Hearing problems can take on many forms, resulting not only 

from a lower sound sensitivity but also from perceptive or cognitive difficulties. 

Furthermore, a hearing loss can be experienced differently from person to person, and 

people may cope with it in different ways. Therefore, as self-reported health might 

capture real health more precisely than objective health measures, it becomes a useful 

supplement or alternative to the more objective clinically obtained measures such as 

pure tone audiometry. We therefore also include a measurement of the respondents’ 

self-reported functional hearing in daily life. 

 

2. Functional hearing in daily life 

Self-reporting procedures have become a valuable tool for the assessment of auditory 

disability, because an understanding of how individuals feel about a hearing 

impairment, how they behave, and how they cope with problems resulting from hearing 

loss in real-world communication situations provide crucial information. On the other 

hand, self-reported measures are sometimes thought to be endogenous in labor supply 

estimations, because people might report poor health to, for example, justify collecting 

disability benefits. We have therefore chosen to include both the objective (i.e., 

clinically obtained) and the more subjective measurement of the respondents’ hearing 

in our analyses. 

    We posed respondents six different questions about their daily life experiences with 

their hearing. The questions were: 1) “Do you find it difficult to hear someone who 

talks loudly in a quiet room?”, 2) “Do you find it difficult to hear someone who talks 
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with a normal voice-level in a quiet room?”, 3) “Do you have difficulties following a 

conversation when there is background noise?”, 4) “Can you watch a television 

program on a volume acceptable for others?”, 5) “Are you able to hear a telephone or 

doorbell ring?” and 6) “Do you hear well enough to use a normal telephone?” We then 

constructed an index ranging from 0 to 6, measuring the level of hearing difficulties in 

daily life, with the value of 0 representing no hearing problems and the value of 6 

representing severe hearing problems.  

    For respondents with hearing aids, the clinically obtained audiometric hearing test 

and more objective component tested them without their hearing aids, whereas this self-

reported and more subjective component allowed them to answer based on their 

experiences of hearing with their hearing aids.   

    Most people with a lowered hearing sensibility as measured in the audiometric 

hearing test will also be affected by their hearing loss in everyday life. We therefore see 

a significant correlation between the two measurements (Appendix B). However, we do 

see that some individuals do not seem to be affected in every day life by their lowered 

sound sensibility, whereas others seem to have problems with their hearing in everyday 

life even though we do not measure them as having a hearing loss in the audiometric 

hearing test. This underlines the importance of including both measurements in our 

estimations. 

 

3. Coping strategies 

In our survey, individuals who acknowledge their hearing problem are presented with 

different questions relating to coping. First, we ask if they have informed their 

employer about their disability, making it possible for the employer to relieve the 

effects of the hearing problem at work. Second, we ask about availability of assistive 

devices such as wire loops, phone amplifiers, text phones, or interpreters at work. The 

hypothesis is that the use of these coping strategies will affect labor market attachment 

given that they can ease some of the hearing problems experienced at the work place. 

However, they do not influence measured functional hearing as the coping strategies 

included here do not affect daily life experiences. Having a hearing aid is not 

considered as a coping strategy as it will affect functional hearing. 
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III. Estimation 

A. The basic model for estimation of receipt of disability benefits 

As our first research question we wish to examine to what extent hearing difficulties 

influence early retirement through disability benefits. About 7.5 percent of the Danish 

population between the age of 18 and 67 years receive disability benefits. Disability 

benefits can be granted to people who cannot work or support themselves because of 

physical, psychological, or social reasons. When granting disability benefits, the 

applicant’s working capacity is evaluated in regard to their physical resources, the 

possibility of improvement of the condition, and any barriers faced on the labor market. 

An applicant’s working capacity has to be permanently reduced and to an extent that he 

or she would not be able to hold a job or be self-supporting no matter the kind of 

support or aid offered on the job. The recipient of disability benefits is only allowed to 

have very limited labor income in addition to the disability benefits and is therefore in 

reality no longer a part of the work force (Ministry of Social Affairs 2002).  

However, receipt of disability benefits is the result of two processes. First, the decision 

to apply by the individual and second, the allotment by the Danish system.  

 

( ) ( )* ( )PROP d PROP ALOT application PROP application=  

 

We hypothesize that having hearing difficulties will increase the probability of applying 

for disability benefits because of the difficulties experienced at the work place. Hearing 

problems in themselves will not increase the probability of allotment of disability 

benefits. When applying for disability benefits on the grounds of a hearing disability, a 

medical diagnosis of the hearing impairment will be required. Although a hearing 

disability will seldom be grounds enough in itself for granting disability benefits,  

hearing problems in conjunction with other health or social problems can, however, 

contribute to a diagnosis of overall reduced working capacity sufficient to keep the 

individual out of the labor force.  

     We denote receipt of disability benefits, d , and hearing impairment measurements 

c  and f  for the clinically obtained hearing test measurement and functional 

measurement respectively. If functional impairment f  is measured perfectly, we should 

not expect the audiometric hearing test results c  to have a strong impact on early 
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retirement through disability benefits, d . To test this assumption our first model only 

includes the effect of a functional hearing disability on receipt of disability benefits 

leaving out the clinically measured hearing level. The vector x is a vector of personal 

characteristics such as age, health, and educational background, while e is the residual 

representing any unobserved factors. If functional hearing is exogenous then f fβ can 

be interpreted as a consistent estimate of the true effect of a hearing disability on the 

receipt of disability benefits.  

 

(I) f xd f x eβ β= + +  

 

In practice, however, c  might affect d  due to any divergence between the two 

measurements. Equation II therefore shows our expanded model of the effect of a 

hearing impairment on receipt of disability benefits. 

 

(II)  f c ch xd f c ch x eβ β β β= + + + +  

 

Previous research has shown a connection between health problems and hearing 

problems. People, who suffer from hearing problems, find their health problems more 

burdensome than do normal hearing people (Lee et al. 2005; Dalton et al. 2003; 

Crandell et al. 2003; Pope & Sowers 2000; Appollonio et al. 1995). This interaction is 

supported by the fact that certain medications prescribed to cure specific health 

problems can cause hearing problems as a side effect. We have therefore chosen to 

include an interaction effect between the clinically measured hearing and other health 

problems, ch.  

    We conduct the analysis separately for men and women: Firstly, because retirement 

patterns differ for men and women, with women retiring one year earlier than men on 

average (Ministry of Employment et al. 2003), secondly, because of the gender 

differences in the prevalence and severity of hearing difficulties, and thirdly, because 

men and women are affected by their hearing problems in different ways and tend to 

use different coping strategies. 
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B. Endogenous functional hearing 

The analysis of the impact of a functional hearing disability on receipt of disability 

benefits raises the question of endogeneity. The self-reported measure can be 

endogenous because individuals may report hearing loss, e.g to justify collecting 

disability benefits even though only very few respondents in this study report that their 

hearing problems have caused or affected their exit from the labor market. We therefore 

supplement model II by estimating a linear simultaneous model of receipt of disability 

benefits and functional hearing, accounting for the possible endogeneity of the 

functional hearing measure. This leads us to the following model:  

 

(III) f c ch x

c x a s

d f c ch x e

f c x a s u

β β β β

γ γ γ γ

= + + + +

= + + + +
 

 

This model is identified by the assumption that possession of a hearing aid, a , and 

age*age, s, is not correlated with disability exit, d . Thus, we propose the possession of 

a hearing aid and age*age as instruments in order to obtain the casual effect of a 

hearing impairment on receipt of disability benefits.  

    Possession of a hearing aid does not depend on income as it is granted free of charge 

by the Danish Government to all people with a hearing loss irrespective of income or 

status on the labor market (National Board of Health 2007). When applying for 

disability benefits on the grounds of reduced hearing or hearing difficulties, the 

applicant is required to undergo a medical examination i.e., having his or her hearing 

tested by an audiologist. The hearing tests are performed without the use of an hearing 

aid, making possession of a hearing aid irrelevant for the measured level of hearing 

difficulties in the hearing test and thereby the granting of disability benefits (Ministry 

of Social Affairs 2006; Ministry of Employment 2002a, 2002b). We can also assume 

that people who apply for disability benefits on the grounds of a hearing disability 

already are aware of their hearing loss and have acted upon it – otherwise they would 

not use it as a reason for applying. Receipt of disability benefits will therefore not 

influence possession of a hearing aid making it a valid instrument in our estimations. 

Use of a hearing aid does however relieve the hearing difficulties, i.e. it has an effect on 

the functional hearing, f.  
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    Hearing loss prevalence and severity increase steadily with age, but escalates sharply 

at about age 55 (Ries 1994). Therefore, age*age might give a better estimate of the 

correlation between age and functional hearing than the linear measurement of age. 

Even thought receipt of disability benefits also increases with age, a dramatic increase 

is not to be expected. Starting at age 60, most individuals have the possibility of going 

on early retirement benefits and will therefore choose this over disability benefits if 

possible. We therefore do not see the same a sharp escalation of receipt of disability 

benefits with age as in the case of functional hearing problems. Age*age should 

therefore not influence receipt of disability pension. 

    The vector x is a vector of the personal characteristics influencing both receipt of 

disability benefits and functional hearing i.e. age. Clinically measured impairment, c, is 

thought to affect both receipt of disability benefits and functional hearing. The model 

also allows for correlations between error terms e  and u . 

 

C. Coping Strategies 

Not only the level of hearing problems, but also the ways in which the hearing impaired 

cope with their problem may influence labor force participation and receipt of disability 

benefits. We therefore address the question of coping strategies and their influence on 

receipt of disability benefits. The coping strategies included are: informing one’s 

employer and the use of assistive devices. We denote the two coping strategies ie and 

m, respectively and include them in the model. As informing the employer is potentially 

endogenous - because the hearing impaired employee might tell his or her employer 

about the hearing difficulties when applying for the disability benefits - we instrument 

it by whether or not hearing impaired respondents usually instruct surrounding persons 

how best to communicate in order for the hearing impaired to follow the conversation 

in the best way possible, si , and by years lived with a hearing loss, w. We furthermore 

include functional hearing, f, personal characteristics, x, and use of assistive aids at the 

work place, m, in the equation. Leading us to the following model: 

 

(IV)  e

f

e
f c ch x mi

c x a s
e s

f x m wi

d f c ch x i m e

f c x a s u

i p f p x p i p m p w v

β β β β β β

γ γ γ γ

= + + + + + +

= + + + +

= + + + + +
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This model is identified by the assumption that the strategy of instructing one’s social 

surroundings in the best way of communicating and number of years with hearing loss 

is correlated with informing employers, but not with functional hearing or the receipt of 

disability benefits.  

    We assume that some individuals are more open about talking about their hearing 

difficulties whether to their social surroundings or to their employer. They have 

acknowledged their reduced hearing capacity, they have acted upon it, and they try to 

relieve its consequences. In contrast, others may feel reluctant to talk about their 

hearing impairment and will therefore probably also be apprehensive about telling their 

employer about the hearing problems. These individuals might not have acknowledged 

their reduced hearing level, or they are afraid of being labeled because of it. Even 

though the act of instructing others may be a way to improve functional hearing in 

some situations, it will not affect the measurement of functional hearing used in this 

analysis. The six questions that constitute the aggregated measurement of functional 

hearing all focus on often-experienced situations not subject to individual coping 

strategies. Being able to hear a telephone or doorbell ring, watch a television program 

at a volume acceptable for others, or being able to hear someone who talks loudly in a 

quiet room are all everyday situations encountered by us all. Respondents should 

therefore have answered these questions from their everyday experiences and not from 

situations where friends are asked to speak louder or more clearly for the hearing 

impaired to be able to hear them. Receipt of disability benefits should not be correlated 

with this type of communication strategy because it refers to a general way of coping 

with one’s hearing disability unrelated to one’s work life or labor market attachment.  

     We furthermore presume that individuals who have lived several years with their 

hearing loss will be more open about it and more often have acknowledged it than 

individuals with a recent hearing loss. Again, years lived with a hearing loss should not 

be correlated with functional hearing as the measurement refers to commonly 

experienced situations affected by actual hearing ability irrespective of how long  the 

hearing loss have been present. And it should not be correlated with receipt of disability 

pension which should depend solely on the hearing ability at the time of application. 

    Possession of a hearing aid, a, should not be correlated with telling the employer, ie. 

One the one hand, one might think that people with a hearing aid will be more inclined 
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towards telling their employer about their hearing problems because they carry a visible 

symbol of them. On the other hand, research show that hearing aid users are less 

inclined towards using alternative coping strategies such as openness about their 

hearing disability and instead rely solely on their hearing aid for relief (Cox et al. 

2005). Furthermore, we do not know if people in possession of a hearing aid actually 

use it at their work place given that many individuals owning a hearing aid do not use it 

all the time but instead only use it occasionally (Smeeth et al. 2002) and, when they do, 

it will most often be in the private sphere where they feel the most disabled by their 

hearing problems (Hallberg 1996; Hétu et al. 1993). 

    The model allows for correlations between error terms e , u and v. In all our 

estimations, we account for survey response filtering, since people who do not have or 

do not acknowledge their hearing difficulties are not asked about their coping 

strategies. The systems of linear simultaneous equations in (III) and (IV) are estimated 

via maximum likelihood using PROC CALIS in SAS. 

 

 

IV. Estimation results 

In this section, we present the results from our analyses: that is 1) the 

estimated effect of a hearing impairment on receipt of disability benefits and 2) the 

effect of using different coping strategies. Table 1 shows the estimation results for men 

and table 2 the results for women. 

 

A. The effect of a hearing impairment on receipt of disability benefits 

In all four estimation models poor health significantly increases the probability of 

receiving disability benefits for both males and females by about 5-7 percentage points 

(linear probability). This correlation is of course not very surprising since disability 

benefits are granted on the basis of disabling health problems. 

    According to the results from the first model, in which receipt of disability benefits is 

explained only by self-reported functional hearing and other individual characteristics 

as in the previous literature, a hearing disability does have a statistically significant 

effect on receipt of disability benefits for both genders, raising the chances of exit by 
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about 8 percentage points for men and 7 percentage points for women. This result 

changes in the following models.  

   Comparing models II and III, accounting for endogeneity reduces the estimated 

parameter from 8.8 to 6.3 percentage points for men while the estimated effect is 

unchanged for women. Thus, endogeneity bias is more severe for men than women.  

For men, the effect of functional hearing was biased upwards, , suggesting that hearing 

problems may be used as a sort of rationalization by men on disability benefits which is 

not the case for women. The comparison of model II to model III is interesting because 

we identify the more policy-relevant local average treatment effect, or LATE, of a 

hearing problem in III by way of the compliers (those whose functional hearing 

difficulties were improved by the use of a hearing aid) and this effect is different from 

the average treatment effect estimated in model II.  Including coping strategies in 

model IV, not unexpectedly, reduces the negative effect of functional hearing on 

disability exit to 5 percentage points for men and 3.5 percentage points for women.  

   The results differ somewhat between the two genders when it comes to the effect 

from a clinically measured hearing impairment. Where a functional hearing disability 

affects receipt of disability benefits, a clinically measured hearing disability does not 

have an effect for men. Other controls show the expected effects – age significantly 

increases the odds of disability exit, higher levels of education relative to basic 

education lower it, as does white-collar work relative to blue-collar work.  

    Our instrument – having a hearing aid – is found to be significantly positively related 

to functional hearing problems with a t-value of 4.32 for men. 

    We see somewhat different results for women. On the one hand a functional hearing 

disability significantly affects receipt of disability benefits and increase women’s 

likelihood of receiving disability benefits by 3.5 percentage points. On the other hand, a 

clinically measured hearing impairment in itself decreases women’s likelihood of 

receiving disability benefits. A clinically measured hearing impairment in combination 

with other health problems does nevertheless still increase the likelihood by 0.09 

percentage points for every 1 dB increase accompanied by health problems (on a base 

of 17.8 dB). Therefore a woman with e.g. 2 health problems will increase her 

probability of being on disability benefits with 1.8 percentage point for every 10 dB she 

gains in average hearing threshold. Given that most women (and men) with a clinically 
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measured hearing impairment will also be functionally affected by it in their everyday 

life, the overall picture of the hearing abilities effect on receipt of disability benefits is 

still an increase in the probability of being on disability benefits. As a clinically 

measured hearing impairment in connection with other types of health problems also 

has a negative impact on labor market attachment for women, we can conclude that 

only for women with no other health problems and who are not functionally affected by 

their hearing problems does a clinically measured hearing impairment decrease the 

possibility of being on disability benefits. This result underscores the difficulties of 

being granted disability benefits on the grounds of hearing problems alone without 

other accompanying health issues, along with the fact that women without functional 

hearing problems or other types of health problems will not apply for disability 

benefits. As found for men, older women and women with poorer health are 

significantly more likely to receive disability benefits, as are women with basic 

education compared to other educational groups, and women holding blue-collar jobs. 

Privately employed women are likewise more likely to receive disability benefits than 

publicly employed women. 

   Also here, the instrument we employ, possession of a hearing aid, is significantly 

positively related to functional hearing problems with a t-value of 4.7. 

    Our previous supposition thus seems to be verified for both men and women. Having 

functional hearing problems will increase the probability of receiving disability 

benefits. However, the hearing impairment in itself does not seem to increase the 

probability of receiving disability benefits, given that the clinically measured hearing 

level in it self does not influence the probability of receiving disability benefits. It thus 

seems that an unacknowledged hearing impairment will not increase the probability of 

being on disability benefits, the main effect is through the functional hearing and 

hearing difficulties experienced in everyday life. Furthermore, there seems to be 

evidence for the hypothesis that having hearing problems will increase the likelihood of 

applying for disability benefits, while it does not increase the likelihood of being 

granted disability benefits. 
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B. Coping Strategies 

As our second research question, we examine the effects on labor supply of using the 

two different coping strategies of informing one’s employer about the hearing problem 

and using different assistive devices at work. Because we account for the survey 

response filtering, these effects are estimated only based on those individuals with a 

hearing loss. 

   A positive finding seems to be that the use of assistive devices at the work place 

significantly decreases the likelihood of receiving disability benefits by 20.5 percentage 

points for men. However, men who inform their employer about the hearing disability 

increase their likelihood of being on disability benefits by 6.6 percentage points. The 

instrument (instructing one’s social surroundings) is significantly positively related to 

telling the employer about the hearing problem with a t-value of 4.18. Also number of 

years with hearing loss is significantly positively related to telling the employer with a 

t-value of 5.26. 

    Turning to the results for women, we see a similar picture. The use of assistive aids 

at work lower women’s probability of being on disability benefits with 32.5 percentage 

points – somewhat more than for men. As women’s jobs (typically as school teachers or 

nurses in the public sector in the very segregated labor market in Denmark) rely more 

on communication skills, having assistive aids at work may increase their productivity 

differentially more than men’s and may therefore explain the stronger effect on 

reducing their disability exit.  

   As is the case for men, women who inform their employer about their hearing 

difficulties have a higher probability of leaving the labor market. The effect is highly 

significant and rather large with an increase by 36.8 percentage points. Interestingly, 

the instrument – instruction of others in the best communication strategy – is estimated 

to be negatively related to telling the employer, although significant (t-value -4.96). 

Number of years with hearing loss is significantly positively related to telling the 

employer with a t-value of 15.86. Women thus seem to make a distinction between 

their general communication strategies and their employer relations as opposed to men. 

Validating this result, previous research indicates that men and women have varying 

patterns of interaction and network differently at the work place with men more often 
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interacting and participating in networks with co-workers of higher positions as e.g. 

managers and supervisors (Hultin & Szulkin 1999; Ibarra 1993; Brass 1985). 

   As the number of excluded instruments exceeds the number of endogenous variables 

in the system, a problem of overidentification is potentially present. To explore whether 

this is an issue, we present the estimated coefficients on the endogenous variables 

excluding each of the instruments in turn. The results are shown in Appendices D and 

E. We find that the estimated effect of functional hearing on disability exit is positive 

and significant and unaffected by whether respectively age*age or hearing aid is 

excluded. The coefficient on informing the employer is positive and highly significant 

for both men and women under each of the instrument configurations, although the 

effect is larger for men when Years with loss is excluded and larger for women when 

Instruction is excluded. Still, the gender difference mentioned earlier is present in all 

cases and shows that telling the employer raises women’s probability of disability exit 

considerably more than it does men’s. 
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Table 1. Estimates for receipt of disability benefits for men  
 Model I Model II Model III Model IV 
Disability benefits     
Intercept -0.018 (-0.93) -0.027 (-1.19) -0.024 (-1.08) -0.041 (-1.84)* 
Age 50-64 0.010 (7.36)*** 0.011 (8.08)*** 0.011 (8.04)*** 0.013 (9.16)*** 
Basic general edu. Reference Reference Reference Reference 
Upper secondary level -0.044 (-1.03) -0.062 (-1.45) -0.060 (-1.41) -0.054 (-1.26) 
Vocational -0.101 (-6.66)*** -0.112 (-7.31)*** -0.114 (-7.43)*** -0.101 (-6.47)*** 
Short-cycle higher -0.066 (-2.57)*** -0.082 (-3.21)*** -0.080 (-3.14)*** -0.075 (-2.81)*** 
Medium-cycle higher -0.050 (-2.46)** -0.061 (-2.95)*** -0.062 (-3.02)*** -0.040 (-1.93)* 
Long-cycle higher -0.038 (-1.77)* -0.051 (-2.38)** -0.052 (-2.40)** -0.042 (-1.98)** 
Blue-collar job Reference Reference Reference Reference 
White-collar job -0.061 (-4.89)*** -0.052 (-4.12)*** -0.054 (-4.28)*** -0.063 (-5.01)*** 
Privately employed Reference Reference Reference Reference 
Publicly employed 0.000 (0.01) -0.005 (-0.43) -0.005 (-0.41) -0.009 (-0.76) 
Healtha 0.068 (24.17)*** 0.070 (13.43)*** 0.071 (13.56)*** 0.070 (13.30)*** 
Functional hearing 0.081 (6.93)*** 0.088 (7.06)*** 0.063 (4.31)*** 0.050 (3.42)*** 
Clinical hearingb  0.015 (0.31) 0.033 (0.69) 0.030 (0.61) 
Clinical hearing*health  -0.008 (-0.60) -0.007 (-0.50) -0.013 (-0.93) 
Informed employer    0.066 (3.08)*** 
Assistive aids    -0.205 (-4.54)*** 
     
Functional hearing     
Intercept   0.211 (2.52)*** 0.261 (3.45)*** 
Hearing aid   0.129 (3.41)*** 0.276 (8.26)*** 
Clinical hearing   0.558 (5.39)*** 0.376 (4.32)*** 
Age 50-64   0.012 (0.63) -0.016 (-1.04) 
Age*age   -0.002 (-1.45) 0.000 (0.42) 
Health   0.086 (11.91)*** 0.090 (13.03)*** 
Basic general edu.   Reference Reference 
Upper secondary level   0.249 (2.08)** 0.217 (1.89)* 
Vocational   -0.249 (-5.46)*** -0.224 (-5.18)*** 
Short-cycle higher   0.037 (0.56) 0.319 (4.66)*** 
Medium-cycle higher   -0.218 (-3.63)*** -0.169 (-2.86)*** 
Long-cycle higher   0.021 (0.32) 0.095 (1.55) 
Blue-collar job   Reference Reference 
White-collar job   0.028 (0.73) 0.006 (0.16) 
Privately employed   Reference Reference 
Publicly employed   0.038 (1.09) 0.042 (1.24) 
     
Informed employer     
Intercept    0.033 (0.40) 
Instruction    0.133 (4.18)*** 
Functional hearing    0.727 (7.11)*** 
Years w. hearing loss     0.006 (5.26)*** 
Assistive aids    -0.004 (-0.07) 
Age 50-64    0.011 (2.24)** 
Basic general edu.    Reference 
Upper secondary level    -0.247 (-1.75)* 
Vocational    0.214 (3.77)*** 
Short-cycle higher    -0.192 (-2.29)** 
Medium-cycle higher     -0.080 (-1.07) 
Long-cycle higher    -0.184 (-2.54)*** 
Blue-collar job    Reference 
White-collar job    -0.092 (-2.12)** 
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Privately employed    Reference 
Publicly employed    0.064 (1.55) 
Goodness of fit index 
adjusted for d.o.f. (AGFI) 

0.9565 0.9243 0.9274 0.8649 

Chi-sq,Prob> chi 110.64, =0.0690 197.27, <.0001 241.55, <.0001 547.90, <.0001 
T-test statistics in parenthesis. Significance level: * at 10 percent, ** at 5 percent, *** at 1 percent.  
a. Scale from 1-10 concerning different health problems. b. Estimates for clinical hearing and clinical 
hearing*health are multiplied by 100. 
 
 

Table 2. Estimates for receipt of disability benefits for women  
 Model I Model II Model III Model IV 

Disability benefits     
Intercept -0.014 (-0.682) 0.042 (1.73)* -0.067 (-2.47)** 0.006 (0.21) 
Age 50-64 0.012 (7.88)*** 0.010 (6.53)*** 0.022 (12.00)*** 0.023 (12.17)*** 
Basic general edu. Reference Reference Reference Reference 
Upper secondary level -0.087 (-1.82)* -0.080 (-1.71)* -0.205 (-3.66)*** -0.182 (-3.15)*** 
Vocational -0.062 (-3.63)*** -0.062 (-3.70)*** -0.060 (-3.07)*** -0.064 (-3.09)*** 
Short-cycle higher  -0.047 (-2.22)** -0.055 (-2.61)*** -0.037 (-1.48) -0.041 (-1.57) 
Medium-cycle higher -0.045 (-2.24)** -0.047 (-2.38)** -0.061 (-2.67)*** -0.083 (-3.51)*** 
Long-cycle higher -0.063 (-2.36)** -0.058 (-2.17)** -0.003 (-0.11) -0.043 (-1.29) 
Blue-collar job Reference Reference Reference Reference 
White-collar job -0.074 (-4.72)*** -0.071 (-4.65)*** -0.105 (-5.69)*** -0.079 (-4.15)*** 
Privately employed Reference Reference Reference Reference 
Publicly employed 0.000 (0.02) -0.001 (-0.07) -0.018 (-1.33) -0.061 (-4.22)*** 
Healtha 0.053 (17.87)*** 0.023 (4.25)*** 0.058 (9.56)*** 0.056 (8.99)*** 
Functional hearing 0.073 (4.59)*** 0.051 (3.16)*** 0.052 (2.85)*** 0.035 (1.82)* 
Clinical hearingb  -0.216 (-2.64)*** 0.156 (2.11)** -0.335 (-4.04)*** 
Clinical hearing*health  0.151 (6.18)*** 0.053 (2.39)** 0.085 (3.77)*** 
Informed employer    0.368 (11.61)*** 
Assistive aids    -0.325 (-4.48)*** 
     
Functional hearing     
Intercept   1.092 (9.87)*** 0.697 (9.76)*** 
Hearing aid   0.236 (4.34)*** 0.115 (4.72)*** 
Clinical hearing   0.544 (4.13)*** 0.765 (8.65)*** 
Age 50-64   -0.126 (-5.22)*** -0.073 (-5.85)*** 
Age*age   0.007 (4.98)*** 0.004 (6.32)*** 
Health   -0.020 (-2.22)** 0.008 (0.96) 
Basic general edu.   Reference Reference 
Upper secondary level   0.275 (2.39)** 0.249 (2.26)** 
Vocational   0.003 (0.06) 0.099 (1.83)* 
Short-cycle higher   -0.193 (-2.29)** -0.257 (-2.90)*** 
Medium-cycle higher   -0.143 (-2.40)** -0.066 (-1.03) 
Long-cycle higher   -0.070 (-0.96) 0.202 (2.46)** 
Blue-collar job   Reference Reference 
White-collar job   -0.052 (-0.90) -0.081 (-1.41) 
Privately employed   Reference Reference 
Publicly employed   -0.204 (-5.85)*** -0.239 (-7.07)*** 
     
Informed employer     
Intercept    -0.475 (-3.20)*** 
Instruction    -0.126 (-4.96)*** 
Functional hearing    1.671 (10.07) 
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Years w. hearing loss     0.017(15.86)*** 
Assistive aids    0.461 (6.50)*** 
Age 50-64    -0.000 (-0.05) 
Basic general edu.    Reference 
Upper secondary level    -1.241 (-6.33)*** 
Vocational    -0.204 (-2.13)** 
Short-cycle higher    0.102 (0.71) 
Medium-cycle higher    -0.243 (-2.20)** 
Long-cycle higher    -1.235 (-7.77)*** 
Blue-collar job    Reference 
White-collar job    0.201 (1.92)* 
Privately employed    Reference 
Publicly employed    0.569 (7.36)*** 
Goodness of fit index 
adjusted for d.o.f. (AGFI) 

0.5390 0.5447 0.9328 0.8386 

Chi-sq,Prob> chi 2109.45,  <.0001 2128.98, <.0001 200.91, =.0005 626.95, <.0001 
T-test statistics in parenthesis. Significance level: * at 10 percent, ** at 5 percent, *** at 1 percent. 
a. Scale from 1-10 concerning different health problems. b. Estimates for clinical hearing and clinical 
hearing*health are multiplied by 100. 
 

 

  

V. Conclusion 

With large numbers of people being affected by hearing difficulties and 

an expected increase in future years, estimations of the way this specific disability 

affects labor supply is not only important on an individual level for the hearing disabled 

but on a societal level as well. We conclude that people with a hearing disability have a 

higher probability of leaving the labor market and receiving disability benefits than 

people without hearing difficulties. Through the use of two different measurements of 

hearing abilities we conclude that functional hearing abilities play the largest role in 

exit from the labor market as opposed to the more objective clinically measured hearing 

abilities – i.e. experienced hearing difficulties are the most important. Furthermore, it 

seems that hearing problems most likely increase the probability of applying for 

disability benefits whereas the probability of being granted disability benefits are not 

affected at the same rate.  

    However, there are some gender differences in the results. We see similar results 

concerning the effects of hearing problems on receipt of disability benefits, but some 

differences when it comes to the use of coping strategies. Both genders - women a bit 

more than men - succeed in lowering their probability of receiving disability benefits 

when they use assistive devices at the work place. In contrast, telling the employer 

about their hearing difficulties has a clear negative impact on labor market participation 
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for both men and women, but the impact is greater for women with an increased 

probability of exit of 36.8 percentage points for women and 6.6 percentage points for 

men. Furthermore, this gender difference arises even after controlling for some 

characteristics of the individual’s work i.e. sector and collar. 

     There may be a number of explanations for this gender difference. First of all, it 

might be that women with hearing difficulties are discriminated against to a greater 

degree than men. When women become hearing impaired, they may be more 

stigmatized and valued less by their employer and colleagues forcing them out of the 

labor market via disability benefits. On the other hand, the explanation might be that 

women rely more on their hearing and communicative skills than men do (Hallberg 

1999). When their ability to communicate freely is affected, they become unsatisfied 

with their work ability and work life, and are more apt to want to retire from the labor 

market themselves. 

     Despite the positive news that hearing impaired persons who use assistive devices at 

the work place increase their chances of remaining on the labor market, it does not alter 

the result that having hearing difficulties increases the probability of receiving 

disability benefits for both men and women. People who tell their employer about the 

hearing difficulties are likewise more likely to receive disability benefits, making this 

an area of great importance for future research and action. 
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Figure 1. Sample Pure Tone Audiogram 
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Appendix A. Estimation results for clinically measured hearing impairment 
(model II) using an average hearing threshold across 500-4000 Hz and 2000-4000 
Hz respectively, separate by gender. 
 Men Women 

Average hearing threshold for 500-4000 Hz 0.003 (0.43) -0.001 (-0.08) 

Average hearing threshold for 2000-4000 Hz 0.015 (0.31) -0.216 (-2.64) 

 

 
 
 
Appendix B. Correlation between functional hearing and clinically measured 
hearing 

 Functional hearing   
 Number of problems in everyday life   
 0  1 2  3 4 5 6 Total Number
Clinical measurement          
15 dB - 70 21 4 5 0 0 0  644 
16 dB - 25 dB 64 25 7 3 1 0 0 100 630 
26 dB - 40 dB 46 33 15 5 1 0 0 100 451 
41 dB - 55 dB 25 36 25 11 1 2 0 100 168 
56 dB - 70 dB 18 38 16 16 11 2 0 100 56 
          - 90 dB 0 11 22 22 44 0 0 100 9 
All 57 27 10 5 1 0 0 100 1,958 
 χ2= 464.986, df=25, p<0.0001 
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Appendix C. Means of variables, separately by gender 
  Men Women

Disability benefits =1 on disability benefits 0.107 0.174 

Functional hearing =1 problems in 2-6 listening 

situations 

0.183 0.150 

Clinically measured hearing =-10 to 90 dB  24.913 17.755 

Clinically measured 

hearing*health 

=-10 to 90 dB*1 to 10 health 

problems 

49.889 42.550 

Hearing aid1 =1 hearing aid 0.361 0.328 

Assistive aids2 =1 assistive aid at workplace 0.120 0.033 

Years with hearing loss =1 0 to 64 years 18.494 16.169 

Informed employer =1 has informed employer 0.603 0.596 

Instruction  =1 instructs in communication 

strategies 

0.361 0.328 

Age 50-64 =1 50 years 7.956 7.821 

Age*age Age-squared 77.988 75.102 

Basic general education =1 basic general education 0.157 0.213 

Upper secondary level =1 upper secondary level 0.020 0.017 

Vocational =1 vocational 0.487 0.342 

Short-cycle higher education =1 short-cycle higher education 0.058 0.138 

Medium-cycle higher 

education 

=1 medium-cycle higher education 0.149 0.218 

Long-cycle higher education =1 long-cycle higher education 0.125 0.071 

Occupation =1 white-collar job 0.672 0.763 

Employment =1 publicly employed 0.282 0.548 

Health =1 to 10 health problems 1.899 2.203 

 
 
 

 

                                                 
1 Means for variables: Hearing aid, Assistive aids, Years with hearing loss, Informed employer, and 
Instruction are reported for people with a hearing disability. 
2 Phone amplifiers, text phones, wire loops, fm systems, signaling- or alerting devices, technology-based 
communication devices, or interpreters. 
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Appendix D. Estimates for Functional hearing  
 Men Women 
 Estimate Std. err Estimate Std. err 
Instrumental variables     
Hearing aid only 0.050 

(3.42)*** 
0.015 0.035  

(1.82)* 
0.019 

Age*Age only 0.060 
(4.04)*** 

0.015 0.037  
(1.90)* 

0.019 

Both Hearing aid and 
Age*Age 

0.050 
(3.42)*** 

0.015 0.035  
(1.82)* 

0.019 

T-test statistics in parenthesis. Significance level: * at 10 percent, ** at 5 percent, *** at 1 percent. 

 
 
 
 
Appendix E. Estimates for Informed employer 
 Men Women 
 Estimate Std. err Estimate Std. err 
Instrumental variables     
Instruction only 0.073 

(3.32)*** 
0.022 0.165  

(5.52)*** 
0.030 

Years w. loss only 0.042  
(1.98)** 

0.021 0.333 
(10.70)*** 

0.031 

Both Instruction and Years 
w. loss 

0.066 
(3.08)*** 

0.021 0.368 
(11.61)*** 

0.032 

T-test statistics in parenthesis. Significance level: * at 10 percent, ** at 5 percent, *** at 1 percent. 

 
 


