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GENERAL INTRODUCTION



Creneral introduction

About 7 percent of the Dutch population (1.2 million people) reports some difficulty in
hearing (Chorus et al,, 1995). This percentage corresponds to the incidence of hearing
impairment in the United States of America (Dobie, 1993). In Great-Britain about 16
percent of the adult population has a bilateral hearing impairment (Davis, 1989).
Though the majority of persons with an auditory problem are more than 65 years ald,
hearing difficulty can be met at any age and can even be present at birth.

The treatment of auditory impairment depends on the type of hearing loss. Different
types are usually distinguished as conductive or sensorineural or a mix of both. A
disturbed conduction of the scund identifies conductive loss in the middle ear. Medical
or surgical treatment of the mechanical system in this part of the ear usually results in a
reduction of the loss. The prognosis of sensorineural loss on the other hand is less
optimistic. This type originates in the inner ear or the auditory nerve and is not
treatable. '

Hearing impairment can be considered as one of the most frequently occurring chronic
diseases. People suffering from a hearing impairment may experience serious problems
in daily-life. Difficulties in general conversation are most commonly rated as the
greatest problem, but hearing loss may also result in the inability to hear different
kinds of (warning) signals, such as the doorbell, telephone, and cars on the street.
Other complaints concern difficulties in hearing from which direction sounds are
coming, both inside and outside the house, and difficulties in recognizing signals and
people’s voices. It is not seldom that hearing problems result in feelings of anxiety,
embarrassment, isolation or unsafeness (Hétu, 1987). Also, the need of extra effort and
concentration during listening may result in fatigue. Each of these aspects specifically
may have an influence on a great variety of situations in daily-life as in social
relationships. Of great importance are difficultics at work or in the family and
employment problems, Investigations focussed on assessing the impact of hearing

impairment in daily-life are therefore of great social concern.
Definition of terms

Systematic investigation of hearing loss and its consequences in everyday life requires
clear definition of the terms used. In the classification of the World Health
Organization (WHO, 1980) distinction is made between the concepts impairment,
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disability and handicap. These concepts are essential to this thesis and are defined

according to the classification of the WHO.

Impairment tefers to any loss or abnormality of psychological, physiological or
anatomical structure or function. It is the dysfunction of the auditory system resulting
from pathological changes. For the evaluation of the type and severity of a hearing
impairment different functions of the auditory system have to be examined. Sensitivity
for sounds (tone audiogram) is considered as the most fundamental characteristic of
the auditory system. Other characteristics are the ability to discriminate sounds
(speech), stability of the ear, the dynamic range, low internal noise and cooperation of
both ears. (Kapteyn, 1997; Dobie, 1993). /mpairment can be characterized by loss or
abnormalities of one or more of the above-mentioned hearing functions and is

primarily determined by an otolaryngologist.

Disability covers a wider area than that of impairmeni. It is concerned with
consequences of defects in any of the hearing functions. It indicates how much the
individual becomes aware of his impairment. Disabilily reflects the consequences of
impairments in terms of functional performance and activity by the individual in every-
day life. It refers to any restriction for a human being to perform an activity in a
normal manner or within the range considered normal,

Handicap is a social phenomenon, representing the social and environmental
consequences of hearing disability. 1t is the disadvantage for a given individual that
limits or prevents the fulfilment of a role that is normal (depending on age, sex, social
and cultural factors) for that individual.

Hearing status

To examine a person’s hearing status thoroughly not only the impairment, but also the
consequences of impairment in daily-life (disability and handicap) need to be
evaluated separately. This seems self-evident. However, in the international world of
audiology only measurements of impairment have been used to assess the hearing

status of an impaired person to this day. One reason for this may be that until now the
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assessment is a medical decision-making process. Physicians carry out an authoritative
medical evaluation, The current schemes, applied for compensation purposes and for
assessing suitability for work, are based only on measurements of sensitivity for
sounds.

The scheme used in the Netherlands is the one developed by the American Medical
Association (AMA), which is the most commonly used scheme. In only a few
European countries speech-discrimination tests are being used to assess hearing
disability and handicap (Feldmann, 1988; Parving, 1986; Brusis, 1995; Glazenburg,
1997). The current scheme in Great Britain is recommended by the British Association
of Otolaryngologists (BAOL). The AMA as well as the BAOL use pure-tone
thresholds that are converted into formulae to predict the percentage of disability.
Great dissatisfaction with such calculations arose when various investigators
demonstrated that the formulae are poor predictors of self-reported difficulty experi-
enced in daily-life listening (Noble and Atherly, 1970; Ewertsen and Birk-Nielsen,
1973; Jerger and Jerger, 1979; Salomon and Parving, 1985; Parving et al. 1986;
Lutman, 1987; Matthews et al., 1990; King et al. 1992). As a reaction, self-report
became an important alternative approach to assess hearing status., During the last
several decades many self-assessment instruments have been introduced (Noble and
Atherly, 1970; Ewertsen and Birk-Nielsen, 1973; Kapteyn, 1977; Habib and
Hincheliffe, 1978; Giolas et al,, 1979, Jerger and Jerger, 1979, Stephens 1980; Show
and Nerbonne, 1982; Ventry and Weinstein, 1982; Salomon and Parving, 1985;
Demorest and Erdman, 1986; Lutman et al., 1987; Hétu et al., 1994; van den Brink,
1995). However, despite the fact that self-report proved to be very useful in clinical
practice, it is not a satisfactory method for (financial) compensation purposes since
people can easily falsify their results. Objective measures are therefore indispensable.
As long as no alternative method to assess the hearing status becomes available the
current schemes will be used. However, no doubt exists about the need for a more
accurate method to quantify disability and handicap.

This thesis presents an approach for the assessment and quantification of a person’s
overall hearing status. Each chapter describes a step in that approach, concerned with

the assessment of auditory disability and handicap.

Chapier 1

Assessment of Disability

The first aim of the research project was to explore the domain of hearing disability. A
great variety of difficulties experienced by hearing-impaired people can be used to
describe hearing disability. However, systematic investigation of what is meant by the
term ‘disability” would be greatly simplified if it were possible to identify a relatively
small number of underlying dimensions that represent relationships among sets of
many interrelated hearing difficulties. This was attempted in our first study as
described in chapter 2. To uncover a reduced set of factors or dimensions of disability
affecting the individual in daily-life hearing, the Amsterdam Inventory for Auditory
Disability and Disability was developed. Chapter 2 describes the development of the
inventary as well as the factor analysis that was performed. The results show that five
factors should be considered as fundamental in auditory disability: distinction of
sounds, auditory localization, intelligibility in noise, intelligibility in quiet and
detection of sounds. This outcome emphasizes the multidimensional character of

hearing disability. These factors or dimensions run through this thesis like a continuous
thread.

Even though other investigators like Noble (1978), Lutman (1987) and Stephens
(1980) recognize the importance of detection of non-speech sounds and localization in
daily-life hearing, the current formulae and schemes (as mentioned earlier) are not yet
adapted. The main reason for this is that no adequate objective measurements of
disability are available at the present time. This finding motivated us to initiate the
second part of the research project.

It was our goal to develop a set of performance tests to quantify each of the five above-

- mentioned dimensions of disability. The project was an attempt to develop a more

complete and adequate method to assess hearing disability. Both newly developed and
conventional tests like the pure-tone ideogram have been used. Stepwise multiple
regression analysis have been performed to study relationships between the five
disability factors and the various performance tests. Particularly the limited role of the
pure-tone audiogram in describing everyday difficulties is discussed. Procedures and
results of the study are described in chapter 3 and chapter 4.
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Assessment of Handicap

Assessing handicap is more complicated than estimating disability since handicap
refers to personal consequences of disabilities that vary from person to person. It
involves the great diversity of psychosocial disadvantages experienced by the hearing-
impaired individual. While it is assumed that the degree of hearing handicap generally
increases with increased hearing disability, handicap may vary, depending on the
attitudes and perceptions of the affected individual as well as on the demands placed
on one’s ability to hear. The concept handicap has been extensively investigated by
Hétu et al. (1988). Their work presents an overview of expressions of handicap, and
their findings induced them to make a useful distinction between primary and
secondary handicap.

Primary handicap results directly from disability and it is usually expressed as the
limitation of certain activities. It is defined as the extent to which people are annoyed
by experiencing feelings of anxiety, unsafeness, isolation.

Secondary handicap results from trying to compensate for the disabilities experienced
in everyday activities that are otherwise pursued normally. It refers to the cost of
adjustment to prevent or minimize the disabilities and is characterized by increased
mental effort.

Stephens and Hétu (1991) even proposed an extension of the WHO classification to
include these two dimensions of handicap. In line with these findings and in order to
contribute to a better understanding of the handicap concept and its relationship to
disability, we also made a distinction between primary and secondary disability. The
two concepts have been studied successively. Chapter 5 addresses the study in which
primary disability has been investigated by means of the Amsterdam Inventory. The
weight (severity and limiting effect) of each of the five disabilities felt and rated by
hearing-impaired participants has been examined and reported. Also, the frequency of
occurrence of each disability in the population has been described. The chapter deals
with the question if it is justified to assume that all five disabilities are equally

important in daily-life.

The last part of this thesis addresses the notorious aspect of secondary handicap. the
demand of extra effort and concentration during listening. Auditory fatigue as a result
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of extra concentration is a serious and often-reported complaint of hearing-impaired
individuals. It is particularly this aspect that affects the social relationships and
activities of the hearing-impaired person and it should therefore be considered
seriously in any assessment process. However, the problem here is that self-report
seems to be the only possible approach to assess secondary handicap while objective
measurements are required. We therefore decided to direct the last stage of the project
to this issue and started to investigate the possibility to quantify mental effort required
during listening. A number of international studies have shown that dilatation of the
pupil is a sensitive measure of the degree of mental effort demanded by a task
(Janisse, 1977). According to this finding we used pupil dilatation as an index of
mental effort in our study and investigated the variation of the pupil diameter of both
normal-hearing and hearing-impaired listeners during a speech reception task. The
study was an attempt to explore new ways in the assessment of hearing handicap.
Encouraging findings are presented in chapter 6.



FACTORS IN SUBJECTIVE HEARING DISABILITY

This report describes an approach to idemiify different factors in hearing
disability. On the basis of interviews and case studies The Amsterdam
Inventory for Auditory Disability and Handicap was developed. Ii consists
of thirty questions, dealing with a variety of everyday listening situations.
Reporis of 274 hearing-impaired subjects are presented. Item and factor-
analysis on the questions resulted in five factors, interpreted as five basic
auditory disabilities: ‘distinction of sounds’, ‘intelligibility in noise’, ‘audi-
tory localization’, ‘intelligibility in quiet’ and ‘detection of 'sounds . Investi-
gation of one excluded item showed that "intolerance of noise' may be a

sixth aspect.

AUDIOLOGY, 34:311-320, 1995



Factors in hearing disability

INTRODUCTION

Auditory disability represents the difficulties experienced in everyday hearing. In this
study and according to the International Classification of the WHO (1980), disability
refers to the auditory consequences of hearing impairment. It is concerned with what
happens in daily-life as a result of a hearing impairment and takes form as a failure in
accomplishments. Several attempts have been made to explore the auditory disability
domain and its relationship with auditory impairment.

Hitherto, information mainly derived from pure-tone audiometry (PTA) and sometimes
speech audiometry has been used in order to assess the difficulties that hearing-
impaired people experience in daily-life. Using formulae, hearing disability has been
calculated on the basis of pure-tone thresholds (AAOO, 1979; BAOL, 1983) or on the
basis of data derived from speech audiometry (Feldmann, 1988).

Dissatisfaction with these calculations arose when various investigators demonstrated
that PTA is a poor predictor of subjective difficulty experienced in daily-life listening
(High et al., 1964; Ewertsen and Birk-Nielsen, 1973; Kapteyn, 1977, Rosen, 1979;
Lutman and Robinson, 1992).

Self-report became an important tool for the assessment of auditory disability and
during the last decades many questionnaires have been developed, as reviewed by
Schow and Gatehouse (1990). However, most of the questions contained in these
questionnaires cover communication ( High et al., 1964, Ewertsen and Birk-Nielsen,
1973 Giolas et al., 1979; Demorest and Erdman, 1986). The same is the case in other
experimental tools that have been developed to quantify auditory disability/handicap,
such as the QUAH (Jerger and Jerger, 1979) and the disability/handicap-scaling
procedure of Salomon and Parving (1985). In 1979, Noble distinguished disability
related to non-speech sounds and spatial localization. Besides speech intelligibility,
other basic aspects of hearing, like localization and recognition and identification of
sounds, evidently are important in daily-life listening (Noble, 1979,1995; Barcham and
Stephens, 1980; Lutman et al. 1987; Stephens, 1987; Davis, 1987; Hétu et al. 1988;
Stephens and Hétu, 1991:). A disability in any of those aspects implies restrictions in
daily-life. However, standardized instruments for assessing all these disabilities
separately are not available yet. The goal of the present study was to make an invent-
ory of the relevant factors of disability in individual hearing functioning in daily living.
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The study was undertaken to provide information about what constitutes hearing dis-
ability. Correlations between difficulties in speech discrimination and localization
disability have been recently discussed by Noble and colleagues (1995). So our goal
includes an inquiry of the correlations between different factors of hearing disability.
The present report describes the development of The Amsterdam Inventory for Audi-
tory Disability and Handicap, based on a number of interviews and case studies. [t was
our aim to determine statistically which different auditory disabilities can be distingui-
shed in everyday hearing. Only when these basic disabilities have been discovered can
a score be attributed to each of them, In that way a profile of the individual's
disabilities can be obtained. Results of this study can be used to investigate the
disabled effect of disabilities. The present study forms part of a larger investigation. In
the next stage the subjective disabilities have to be evaluated by means of a battery of
appropriate psychoacoustical tests. Comparison of these test results and the subjective
information derived from the inventory may lead to a better understanding of the relati-
onship between auditory impairment and disability in everyday hearing.

Terminology

The terms impairment, disability and handicap are defined according to the classi-
fication of the WHO (1980). Impairment; any loss or abnormality of psychological,
physiological or anatomical structure or function.

Disability: any restriction or lack (resulting from an impairment) of the ability to
perform an activity in the manner or within the range considered normal for a human
being. Handicap: a disadvantage for a given individual, resulting from an impairment
or a disability, that limits or prevents the fulfillment of a role that is normal (depending
on age, sex and social and cultural factors) for that individual.

PROCEDURE

To investigate what hearing-impaired people themselves consider to be the most diffi-
cult situations in daily-life, as a consequence of their hearing impairment, we conduc-

ted unstructured interviews with patients who came to visit the audiology center. The

11



Factors in hearing disability

patients were asked to report their main difficulties and to explain how they experience
their hearing loss in different situations in daily-lfe. Evaluation of these reports,
combined with information derived from international studies (High et al.. 1964;
Giolas ct al.. 1979: Noble, 1979,1995; Barcham and Stephens, 1980; Demorest and
Erdman, 1986; Lutman, 1987,1992) and knowledge of staff-members from different
disciplines of the audiology center, made it clear that functional restrictions mainly
express themselves in certain activities of daily-life.

Based on these findings different aspects of hearing disability were suggested. For
each of those aspects we developed five questions:

Speech intelligibility in noise (items 1,7,13,19,25), speech intelligibility in quiet (items
2.8,14,20,26), auditory localization (items 3,9,15,21,27), recognition and identification
of sounds (items 4,10,16,22, 28), detection of sounds in general (items 5,11,17,23,29)
and perception of music (items 6,12,18,24,30). Table 2.2 shows the item numbers and
questions.

The response scales ranged from 'almost never, 'occasionally’, 'frequently’ to 'almost
always'. The responses were coded as 3, 2, 1, 0 respectively. For two questions these
categories were ranged in a reversed order, This was done fo try to counteract response
biases. In order to keep the respondents unaware of the fact that five questions were
developed for one aspect, items on the same topic were scattered over the questi-

onnaire.

The first set of thirty questions was presented to normally hearing people (N=1 1) in
order to eliminate inadvertent biases such as ambiguities and leading questions. Items
that appeared to be too complex or vague were rephrased, replaced or simplified.

After the first revision, the questionnaire was used in a face-to-face interview with
hearing-impaired people (N=11) to make sure that every respondent interpreted the
questions as intended. These interviews showed that again some items had to be
rephrased or replaced and, moreover, that not every respondent had the same listening
situation in mind when reading a question. So, we decided to illustrate every question
with a small picture. When the first experimental form was administered to a few
hearing-impaired persons it turned out that the layout caused some difficulties and had
to be reconsidered.

Chapter 2

The present version of the inventory consists of thirty questions (see Appendix A).
Each question is divided into three parts. In part one, the hearing-impaired person
judges how often he or she experiences auditory difficulties in the mentioned situation.

The second part of every question deals with former hearing performance. This part
was included in order to be able to investigate the frame of reference of the respondent
in the next stage of the inquiry. It is important to know whether the person has ever

been able to hear normally in that situation or if the hearing impairment was present at

birth.

In the third part the respondent is asked to judge how handicapped he or she feels by
having difficulties in hearing in the mentioned situation. This part has to be completed
only if the respondent rated 'almost never' or 'occasionally’ to be able to hear in part
one of the question. The four answer categories are as follows: no, slightly, modera-
tely, considerably.

A study on the third part of every question (assessing the handicapping effect of
disability) is presented in chapter 5 of this thesis.

Subjects are asked to respond on the basis of their experiences withou! a hearing aid.
This remark is repeated in every question. Hearing-aid users who have never
performed without an aid and, as a consequence, do not know how they would
function without, are asked to respond on the basis of their experience with an aid.
When this occurred, an extra circle had to be marked (see Figure 2.1 ).

In order to obtain some general information about the respondents, an appendix

consisting of questions about age, sex, occupation and intolerance of noise was added

* to the inventory.
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ears) and an age not exceeding 70 years. The age limit was introduced since the aims

W of the previous study required an occupational population, Occupational specialities
CONT U IEMAND DIE U AANSPREEKT IN EEN DRUKKE STRAAT VERSTAAN? were varied as were the types of hearing loss. This is noted to emphasize that our
sample was a mixed group of patients, not restricted to subjects with noise-induced

W NN, TN S & bijna nooit O soms < vask < bijoa altijd hearing loss. The participants in the previous study had to be informed about the

results of that study and the inventory was included in the mailing, together with a
O Deze sitnatie ken ik alleen mét I}Toor'mestel,dus reply-paid cnvelope anidi-a deter of intepdbitica: The su'bjects Bt wak e any
bovenstaand antwoord geeft mijn situatie mée

I financial interest in this study. People who did not respond within three months

received a reminder. 310 subjects (57 percent) returned the questionnaire of which 36

were excluded because of incomplete answers. The age of the subjects (199 male and

25b. Vrocger toen u misschien goed of beter hoorde: & bijna nooit & soms O vaak < bijna altijd
75 female) ranged from 16 to 66 (M=48.3).
O Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

METHODS

Viang 25¢ hoeft u alleen re beantwoorden als w bij vraag 25a bijna nooit of soms invuide! o : pn—
In order to obtain information about the variability among the responses to each

2 Vindlvalserhinderdifl det Risman, question, frequency distributions for the first parts of all items of the questionnaire
die u aanspreeke in een drukke straat, o
sleche kunt verstaan? O nee © een beetje < erg hinderlijk O heel erg hinderlijk were examined.

As it was our purpose to identify a set of aspects of disability that can be distinguished,

= a factor-analysis with principal components was performed on the first parts of the

thirty items of the inventory, concerning the subjective disability. The analysis
Figure 2.1. An example of one item of the inventory proceeded in a few steps. First, the correlation matrix for all variables was computed.
In a second step, factor extraction was determined. We also ascertained how well the

chosen model fitted the data by performing Bartlett’s test of sphericity and by

SUBJECTS measuring the sampling adequacy. Lutman et al. (1987) and Noble et al.(1995) showed

an interdependence between the various aspects of hearing disability as distinguished
In total, 541 adults, who participated in a previous study about hearing impairment and . in their studies and therefore first orthogonal (varimax) and then oblique rotation
their occupations (Kapteyn et al. 1997), were sent an inventory. These subjects, from methods were employed, Different scales, resulting from factor-analysis, were
all over the country, had been referred to audiologists and otolaryngologists for very analyzed with regard to coherence. Particularly the alpha-coefficient, being a measure
different reasons. The audiologists and otolaryngologists had informed their patients of internal consistency (Cronbach, 1990), is of great interest. All analyses were perfor-
about the previous study and had asked them to participate in that inquiry. The only med using the Statistical Package for the Social Sciences (SPSS, version 4.0).

requirements for participation were a hearing impairment (mean hearing threshold
level of at least 25 dB for the frequencies 0.5, 1, 2 and 4 kHz averaged across the two

14 15
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RESULTS

Figure 2.2 shows the frequency distributions for all 30 questions. The shapes of the
distributions show a great variability among the responses. This indicates that the
items provide information about individual differences.

None of the distributions has an obvious central value, although the items 2 and 8 have
the maximum response as ‘almast always’. Almost all items showed substantial
positive correlations (Pearson's T > 0.30) with at least 20 of the other variables. The
highest correlation was found between the items on understanding the presenter of the
news on the television and understanding the presenter of the news on the radio (r=
0.81). The item on ‘intolerance of loud music' (item 18) showed negative correlations
with the vast majority of the other questions. This item seemed to measure something
on its own and, hence, was eliminated before proceeding with the factor-analysis and
considered separately. The exclusion of this particular item resulted in a Kaiser-
Meyer-Olkin (KMO) measure of 0.94 and a highly significant test of sphericity (p <
0.001).

Bartlett’s test of sphericity can be used to test the hypothesis that the correlation
matrix is an identity matrix. If the population correlation matrix is an identity matrix,
the use of the factor model should be reconsidered. The test of sphericity was highly

significant, so it appears unlikely that the model should be reconsidered.

The Kaiser-Meyer-Olkin measure of sampling adequacy is an index for comparing the
magnitudes of the observed correlation coefficients with the magnitudes of the partial
correlation coefficients (Cureton and d’Agostino, 1983). If the sum of the squared
partial correlation coefficients among all pairs of variables is small (when compared to
the sum of the squared correlation coefficients), the KMO measure is close to one.
Small values for KMO measure indicate that a factor analysis of the variables may not
be a good idea. Since the KMO measure was 0.94, we decided to proceed with the
factor analysis without the item mentioned before.

Six factors with eigenvalues greater than | were extracted, explaining 60.8 percent of
the variance. The least important factor, the sixth, was characterized by only one single
item dealing with the phenomencn of missing parts of music while listening to music
or songs (item 30). A factor existing of only one single item is not well determined and
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should be avoided (Cureton and d’Agostino, 1983). Hence, we proceeded with 28

questions and five factors, which were interpreted as:

A. distinction of sounds

B. auditory localization
C. intefligibility in noise
D. intelligibility in quiet
E. detection of sounds

Table 2.1 shows the factor correlation matrix. Some of the factors showed substantial
correlations. Both infelligibility in quiet and detection of sounds correlated with
distinction of sounds (1=0,44, 1=0.42). Auditory localization and intelligibility in noise
also correlated (r=.43). :

The 28 remaining items were categorized according to the factor on which they had the
highest loading. Three items loaded on more than one factor, The item on “hearing cars
passing by’ correlated with the factor distinction of sounds (r=0.40) and with auditory
localization (1=0.38). The item on “a telephone conversation’ correlated with both
intelligibility in quiet (1=0.44) and distinction of sounds (r=0.42). The item on ‘hearing
somebody approaching from behind’ correlated with detection of sounds (r=0.50) and
intelligibility in noise (1=0.45). The resulting five scales showed rather high alpha
coefficients (see Table 2.2), suggesting that coherent entities were being measured.

Table 2.1 Factor correlation mairix.

Chapier 2

Table 2.2 Factor structure of items of the inventory with factor loadings and alpha coefficients of
the different scales.

Distinction  Auditory Intelligibility  Intelligibility

of sounds  localization _in noise n quiet
Auditory localization 39
Intelligibility in noise 37 A3
Intelligibility in quiet 44 26 34
Detection of sounds A2 26 27 29

Item Factor Alpha Factor
Coeff |oading
Distinction of sounds .89
24 Can you hear thythm in music or songs? 81
23 Can you distingnish between male and female voices? 71
5 Do you recognize members of your family by their voices? 68
29 Can vou recognize and distingnish between different musical instruments? .66
&  Can you recognize melodies in music or songs? 64
26  Can you distinguish intonations and voice inflections in people’s voices? 59
17 Can you discriminate the sound of a car and a bus? 57
4 Can you hear cars passing by? 40
Auditory localization .88
15 Dt?c yq?u immediately look in the right direction when somebaody calls you in the 87
street!
3 Dc:t }fgul?imcdiatcly hear from what direction a car 1s approaching when you are 81
autsiae:
27 Do vou hear from what direction a car hom is coming? 80
21 Can you hear from what corner of a room someone 1s talking to you being in a 66
quiet house?
9 Can you hear from what corner of a lecture room somconc is asking a question 65
during a meeting?
Intelligibility in noise 81
7 Can you carry on a conversation with someone during a crowded meeting? 752
25 Can you carry on a conversation with somsone in a busy street? 70
19 Can you follow a conversation between a few people during dinner? 67
1 Can you understand a shop-assistant in a crowded shop? .63
13 Can you easily carry on a conversation with somebody in a bus or car” 60
Intelligibility in quiet 85
14 Can you understand the presenter of the news on TV? 80
20 Can you understand the presenter of the news on the radio? 80
11 Do you recognize a presenter on TV by his/her voice? 52
12 Can you understand text that's being sung? 46
§ Can you carry on a telephone conversation in a quiet room? 44
Detection of sounds Skl
. 28 Do you hear birds singing outside? 65
16 Can you hear noises in the house holding like running water, vacuuming, a 55
washing machine?
22 Can you hear the door-bell at home! .55
2 Can you carry on a conversation with someone in a quict room? 50
10 Can you hear somebedy approaching from behind! .50

Excluded items:

18 Do you experience that music is too loud for you, while others around don’t
complain about the loudness?

30 Do you miss parts of music while listening to music or songs?
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The excluded item on 'intolerance of loud music' was compared to the question about
tintolerance of loud noise' in the appendix of the inventory. The chi-square test for
linear association showed an extremely high observed level of significance (p < 0.001)

(Spearman rank correlation is 0.54).

Subjects who reported to have 'almost always' or 'frequently' difficulties with loud
noises were telephoned (N=42) and asked for explanation in order to make sure that
they had understood the question. Most of these subjects confirmed that they did
recognize and experience the problem of intolerance of loud noise. The majority of
complaints seemed to relate to recruitment phenomena and/or middle-ear surgery.

DISCUSSION

The inventory that we developed in our center deals with many daily-life listening
situations, The present results support the statement that different aspects of hearing
should be distinguished and taken into account separately in audiological research

with regard to disability. This study not only recognizes the significance of factors
other than hearing for speech, but it also shows how these factors® intercorrelate, Five
separate factors, which we interpret as five basic aspects of auditory functioning, were
identified by factor-analysis. Determination of the factor’s C (intedligibility in noise)
and D (intelligibility in quiet) was expected as it is evident that speech intelligibility is
very important in daily-life listening. Also Lutman's data (1987) distinguished between
speech in everyday situations (comparable with our factor C) and in quiet. The same
applies to the factor auditory localization.

Examination of intelligibility in guiet shows that almost all items seem to refer to non-
{ive voice. It is worth mentioning here that Stephens and Hétu (1991) in their proposed
classification of disabilities in listening to speech, make a distinction between live-
voice and non-live voice. Our results seem to support their classification. In common
with Noble et al. (1995) we found a correlation between auditory localization and
intelligibility in noise. Differentiation of distinction of sounds and detection of sounds
is quite interesting. As shown in Table 2.1 the items of detection of sounds appear to
reflect situations in which information about the acoustical environment is essential.
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The items of distinction of sounds refer to the timbre of the perceived sounds. Thus the
distinction of those two factors 4 and £ makes clear that it is very important whether
the perceived non-speech sounds contain essential information about the environment
or whether the perception is concerned about the color or timbre of the sound only.
The latter aspect may seem to be a luxury problem only, but for recognition and
interpretation of sounds and particularly for certain occupational groups (like
musicians) it is an indispensable ability. Although we expected a separate aspect
'music’, this aspect did not appear as a factor in the analysis. The questions about this
topic were scattered through the other factors. This means probably that listening to
music is a complex auditory ability in which various basic aspects of hearing are
involved,

The item on ‘intolerance of loud music’ appeared to be deviant during the performance
of the factor analysis. It might be reasonable to think that the meaning of the question
was not clear or that the reversed order of answering categories caused a bias.
However, the information obtained by telephone and the result of the chi-square test
for linear association of this item and the question about 'intolerance of noise' in the
appendix, indicates that the deviant character of this item is not due to these biases.
Rather it might be possible that the difficulty related to 'intolerance of noise' is another
aspect of hearing disability. This finding supports the classification of disabilities
proposed by Stephens and Hétu (1991). Disability relating to tolerance of noise is also
listed in the WHO document. Further investigation of this topic 1s required.

A few items loaded on more than one factor, It is reasonable to suggest that these items
are not clearly formulated.

[t must be noted that all the data described in this report were gathered mainly from a
working population. An advantage of the sample used is that subjects are aware of
their hearing disability and are motivated to report the difficulties that they experience
in daily-life. The participants did not have any financial interest in the study. Financial
interests could have biased the responses.

Compared to the self-assessment tools developed in the past, this inventory is quite
different in the way it approaches the handicap that a hearing-impaired person might
experience: items describing concrete emotional and behavioural consequences of the

disability are not included. These consequences are supposed to differ widely in and
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between persons. Of greater importance is the impact of limitations in hearing on
individuals, assessed in the third part of every question of this inventory. In this report,
factor-analysis was performed on the first parts of the questions only. Therefore, a
separate factor handicap' did not emerge. It should be noted here that a comparable
tool, the Initial Disability Interview, has recently been developed by Gatehouse (1994).

The results of the present study form the basis for the next step in the research project.
Reported restrictions on each of the separated factors will be scored. After plotting
these scores, a hearing disability profile for every individual becomes available. The
next chapter will be focussed on a comparison between the self-reported disabilities
(as distinguished in this study) and psychoacoustical measurements.
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THE RELATIONSHIPS BETWEEN SELF-REPORTED HEARING
DISABILITY AND MEASURES OF AUDITORY DISABILITY

Although required for many practical purposes, adequate measures of
hearing disability are not available yet. In an allempt to identify a set of
performance tesis for predicting hearing disability in daily-life the relation-
ship between self-reported disability scores and measures of auditory
disability was examined. The Amsierdam Inventory was completed by 51
respondents aged 30 to 70 years who alsc performed on various tests.
Earlier factor analysis of the inventory scores resulted in ihe distinction of
five aspects of auditory disability. Stepwise multiple regression analysis in
the present study shows thai the tests describe and differentiate quite well
between these five aspects. Multiple correlation coefficients range from
R=0.60 to R=0.74.

AUDIOLOGY, 35:277-287, 1996
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INTRODUCTION

Hearing disability is a frequently used term in audiology. According to the
classification of the WHO (1980) this term refers to any restriction or lack of ability to
perform an activity in a normal way. In other words, it concerns the difficulties that
hearing-impaired persons experience in everyday listening. Estimation of degree of
hearing disability has frequently been the object of study in audiological research.
Both self-rating procedures (Schow et al., 1990) and performance tasks have been
used to assess hearing disability (Gatehouse, 1989; Haggard et al, 1986). Various
schemes (AAOOQ, 1979; BAOL, 1983; King et al,, 1992) have been developed in
which the percentage disability is calculated on the basis of pure-tone thresholds or on
the basis of data derived from speech reception tasks. Hearing disability is then
identified by speech/word identification and predicted by audiometric parameters.
Recognition of the limitations of these calculations as being repreéentativc for daily-
life hearing (Saunders et al., 1992; Middelweerd et al., 1990; Ferman et al., 1993)
resulted in growing acceptance of the estimation of hearing disability by means of self-
report. In some situations, however, for instance in compensation cases or for asses-
sing suitability for work, self-assessment might be inadequate, since individuals can
casily exaggerate or deny their actual disability. Therefore, in these cases, objective
measurements of hearing disability are preferred. [n order to know which performance
tests should be considered as representative for disability in daily-life hearing,
comparison of self-reported data with audiological results may provide useful informa-
tion. During the last 20 years a few studies have been focussed on those comparisons.
Despite the attempts to quantify auditory disability by means of psychoacoustic tests,
no successful results could be reported till now. (Noble et al., 1970; Weinstein and
Ventry, 1983).

Tt is remarkable that in most of the studies concerning the assessment of hearing
disability, the importance of sounds in everyday hearing other than speech is ignored.
Lutman (1987, 1992) recognized this problem and stated: " a uni-dimensional scale of
hearing disability does not take account of the many facets of disability affecting the
individual and cannot be construed to give a complete description of disability." Also
Noble (1970,1995) acknowledged the significance of different facets. He recognized

and examined not only the disabilities associated with hearing for speech but also
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those associated with impaired auditory localization. The relevance of factors other
than hearing for speech in daily-life listening is shown in the previous chapter. Investi-
gation of self-assessed restrictions in everyday hearing in the previous chapter resulted
in the identification of five distinguished disabilities.

The aim of the present study is to examine the relationship between these self-assessed
disabilities, derived from the Amsterdam Inventory and appropriate performance tests.
The study is undertaken to compare types of lests with the different scales of the
inventory. This chapter focusses on the quantification of self-reported disabilities by
means of vartous measures of auditory disability. The study is part of a larger research
project concerned with the estimation of hearing disability and handicap.

METHODS
Participants

Participants in this study comprised a subset of the population of 274 people that com-
pleted the inventory and whose responses were subjected to factor-analysis as
described in the previous chapter. Persons from this population were selected so that a
wide range of self-reported disability scores would be encountered in the sample of the
present study. Selected respondents were informed of the sampling in a telephone call
and asked for their participation. The sample (N=51) consisted of both male (N=34)
and female (N=17) participants and the ages ranged from 30 years to 70 years with a
mean of 52 years. Seventy-five percent of the participants had a sensorineural hearing
loss, 8 percent a conductive loss and 17 percent a mixed hearing loss. Four persons
had one totally deaf ear.

Self-reports

Self-reported disability was assessed using The Amsterdam Inventory for Auditory
Disability and Handicap. This inventory consists of 30 questions, dealing with a
variety of everyday listening situations. For example "Can you carry on a conversation
with someone in a busy street?" Responses to each question of the inventory were
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given on a scale, ranging from 'almost never’, ‘occasionally’, ‘frequently’ to 'almost al-
ways'. The responses were coded as 3, 2, 1, 0 respectively. In this inventory, five
Factors, interpreted as five basic auditory disabilities are distinguished: intelligibility in
quiet, intelligibility in noise, distinction of sounds, detection of sounds and auditory
localization. Four factors consist of five questions and one factor (distinction of sound-
s) consists of eight questions. Disability scores were calculated by summing the
responses to the corresponding questions included in each factor.

In the inventory, participants were asked to respond on the basis of their experiences
without a hearing aid. Twelve hearing aid users had never performed without an aid
and, hence, did not know how they would function without one. They responded on
the basis of their experiences with an aid. These severely hearing-impaired people
were not excluded from the sample in view of our aim to encounter a wide range of

scores in the sample.

Test battery

A battery consisting of six performance tests was constructed in which the following
tests were included:

1. Pure-Tone audiometry

Pure-tone audiograms were obtained with a conventional audiometer (Madsen OB
822). For each ear the hearing loss, averaged over 500, 1000, 2000 and 4000 Hz was
calculated. The average of both ears was referred to as Hearing Threshold Level
(HTL). Tn case of one totally deaf ear the average loss of the deaf ear was taken as 100
dB. The absolute difference between the right and left hearing threshold level was
referred to as DIF. The influence of inequality of the two ears in the regression model
is examined subsequently.

2. Speech-discrimination

Speech discrimination was measured in conformity with the standard procedure in the
Dutch audiology centers, using lists of 10 Dutch CVC words presented through
earphones at various sound-pressure levels. Both ears were tested separately. The
maximum percentage correctly identified phonemes for the better ear was used as an
index of speech discrimination (SD).
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3. Speech-reception threshold in quiet

The speech-reception threshold (SRT) for sentences in quiet was measured in free-
field. Subjects were seated in a silent room facing a loudspeaker at a distance of 1
meter. The SRT was determined according to an up-down adaptive procedure (Plomp
and Mimpen, 1979): a list of 13 sentences, read by a female speaker was presented in a
fixed order. The first sentence was presented at a level below the reception threshold.
This sentence was repeated with increasing sound level until the listener could
reproduce it correctly. The level was then decreased by 2 dB for the presentation of the
second sentence. For the remaining sentences, which were presented only once, the
speech level was decreased by 2 dB after a sentence was repeated correctly and
increased by 2 dB after it was reproduced incorrectly. The average adjusted level for
the last 10 sentences was adopted as the SRT in quiet (SRTq) which is defined here as
50 percent intelligibility.

4.Speech-reception threshold in noise

SRT in noise was measured in free-field using steady-state noise (SRTns) (Plomp and
Mimpen, 1979). Independent noise signals were produced over two identical loud-
speakers, which were located diagonally opposite the subject (45 deg) (Figure 3.1).

l.6m

45°

I m

Figure 3.1. Position of the subject and the loudspeakers during the speech-reception thresh-
old measurements in noise.
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The speech signals from both loudspeakers were identical, creating a phantom speech
source. Participants were not allowed to move their head and had to look straight
ahead. For every subject, the level of noise was chosen at a 20dB higher level than the
SRT in quiet, with a minimum of 60 dBA. For 24 participants the SRT in fluctuating
interfering (SRTnf) noise was measured as well. F luctuating noise signals were created
according to the procedure described by Festen et al. (1990). Both the steady and the
fluctuating noise had a spectrum equal to the long-term average spectrum of the female
voice. The further procedure was the same as described for SRT in quiet. The speech
to noise ratio was adopted as the SRT in noise (SRTns or SRTnf) which is defined as
50 percent intelligibility in noise.

5. Localization of sounds

For this test, developed by Smoorenburg (1990), the subject was surrounded by eight
loudspeakers in a large room (200 m3) with a reverberation time of about 0.5 s (Figure
3.2). Tone bursts of 300 ms in duration were presented through one of the eight loud-
speakers and had to be localized by the subject. For this purpose listeners used a
response box with eight buttons corresponding with the eight loudspeakers. Masking
pink noise of 70 dBA was presented through a loudspeaker, 1.5 m over the subject's
head. Participants were not allowed to move their head and had to look straight ahead.
The bursts were complex tones consisting of ten harmonics added in sine phase with
amplitudes decreasing with 6dB/octave. The total intensity of the signal was 85 dBA.
In order to exclude the possibility that participants could recognize the loudspeakers
by their timbre, eight fundamental frequencies (230 Hz to 370 Hz, 20 Hz apart) were
used. Tone bursts were presented in a random sequence over eight loudspeakers and
eight frequencies (64 presentations). To average out a possible inhomogeneity in the
room this test was repeated once with a new sequence, with the listener facing the
opposite way fo that in the first test. The percentage correctly localized signals was
referred to as LOC,

6. Recognition of voices

The ability to recognize voices was measured using pairs of pre-recorded three-digit
numbers read by female speech therapists. The numbers were presented successively
in pairs through a loudspeaker in front of the subject. For every pair the subject had to
judge whether the two numbers were spoken by the same woman or by two different

women. The test was performed in free-field in quiet in a silent room. Participants
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Figure 3.2 Position of the subject and loudspeakers during the test localization of
sounds (LOC).

were allowed to choose their most comfortable loudness level. In total 45 pairs of
voices were presented. The first five trials were used as an exercise. The percentage
correctly judged pairs was referred to as recognition of voices (RV).

~ For all participants the pure-tone audiogram and speech-discrimination were measured

without the use of hearing aid. As noted earlier, 12 respondents estimated their hearing
disability on the basis of the use of a hearing aid. Hence, these people used their
hearing aid during the remaining tests: SRT in quiet, SRT in noise, recognition of
voices and localization of sounds.

The complete test session lasted about two hours.
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Statistical Analysis

As it was our goal to find which tests relate most closely to the different factors of the
inventory, Stepwise Multiple Regression analyses were performed with the disability
scores as the dependent variables and the performance test results as the explanatory
variables. For each factor separately a regression equation was generated that relates
the scores on the inventory to the test results. The residuals, which are assumed to be
normally distributed in a regression analysis, were examined. Since the hearing aid can
be a possible confounding variable, it was included in all the regression equations. The
criterions for inclusion and exclusion in the regression model were p values of 0.15

and .20 respectively.

For ease of the survey all variables are given as follows:

The independent variables:

HTL (hearing threshold level)

SD (speech-discrimination)

SRTq (speech-reception threshold in quiet)

SRTn(s/f) (speech-reception threshold in steady (s) or fluctuating (f) noise)
LOC (localization of sounds)

RV (recognition of voices)

Hearing aid (AID)

Difference in HTL between both ears (DIF)

The dependent variables:

Self-reported summed scores on each of the five sections of the inventory:
Intelligibility in quiel

Intelligibility in noise

Distinction of sounds

Detection of sounds

Auditory localization

All the analyses were performed using the Statistical Package for the Social Sciences
(SPSS).
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RESULTS

The means, standard deviations, minima and maxima are given in Table 3.1 in order to
provide insight into the data.

Table 3.1 Means, SD’s, minima and maxima of all variables as well as the number of
participants (N).

Variable Mean  Stddev Minimum  Maximum N
Intelligibility in quiet 7.4 3.8 1 15 A1
Intelligibility in noise 9.6 A 3 15 51
Distinction of sounds 8.0 4.6 1 19 51
Detection of sounds 6.9 3.2 0 13 51
Auditory localization 9.5 3.7 1 15 51
SRTq (dB) i S 10.6 71.0 51
SRTns (S/N ratio) -15 3.6 -7.0 7.0 51
SRTnf (S/N ratio) -28 4.0 -9.8 38 24
HTL (dB) 52.4 17.6 243 2 51
DIF (dB) 183 222 0.0 78.8 51
SD (%) 92.6 12.1 57.0 100.0 51
RV (%) 76.2 9.2 55.0 95.0 51
LOC (%) 41.3 15.5 12.0 75.0 &1

Pearson's correlation coefficients between the test results and self-reported disability
scores are shown in Table 3.2. As noted earlier a higher score on the inventory
indicates poorer hearing. The correlations among the independent variables are given
in Table 3.3. Multiple correlation coefficients and the percentage variance explained
by each of the significant independent variables are presented in Table 3.4. As shown,
the multiple correlation coefficient between intelligibility in quiet and the score on the
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Table 3.2, Pearson's correlation coefficients between the self-reported disability scores and
the test results (N=31).

SRTq SRTn HTL SD RV LOC DIF

Intelligibility in quiet ~ .58** 65%*  51** .52%** -06 -19 -.28
Intelligibility in noise .24 A5%¥% 32 -21 -15 -40* 21
Distinction of sounds ~ .52%¥%  46¥*  46%* .22 -26 -.25 -.18
Detection of sounds S7EE 49%% A2%F 3] =03 -.04 -32
Auditory Localization .21 .20 A3%E - 14 -12  -46%*  37*

(*p=<0.01 **p<0.001).

performance tests is 0.73. This means that 53 percent of the observed variability in
intelligibility of speech in quiet (reported in the inventory) can be explained by measu-
ves of ‘SRT in steady noise' (SRIns), ‘SRT in quiet’ (SR1g) and ‘speech
discrimination’ (SD). Tn order to investigate the role of the HTL' in the prediction of
intelligibility of speech in quiet the "HTL' was forced into the regression procedure
prior to other variables. No more than 25 percent of the variance could be explained.
Only when the inequality of the two cars was taken into account did the ‘HTL ' start to
play an important role in the prediction of mtelligibility of speech in quiet. This result
is described in the following paragraph.

Table 3.3. Pearson’s correlation coefficients among the independent variables (N=51).

SRTns HTL SD RV LOC DIF
SRTq  .50%* 61%F 22 02 -14 -35%
SRTns 53w - TO%* -33* -.18 -.29
HTL -39 -.05 - 65% 04
SD 41% -.09 30
RV 03 12
LOC -53%%

(*p<001 **p<0.001)
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For the prediction of distinction of sounds, ‘SRT in quiet’, ‘recognition of voices' (RV)
and ‘localization of sounds’ ('LOC’) together can reach R=0.62. More than 30 percent
of the variance explained in the equation to describe detection of sounds is contributed
by ‘SRT in quiet’. The remaining amount of the variance explained (5 percent) is
contributed by ‘SRT in steady noise’. The difference in “H1L’ between the two ears
(‘DIF’) and the ‘SRT in steady noise’ (SRTns) is significant in the equation to describe
intelligibility in noise,

Inmitially, the ‘SRT in fluctuating noise’ (SRTnf) was not added to the set of independent
variables in the analysis, since data on this test were available for only 24 participants.
In order to investigate the influence of fluctuating noise, the analysis was repeated
with those 24 participants including ‘SR7 in fluctuating noise’ instead of ‘SRT in
steady noise ' in the set of explanatory variables. This resulted in a significant contri-
bution of ‘SR7 in fluctuating noise’ and ‘Speech-discrimination’ (51) in the equation
to describe intelligibility in noise, The multiple correlation coefficient reaches 0.69.

The assumption of normally distributed residuals in all the above-mentioned regression
equations was met.

As shown in Table 3.4, the hearing aid is a confounding variable in the equation to
describe auditory localization. In order to be able to investigate the relation between
auditory localization and the independent variables without the effect of a hearing aid,
the analysis was re-run with the remaining 39 unaided subjects. As shown in Table 3.4
the pure-tone audiogram then appears to be significant. The hearing threshold level
(‘HTL') together with the difference in ‘HTL’ between both ears ('DIF’) explain 36
percent of the total variance (R=0.60). Pearson's correlation coefficient between self-
assessed auditory localization and localization performance on the ‘LOC’ test is
R=0.46, In order to gather baseline data, the localization performance of 16 normal-
hearing people was also measured. The mean percentage correctly localized signals of
this group was 60 percent. It must be noted here that some hearing-impaired persons
report m the inventory severe difficulties in localizing sounds while they perform quite
well on the ‘LOC " test. The opposite does rarely occur: a high estimation of the ability
to localize sounds and a poor performance on the psychoacoustic test.
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Table 3.4. Quicomes of the stepwise multiple regression analysis relating each dependent variable (left column) to measures of auditory

disability. The multiple coefficients are given in the right column (N

-51)

Multiple

correlation

AID

DIF

LoC

RV

HTL(5:1) SD

1,2,4 kHz

HTL(1:1)
05,12,

SRTns SRTnf

SRTq

Self-reported
disabilities

coefficient

4 kHz

0.73

2%

42%*

QU kkE

Intelligibility in quiet

0.56

13%#**

20%***

Intelligibility in noise

0.69#

15%**

YN

0.62

4%

7%**

28%%**

Distinction of sounds

0.62

5%**

ERL S

Detection of sounds

0.744#

7%**

AT *

13

0.60

5%***

220/6**

8%

Auditory localization

0.60s

[3%*

2334

#N=24
# N

39 unaided participants

**p<005 ***p<00l

*p<0.1
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In the analyses performed as described above, the average of both ears is referred to as
the ‘Hearing threshold level’ (HTL). In order to study the effect of different frequency
regions and inequality of the two ears, the regression models were recalculated with
the ‘HTL> defined according to the formula: (5 x better ear + | x poorer ear)/6. The
ratio 5:1 was chosen since it is applied by the British Association of Otolaryngologists

(BAOL , 1983) as well as by the American Academy of Otolaryngology (AAOQ,
1979).

The following combinations were applied:

(a) HTL=(5 x better ear + 1 x poorer ear)/6, each ear averaged at 0.5.1,2.4 kHz.
(b).HTL=average of both ears at 0.5, 1,2 kliz.

(c).HTL=(5 x better ear + 1 x poorer ear)/6, each ear averaged at 0.5 1,2 kHz.
(d).HTL=average of both ears at 1,2 and 4 kHz.

(e). HTL=(5 x better ear + 1 x poorer ear)/6, each ear averaged at 1,2 4 kHz.

The first formulation resulted in a significant change in the equation to describe
intelligibility in quiet only when the hearing aid was left out of consideration and when
the regression analysis was repeated with 39 unaided participants. The contribution of
‘HTL’ then became highly significant (p < 0.01), The multiple correlation coefficient
reached a value of 0.71, The formulations (b), (¢) and (d) did not result in a significant
change in any of the regression equations. Only small alterations in the levels of sig-
nificance could be reported. A 5:1 weighting, averaged at 1,2 4 kHz as shown in (e)
resulted in a change in the equation to describe deitection of sounds. The hearing aid
appeared as a confounding variable in the regression equation and, hence, the analysis
was re-run with the remaining 39 unaided subjects. The results are shown in Table 3.4,

The ‘HTL’ (5:1)(1,2,4 kHz) together with 'speech-discrimination' (SD) appear to be

significant in the equation. The multiple correlation coefficient reaches 0.74, which
means a more successful contribution of the ‘H77’ when the high frequencies and the
ratio 5:1 are taken into account.
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DISCUSSION

Although it is generally assumed that laboratory performance tests do not encompass
all the aspects of everyday hearing (Dixon, 1983), the tests used in this study appear to
describe and differentiate quite well between disabilities experienced in daily-life
listening. Only certain aspects of psychoacoustical function located in the impairment
domain (e.g. hearing threshold levels) appear to predict auditory disability. Most of the
performance tests in this battery are themselves located in the disability domain. The
results therefore show a limited relationship between measures of hearing impairment
and self-reported disability and they demonstrate high correlations  between
performance measures of auditory disability and self-assessment data obtained with the

Amsterdam Inventory.

A remarkable result is the importance of speech-reception threshold measurements in
predicting disability scores. The regression analysis chooses “SRT’ measures above
pure-tone averages in the equations to describe intelligibility of speech. Hearing
threshold levels only become significant for the prediction of intelligibility in quiet
when ear-asymmetry is taken into account even though the amount of the variance
explained by these threshold levels is not more than the variance explained by the
speech-reception thresholds. This suggests that pure-tone measurement, although
widely used in the assessment of hearing disability, is not the most sensitive test to
estimate the many facets of disability affecting the individual in daily hearing. We do
not attempt to argue that pure-tone audiometry does not provide useful information.
For the diagnostic differentiation between various types of hearing loss the pure-tone
audiogram is indispensable. The correlation coefficients in Table 3.2 and Table 3.3
show the contribution of the hearing threshold levels. Table 3.4 shows a material
contribution of the ‘H7L’ (5:1)(1,2,4 kHz) in the equation to predict defection of
sounds. This will be discussed subsequently.

Our findings agree with the results of Smoorenburg (1992) who reported high correla-
tions between pure-tone averages (< 4 kHz) and the SRT in quiet in a group of subjects
with noise-induced hearing loss. It seems to be that a 5:1 weighting of the hearing
threshold levels, averaged at 0.5,1,2 4 kHz is a good predictor of intelligibility in quiet.

Pure-tone audiometry may therefore be used for the description of this aspect of
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disability. However, the speech-reception threshold test ('SRT) provides a little bit
more information, even though ‘H7L" and *SR7” seem to be similar to each other in the
equation to describe inielligibility in quiel. Although all the included questions in the
section intelligibility in quiet concern speech understanding in quiet situations, the
‘SRT in steady-state noise’ contributes significant information (Table 3.4). An
explanation for this phenomenon may be the fact that real silence does not exist in
daily-life situations.

Another interesting result of this investigation is the relevance of fluctuating noise in
describing imtelligibility in noise. The addition of speech reception threshold
measurements in fluctuating noise (‘SRTx»/ %) (instead of ‘SRT in sieady-siate noise ") to
the list of explanatory varables resulted in an increased multiple correlation
coefficient. In intelligibility in noise a number of factors play a role: hearing the
speech sound (particularly high frequencies), the location of the speaker, the distinc-
tion of the speech sound and the discrimination and recognition of the speech sound in
a noisy environment in order to understand. The ability to distinguish the speech sound
is reflected in the ‘SRT in fluctuating noise' (temporal resolution) and the ability to
discriminate and recognize a sound is reflected in speech discrimination (frequency
resolution). These variables explain a greater part of the variance compared to 'SR7 in
steady-state noise’ and ‘DIF’. A tentative conclusion may be that fluctuating interfer-
ences of speech are more common in daily situations than steady-state noises. It must
be noted here that the last mentioned results are based on 24 persons only. However, in
an extensive study Festen and Plomp (1990) also found that SRT in fluctuating noise
offers a better measure for the ability of hearing-impaired listeners in speech
communication than SRT in steady-state noise.

In the preceding chapter the differentiation between the factors distinction of sounds
and deiection of sounds was a quite interesting result. It is encouraging to see that the
performance tests do differentiate between those two sections of the inventory. The
high frequencies seem to be important in defection of sounds. The prediction could be
enhanced by the hearing threshold level (5:1) when the high frequencies (1,2 and 4
kHz) were taken into account. The 'LOC" test was entered in the equation to describe
distinction of sounds even though the contribution of additional information was not
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highly significant as shown in Table 3.4. The fact that the regression analysis does
enter this variable may indicate that the localization ability may be potentially relevant.

It is probably an important aspect when sounds have to be distinguished.

The description of auditory localization seems to be complicated. The ‘LOC’ test
yields a moderate explanation of the self-assessed localization ability, but the results
on this test are confounded by the hearing aid. Exclusion of the hearing aid resulted in
a substantial contribution of the *HTL> and ‘DIF’. 1t makes little difference whether
the high or low frequencies or whether the S:1 ratio or 1:1 ratio is taken from the
audiogram. Comparable results are reported by Noble et al. (1994) who extensively
investigated the effects of high- and low-frequency loss as well as the type of loss on
sound Tocalization. When evaluating the relation between the self-reported scores and
the performance measurements of localization it is remarkable that there is a fendency
of a few participants to report to have severe difficulties with localizing sounds in
daily-life while their performance during the test 1s quite good (compared to normals).
An explanation for this phenomenon might be the fact that localizing sounds is a diffi-
cult ability, even for normal-hearing people. This was suggested by Noble et al.
(1995). In their study normal-hearing people assessed themsclves as having some
difficulty in localizing sounds in daily-life. Hearing-impaired people may emphasize
their localization disability and may attribute their failure strongly to the fact that they
are hearing-impaired and therefore judge their inability as poor compared to an

assumed norm.

Comparisons of the above-mentioned test results and the subjective information
derived from the inventory indicate that an appropriate test battery can be constructed.
Regarding the total amount of the variance explained, it must be noted that some of the
yariance can be attributed to measurement error and non-audiological factors such as
age, 1Q and personality (Gatehouse, 1991). The effects of the last mentioned variables
on the relation between the self-reported disabilities and performance tests used in this
study should be examined when a greater number of cases are available. Test-retest
reliability of both the dependent and all the independent variables should be
determined before the battery can be considered for use in a clinical setting. Never-
theless, this study emphasizes the importance of the distinction of the many facets of
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hearing disability in everyday hearing. This is not only shown by self-assessment study
as described in chapter 2. The present chapter also shows substantial correlations
between self-reported disabilities and performance measures of auditory disability.
The findings should be considered when hearing disabilities have to be evaluated.
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INTRODUCTION

Chapter 3 presents a battery of performance tests, which clearly describes and
differentiates the five self-reported auditory disability factors. For each factor a
substantial amount of the variance can be explained by the performance tests.
Evaluation of the results shows that the poorest correlation between self-reported and
measured disability was found for auditory localization. The multiple correlation
coefficient did not reach a higher level than R=0.60. One of the reasons for this may
be that people do not know how to estimate their localization ability in a proper way.
However, it may just as well be possible that the laboratory test used in the study is not
representative for localization performance in daily-life. One of the reasons for the test
being nonrepresentative may be the use of tone bursts as signals instead of everyday
sounds and the use of steady-state noise as a masking background. Another reason may
be the fixed time-interval between successive signals, Particularly unexpected sounds
make localization performance very difficult. Subjects who participated in the study
reported that the test does not reflect any element of surprise which they do experience
as a difficult aspect in localizing sounds in daily-life.

In view of the above-mentioned findings the present experiment was added to the
study, attempting to investigate if there is room for improvement in the domain of
localization performance tests. The original test was modified to reflect a more
realistic degree of the ability to localize sounds in daily-life. According to the
observations in the preceding study and the comments of the participants, changes
were made in the domain of the signals, the masking noise and the signal-to-noise

ratio. A varying time-interval between signals was also introduced.

Self-reported scores of a new group of 24 hearing-impaired participants, who
performed on both the original localization test and the modified test, are given on the
following pages. A stepwise multiple regression analysis was used to compare self-
reports with test results and pure-tone loss. The present experiment is undertaken in an
attempt to enhance the correlation coefficient between self-reported and measured
auditory localization. As mentioned before, it is a further exploration of the study
described in the preceding chapter.
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METHODS
Participants

The sample consisted of 24 hearing-impaired participants. Their ages ranged from 17
to 67 years with a mean of 49 years. Two persons had one totally deaf ear. One person
had a conductive loss in one ear. All the others had a sensorineural loss,

Self-report

Self-reported disability was assessed using the Amsterdam Inventory for Auditory
Disability and Handicap. Response categories and codes are given in the preceding
chapter on page 26. For this study only scores on the factor audiiory localization were
used. This factor consists of five questions that are given in table 2.2. The auditory
localization disability score was obtained by summing the responses to the five
questions.

Tests

For each participant the puire-tone hearing threshold levels were measured. The hearing
loss, averaged over 500, 1000, 2000 and 4000 Hz was calculated for each ear. The
average of both ears was referred to as hearing threshold level ("H7L’). In the case of
one totally deaf ear the loss of the deaf ear was taken as 100 dB. The absolute
difference between the right and left hearing threshold level was referred to as “D/F".

Two types of localization tests were used i this study:
The first test has been used in the previous study and is extensively described in the
preceding chapter on page 28. It will be further mentioned as ‘LOCT",

The second test was a modification of ‘LOCT'. The position of the subject and the
loudspeakers was the same as for ‘LOC'". During the test eight everyday sounds were
used both as masking sounds and as signals: a barking dog, big-ben, birds, a telephone,
sirens, a laughing child, a guitar, pouring water. The masking noise was created by just
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mixing seven of the eight above-mentioned sounds (the sound of the telephone was
not included). Generation of the sounds, comprising the masking noise, occurred in
randomly chosen succession. Each sound was generated about 0.5 s after the onset of
the preceding one. This means that always four sounds were generated together. As in
the preceding test, the masking noise was presented through the loudspeaker above the
subject’s head. Signals were presented one at a time through the eight loudspeakers
around the subject with a mean time interval of 3.5 s.

In total 64 times one of the eight sounds was presented. Participants were instructed to
listen to each sound but to respond and localize (press a button) only when the target
sound (the telephone) was heard. Of the 64 signals presented 32 were telephone
sounds. These were presented in a random sequence over the eight loudspeakers (four
times the telephone sound per loudspeaker). As it was our purpose to leave the subject
in uncertainty about the occurrence of the target signal (telephone).the sequence of the
32 telephones within the 64 presentations was randomized, causing a variable time-

interval between the successive telephone sounds.

The remaining 32 presentations were the above-mentioned seven other sounds which
were also presented in a random sequence. The signals were presented at
approximately 70 dBA as was the level of the masking ‘daily-sounds-noise’ (signal-to-
noise ratio = 0 dB). The percentage correctly localized telephone sounds was referred
toas 'LOC2.

Statistical Analysis

A stepwise multiple regression analysis was performed with the summed self-reported
disability score as the dependent variable and the test results as the explanatory
variables. The criteria for inclusion and exclusion in the regression model were p
values of 0.10 and 0.15 respectively. The analysis was performed using the statistical
package for the social sciences (SPSS 7.0).
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Table 4.1. Descriptive stafisiics of all variables.

Minimum  Maximum  Mean Std.Deviation

Self-reported localization 0 15 8.5 4.1
LOCI1 14.1 594 45.9 11.5
LoC2 9.4 813 525 19.9
HTL 13.1 66.9 409 13.4
DIF 0 95 17.2 27.6

For ease of the survey all variables are given as follows:

Independent variables:

HTL (hearing threshold level)

DIF (difference in HTL between both ears)
LOCI1 (localization test type 1)

LOC2 (localization test type 2)

Dependent variable:

Self-reported summed scores on the factor auditory localization.

RESULTS and DISCUSSION

Descriptive statistics of all variables are given in Table 4.1. Table 4.2 presents
Pearson’s correlation coefficients between test results and self-reported disability. The
result of the stepwise multiple regression analysis, as shown in Table 4.3, is an
interesting finding, since it shows the importance of the ‘LOCZ2' The regression
analysis chooses ‘LOC2' above “LOCI' in the equation to describe self-reported
localization. Together with measures of the pure-tone thresholds ‘LOC2' yields a
multiple correlation coefficient of R=0.76. This indicates a notable improvement
compared to the outcomes of the preceding study. The multiple correlation coefficient
in that chapter did not reach a higher level than R=0.60.
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Table 4.2. Pearson's correlation coefficients between self-reported localization ability and
performance test scores (N—24).

LOClL =« LOC2 HTL DIF
Self-reported localization — -.38 «BI%* Py 28
LOCI 68*F - 56%* - 63%*
LOC2 = S3HF TSk
HTL 38

**p<0.01

A remarkable result is the role of the pure-tone audiogram in the regression equation.
In both the previous and the present study a substantial amount of the variance is
explained by the hearing threshold levels and the difference between both ears. It must
be noted, however, that pure-tone measures alone do not explain more than about 39
percent of the variance. This is in agreement with the findings of several other
investigators who found poor correlations between localization performance and usual
audiometric results ( Durlach et al, 1981). An additional localization test appears to be

of great importance.

Table 4.3 Result of the stepwise multiple regression analysis. The percentage of the varianee
explained by each of the variables in the equation is given in this table.

HTL LOC2 DIF Multiple Correlation
Coefficient

Self-reported localization  39%**  12%** 8%%* 0.76
*p<0.1, **p<0.05

The present findings support our assumption that the original localization test ('LOCI')
is less representative for disability in localizing sounds as experienced in everyday life.
The alternative test (“LOC2") appears to be a better indicator of that capability.
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Further study should be performed to find out which changes in the original test
(everyday sounds, signal-to-noise ratio, masking noise, time-interval) are responsible
for the enhanced correlation, even though we assume that all the changes made for the
development of the alternative test (*LOC2") better represent real-life conditions.
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THE SELF-REPORTED HANDICAPPING EFFECT OF
HEARING DISABILITIES

This study investigates to whai extent individuals see themselves as being
handicapped by o hearing disability. Self-reports were obiained with rthe
Amsterdam  Inventory for Auditory Disability and Handicap which
distinguishes five basic disabilifies: distinction of sounds, auditory
localization, Intelligibility in noise, intelligibility in quiet and detection of
sounds. Responses of 239 hearing-impaired persons with varying types of
hearing loss have been examined. The occurrence of the five disabilities in
the population as well as the self-reported limiting and annoying effect per
disability has been investigated. This study shows thai the handicapping
effecis of the disabilities do not have equal weights. Handicap resulting from
the disability understanding speech in noise is most strongly fell. This
chapter argues that the type of disability is jointly determining the severity of

a person's handicap.
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INTRODUCTION

In studies concerning auditory handicap performed during the last several decades, the
estimation of the degree of hearing handicap appeared to be very complicated (Giolas,
1990). The complexity is caused by the subjectivity of the handicap concept and the
involvement of a wide range of non-auditory effects of hearing impairment and
disability. This is clearly expressed in the definition of hearing handicap given by the
World Health Organization (WHO, 1980) and used in this thesis: handicap is a disad-
vantage for a given individual, resulting from an impairment or a disability, that limits
or prevents the fulfilment of a role that is normal (depending on age, sex, social and
cultural factors) for that individual. In an attempt to construct a taxonomy of handicap
the WHO identifies six dimensions; orientation, physical independence, mobility,
occupation, social integration and economic self-sufficiency. Stephens and Hetu
(1991) propose an extension of the classification of the WHO: They distinguish
between the handicaps resulting directly from the experience of impairment and
disability and those that result from the use of various means to compensate for the
disabilities. The latter are identified as secondary handicaps as opposed to the primary
handicaps resulting directly from the experience of disability. A great variety of
psycho-social disadvantages that can be experienced is collected and categorized by
Hétu et al. (1987, 1988).

The above-mentioned investigations deal with the existence of all kind of
consequences resulting from impairment and disability and the observation of
specified aspects of hearing handicap. The results show that disadvantages may
express themselves in attitudes, behaviour (fatigue, stress) and emotions (anxiety).
These aspects are considered as very subjective and personal and are related to charac-
ter, physical condition and circumstances. Hence, they differ widely among and within
persons. Even though Stephens and Hétu in 1991 already stated that the handicap
resulting from auditory impairment and disability merits systematic investigation
within different sub-populations of hearing-impaired people, a search of literature did
not reveal information about the relative importance of the consequences resulting
from hearing difficulties in daily-life. Therefore, the present study was undertaken. 1t
is our aim to investigate the weight attached by hearing-impaired persons to the

experience of hearing disabilities.
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Starting from the assumption that all kind of consequences can be experienced by
hearing-impaired persons, the present study can be seen as an extension of the
foregoing studies.

In agreement with the WHO the line is taken that handicap is linked to disability. On
the basis of this principle the Amsterdam Inventory for Auditory Disability and
Handicap was developed as described in chapter 2. Each question of the inventory
deals with a situation in daily-life. In the first part of each question the subject is asked
to report how often he or she is able to hear effectively in that situation. Experimental
data in chapter 3 demonstrate that these parts of the question assess the degree of
disability. The questions appeared to correlate significantly with various performance
tests. In an accompanying part of each question the respondent is asked to judge how
handicapped he or she feels by having difficulties in that situation.

According to the classification of the WHO, the term handicap in the inventory 1s
defined as the extent to which respondents are annoyed by the experience of difficulty
in hearing in the mentioned situation and the extent to which they feel limited in doing
activities as a result of their hearing problem.

Investigation of part one of the questions (chapter 2) resulted in the distinction of five
factors, interpreted as five basic abilities in hearing: distinction of sounds, auditory

localization, intelligibility in noise, intelligibility in guiet and detection of sounds.

The first part of the present study is an investigation of the accurrence of each of these
disabilities in a population of hearing-impaired persons. In a following step the
distribution of difficult situations within each factor separately will be examined.

The second part of this study focusses on the handicapping effect of each of the
disabilities as described above. Also the handicapping effect of intolerance of noise
will be evaluated. The aim 1s to assess to what extent individuals see themselves as
being handicapped by a hearing problem. The study is undertaken to investigate the
relevance of different hearing disabilities in daily-life and is meant to contribute to a
better understanding of the handicap concept,
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PARTICIPANTS

Participants in this study were 239 hearing-impaired persons (69 female and 170 male)
who completed the Amsterdam Inventory. The sample of subjects was a mixed group
of patients, not restricted to persons with noise-induced hearing loss. Table 5.1 shows
the distribution of hearing threshold levels per frequency separately per ear. Threshold
levels at frequencies to the nearest 5 dB step were obtained with a conventional
audiometer (Madsen OB 822). The maximum hearing loss was set at 100 dB. The
absolute difference between the right and left hearing threshold level is referred to as
DIF. Values of the 10® 25" 50™ 75" and 90" percentile are given. In total 59 respon-
dents completed all questions of the inventory on the basis of their experience with a
hearing-aid. Occupational specialities varied widely as well as the type of hearing loss.
The participants (ages ranging form 23 years to 73 years with a mean of 48.6 years)
did not have any financial interest in this study. '

Table 5.1. Percentile values of hearing threshold levels per frequency separately per ear.
The absolute difference between the left and right threshold level is referred 1o as DIF.

Ear Frequency Percentiles
(kHz)

10% 25% 50% 75% 90%

05 10 20 40 60 90

1 10 23.8 50 75 100

Left 2 15 30 50 80 100
25 45 70 90 100

ddddddd 0s 10 30 478 70 95
15 35 55 80 100

Right 2 16.5 30 60 80 100
4 26.5 45 70 95 100
_____ 0s o 0 10 20 535

1 0 5 10 25 50
DIF 2 0 0 10 213 48.5
4 0 0 10 20 48.5
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METHODS

Self-reported disability and handicap scores were obtained with The Amsterdam
Inventory for Auditory Disability and Handicap. The inventory consists of 30 items
and includes five basic disability factors (chapter 2) dealing with a variety of everyday
listening situations:

L. Distinction of sounds (items 24,23,5,29,6,26,17.,4) (see Table 5.1),
2. Auditory localization (items 15,3.27,21,9),

3. Intelligibility in noise (items 7,25,19,1,13),

4. Intelligibility in quiet (items 14,20,11,12.8) and

5. Deteciion of seunds (items 28,16,22,2,10)

In the first part of each question of the inventory the respondent is asked how often he
or she is able to hear effectively in the mentioned situation. An example: "Can you
carry on a conversation with someone in a busy street?". Whenever the subject reports
'almost never' or 'occasionally’ to be able to hear, the respondent is asked to judge how
handicapped he or she feels by having difficulties in that situation. For example: "Do
you feel handicapped by having difficulty in carrying on a conversation with someone
m a busy street?", Again it is noted that in the introduction of the inventory the term
‘handicap’ is defined as the extent to which respondents are annoyed by the experience
of difficulty in hearing in the mentioned situation and the extent to which they are
limited in doing activities.

The four answer categories are as follows: no, slightly handicapped, moderately handi-
capped, considerably handicapped. Responses were coded as 1, 2, 3, 4 respectively.

In case a subject reports not to have any difficulty in hearing in the mentioned situation
(as assessed in the first part of the question), the following handicap-part of the ques-
tion is irrelevant. In that case respondents were instructed to skip the handicap-part.
This so called 'no-disability' was coded as 0. The request to complete the handicap-part
of a question only when the respondent reports in the first part of the question to
experience a hearing difficulty, expresses the assumption that a handicap can only be
felt when a disability is experienced. A consequence of this construction is that the
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number of completed handicap parts depends on the number of difficulties rated in the
first parts of the questions.

Therefore. the first step in the data analysis was to examine the number of items on
which the respondent rated a difficulty in hearing (with a minimum of 0 and a
maximum of 28 items). If a restricted number of the 28 situations are rated as difficult,
in what area of auditory functioning are the problems then located? In order to answer
this question the distribution of difficulties over the five basic disability factors was
investigated.

The second step in the data analysis was focussed on the distribution of difficulties
within each disability factor separately. Every factor consists of at least five items cach
referring to a situation in daily-life hearing. How many times a situation is rated as
difficult by how many persons? This second step was undertaken to investigate if all
situations within one factor are equivalent to each other.

The third step was the examination of the wei ght given to a hearing problem in each of
the situations mentioned in the inventory. The weighting (handicapping effect) is
expressed in the values reported in the handicap-part of each question. To assess the
handicapping effect of each of the five above-mentioned basic disabilities separately,
the values of the handicap-parts within each factor were examined. Items belonging to
one factor were grouped together and the means of the handicap-parts of the questions
per factor were calculated accordingly. Even though it cannot be considered as a
separate factor in this study, since only one item (18) of the inventory refers to this
aspect, the handicapping effect of intolerance of noise was also examined.

RESULTS

The first step in the data analysis was the examination of the number of items on
which respondents rated a difficulty in hearing. This step was followed by an
investigation of the area of auditory functioning in which the problem is located in
case a difficulty is reported. The distribution of difficulties over the five basic disabil-
ity factors was examined. For example: in the population 7 subjects are rating each 12
(different) items as difficult. The value on the x-axis is then 12. When the 12 items are
arouped, the percentage disability per factor (5 data-points) is plotted along the y-axis.
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The values are calculated as follows: In this group of 7 subjects the number of items
with reported disability on auditory localization is 22.

The maximum value 1s (7*5)=35. (The factor localization consists of 5 items). So, the
percentage is (22/35)=63 percent. This is shown in Figure 5.1. It presents the
distribution of difficulties per factor as a function of the number of difficulties rated in
the inventory. Different curves represent different factors. Only for intelligibility in
noise and distinction of sounds individual data points are given. The curved lines are

polynomial fits to the data.
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Figure 5.1. Percentage per fuctor of items on which the respondents reported experiencing
disability, displayed as a function of the mmber of items of the inventory with reported
disability. Different curves are for different factors. Only for 'imtelligibility in noise' and
‘distinction of sounds’ individual data points are given. The curved lines are polynomial fits
fo the data. Data below a total of five items are too noisy and are therefore not included.
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Not being able to understand speech in noise is the most-frequent disability and dlis-
tinction of sounds is the least-frequent disability. A notable result is that even in the
group of participants (number of items < 10) difficulties can occur in all five areas of
auditory functioning.

Each of the above-mentioned factors consists of at least five items each item describ-
ing a situation in daily-life hearing. Therefore, the second step in the data analysis was
the examination of the distribution of difficulties within each disability factor
separately. Some participants reported experiencing difficulty in only one of the five
(or eight) situations per factor. It is then important to know if this is the same situation
for all these participants. Per disability factor five groups of respondents are distin-
guished (for distinction of sounds eight groups are distinguished):

. difficulty rated in 1 of the 5 (or 8) situations

in 2 of the 5 (or 8) situations

in 3 of the 5 (or 8) situations

in 4 of the 5 (or 8) situations

]

L R = S 4 |

in all five situations (in 5 of the 8 situations)

(6. in 6 of the 8 situations)

(7. in 7 of the 8 situations)

(8. in all 8 situations)

Frequencies arc presented in Figure 5.2. To understand the onset of auditory
difficulties, examination of the situations that are difficult for persons belonging to
group 1 is important. These persons report to have difficulty in only one of the five
situations per factor. Figure 3.2 shows that if only one situation is rated as difficult this
situation is not the same for every participant. This indicates that all individual
questions of the mventory have their relevance.

However, some situations are exceptional. As shown, many persons in group I
experience difficulty in situations described in item 9 (hearing from which corner of a
lecture room someone is asking a question), item 12 (understanding text that’s being
sung) and item 10 (hearing somebody approaching you from behind). It may be that
normal-hearing people will have difficulties in these situations as well. In order to
investigate this assumption the Amsterdam Inventory was presented to a group of 58

normal-hearing persons.
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Figure 5.2. Percentage per group of respondents who rated a difficulty in one or more of the
items of a disability factor. Respondents are divided inio groups as mentioned under ‘resulls’
Groups are represented by bars in this Figure. In the lowest part there are eight groups
because the factor ‘distinction of sounds’ consists of eight questions.
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The results show that sometimes these situations also cause difficulty for normal-
hearing persons: the percentage of normal-hearing participants who experience a diffi-
culty in situations described in item 9, item 12 and item 10 is 21 percent, 50 percent
and 24 percent respectively. Figure 5.2 shows a gradual increase for all items per
factor. Exceptions are item 8 (telephone conversation) and item 2 (conversation with
someone in a quiet room). These situations cause difficulty for persons who

experience difficulty in all other situations as well.

The results presented up to here only deal with the incidence of difficulties in a
population of hearing-impaired persons. In the following part of this chapter the
handicapping effect of disabilities will be examined. It is the third step in the data

analysis.

The self-reported handicapping effect is expressed in the values reported in the
handicap-part of every question in the inventory. Figure 5.3 shows the variability
among these values. Frequencies of handicap scores and 'no-disability' for all questions
are given.

To further elaborate the information given in Figure 5.3, the handicapping effect of
cach separate disability was examined. To be able to calculate these values, the
handicapping cffect of each situation as mentioned in the items of the mventory was
determined first. The mean values of the responses of the handicap-parts (mean
handicap score) were calculated. It should be noted here again that the handicap-part
of a question is only completed by persons who experience a disability in that situation
(as assessed in the first part of the question). The number of completed handicap-parts
therefore differs between items.

Figure 5.3. Frequency distributions of the handicap-parts of all items of the disability
factors. The percentage of respondents yeporting io feel handicapped varies between the
items since the handicap-part of a question is only completed by persons who reported 1o
experience a disability (fine hatched=considerably handicapped, double hatched=moderately
handicapped, single hatched=slightly handicapped, open—not handicapped),
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The results are shown in Table 5.2 which shows the number of disabled respondents
(N) in the given situation and the mean handicapping effect reported by these people.
The items are listed in decreasing order of handicap.

It can be seen in Table 5.2 that disabled respondents feel considerably handicapped
when not being able to have a conversation in noisy situations. Handicap resulting
from the disability in listening to speech in noise is most strongly felt. This is more
clearly shown in Table 5.3 in which items are grouped together on the basis of the five
factors of auditory functioning. The mean handicap scores per disability express the
self-assessed handicapping effect of each disability separately. An important result,
shown in this Table, is that the handicapping effects of the five disabilities do not have

equal weights.

The mean handicap scores per disability of the subjects who reported always using
their aid were compared to the scores of the participants who rated each situation of
the inventory without an aid. No significant difference was found. Moreover, the
values reported in both groups did not differ significantly from the scores as shown in
Table 5.3.

Distinction of sounds seems to be the least frequent and least handicapping disability.
This is shown in both Table 5.2 and Table 5.3. Investigation of the group of respo-
ndents that reported to feel handicapped by experiencing disability in distinction of
sounds showed that a small part of this group is musically trained. The responses on
the handicap-parts and on a question in the appendix of the mventory concerning
playing a musical instrument appeared to be related. The chi-square test for linear
association showed a high observed level of significance (p < 0.01).

Musically trained hearing-impaired participants experiencing a disability in distinction
of sounds feel more handicapped than impaired participants who report not to play an
instrument. Another question in the appendix of the inventory is as follows: “did you
stop doing certain activities because of your hearing impairment?’ The responses on
this question appeared to be related to the responses on the handicap-parts of the
questions. The chi-square test for linear association showed a high observed level of
significance (p < 0.001). This result indicates that the respondents did not have
different ideas about what was being asked for in the questions of the inventory in

which we used the term ‘handicap’.
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Table 5.2, Number of disabled respondemts in the given situation (N) and the mean
handicapping effect reported by these participants per ifem.

Item Do you feel handicapped by having difficulty in: HI::;‘?:‘.p N
Score

7 carrying on a conversation with someone during a crowded meeting? 353 201
19 following a conversation between a few people during dinner! 349 190
2 carrying on a conversation with someone in a quiet room? 3.46 35

8 carrying on a telephone conversation in a quiet room? 3.38 60
13 carrying on a conversation with somebody in a bus or car? 334 176
25 carrying on a conversation with someone in a busy street? 3.24 179
20 understanding the presenter of the news on tv? 322 139
22 hearing the door-bell at home? 321 134

understanding a shop-assistant in a crowded shop? 321 149

4 hearing cars passing by? 3.19 103
18 do you feel handicapped by experiencing that music is too loud for you? 3.16 81
14 understanding the presenter of the news on the radio? 3.16 147

9 hearing from what corner of a lecture room someone is asking a question 3.13 193

during a meeting?

3 hearing from what direction a car is approaching when you are outside? 311 171
10 hearing somcbody approaching you from behind? 2.99 200
15  inhearing from what direction somebody calls you in the street? 297 178
27 hearing from what direction a car horn is coming? 2.92 145
26 distinguishing intonations and voice inflections in people's voices? 2.88 108
28 hearing birds singing outside? 2.84 152
12 understanding text that's being sung? 2.82 172
24  hearing rhythm in music or songs? 278 77
21 hearing from what corner of a room someone is talking to you being in a 297 130

quict house?

6 recognizing melodies in music or songs? 274 98
23 distinguishing between male and female voices? 2,70 46
29 recopnizing and distinguishing different musical instruments? 2.64 113

5 recognizing members of your family by their voices? 2.56 79
16  hearing noises in the house holding? . 2.44 80
17  discriminating the sounds of a car and a bus? 2.27 109
11 recognizing a presenter on TV by his/her voice? 1.99 140
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Table 5.3. Self-reported handicap scores per disabiliny. ltems are grouped together on the
hasis of the five factors of auditory disability. Per factor the mean of the items (see Table 5.2)
is calculated. The handicapping effect of ‘Tntolerance of Noise' (represented by only one
item) is also shown in this Table.

Disability Mean handicap score per disability
Distinction of sounds 2.72
(items 24,23,5.29,6,26,17.4)
Auditory localization 2.98
(item 15,3,27,21,9)
Intelligibility in noise 3.36
(items 7,25,19,1,13)
Intelligibility in quiet 2.91
(items 14.20,11,12,8)
Detection of sounds 2.99
(items 28,16,22.2,10)
Intolerance of noise 3.16
(item 18)

DISCUSSION

Before starting a discussion on the handicapping impact of different hearing
disabilities it is important to consider the occurrence of disabilities in a population of
hearing-impaired persons. It is in this context important to note that the results of this
study were not influenced by any financial or other interests of the participants. The
results of the first part of this study show that difficulties in intelligibility in noise and
auditory localization are the most-frequent disabilities followed by intelligibility in
quiet and detection of sounds (Figure 5.1). All curves are gradually increasing except
for the one of detection of sounds. The S-shape of this curve seems to be related to the
use of a hearing-aid. A group of 39 respondents have never performed without an aid
and hence responded on the basis of their experience with a hearing-aid. The majority
of hearing-aid users (70 percent) experience a difficulty in more than 15 situations

{number of items > 15). The S-shape of the latter curve might show that the increase of
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difficulties in detection of sounds in this group can be reduced up to a certain extent by
the use of a hearing aid.

This influence of the hearing-aid is not shown in the curves of the other disabilities,
which is in agreement with the clinical practice, except for intelligibility in quiet. An
explanation for this result may be that the items of the factor fnvelligibility in quiet
deal with situations which are not really silent. It must be noted that real silence in

daily-life situations is exceptional, as is discussed in chapter 3.

Distinction of sounds seems to be the least-frequent disability. However, a remarkable
result of the present investigation is that even in moderately disabled participants
(number of items < 10) (Figure 5.1) all five disabilitics are present. This means that
there is no convincing evidence available to suggest that some of the disabilities start
to play a role only in severely disabled groups. This outcome corresponds to the results
of Lutman et al. (1987) who did not find evidence for a ‘low fence’ in a function
describing the relationship between self-reported disability/handicap and hearing loss.
Therefore. regardless of the type and the severity of hearing loss, all five disabilities
should be evaluated separately in order to describe the hearing status and to estimate
the hearing handicap.

Figure 5.2 shows the variability among situations that cause difficulty in daily-life
hearing. Some situations are difficult for only a few people. Examples are
‘understanding somebody in a quiet room' (item 2) and 'carrying on a telephone conve-
rsation in quiet' (item 8). However, the respondents who report experiencing difficulty
in these situations report experiencing hearing problems in all other situations as well.
This means that the hearing status of a person who reports to have difficulty in these
situations must be rather poor. Other situations cause difficulty to persons who report
having no problem in any other situation. Examples are item 9 (from what comer of a
lecture room someone is asking a question during a meeting), item 10 (can you hear
somebody approaching from behind) and item 12 (Can you understand text that's being
sung). From our results it seems likely that these situations may yield difficulty even
by normal-hearing people. A substantial percentage of the 58 normal-hearing persons
in this study indeed reports to experience a difficulty in some of these situations.
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The results in Figure 5.3 show that not every listening situation leads to a feeling of
being handicapped, despite the presence of a hearing difficulty (as assessed in the
preceding part of the question). This means that someone can be disabled in certain
situations in daily-life without having a fecling of being handicapped. The Figure also
shows that the number of disabled respondents is not the same in every situation. Not
many respondents report to be disabled in carrying on a conversation with someone in
a quiet room (item 2). However, whenever this occurs, the handicapping effect is large
(Table 5.2). The hearing handicap of a person depends on the disabilities he or she
really experiences.

Even though Dobie (1993) states that "there is a general consensus that hearing
handicap should be assessed in terms of the effects a hearing loss has on speech
communication in the activities in daily living, rather than on the hearing of non-
speech sounds", the results of this study clearly show that handicap can also be caused
by not being able to perceive sounds other than speech. Although handicap resulting
from disability in listening to speech in noise is most strongly felt by hearing-impaired
people (Figure 5.3 and Table 5.3) the additional handicap from other disabilities, if
present in a person, should not be ignored. Also other investigators, such as Noble
(1978), Barcham and Stephens (1980) and Lutman (1987) showed the importance of
non-speech disability and localization. A remarkable finding in this study is the
substantial handicapping effect resulting from intolerance of noise, as is shown in
Table 5.3. Intolerance of noise is a serious complaint of many hearing-impaired
people. It should therefore not be ignored in the assessment of handicap.

All factors should be taken into account in assessing a person’s hearing handicap, par-
ticularly when handicap is seen as a result of disability and calculated accordingly. It
seems to be important first to estimate the magnitude of a person’s hearing disabilities.

Not any of the values in Table 5.3 are smaller than 2 (slightly handicapped) which
means that not any of the disabilities is negligible. In fact all values of the mean
handicap score per disability are around 3 on a scale ranging from 1 to 4. Tn general
this means that any of these disabilities are moderately handicapping. The weights may
appropriately be used as a first indication of a person’s primary handicap (Stephens
and Hétu, 1991). For the estimation of a person’s total handicap attention should be
paid to the individual situation. Ineffective coupling conditions between the individual
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and his environment (Hallberg, 1991; Noble, 1994) increase a person’s handicap.
Inappropriate demands of the (working) environment constitute secondary handicaps
like stress, fatigue etc. (Gatehouse, 1990). These so-called secondary handicaps were
not included in this study. The fact that the individual situation is important for the
determination of a person’s total handicap is clearly emphasized by the musicians in
this study. The ability to distinct sounds appeared to be an important factor particularly
for musicians. It is reasonable to suggest that for this sub-population the restriction of
the ability to 'distinct sounds' should weight more heavily. The values of the weights
should be further evaluated in other sub-populations of hearing-impaired people living
in different sociocultural environments.
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ASSESSING ASPECTS OF HEARING HANDICAP BY MEANS OF
PUPIL DILATATION

The demand on extra effort and concentration during listening Is are
notorious handicapping effecis of hearing impairment as is shown by self-
assessment studies. In an attempt ta explore new ways of assessing hearing
handicap, the present study focusses on an objective measure of mental
effort during listening. Pupil dilatation is used as the index of mental effort.
Results of 14 hearing-impaired and 14 normal-hearing listeners show a
relation between pupil dilatation and difficulty in speech recepiion in noise,
as manipulated by the speech-io-noise ratio. In addition the study shows
that, with regard to effort and concentration, hearing-impaired subjects
benefit less than normals from easier listening situations (e.g. at 5dB above
the individual speech-reception threshold). The results show a significant
correlation between self-rated handicap and pupil dilaiation.

AUDIOLQGY, 36:155-164, 1997



Assessing auditory handicap by means of pupil dilatation

INTRODUCTION

Hearing handicap is characterized by the experience of disadvantages in daily-life as a
result of hearing impairment. Among the various disadvantages the demand of extra
effort and auditory fatigue are notorious. Extra effort is needed to listen more carefully
and to concentrate more. These handicaps are often reported by hearing-impaired
persons, like the participants in a study by Hétu et al. (1988) who conducted Interviews
on consequences of hearing impairments. In their model of the structure of auditory
handicap, effort and fatigue are distinguished as secondary handicaps. These handicaps
result from the cost of adapting to a disability which is also acknowledged by
Demorest and Erdman (1986): 'The individual's attempts to compensate and to
communicate optimally require vigilance: a constant effort to hear, to pay attention and
to respond appropriately.’ Stephens and Hétu (1991) report that social interactions of
the hearing-impaired person are altered due to increased effort, stress and fatigue in
trying to cope with the disabilities. These alterations have their impact on the quality
of everyday life of a hearing-impaired person. Stephens, therefore, even proposes an
extension of the WHO classification (1980) of handicap to include these levels of
disadvantage. ;

Different attempts have been made to estimate the handicapping effect of hearing
difficulty. The assessment, however, is very complicated since handicap refers to a
great diversity of individual experiences. The involvement of subjective quantities
makes it difficult to measure the disadvantages. Although desirable for many purposes,
adequate objective measures of the degree of handicap are not available. Measure-
ments based on the perception of pure-tones have proved not to be completely satis-
factory. Questionnaires and interview techniques seem fo be the only appropriate tools
to explore the domain of effects of hearing impairment/disability. The present study
proposes the application of pupil response during listening as a method to quantify
aspects of hearing handicap.

Extensive research has shown that the variation of the pupil diameter is a sensitive
measure of the degree of mental effort demanded by a task (Janisse, 1977; Heemstra,
1988). At the end of the nincteenth century, Heinrich and Roubinovitsch had already
observed the phenomenon of pupil dilatation during mental problem solving by just
looking into a person's eye while asking him to mentally solve a problem such as
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multiplying 8 by 13 (Hess and Polt, 1964). In the early 1960s, Hess and Polt started to
investigate the pupil diameter in relation to mental activity during the solving of simple
mathematical problems. They found that the diameter of the pupil increases with the
difficulty of the problem. Important observations have been described by Kahneman
and Beatty (1966). In a short-term memory task the pupil dilated while the subject was
listening to information whereas it constricted giving a response. Kahneman and
Beatty also demonstrated that major pupillary dilatations are closely related to
rehearsal and other active modes of information processing. In an experiment complex
sentences were auditorily presented to normal-hearing subjects and pupil dilatation
was observed at the termination of each sentence. The investigators reported that this is
the time at which the sentences are actively rehearsed by the subjects in an effort to
make sense of it. Wright et al. (1971) observed similar pupil reactions during the pres-
entation of sentences. All these investigations demonstrate pupil diameter to be a
function of task difficulty, suggesting that pupil dilatation provides an effective index
of processing load. Tt is because of the work of Kahneman and Beatty (1966) that con-
cepts like effort, processing and loading are not only related to pupillary activity, but
are, in many cases, even defined by the pupillary response. Hoeks (1995) recently
demonstrated the relationship between pupillary dilatation and production of speech.
The present study was undertaken in an attempt to explore new ways of assessing and
quantifying auditory handicap. The experiments were designed to test the hypothesis
that there is a relationship between the pupillary response and different levels of
difficulty in the reception of speech in noise, as manipulated by the speech-to-noise
ratio (SNR). A second motive is verification of the hypothesis that there is a difference
in pupil response between hearing-impaired and normal-hearing listeners during listen-
ing to speech. As far as pupil dilatation can be used as an index of mental effort we
expect that near the threshold for speech reception, hearing-impaired listeners and
normal-hearing people will use the same amount of mental effort, while the demand of
effort in relatively easier listening situations will be greater for hearing-impaired
listeners. This chapter argues that the pupil can serve as an objective measure of a non-
audiological aspect that is jointly responsible for the experience of a hearing-impaired
person feeling handicapped.
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METHODS
Apparatus

Participants were tested individually in a sound-insulated room. They were seated in
an adjustable chair, one meter in front of a loudspeaker, with their heads fixed in a
Whittaker head rest. During the experimental runs the subject viewed a fixation point
on the loudspeaker at eye level.

The pupil diameter was measured by an infra-red video pupillometric system
(Whittaker 1994-S Eye View Monitor). Reflections from the pupil were recorded from
a source light that was directed continuously at the eye, while a TV-camera monitored
the subject’s eye. Pupillary data were sampled at a rate of 50 Hz and sent to a DEC
PDP-11/44 outside the room for further analyses. The ambient light level was held
constant during the experimental session but varied between subjects depending on the
initial pupil diameter. The illumination was adjusted such that the initial pupil diameter
was within the range of 4 to 6 mm.

Task

Before starting the experiment, the subject’s speech-reception threshold in quiet and in
fluctuating noise was determined, according to an up-down adaptive procedure as
described by Plomp and Mimpen(1979). Fluctuating noise signals were created
according to the procedure described by Festen and Plomp (1990). The speech-recep-
tion threshold (SRT) is defined here as the level for 50 percent intelligibility. The
‘SRT in noise’ is expressed as signal-to-noise ratio (SNR). The subject’s speech-recep-
tion threshold in noise (SRTn) was used as his reference point.

During the experiment four conditions were distinguished:

A. Sentences at the subject’s speech-reception threshold in noise (SRTn)
B. Sentences at a 5 dB higher level than the threshold (SRTn+5)

C. Sentences at a 10 dB higher level than the threshold (SRTn-+10)

D. Thirteen times presentation of noise only (noise)

70

Chapier 6

For each condition a list of 13 everyday Dutch sentences, read by a female speaker,
was presented in fluctuating noise through the loudspeaker. Subjects were instructed to
repeat every sentence as accurately as possible. No feedback about the correctness was
given. Each sentence was presented only once.

The experimental conditions differed in signal-to-noise ratio which implies different
levels of difficulty in reception of speech in noise. The level of the noise was 20 dBA
higher than the person’s speech-reception threshold in quiet but at least 60 dBA with a
maximum of 80 dBA.

The sequence of conditions varied between subjects to avoid effects of measurement
order. The entire session lasted about 45 min per participant.

Participants

Two groups of subjects participated in this study. The first group existed of 14 normal-
hearing people aged 23 to 37 years with a mean of 29 years. Their speech-reception
thresholds in fluctuating noise (SRTn) ranged from -9 dB to -15.8 dB with a mean of
-12 dB. Their speech-reception thresholds in quiet ranged from 28 dB to 39 dB with a
mean of 32.9 dB. '

The second group existed of 14 hearing-impaired persons aged 24 to 62 years with a
mean of 44 years. Their speech-reception thresholds in fluctuating noise ranged from
-85 dB to 3 dB with a mean of -2.6 dB. The pure-tone thresholds of the hearing-
impaired subjects ranged from 28 dB to 78 dB (average of both ears at 0.5,1,2,4 kHz)
with a mean of 55 dB. Their speech-reception thresholds in quiet ranged from 41 dB to
60.4 dB with a mean of 52.1 dB.

Self-reports

Self-reported handicap scores were assessed using the Amsterdam Inventory for
Auditory Disability and Handicap. In this inventory five factors, interpreted as five
basic auditory disabilities are distinguished. Five items included in the factor
intelligibility in noise were used for this study. All five items deal with situations in
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noise. Hearing handicap was assessed by asking the respondent to judge how handi-
capped he or she feels by having difficulties in hearing in a noisy situation. For
example: "Do you feel handicapped by having difficulty in carrying on a conversation
with someone in a busy street?". The four answer categories are as follows: no, slightly
handicapped, moderately handicapped, considerably handicapped. Responses were
coded as 1. 2, 3, 4 respectively, Handicap scores were calculated by summing the

responses. These scores were available for the hearing-impaired participants.

Pupil responses

During the presentation of every sentence the pupil diameter was measured. Sampling
started 2.5 sec before the start of the sentence and ended 4 sec after the sentence was
finished. The total time of pupil measurement per sentence summed to 10 seconds: 2.4
sec silence, 0.6 sec noise only, 2.4 sec sentence in noise, 0.6 sec noise only, 4 sec
silence. Participants were asked to reproduce each individual sentence after the 4 sec
silence. The pupil diameter recorded over the 10-sec period is called a trace (Figure
6.1).

Since artifacts in the signal, like blinkings or eye movements, can seriously distort the
calculations all traces were processed to eliminate these artifacts.

In order to remove blink artifacts, characterized by a rapid drop in the apparent pupil
diameter, traces were 'de-blinked' by linear extrapolation across the region of the blink
(0.1s). The result of 'de-blinking' is shown in Figure 6 1B, After ‘de-blinking’ the
signal was filtered by a low-pass filter (Figure 6.1C). For all traces a sliding median
was then determined with a window size of 0.2 sec to correct for other disruptions in
the pupillary response as shown in Figure 6.1D.

Finally every pupil trace, related to a single sentence, was inspected visually in order
to detect errors resulting from eye movements. These traces were removed from the
data set. Because of this removal (an average of 2 traces per list) the number of traces
was not the same for every subject.
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Figure 6.1. Example of a pupil diameier during sentence reception. The different traces show
successive stages of data processing. (4) Raw trace showing the pupil diameter with blink
ariefacts and measurement noise. (B) The same trace after de-blinking. (C) The same frace
filtered by a low-pass filter. (D) The same trace after a sliding median has been faken.
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The pupillary baseline was considered to be the averaged pupil diameter in the 1-s
period before the presentation of the noise (Figure 6.1).

The peak level was the maximum pupil diameter measured within the interval after the
start of the sentence until the end of the 10-sec period. Maximum dilatation was
defined as the difference between peak level and baseline. For every trace the
maximum dilatation was calculated. In total 1321 traces were included in the data set.

Statistical analysis

Since traces from one condition (one list of sentences) can be considered as repeated
measurements, an analysis of variance (ANOVA) with repeated measurements was
performed with the factors Hearing (normal, impaired), Condition (A,B,C and D) and
Tracenumber. Since the Age distribution in the two groups of participants is different,
Age must be considered as a confounder for any relation of Hearing with an outcome
variable (Miettinen, 1985). Therefore, Age was included as a covariate in the analysis.
Due to the removal of traces in lists the design became unbalanced and was analyzed
accordingly. The mean pupil dilatation in every condition was calculated for all sub-
jects and plotted. Statistical analyses were performed using BMDP (Dixon, 1992).

RESULTS

Pupil responses

The analysis of variance showed a significant Trace-number effect. Every first trace of
a list differs from all the others. We therefore decided to eliminate the first trace of
every list and proceeded the analysis with the remaining traces.

To investigate the relation between pupil response and difficulty in speech reception
the mean pupil dilatation for all participants (N=28) is plotted agamst the four

conditions (‘SRTn', SRTn+5",'SRTn+10", Noise') (Figure 6.2). The analysis of variance
showed a significant Condition effect (p < 0.01), indicating that pupil dilatation varies
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Figure 6.2. Mean pupil dilatation (averaged from iraces per list of sentences) under various

conditions of the signal-to-noise ratio. Error bars indicate standard error of the mean.

across the different levels of difficulty in speech-reception.
Therefore, in a following step, the four conditions were separately tested against each
other by means of the following contrasts: (SRTn:SRTn+5), (SRTn+35:SRTn+10),
(SRTn+10:Noise). The pupil dilatation in the 'SRTn’ condition appeared to be sig-
nificantly larger (p < 0.01) than in the 'SRTn+5' condition.

There was a significant interaction between Cendition ('SRTn.'SRTn+5.'SRTn+-
10','Noise') and Hearing (normal, impaired) (p=0.0015). This means that pupil
dilatation of the hearing-impaired listeners under the four conditions did not show the
same pattern as that of the normal-hearing persons. In order to investigate how

hearing-impaired subjects differed from normals, all contrasts were examined
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separately. The analysis showed a significant interaction between Hearing and the
contrast among the first two conditions (SRTn:SRTn+35).

In the 'SRTn+5' condition hearing-impaired subjects still showed a large pupil dila-
tation compared to the 'SRTn' condition, while the normal-hearing people showed a
greater decrease in pupil dilatation in the 'SRTn+5' condition. The interactions between
Hearing and the other contrasts (SRTn+5:SRTn+10) and (SRTn+10:Noise) were not
significant.

Figure 6.3 clearly shows the difference between the normal-hearing and hearing-
impaired group. It is the reduction of dilatation between 'SRTn' and ‘SRTn+5' that ap-
peared to be significant. Therefore, the pupil dilatation at the 'SRTn'-condition (refer-
ence point) is set as the norm for each subject separately in this Figure in order to
show the reduced dilatation ( percent of dilatation m 'SRTn' condition) in the
successive conditions (SRTn+5 and SRTn+10). Moreover, the mean reduction in pupil
dilatation is plotted as a function of the average signal-to-noise ratio per condition per
hearing group. Hence, Figure 6.3 not only shows the above-mentioned significant
interaction between Hearing and the reduction in pupil dilatation between the 'SRTn'
and 'SRTn+5' condition, but it also shows the shifted mean speech-reception threshold
in noise of the hearing-impaired participants. As mentioned before Age was included
as a covariate in the analysis. There was a significant effect of Age on the above-
mentioned relation between Hearing and the contrast (SRTn:SRTn+5) (p< 0.001). The
analysis did not show a significant effect of Age on pupil dilatation. Only a small
effect of Age on Hearing was shown (p < 0.05).
In order to investigate if there is any relation between a person’s speech-reception
threshold (SRTn, the starting point of the curve) and his/her reduction in pupil
dilatation in the successive conditions (expressed as the slope of the curve), correlation
coefficients were calculated. A highly significant correlation was found (Pearson’s R =
-0.57 (p< 0.001) (N=28)) between the subject’s signal-to-noise ratio at the threshold
(SRTn) and the slope between 'SRTn' and 'SRTn+5'. The relation between the
reduction in pupil dilatation and the pure-tone audiogram on the other hand was not
significant. The correlation coefficient between the pure-tone thresholds (average of
both ears at 0.5,1,2.4 kHz.) and the slope between 'SRTn' and 'SRTn+5' did not reach a
higher level than R=-0.07.
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Figure 6.3. Mean pupil dilatation as a function of the average signal-to-noise raiio per
condition per hearing group.

Speech performance

Some readers may be inclined to simply relate pupil dilatation with the percentage cor-
rectly reproduced sentences. Evaluating the slopes in Figure 6.3 the question arises as
to whether, performing the same task, the percentage correctly reproduced sentences as
a function of signal-to-noise ratio (SNR) shows a similar difference between the two
groups of listeners. As we did not score the percentage correctly reproduced sentences

for all participants under all conditions in the above-mentioned experiment, our set of
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performance data was incomplete. We therefore performed a second experiment. The
same lists of sentences under the same conditions as described above were presented to
16 normal ears and to 15 hearing-impaired ears. All participants scored 100 percent
correctly reproduced sentences at the casier listening level (SRTn+10). The mean
percentage correctly reproduced sentences at the 'SRTn', 'SRTn+5' and 'SRTn+10" was
50 percent, 80 percent and 100 percent respectively. There was no difference between
the two groups of participants. This finding corresponds to the data of the original
sample as far as these data were available. Also in a study by Festen and Plomp (1990)
normal-hearing and hearing-impaired participants performed similarly under the same
conditions.

Self-reports

Research has shown that effort demanded by a task relates to pupillary activity. Does
pupil dilatation relate to self-rated hearing handicap during listening in noise as
assessed in this study? To investigate this question pupil responses of the hearing-
impaired participants were related to their self-reported hearing handicap scores. A
significant correlation was found (Spearman R= 0.65 (p < 0.01) (N=13)) between the
self-rated handicap and the reduction in pupil dilatation between the 'SRTn' and 'SRT
nt+10' condition. '

DISCUSSION

The first aim of the present study was to investigate the relationship between the
pupillary response and different levels of difficulty in speech reception in noise. The
results show an obvious relationship which is plotted in Figure 6.2. A lower level of
difficulty in speech reception results in a decrease in pupil dilatation. Since it has
generally been acknowledged that pupil dilatation is a sensitive measure of the degree
of mental effort and processing load demanded by a task (Janisse, 1977; Hess and Polt,
1964 Kahneman and Beatty, 1966; Wright and Kahneman, 1971) it can be concluded
that a more favourable signal-to-noise ratio requires less effort. Evidence for this
statement is also found by the significant correlation between self-rated handicap
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scores and the increase of the pupil dilatation in the 'SRTn' condition compared to the
easier 'SRTn+10' condition. This is an interesting result which supports the argument
that pupil dilatation relates to self-rated hearing handicap during listening in noise. The
present study confirms the statement that extra effort is needed to listen more carefully

and to concentrate more at less favourable S/N ratios.

The second motive of this study was the verification of the hypothesis that there is a
difference in pupil response between normal-hearing and hearing-impaired listeners.
The difference between the two groups of participants is clearly shown in Figure 6.3.
As well as the normal-hearing people, the hearing-impaired subjects show a decrease
in pupil dilatation in easier listening situations, but the path of their reduced dilatation
differs significantly from that of the normals. The fact that their curve is less steep
indicates that for the hearing-impaired subjects the effort required during speech recep-
tion in easier listening situations does not decrease as fast as the effort spent by
normal-hearing listeners, The mean demand of effort requited by the impaired
participants at the 'SRTn+5'is only a little less than during the more difficult 'SRTn'-
condition.

An accompanying interesting result is the link between the slope of the curve of a
person and his/her speech-reception threshold in noise. The reduction i pupil
dilatation between the 'SRTn' and 'SRTn+5' conditions correlates significantly to the
individual signal-to-noise ratio at the threshold (R=-0.57, p < 0.001). So, in common
with the frequently reported complaints of hearing-impaired persons, we found that the
poorer the subject’s speech-reception threshold in noise the less benefit is yiclded from
a more favourable listening situation. There was no significant correlation found
between pure-tone threshold levels and the reduction in pupil dilatation. This absence
of a correlation indicates that pure-tone measurement is not the most sensitive test to
estimate aspects of hearing handicap.

Figure 6.3 shows that the curve of the hearing-impaired listeners starts at a level of 10
dB (mean SNR) above the threshold for the normal-hearing participants. This means
that normals are able to reproduce sentences at levels in noise at which hearing-
impaired listeners understand less than 50 percent of the presented sentences. This
difference (an average of 10 dB) is earlier found by Festen and Plomp (1990).
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Assessing andiiory handicap by means of pupil dilatation

The above-mentioned findings demonstrate that hearing-impaired subjects not only
have a shifted speech-reception threshold in noise with all the unfortunate conse-
quences in daily-life but, also a reduced reduction of mental effort in easier listening

situations.

In the additional experiment described in this chapter, no difference was shown bet-
ween hearing-impaired and normal-hearing listeners with regard to the percentage
correctly reproduced sentences during the various conditions relative to the SRTn. This
means that pupil-dilatation measures cannot be replaced by just counting the errors
made during the task. To achieve equal performance as the normal-hearing subjects,
hearing-impaired participants expend extra cognitive effort and concentration. A
comparable result is found by Gatehouse and Gordon (1990) who used the response
time as an index of the effort required to decode a message. Subjects showed equal
performance ( percent correct identification of speech stimuli) in'both the aided and
unaided condition but a reduction in response time was found in the aided condition.
Effort seems to be an extra dimension which may account for the disadvantages
experienced by the hearing-impaired people in daily-life. Our findings agree with the
results of Rakerd et al. (1996) who found evidence that speech listening is abnormally
effortful for hearing-impaired listeners. In common with Stephens and Hétu (1991) we
argue that effort and concentration during listening to speech should be taken into
account in audiological evaluation.

The present investigations show that measurement of the pupil response during
listening provides useful information about non-audiological factors that contribute to
hearing handicap. These factors are not assessable with traditional audiometric or
psychoacoustic tests. The findings encourage further study to explore the domain of
(objectively measured) hearing handicap.

Finally, it can be stated that the so often reported complaints of hearing-impaired
listeners about extra effort, concentration and fatigue during listening are supported by
the results of this study.

80

Chapier 6

CONCLUSIONS

During a speech-reception task, an increase of the Signal-To-Noise ratio (SNR) results
in a reduction of pupil dilatation.

The rate of reduction of pupil dilatation with increasing SNR is less for the hearing-

impaired listeners,

The rate of reduction of pupil dilatation with increasing SNR correlates significantly
with the individual ‘SRTn’ and not with the PTA-values.

Self-rated handicap correlates well with the increase of pupil dilatation in the "SRTn’
condition compared to the easier 'SRTn+10' condition.
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General discussion

Consequences of hearing impairment are numerous and hearing difficulties
experienced in daily-life are divers. This thesis offers a structured set of dimensions
or factors that covers the great bulk of disabilities reported by hearing-impaired
persons. A graphic representation of the proposed multidimensional approach to
assess hearing disability and handicap is shown in Figure 7.1. It illustrates the
possibility to insert our findings into the WHO classification of impairments,
disabilities and handicaps. Each of the five dimensions of disability should be
examined separately for the assessment of a person’s hearing status. The test battery
(pure-tone audiogram, speech-discrimination, speech-reception threshold in noise and
in quiet, localization of sounds and recognition of voices) enables a quantitative
assessment to be made of each of the disability factors separately. Weighted measures
of disability, as presented in chapter 5, may indicate a person’s primary handicap. To
assess secondary handicap, the pupil method may provide useful information.

Impairments Disabilities Primary handicap Secondary handicap
| L || distinction ' ' [
| sensitivity .| disadvantages mental effort |
! ® 4 > VI :
I ] 1 . * . ! o] co”ce |
| discrimination | | localization in duily-life < (_ A_n_trition) '
: | . 1 |
o stability ' intelligibility
: | in noise |
dynamic range o
i | intelligibility
! || inquiet
b | detection |
o intolerance of | ]
| moise I

Test battery Weights Pupil dilatation

Figure 7.1. Graphic representation of the proposed multidimensional approach io assess
hearing disability and handicap.
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Hearing disability: a multidimensional concept

As shown in Figure 7.1 the diversity of hearing problems can be reduced to five basic
disability factors: intelligibility in noise, intelligibility in quiet, auditory localization,
distinction of sounds, detection of sounds. A sixth aspect intolerance of noise should
also be taken into account in the assessment of hearing disability and handicap. Even
though it did not appear as a separate factor in the analysis (chapter 2) the
handicapping effect of intolerance of moise may be substantial (chapter 3). The
question may arise if no other dimensions of disability are missing in the set, since the
30-questions inventory has been developed by normal-hearing researchers. This,
however, seems unlikely. The Amsterdam Inventory deals with all kind of everyday
listening situations. About 60 percent of the variance in a population of 274
respondents (chapter 2) could be explained by these dimensions and even though we
expected one more factor (music) in the analysis, it did not appear as a separate factor.
In the international literature other possible missing factors have not been presented.
Determination of disabilities has been the object of earlier investigations. Noble
(1978, 1979) and Lutman (1987) already distinguished infefligibility in noise,
intelligibility in quiet and localization and even though Stephens (1980) argued that
his approach (an open-ended interview) would yield a more complete picture of real
difficulties, he found four of the above-mentioned factors (intefligibility in noise and
in quiet, localization and detection of mon-speech sounds). The existence of other

significant factors of disability in daily-life, therefore, seems unlikely.

Inclusion of the five separately considered disability factors in the basic set is
imperative for a thorough examination of a person’s hearing status. The information in
chapter 5 shows that there is no reason to suggest that some of the disabilities start to
play a role in severely disabled groups only. Each of the disabilities can occur in every
hearing-impaired person. Regarding the findings in chapter 5, dealing with weights
attached to the disabilities, there is also no reason to assume that one factor of the set
is negligible. Both for diagnostic and for assessment purposes all dimensions of

disability need to be examined.
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General discussion

Test battery

This thesis concerns the quantification of hearing disability and handicap, and in
doing so the above-mentioned factors run like a continuous thread through the
chapters. As mentioned in the general introduction a valid method to assess each of
the disability factors would have been the use of a questionnaire. However, self-report
does not meet the requirements of objectivity. Performance tests, on the other hand,
provide quantitative measurement, but may not reflect auditory functioning of the
individual in everyday life. Theoretically, the best method would have been the
observation of persons in their own environment and the measurement of disability in
real life directly. However. such a method would be too time-consuming and thus too
expensive. The most appropriate alternative seems therefore to be the use of
representative laboratory performance tests. It is the lack of representative tests which
motivated us to initiate the second part of the research project. It w:'éls only a few years
ago, in 1992, that the British Inter-Society Working group on Hearing Disability
proposed a reconsidered method for the quantification of hearing disability for the
purposes of description and financial compensation. In their report King et al. stated
that “indirect assessment of disability via the audiometric surrogate (pure-tone hearing
threshold levels) is necessary in absence of any satisfactory method of direct
assessment.” Apparently, such a method (AMA, BAOL) does not acknowledge the
multidimensional character of hearing disability.

Within this context the third and fourth chapter of this thesis provide new
perspectives. The effort to construct a battery of performance tests to quantify each of
the self-reported hearing disabilities has been successful. The included tests in the
battery appeared to be good predictors of the various self-reported dimensions of
disability. Correspondence between several laboratory performance tests and different
auditory activities of everyday life has been demonstrated. In agreement with other
investigators (Noble and Atherly, 1970; Lutman, 1992; King et al., 1992) the findings
in this thesis show that the role reserved for the pure-tone thresholds in the prediction
of daily-life hearing is certainly net a major one, despite the fact that for medical
diagnostic purposes the pure-tone audiogram is an indispensable tool. One of the

concluding remarks of this thesis is that it is that additional performance tests are
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undoubtedly necessary to accurately assess the extent to which a person experiences

hearing difficulties.

It is noteworthy that it is not just the greater number of tests that matter. The type of
test administered for assessment purposes is also essential. The experiments in chapter
3 and 4 demonstrate the great importance of real-life simulations in the laboratory. The
use of everyday sounds yields enhanced correlation coefficients between performance
tests and self-reported scores. For example, the use of fluctuating noise instead of
steady-state noise as a masking background resulted in an increased multiple
correlation coefficient between self-reported and measured intelligibility in noise.
Particularly chapter 4 shows that the use of acoustic conditions to be found in ordinary
life (background noise, everyday sounds, a signal-to-noise ratio, varying time-interval
between stimuli) contributes to a better prediction. These findings should be taken into

account in future investigations.

Applicability of results in clinical practice

An important issue which has to be considered at the end of this thesis is the
applicability of the test battery in the practice of clinical audiology. A first requirement
to use the battery is the availability of normative values of test scores. This will not
yield a problem for the pure-tone audiogram (AMA), speech discrimination (NVA,
1985) and the SRT test (Plomp and Mimpen, 1979), but the tests ‘recognition of
voices” and ‘localization of sounds’ need more attention with regard to this
requirement. Even though baseline data were gathered for the latter test (as described
in chapter 3 and 4) a greater number of both normal and impaired participants should
perform the test. Future rescarch should therefore be focused on systematically
collecting more data which should be brought into schemes.

With regard to the applicability of the findings presented in this thesis it should be
noted that the weights expressing the handicapping effect attached to each of the

disabilities as presented in chapter 5 are also based on group means. We have
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recommended in this chapter that the weights can be used as a first indication of a
person’s primary handicap. Each weight, however, is a rough estimation reflecting the
handicapping effect reported by the average hearing-impaired. Individuals vary and
the experienced handicap is influenced by personal circumstances. The consequence
of this is that the mean weights can be applied in general, but exceptional cases (for

example hearing-impaired musicians) should be reevaluated.

Pupil dilatation as an indication for secondary handicap

The possibility to apply pupil dilatation as an index of non-audiological effects of
hearing disability in clinical practice should be further investigated. In our study
(chapter 6) we found significant differences between two groups of participants
(normals and impaired). A remaining question concerns the extent to which the pupil
method is applicable in individual cases. For that purpose a reference task should be
developed in order to compare pupil dilatation during both the listening and the
reference task. Such a task may be the Speech Reception Threshold test in quiet or a
task which does not require any auditory activity. A motivating finding with regard to
this issue is the significant correlation between the individual speech-reception
threshold in noise and the reduced pupil dilation in a relatively easier listening
condition (SRT+ 5 dB). Thus, a telling finding is that, compared to normal-hearing
persons, hearing-impaired people not only have a shifted speech-reception threshold in
noise, with all the unfortunate consequences in daily-life, but also a reduced reduction
of mental effort in relatively easier listening situations. Auditory fatigue as a result of
increased effort and concentration is a serious additional dimension in the whole issue
of auditory handicap.

Final considerations

The primary goal of this thesis was to develop a method to adequately assess hearing
disability and handicap. The necessity of a multidimensional approach to satisfactorily
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assess hearing status has been extensively discussed. Reflecting on the findings
presented in this thesis one may consider other possible fields of application, such as
rehabilitation and advice with regard to education and choice of a profession. The test
battery, and particularly pupil dilatation, may prove to be adequate tools in the
evaluation of all hearing situations, The proposed methods may contribute to a more
detailed estimation of the (mis-)match between the demands of the working
environment and the abilities of the hearing-impaired person. A notorious, often
reported complaint in the professional environment is the need of extra effort and
concentration resulting from hearing disability. It may lead to the necessity to change
employment or to reduce working hours. Pupil dilatation may therefore provide a
means to further explore this area. Future investigation will have to substantiate this
method.
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|,‘ BIJ ONDERZOIK NAAR BELEVING SLECHTHORENDHEID
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[ vakgroep keel-, news-, en corheclkunde




VRAGENLIJST BI] ONDERZOEK NAAR BELEVING SLECHTHORENDHEID

Horen is meer dan waarnemen van geluid. Voor de veiligheid bijvoorbeeld is her belangrijk
te weten wat voor soort geluid men hoore en waar dac geluid vandaan kome. Ook de moge-
lijkheid anderen te kunnen verstaan, is van groot belang, Her luisteren naar muzick is een

vorm van horen die eveneens van grote waarde is.

Bij slechthorendheid kunnen de genoemde aspecten van horen in verschillende mate aan-

gertast zijn en ook zijn de diverse vormen van horen niet voor iedereen even belingrijk,

In deze vragenlijst worde over verschillende uspecten van horen een aancal vragen gesteld.
Wij willen graag weren welke van die aspecten bij u moeilijkheden opleveren en met welke
regelmaac die moeilijkheden zich veordaen. Daarnaast vragen wij u naar uw gehoor zoals
dat vroeger was. Het is mogelijk dat u vroeger goed hoorde en dat uw gehoor in deloop van
de tijd slechter is geworden of dar u ploseling slechthorend bent geworden. Daarnaast kan
het zijn dat u altijd slecht hebt gehoord. Ook dan is het overigens mogelijl dar uw gehoor

is veranderd.

Slechthorenden die poedhorend zijn geweest weten wat het is om als goedhorende in de sa-
menleving te functioneren en welke wezenlijle veranderingen er als gevolg van hun achter-
uitgang van het gehoor #ijn opgecreden. Ook mensen die altijd slecht hebben gehoord
kunnen aangeven of zij moeilijkheden in een horende samenleving ervaren. Slechthorend-
heid kan direkt gevolgen hebben voor het wel-bevinden en voor het functioneren in uit-
eenlopende situaries.

Wij willen in dit onderzoek dasrom eveneens nagaan in welke situaties in her alledaagse

leven u door uw slechthorendheid gehinderd wordr.

Niet alle slechthorenden hoeven zich gehinderd te voelen in het functioneren en de beper-
king hoeft ook niet voor iedereen dezelfde re zijn, Bij de één kan het gevolg van slechtho-
rendheid zich uiten in een onveilig gevoel in het verkeer, omdar er bepaalde geluiden op
straat nict meer gehoord of herkend worden en de ander kan aich bepeckt voelen omdat
bijvoorbeeld het bespelen van een muziekinstrument niet meer mogelijk is. De derde is
helemaal niet peinteresseerd in muzick en zal zich daarom ook niet druk maken om het niet

kunnen bespelen van een instrument.

Elke slechthorende zelf kan het beste aangeven waar voor hem of haar de knelpunten lig-
gen. Daarom leggen wij deze vragenlijst aan u voor. Door middel van deze lijst krijgt u de
mogelijkheid aan te geven of u door uw slechtharendheid gehinderd wordt en zo ja, wan-

neer en in welke mate.

Wij vragen u deze lijst zorgvuldig in te vullen.

U zult ongeveer een half uur nodig hebben om alle vragen tc beanrwoorden.

Neem allercerst grondig de voorbeelden door.

Voor het terugzenden van de veagenlijst kunt u de bijgesloten antwoordenveloppe gebrui-

ken.

Wii wijzen u er tenslotte op dat al uw gegevens strike vercrouwelijk worden behandeld.

VOORBEELDEN

Er volgen nu twee voorbeeldvragen. Neem die en de uitleg daarbij grondig door. Het
invullen van de lijst zal dan gemakkelijker verlopen. Het is de bedoeling dar u bij het
beantwoorden van de vragen uitgaat van de situatie ZONDER hulpmiddelen, zoals een
hoortoestel of een versterker op de telefoon of huisbel,

Her is mogelijk dar er siruaties zijn waarin u zich ECHT NOOIT zonder hoorroescel
bevindt,

U kunt dan niet aangeven hoe u in die situatie hoort zonder hoottoestel. Ga dan niet gis-
sen, maar ga voor die situarie na hoe u hoort MET heortoestel, Geef dat aan door her cir-

keltje op de aangegeven plaats, direkr onder de vraag, in te kleuren.

Als er situaties zijn waarin u zich soms mée en soms zonder hoorroestel begeeft, ga dan uit
van de situatie ZONDER hoortoestel,

Alle vragen van deze lijst zijn opgebouwd uit drie deelvragen. In vraag A worde gevraagd
naar uw gehoor in de aangegeven situatie op dit moment,

[n vraag B wordr gevraagd hoe dar vroeger was.

Het laatste decel van elke vraag gaar over de hinder of de beperking dic u ervaart als gevelg
van het slecht kunnen horen of verstaan in de aangegeven situatie. Deze derde deelvraag is
alleen van belang indien bij A is aangegeven dat her horen of verstaan in die situatie moei-
lijle is. In C wordr gevraagd hoe hinderlijk of lastig het 1s slechthorend te zijn in deze situ-
atie.

Degenen die bij A aangaven geen moeite te hebben mer horen of verstaan in die situatie,
1 PR, MR
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T, Nuen sonder hoortoestels < hijnn nooie 4 soms < vaak < bijnaaltijd
) Deze sicuatie ken ik alleen mér hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

1b. Vroeger roen u misschien goed of beter hoorde: < bijna nooit < soms < vaak @ bijnaaltijd
O Deze whtuntle kende 1k alleen mér hoorroeseel, dus
bovenstannd antwoord geeft mijn situatie mée

hoortoestel weer

Viaag I¢ hoeft u alleen te beantwoorden als u bij vraag 1a bijna nooit of soms aankruiste!

lc. Vindr u het hinderlijk dar u in huis
het geluid van zoemende muggen sleche

kunt horen? O onee O een beetje O erg hinderlijk @ heel erg hinderlijk

UITLEG

BIJ VRAAG I: [>Veronderstel dat u thuis nooit een hoortoestel draage. U kunt dan nagaan of u zonder toes-
rel muggen hoort zoemen. U heeft wat moeite met het horen van zoemende muggen in huis
en daarom kruist u “soms” aan, Her cirkeltje onder deze eerste vraag kleurt u NIET in, want
in deze situatie (thuis) bent u altijd ZONDER hoortoestel, (Als u thuis af en toe mét enafen

toe zonder hoortoestel bent, ga dan altijd vit van de sicuacie ZONDER hoortoestel.)

[ Dan gaat u na hoe het vroeger was. Vroeger hoorde u misschien altijd de muggen zoemen.
U kruist dan mogelijkheid “bijna altijd” aan en omdat u vroeger GEEN hoortoestel droeg,
kleurt u het cirkeltje onder de vraag NIET in.

[> Dan volgt vraagt C. Omdar u bij A aangaf dat u soms zoemende muggen hoort, is deze
veaag C WEL op u van tocpassing.Dar wordt ook boven de vraag in schuine letters aangepe-
ven. Het is dus de bedaeling dat u vraag C beantwoordt. Vinde u her hinderlijk dar u het
gezoem van muggen in huis slecht hoart? Het kan zijn dat u het erg vervelend vinde datu de
muggen niet hoort, De kans is immers groter dat u gestoken wordt, omdar u de muggen niet
op tijd weg kunt jagen. Telkens op het moment dat u gestoken wordr ontdeke u dat er een
mug is en dan is het te laat. U vindrt her bijvoorbeeld “heel erg hinderlijk” dat u de muggen
niet hoore, Dat geeft uaan door "heel erg hinderlijk" aan re kruisen.

[> Het is heel goed mogelijk dat een ander het helemaal nier hinderlijk vindt dat hij de mug-
gen niet hoort. Het gezoem van muggen maakt hem nerveus en angstig. Sinds hij de muggen
niet (meer) hoort voelt deze persoon zich een stuk pretriger. Deze slechthorende kruist dan

ook het hokje “nee” aan. Hij hoort de muggen niet, maar dar is voor hem niet hinderlijlc of

VOOIBERED 20 KUNT U Or STRAAT ITONDEN THOREN BEAVY RN

Za. Nuen zonder hooreoestels Ckoimy @ viak

< bijna noole ¢ i alelfl
® Deze situarie ken ik alleen mép hoortoestel, dus
bovenstaand antwoord geelt mijn sicuatie mét

hoorroestel weer

2b. Viaeger toen u misichien gaed of beter haorde < bijna nooit O soms & vaak @@ bijna alcijd
O Dyeze sitarie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geelt mijn sicuarie méc

hoortoestel weer

Vivaag 2¢c hoeft w alleen te beantwoorden als w bif vrace 20 bigna nooit of soms aankruiste!
d 7 i1 H

2c. Vinde u her hinderlijl dat u op straar

slecht de honden kunt horen blaffen? nee O een beetje < erg hinderlijk < heel erg hinderlijk

TTLEG

BI] VRAAG 2: [> Misschien begeeft u zich absoluuc nooit zonder hoortoestel op scraar. U bent dan altijd

MET hoortoeste] op straat, In dat geval kunt u niet nagaan of u ZONDER HOORTOE-
STEL honden op straat hoort blaffen. Her is de bedoeling dat u dan nagaat of u MET
hoortoestel op straat handen kune haren blaffen. Her is mogelijk dat u het vaak hoort als
honden blaffen, U lkruist "vaak” aan en omdat u deze situatie echt alleeen MET hoorraestel

kent, kleurt u extra het cirkeltje onder deze vraag in,

[ Dan gaar u naar B. U gaat na of u VROEGER honden op straar hoorde blaffen. Als u bij-
voorbeeld vroeger geen problemen had mer uw gehoor (en dus ook geen hoortoestel droeg)
en u hoorde het altijd wanneer een hond blafre, dan kruist u her hokje “bijna altijd” aan. Tlet
cirkeltje direke ander deze vraag hoeft u dan NIET in e kleuren, omdat u vroeger naoit een
hoortoestel droeg.

[ Tenslotte volgt vraag C. Omdar u bij A invulde dat u VAAK honden hoort blaffen, is
vraag, C NIET op u van toepassing. U kunt deze vraag C dus overslaan en doorgaan naar de
volgende vraag.




KUNT U EEN WINKELBEDIENDE IN EEN DRUKKE WINKEL VERSTAAN?

la. Nu en zonder hoortoestel:

<> bijna nooit > soms > vaak <> bijna alrijd ?

> Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

7/

HOORT U OP STRAAT ONMIDDELLIJK VANUIT WELKE RICHTING EEN AUTO
AAN KOMT RIJDEN?

| 3a. Nu en zonder hoorroescel: <> bijna nooit <> soms < vaal < bijna altijd

) Deze situatie ken ik alleen mér hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mér

hoortoestel weer

1b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit > soms <>vaak < bijna altijd
2 Deze situatie kende ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

3b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit ¥ soms O vaal < bijna altijd
() Deze situatie kende ik alleen mée hoortoestel, dus
bovenstaand antwoord geelt mijn situatie mée

hoorroestel weer

Vraag 1c hoeft u alleen te beantwoorden als w bij vraag la bijna nooit of soms invulde!

lc. Vindr u het hinderlijk dat u cen winkel-
bediende in een drukke winkel slecht '
< nee < een beetje < erg hinderlijlke < heel erg hinderlijk

kunt verstaan?

Viaag 3¢ hoeft u alleen te beantwoorden als u bif vraag 3a bifna nooit of soms invulde!

3c. Vinde u het hinderlijk dac u slecht kunt
hoten vanuit welke richting een auto

aan komt rijden? < nee > een beetje < erg hinderlijk < heel erg hinderlijk

KUNT U MET £EN PERSOON IN EEN RUSTIGE OMGEVING EEN GESPREK VOEREN:

KUNT U AUTO S HOREN DIE PASSEREN OF AAN KOMEN RIJDEN?

2a. Nu en zonder hoortoestel: <> bijna nooit <> soms < vaak < bijna altijd

O Deze situarie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

2b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit <> soms rvaak < bijna altijd

O Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn sitoatie mét

hoortoestel weer

Viaag 2¢ haeft u alleen te beantwoorden als u bij vraag 2a bijna nooit of soms invulde!

2¢. Vindt u het hinderlijk dar v moeilijk een
gesprek met één persoon in een

rustige omgeving kunt voeren?

<> nee O een beetje < erg hinderlijk < heel erg hinderlijk

4a. Nu en zonder hoortoestel: <7 bijna nooit <»soms O vaak > bijna altijd
(0 Dieze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geefr mijn siruarie mér

hoortoestel weer

u misschien goed of beter hoorde: < bijna nooit soms O vaak < bijna altijd

4b. Vroeger toen

 Deze situatic kende ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situarie mér

hooreoestel weer

Vraag 4v hoeft w alleen te beantwaorden als v bij vraag 4a biyna noait of soms invilde!

4c. Vinde u her hinderlijk dar u een auto, die
passeert of aan komr rijden, sleche kune

horen? > nee <> een beetje > erg hinderlijk & heel erg hinderlijk



HERKENT U VERSCHILLENDE FAMILIELEDEN AAN HUN STEMMEN?

KUNT U IEMAND VERSTAAN DIE U AANSPREEKT OF EEN VERJAARDAGSFEEST
OF EEN RECEPTIE?

Sa. Nu en zonder hoortoestel: < bijna nooit & soms < vaak < bijna alcijd
O Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mér

hoortoestel weer

5b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit < soms  vaak < bijna alijd
O Deze situatie kende ik alleen mér hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

Vraag 5¢ hoef 1 alleen te beantwoorden als w bij vraag 5a bijna nooit of sems invulde!

5¢. Vindt u het hinderlijk dar u familie-
leden slecht aan hun stemmen kunt

herkennen? O nee & een beetje O erg hinderlijk < heel erg hinderlijk

KUNT U EEN BEPAALDE MELODIE IN EEN MUZIEKSTUK OF EEN LIED HERKENNEN?

7a. Nu en zonder hoartoestel: & bijna nooit O soms O vaak O bijna altijd
O Deze situatie ken ilc alleen mée hoortoestel, dus
bovenstaand antwoord geefr mijn situatie mét

hoortoestel weer

7b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit > soms ¢ vaak < bijna altijd
O Deeze situatie kende ik alleen méc hoorroestel, dus
bovenstaand antwoord geeft mijn sicuatie méc

hoortoestel weer

Viaag 7c boeft u alleen re beantwoerden als w bif vraag Fa bijna neoir of soms invnlde!

7c. Vindr u het hinderlijk dat u iemand, die
u aanspreekt op een verjaardagsfeest of

O nee < een beetje & erg hinderlijk < heel erg hinderlijk

een receptit, slecht kunt verscaan?

KUNT U JéEN TELEFOONGESPREK VOEREN IN EEN RUSTIGE KAMER?

Ga. Nu en zonder hoortoestel: & bijna nooit & soms < vaak < bijna altijd
O Deze situatie ken ik alleen mér hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

6b. Vroeger toen u misschien goed of beter hoorde: > bijna nooit < soms <» vaak > bijna aldjd

O Deze situatie kende ik alleen mér hoorroestel, du
bovenstaand antwoord geeft mijn situatic mée
hoortaestel weer

Vraag G hoeft u alleen te beantwoorden als u bij vraag 6a bijna nooit of soms invulde!

Ge. Vindt u her hinderlijk dat u een bepaalde
melodie in een muzickstuk of een lied

slechr kunt herkennen? & nee < een beetje <0 erg hinderlijk < heel erg hinderlijl

8a. Nu en zonder hoortoestel: <> bijna nooit ¢ soms ¢ vaak < bijna altijd
O Deze situatie ken ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

8b. Vroeger toen u misschien goed of beter hoorde: &> bijna nooit {Fsoms < vaalk <> bijna alijd
O Deze sicuatie kendc ik alleen mér hoorroestel, dus
bovenstaand antwoord geefr mijn sitnatie mée

hoortoestel weer

Vraag 8c hoeft w alleen te brantwoorden als w bif vraag 8a bifna nooir of soms invulde!

gc. Vindr u het hinderlijk dat u een telefoon-
gesprek, in cen rustige omgeving, slecht
& nee € een beetje O erg hinderlijk © heel erg hinderlijk

kunt voeren?



KUNT U HOREN VANUIT WELKE HOEK VAN DE ZAAL EEN VRAAG GESTELD
WORDT TIJDENS EEN BIJEENKOMST?

KUNT U EEN TV-PRESENTATOR ALLEEN AAN ZIJN STEM HERKENNEN?

& bijna nooit <» soms & vaak < bijna altijd

9a. Nu en zonder hoortoestel:

1 Dleze situatie ken ik alleen mér hoortoestel, dus

bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

9b. Vroeger toen u misschien goed of beter hoorde: < bijna nooit & soms <> vaak < bijna altijd
) Deze situatie kende ik alleen mér hoortoescel, du:
bovenstaand antwoord geeft mijn situatie mét

hoorroestel weer

Vraag 9c boefi v alleen te beantwoorden als w bij vraag 9a bijra noatt of sams invilde!

9¢. Vindt u het hinderlijk dac u moeilijk
kunt horen vanuit welke hoek van de
zazl een vraag gesteld wordr tijdens een

bijeenkomst?

& nee 0 een beetje < erg hinderlijk < heel erg hinderlijk

HOORT U HET WANNEER IEMAND VAN ACHTEREN NAAR U TOE KOMT LOPEN?

11a. Nu en zonder hoortaestel: <> bijna nooit <» sams <> vaak < bijna alcijd

i
&
4

O Deze situatie ken ik alleen mér hoorraestel, dus
bovenstaand antwoord geeft mijn situarie mée

hoortoestel weer

11b, Vroeger toen u misschien goed of beter hoorde: <> bijna nooit < sams < vaak < bijna altijd
O Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoorroestel weer

Vraag 11c hoeft u alleen te beantwoorden als w bij vraag 114 bijna nooit af soms invalde!

11c. Vindt u het hinderlijk dar u cen tv-
presentatortator slecht aan zijn stem

kunt herkennen?

<> nee & een beetje ¢ erg hinderlijk <> heel erg hinderlijk

KUNT U GEZONGEN TEKST (NEDERI.ANDS} VERSTAAN?

10a. Nu en zonder hoortoestel: <> bijna nooit & soms <» vaak < bijna altijd

0 Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét
hoortoestel weer

10b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit © soms ¢ vaak < bijna aldijd
© Deze situatie kende ik alleen mér hoorroestel, du
hovenstaand antwoord geeft mijn situatic mée

hoortoestel weer

Viaag 10c boeft u alleen te beantwoorden als u bij vraag 10a bijna nooit of soms invutde!

10c. Vindr u her hinderlijk dac u het sleche
hoort wanneer er iemand van achreren

¢ nee < een beetje < erg hinderlijk < heel erg hinderlij]

naar u toe kemr lopen?

12a. Nu en zonder hoorroestel: <> bijna nooir > soms < vaak < bijna aliijd
O Deze situatie ken ik alleen mée hoartoestel, dus
bovensraand antwoord geeft mijn situatie méc

hoortoestel weer

12b. Vroeger toen u misschien goed of beter hoorde:

<> bij]‘l:l HOOE‘: C> 50ms <> VE.’LL{ O bijﬂﬂ altijd

O Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatic mée

hoortoestel weer

Vivaag 12¢ hoeft u alleen te beanswoorden ale u bij vraag 122 bijna nooit of soms invulde!

12e. Vindt u het hinderlijk dat u (neder-

lands) pezangen tekst slecht verstaar? Crnee < een beetje <7 erg hinderlijk < heel erg hinderlijk



KUNT U ZONDER VEEL INSPANNING TEMANTD VERSTAAN DIE NAAST U IN
DE BUS OF IN DE AUTO ZIT?

13a. Nu en zonder hoortoestel: <> bijna nooit < soms < vaak < bijna alcijd
O Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

13b, Vroeger toen u misschien goed of beter hoorde: <> bijna nooit & soms < vaak < bijna altijd

O Deze sitnatie kende ik alleen mét hoortoestel, dus
bovensraand antwoord geeft mijn situatic mér

hoortoestel weer

Viaag 13c boeft u alleen te beantwoorden als w bij vraag 13a bijna nooit of soms invulde!

13c. Vindt u het hinderlijk dat uiemand,
die naast u in de bus of in de auto zit,

<> nee <reenbeetje > erg hinderlijk <> heel erg hinderlijk

slechr kunt verstaan?

VERSTAAT U DE NIEUWSLEZER OP DE RADIO BIJ EEN NORMAAL VOLUME?

KUNT U HET GELUID VAN VERSCHILLENDE MUZIEKINSTRUMENTEN
ONDERSCHEIDEN?

29a. Nu en zonder hoortoestel: & bijna nooit & soms & vaak € bijna altijd
O Deze situatie ken ik alleen mée hoortoestel, dus

bovenstaand antwoord geeft mijn sicuatie mér
hoortoestel weer

29b. Vroeger toen u misschien goed of beter hoorde: ¢ bijna nooit & soms & vaak < bijna altijd
© Deze situatie kende ik alleen mér hoortoestel, dus
bovenstaand antweord geeft mijn situatie mée

hoortoestel weer

Vrvaag 29¢ hocft w alleen te beantwoorden als u bij vraag 29a bijna nooit af soms invulde!

29¢. Vindt u het hinderlijk dat u her geluid
van verschillende muzickinstrumenten

mocilijk kunt onderscheiden?

¢ nee O een beetje $ erg hinderlijk < heel erg hinderlijk

ZIJN ER DELEN IN MUZIEKSTUKKEN OF LIEDEREN DIE U MIST, TERWIJL
U ANDERE DELEN IN DATZELFDE MUZIEKSTUK WEL KUNT HOREN?

l4a. Nu e¢n zonder hoortoestel: <> bijna nooit & soms < vaak < bijna alijd

O Dere situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatic méc
hoortoestel weer

30a, Nu en zonder hoortoestel:

< bijna nooit ¢ soms O vaak & bijna altijd

© Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoard geeft mijn situatic mée

hoorroestel weer

14b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit <> soms < vaak < bijna altijd
O Deze situatic kende ik alleen mée hoortoestel, dus
bovenstaand antwoord geeft mijn siruatic mét

hoortoestel weer

Vraag T4de hoeft 1 alleen te beantwoorden als u bij vraag Ida bijna nooit of soms invalde!

l4c. Vindt u her hinderlijl dat u de nieuws-
lezer op de radio, bij een normaal

volume slecht kunt verscaan? Crnee 0 een beetje O erg hinderlijk <> heel erg hinderlijk

30b. Vroeger toen u misschien goed of beter hoorde: < bijna nooit < soms & vaak < bijnaaltijd

© Deze situatie kende ik alleen mér hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mér

hoortoestel weer

Viraag 30c boeft u alleen te beantwoorden als u bij vraag 30a vaak of bijrna altijd invulde!

30c. Vindr u her hinderlijk dat u vaak of bijna
altijd bepaalde delen in een muziekstuk
nict hoort, terwijl u andere delen in dat-

zelfde muziekscuk wel kunt horen?

& onee O een beetie < ere hinderliik < heel ere hinderliil



VAN HET GELUID VAN EIEN BUS?

KUNT U OF STRAAT HET GELUID VAN EEN AUTO ONDERSCHIIDEN

17a, Nu en zander hoortoestel:

< bijna nooit <> soms & vaak < bijna aleijd

© Deze situatie ken ik alleen mér hoortoestel, dus
bovenstaand ancwoord geeft mijn situatie mét

hoortaestel weer

HET GENPREK DAN VOLGEN?

198, Mu en gonder hoortoestel

WANNIEN U MIET MIGERDERE MENSEN AAN TAFEL 20T TH NTEN, KUNT U

O hljna noole O samy Ovanke < bijaa aleljd

O Deze situatie ken il alleen mée hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét
hoortoestel weer

17b. Vroeger toen u misschien goed of berer hoorde:

& bijna nooit ¢ soms < vaak < bijna altijd

3 Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoerd geeft mijn situatic mér

hoorroestel weer

Viaag 17c hoeft u alleen te beanrwosrden als u bij vraag [7a bijna nooir of soms invulde!

17¢. Vinde u het hinderlijk dac u het peluid
van een auro slecht kunt onderscheiden

van het geluid van een bus?

{5 nee < een beetje O erg hinderlijk < heel erg hinderlijl

19b. Vroeger toen 1 misschien goed of beter hoorde:

<> bijna nooit < soms O vaak < bijna aljd

0 Dege sltvatie kende [l alleen mée hoartoestel, d
bovenstaand anewoord geeft mijn sltuacie mé
hoortoestel weer

19¢. Vindr u her hinderlijk dat u hec gesprek

aan rafel, tijdens het cren, slecht kunt

volgen?

ERVAART U DAT MUZIEK TE HARD IN UW OREN KLINKT, TERWIJL HET

< nee

Vraag 19¢ hoeft u alleen te beantwoorden als u bij vraag 19a bifna nooit of soms invulde!

Creen beetje < erg hinderlijle <> heel erp hinderl

VOOR OMSTANDERS AANGENAAM KLINKT?

VERSTAAT U DE NIEUWSLEZER OP TV BIJ] EEN NORMAAL VOLUME?

18a, Nu en zonder hoortoestel:

< bijna nocit & soms O vaak O bijna aleijd

O Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie met

hoortoestel weer

20a. Nu en zonder hoarcoestel:

18b. Vroeger toen u misschien goed of beter hoorde:

& bijna nooit < soms <> vaak < bijna altijd

0 Deze situatic kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

heortoestel weer

Vraag 18c hoeft v alleen te beantwoorden als u bij vraag 18a vaak of bijna altijd invu lde!

18c. Vindr u het hinderlijk dar muziek vaak
of bijna altijd te hard voor u klinkt,
rerwijl het voor omstanders aangenaam
lelinlkt?

O nee O cen beetje < erg hinderlijk & heel erg hindelijl

<> bijna nooit <> soms O vaak < bijna altijd

© Deze situatie ken ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mér

hoortoestel weer

20b. Vroeger toen u misschien goed of beter hoorde:

pa— 3
<> bijna nooit <> soms < vaak < bijna altijd

O Deze situatie kende ik alleen mét hoortoestel. ¢
bovenstaand antwoord geeft mijn situarie mée

hoortoestel weer

Vraag 20¢ hoeft u alleew te beantwoorden als w bif wraag 20a bijna novit of soms invulde!

20¢. Vindt u het hinderlijk dat u de nicuws-

lezer op tv, bij cen normaal volume,
slecht kunt verstaan?

<> nee 7 een beetje & erg hinderlijk & heel erg hinderl



KAMER IEMAND TOT U SPIRERKT?

21a. Nu en zonder hoortoestel:

21b. Vroeger toen u misschien goed of beter hoordes

KUNT U IN EEN RUSTIG HUIS HOREN VANUIT WELKE HOEK VAN DE

< bijna ool ©soms < vank O bijna altijd

O Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer
< bijna nooiv < soms O vaak < bijna altijd
O Deze situatie kende il alleen mér hoortoestel, dus

bovenstaand antwoord geeft mijn situatic mét

hoortoestel weer

21¢. Vindt u hee hinderlijk dac u in een rus-
tig huis slecht kunt horen vanuit welke

hoek van de kamer iemand tot u sprecke?

Viaag 21c hoeft w alleen te beantwoorden als u bif vraag 214 bijna nooit of soms invulde!

<> nee  een beetje ¢ erg hinderlijk < heel erg hinderlijk

KUNT U MANNENSTEMMEN VAN VROUWENSTEMMEN ONDERSCHEIDEN?

23a, Nu en zonder hoortoestel:

<> bijna nooit <rsoms < vaak <> bijna altijd

01 Deze sicuntie ken ik alleen mée hoorroestel, dus
bovenstaand antwoord geele mijn situatie mér

hoortoestel weer

23b. Vroeger toen u misschien goed of beter hoorde:

<» bijna nooit & soms ¢ vaak © bijna altijd

) Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mé

hoortoestel weer

Viaag 23¢ hoefi u alleen te beantwoorden als u bif vraag 23a bijna nooit of soms invulde!

23¢, Vindr u het hinderlijk dat u mannen-
stemmen slecht van vrouwenstemmen

leunt onderscheiden?

<> nee O een beetje & erg hinderlijle & heel erg hinderlijk

KUNT U THUIS DE DEURBEL HOREN?

22a. Nu en zonder hoortoestel:

<> bijna nooit <> soms O vaak < bijna altijd

) Deze situatie ken ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

KUNT 17 RITME IN EEN MUZIEKSTUK OF LIED HOREN?

24a. Nu en zonder hoorroestel:

<> bijna nooit < soms < vaak < bijna aldijd

0 Deze situarie ken ik alleen mét hoarroestel, dus
bovensraand antwoord geeft mijn sicuatie mét

hoorroestel weer

22b. Vroeger toen u misschien goed of beter hoorde:

< bijna noocit & soms < vaak < bijna altijd

O Deze situatie kende ik alleen mér hoortoestel, dus
bovenstaand ancwoord geeft mijn situatie mée

hoortoestel weer

24b. Vroeger toen u misschien goed of beter hoorde:

¢ bijna nooit ¢ soms < vaak & bijna aldjd

O Deze situatie kende ik allecen mét hoortoestel, dus
l‘lo\rcnsluand antwootd geef—t mijn situatie mér

hoortoestel weer

22c. Vindt u her hinderlijk dat u thuis de

deurbel slecht kunrt heren?

Vraag 22¢ haeft w alleen te beantwoorden als w bij vraag 22z bijna noeit of soms invulde!

Crnee © een beetje < erg hinderlijk <> heel erg hinderlijlc

Viraag 24c hoeft v allecn te beantwaoorden als w bij vraag 24a bijna nooit of soms invulde!

24c. Vindr u her hinderlijk dac u ritme in

een muziekstuk of zen lied sleche kunt

horen?

< nee < cen beetje < erg hinderlijk < heel erg hinderlijl



WUNT L IEMAND DIE U AANSPREEKT IN EEN DRUKKE STRAAT VERSTAAN?

25a. Nu en zonder hoorroestel: <> bijna nooit <>soms Crvaak < bijnu altijd
& Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

HOORT U O STRAAT WAAR ZICH LEN TOETERENDE AUTO BEVINDT?

25b, Vroeger toen u misschien goed of beter hoorde: < bijna nooit < soms < vaak < bijna altijd
O Deze gituatie kende ik alleen mér hoortoestel, dus
bovenstaand antwoord geeft mijn situarie mét

hoortoestel weer

27a. Nu en zonder hoortoestel: <> bijna nooit <> soms < vaak < bijna altijd
O Deze situatie ken ik alleen mér hoortoestel, dus
bovenstaand antwoard peeft mijn sicuarie mée

hoortoestel weer

Viraag 25¢ hoeft u alleen te beantweorden als w bif vraag 25a bijna nooit of soms invulde!

25¢. Vindt u het hinderlijk dat u iemand,
die u aanspreeke in cen drukke straar, I

<> nee een beetje < erg hinderlijk <> heel erg hinderlijk

slecht kunt verstaan?

27h. Vroeger toen u misschien goed of berer hoorde: < bijna nooit < soms O vaak < bijna aldijd
1 Deze situatie kende ik alleen mét hoorroestel, du
bovenstaand antwoord geeft mijn sitnarie mée

hoorroeste! weer

Viaag 27¢ hoeft u alleen te beantwoorden als u bij vraag 27a bijna nooit of soms invulde!

27c. Vinde u het hinderlijk dar u op straat
slechr kunt horen waar zich een toete-

rende auto bevinde? C»nee < een beetje O erg hinderlijk < heel erg hinderlijl

KUNT U HOREN MET WELKE INTONATIE EN STEMBUIGING MENSEN SPREKEN?

HOORT U BUITEN DE VOGELS ZINGEN?

26a. Nu en zonder hoartoestel: < bijna nooit <& soms < vaak < bijna altijd
O Deze situatie ken ik alleen méc hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

26b. Vroeger toen u misschien goed of beter hoorde: < bijna nooit < soms & vaak < bijna altijd
© Deze situatie kende ik alleen mée hoortoestel, dus
bovenstaand antwoard geeft mijn sitnatie mée

{'LDD I'RDCStI:] wWeer

Viaazg 26c boeft u alleen te beaniweorden als u bij vraag 26a bijna nooir of soms invulde!

26¢, Vindt u hec hinderlijk dar u slecht
kunt heren met welke intonatie en

stembuiging mensen spreken? <» nee {reen beetje O erg hinderlijk <» heel erg hinderlijk

2Ba. Nu en zonder hoortoestel: <> bijna nooit <>soms <> vaak < bijna aleijd
0 Deze situatic ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn sitvatie mét

hoortoestel weer

28b. Vrocgt‘.r toen u misschien gm:d of beter hoorde: O bijna nooit > soms < vaak < b'ljna. aleijd
O Deze situartie kende ik alleen mée hoortoeseel, du
bovenstaand antwoord geeft mijn situatie mde

hoortoestel weer

Viaag 28c hoeft u alleen te beantwoarden als u bif vraag 28a bijna wooit of roms invulde!

28c. Vindt u het hinderlijk dar u buiten

slecht de vogels kunt horen zingen? <> nee < cen beetje & erg hinderlijk < heel erg hinderlij



KUNT U HET GELUID VAN VERSCHILLENDE MUZIEKINSTRUMENTEN
ONDERSCHEIDEN? PERSOONLIJKE GEGEVENS

29a. Nu en zonder hoortoestel: & bijna nooit & soms & vaak & bijna aldjd T VRN I LTSN | i I OB 0]
O Deze situatie ken ik alleen mét hoortoestel, dus ESBREEE - vimimm s doum o e G s SRS 28 BT B AR A b S s o R VA

bavenstaand antwoord geeft mijn situatie méc
hoortoestel weer > Positade + WHONDIRRTE: il s i iveaiierss e aie i i s i vk

B el et i i b s e A e S R R
29b. Vroeger toen u misschien goed of beter hoorde: { bijna nooit & soms & vaak O bijna altijd

[ Waonsituarie: O alleenwonend

© Deze situatic kende ik alleen méc hoortoestel, dus O met anderen samen (partner, kinderen)
hovenstaand antwoord geeft mijn situatie mét O verzorgings-, verpleeg- of bejaardenhuis
hoortoestel weer
[> Geboortedarim: oucieuviineamerssne
Vraag 29c hoeft w alleen te beantwoorden als u bij vraag 29a bijna nooit of soms invulde! S AT EE e s s S
29¢c. Vindt u het hinderlijk dat u het geluid Bl s s A S T

van verschillende muziekinstrumenten .
moeilijk kunt onderscheiden? O nee 3 een beetje < erg hinderlijk  heel erg hinderlijk
[>Opleiding:  Olager onderwijs

Olager beroepsonderwijs (LTS e.d.)
O middelbaar algemeen onderwijs (ULO, MAVO)
O middelbaar beroepsonderwijs

Ovooregezet algemeen (HAVO, VO)
ZIJN ER DELEN IN MUZIEKSTUKKEN OF LIEDEREN DIE U MIST, TERWIJL O hoger beroepsonderwijs (HTS, HEAO]

U ANDERE DELEN IN DATZELFDE MUZIEKSTUK WEL KUNT HOREN?

Choger algemeen en wetenschappelijk onderwijs

[>Wat zijn uw voornaamste dagelijkse bezigheden? ..o
30a. Nu en zonder hoortoestel: O bijna nooit & soms O vaak O bijna altijd

O Deze situatie ken ik alleen mét hoortoestel, dus

bovenstaand antwoord geeft mijn situatic mét [ Heeft u daarbij veel mondeling contact met anderen? ©ja Cafen roe Onee
L= ] B ]

hoortoestel weer

[> Bent u lid van clubs of verenigingen? Onee Oja

30b. Vroeger toen u misschien goed of beter hoorde: <> bijna nooit & soms & vaak & bijna altijd [ Heeft u hobbies? Onee Oja, namelijle oo,

O Dexe situatie kende ik alleen mét hoorroestel, dus
bovensraand antwoord geeft mijn situatie mét

hoortoestel weer [>Sinds wanneer bent u slechthorend? ....icciiiciiierieeiiciimimrem s srissssimrees esain ennnans

[> Zijn er activiteiten waaraan u NIET MEER deelneemt, sinds u slechthorend bent?
Vraag 30c hoeft w alleen te beantwoorden als u bij vrang 30a vaak of bijna altijd invulde!
RS I EHIIE e s s s T R R
30c. Vindt u het hinderli}l\: dat u vaak of bijna

altijd bepaalde delen in een muziekstuk [>> Draage u een hoorroestel? Onee Ojfa, Sinds i,
niet hoort, terwijl u andere delen in dat-

2elfde murickstuk wel kunt horen? O nee O een beetie < erg hinderliik <O heel erg hinderlijk

[ Maaler 1 eebriil van snrazkatzien (linleren)? Cinee 12



ONDERSCHEIDEN?

KUNT U HET GELUID VAN VERSCHILLENDE MUZIEKINSTRUMENTEN

29a. Nu en zonder hoortoestel:

¢ bijna nooit & soms ¢ vaak < bijna aleijd

O Deze situatie ken ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoeste] weer

29b. Yrocger toen u misschien goed of beter hoorde:

{ bijna nooit & soms & vaak & bijna alijd

O Deze situatie kende ik alleen mét hoortoestel, dus
bovenstaand antwoord geeft mijn situatie mét

hoortoestel weer

Vraag 29¢ hoeft u alleen te beantwoorden als u bif vraag 29a bijna nooit of soms invulde!

29¢. Vindt u het hinderlijk dat u hec geluid
van verschillende muziekinstrumenten

moeilijk kunt onderscheiden?

{ nee > een beetje O erg hinderlijk < heel erg hinderlijk

ZIJN ER DELEN IN MUZIEKSTUKKEN OF LIEDEREN DIE U MIST, TERWIJL
U ANDERE DELEN IN DATZELFDE MUZIEKSTUK WEL KUNT HOREN?

30a. Nu en zonder hoortoestel:

¢ bijna nooit  soms ¢ vaak & bijna altijd

O Deze situatie ken ik alleen mét hoorroestel, dus
bovenstaand antwoord geeft mijn situatie mézc

hoortoestel weer

30b. Vrocger toen u misschien goed of beter hoorde:

O bijna nooit & soms & vaak < bijna altijd

O Deze situatie kende ik alleen mér hoorroescel, dus
bovensraand antwoord geeft mijn situatie mée

hoortoestel weer

Viraag 30c hoeft u alleen ve beantwoorden als w bij vrasg 30a vaak of bijna altijd invulde!

30c. Vindr u het hinderlijk dar u vaak of bijna
altijd bepaalde delen in een muzieksruk
niet hoart, terwijl u andere delen in dat-

zelfde muzickstuk wel kunt horen?

O nee O een beetie < erg hinderlijk < heel ere hinderlijk

> Heeft u last van oorsuizen: Onee Oja

> Veel mensen hebben vaak last van harde geluiden. Heeft u het gevoel dat u meer dan
andere mensen last hebe van harde geluiden? Onee Oja

[> Hoe is op dit moment uw gezondheidstoestand?
Ozeer poed Ogoed Oredelijk Oslecht Ozeer sleche

[>Bent u op dit moment in behandeling bij een (huis)arts voor een aandoening, anders

dan slechthorendhcid? Onee Ojanamelijk wovveiiviinenn R A A R

Het is belangrijk dat u bij het invullen van de lijst geen vragen bebt overgeslagen,
Wil u alntublicfi controleren of w alle vragen hebt beantwoord?

Nogmaals wijzen wij u erop dat al uw gegevens strikt vertrouwelifk worden bebandeld.

[> Eventucle opmerkingen:

Wij waarderen het dat u tijd vrij bebt kunnen maken om alle vragen te beantwoorden.
U medewerking is erg belangrijk voor dit onderzoek. VWilt u de ingevulde vrageniijst in

de antwoordenveloppe terugzenden? U hoeft GEEN POSTZEGEL te plakken.
Alngstaale osios Farielsihe dom s
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Summary

Hearing impairment often has a restricting influence on daily-life activities,
Consequences of hearing loss are of great diversity, making it difficult to quantify the
extent to which hearing-impaired individuals are disabled or handicapped. Still,
objective measures of hearing disability and handicap are needed, for example for

(financial) compensation purposes in case of injury or unemployability.

This thesis presents a method to assess hearing disability and handicap objectively.

According to the classification of the World Health Organization (WHO) the method

is based on three concepts that are defined as follows:

impairment: any loss or abnormality of psychological, physiological or anatornical
structure or function.

disability: any restriction or lack (resulting from an impairment) of the ability to
perform an activity in the manner or within the range considered normally
for a human being. '

handicap: a disadvantage for a given in individual, resulting from an impairment or a
disability, that limits or prevents the fulfilment of a role that is normal
(depending on age, sex and social and cultural factors) for that individual.

Particularly the last two concepts are important for the assessment of a person’s
hearing status. First, the domain of disability should be explored to estimate handicap
subsequently. To this day, mainly measurements of impairment (pure-tone thresholds)
have been used to describe the disabilities resulting from hearing impairment. Pure-
tone thresholds reflect the sensitivity of the ear to pure tones. It is evident, however,
that the pure-tone audiogram does not give a satisfactory representation of the varicty
of auditory aspects in daily-life hearing.

In order to investigate which aspects of hearing are the most important in daily-life,
we developed the Amsterdam Inventory for Auditory Disability and Handicap, as
reported in chapter 2. This inventory consists of thirty questions and deals with a
variety of everyday listening situations. Factor analysis on the responscs of 274
hearing-impaired persons shows that five dimensions (factors) of hearing disability
should be distinguished: distinction of sounds, auditory localization, intelligibility in
noise, and intelligibility in quiet and detection of sounds. This means that the variety
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of disabilities affecting the individual in daily-life hearing can be reduced to the five
above-mentioned dimensions. Therefore, adequate assessment of a person’s hearing
status requires quantitative assessment of each dimension of disability. In an attempt to
quantify each of the self-reported disabilities, a group of 51 hearing-impaired
individuals performed on six psychoacoustical tests: pure-tone audiogram. specch-
discrimination, speech-reception-threshold in quiet, speech-reception-threshold in
steady-state noise and in fluctuating noise, localization of sounds and recognition of
voices. Results of the stepwise multiple regression analysis show substantial
correlations between the laboratory performance tests and the disability factors. The
battery of tests appeared to be adequate in quantifying self-reported hearing
difficulties.

Handicap comprises more than only the experienced disabilities in auditory
functioning. It is a disadvantageous position that limits or prevents the fulfilment of a
role that is normal for that individual. Personal circumstances play an important role
and handicap should therefore be determined individually.

In this thesis the domain of handicap has been explored in two ways.

First, the above-mentioned Amsterdam Inventory has been used to assess to what
extent individuals see themselves as being handicapped by a hearing disability. The
inventory assesses the so-called primary handicap that directly results from the
experience of disabilities in auditory functioning. Chapter 5 describes the responses of
239 hearing-impaired persons. The results show that, even though the differences are
small, the five above-mentioned disabilities are not equally important in daily-life.
Handicap resulting from disability in listening to speech in noise is most strongly felt.
Also, the respondents reported a substantial handicapping effect resulting from
intolerance of noise, as described in chapter 5. Therefore, intolerance of noise should
not be ignored in the assessment of handicap. The results in this chapter again

emphasize the importance of the multidimensional approach in the assessment of

hearing disability and handicap.

Another dimension of handicap (the so-called secondary handicap) results trom

constantly trying to compensate for the disabilities. For example: during a
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conversation, a hearing-impaired person will pay a constant effort to hear and to
respond appropriately in order to communicate optimally. Such an increased effort
may result in stress and fatigue and that is just the so often reported complaint of
hearing-impaired people. Auditory fatigue results in making it almost impossible for
the hearing-impaired person to perform social activities at the end of a working day.
The possibility to quantify secondary handicap has been investigated as described in
chapter 6. It is evident from the international literature that dilatation of the pupil is a
sensitive measure of the degree of mental effort demanded by a task. The diameter of
the pupil increases with the degree of effort required. According to this finding, pupil
dilatation was used as an index of mental effort in our study. During the so-called
speech-reception-threshold (SRT) task in noise, we measured the pupil diameter of
both normal-hearing and hearing-impaired listeners. The SRT test measurcs the ability
to understand specch (everyday sentences) against a background of (fluctuating) noise.
The SRT is defined as the speech-to-noise ratio in dB at which 50% of the sentences
can be reproduced correctly. The findings of the investigation show that a relatively
easier listening situation (a more favourable signal-to-noise ratio) results in a decrease
of pupil dilatation. This indicates that an easier listening situation requires less effort.
However, a difference between both groups was found. Hearing-impaired listeners
appear to benefit less than normals from easier listening situations (individual SRT =+
5dB). An important conclusion resulting from this study is that hearing-impaired
people profit less from a more easy listening situation than has been assumed until
now.

An overview of the subsequent steps of the method to assess one’s hearing disabilities
and handicap, as proposed in this study, is presented in a diagram on page 84.
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Samenvatting

Schatting van de validiteit van het gehoor: een multidimensionale benadering

Slechthorendheid heeft veelal een beperkende invloed op het functioneren in het
dagelijkse leven. De gevolgen van slechthorendheid vertonen een grote diversiteit en
dat maakt het moeilijk om de beperkingen en de gevolgen daarvan (de ervaren
handicap) in maat en getal uit te drukken. Toch is een kwantificeerbare grootheid van
de mate van invaliditeit van een slechthorende gewenst, bijvoorbeeld in geval van

(financiéle) compensatie na een ongeval of bij afkeuring.

Dit proefschrift presenteert een methode om de validiteit van het gehoor objectief vast

te stellen. Dat wordt gedaan aan de hand van drie begrippen die door de Wereld

Gezondheids Organisatie (WHO,1980) zijn onderscheiden en als volgt zijn

gedefinieerd:

stoornis: iedere afwijking van een voor de mens normale psychologische,
fysiologische of anatomische structuur of functie.

beperking: iedere vermindering of afwezigheid (ten gevolge van een stoornis) van de
mogelijkheid tot een voor de mens normale activiteit zowel wat betreft de
wijze als de reikwijdte van de uitvoering.

handicap: een nadelige positie van een persoon als gevolg van een stoornis of een
beperking, welke de normale rol vervulling van de betrokkene (gezien
leeftijd, geslacht en sociaal-culturele achtergrond) begrenst of verhindert.
(vertaling: TNO, 1980)

Bij het schatten van de validiteit van het gehoor gaat het met name om de laatste twee

begrippen. De beperkingen die de slechthorende dagelijks ervaart moeten in kaart

worden gebracht om vervolgens de handicap te kunnen schatten. Tot op heden worden

in de meeste landen vrijwel alleen de gegevens van het toonaudiogram gebruikt om

uvitspraken te doen over de beperkingen ten gevolge van slechthorendheid. Het

toonaudiogram meet de gevoeligheid van het oor voor zuivere tonen. Het is inmiddels

echter evident dat het wel of niet goed kunnen horen van zuivere tonen de

geluidswaarneming in het alledaagse leven onvoldoende representeert. Om te

onderzoeken welke aspecten van horen dan een essentigle rol spelen in die

geluidswaarneming is in de eerste fase van het onderzoeksproject de ‘Amsterdam
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Inventory for Auditory Disability and Handicap’ ontwikkeld, zoals beschreven in
hoofdstuk 2. Deze vragenlijst, waarin allerlei luistersituaties aan de orde komen,
bestaat uit 30 vragen. Factor-analyse van de gegevens van 274 personen toont aan dat
vijf dimensies (factoren) zijn te onderscheiden. Naast detectie van geluid zijn dat:
herkennen en onderscheiden van geluiden, lokaliseren van geluid, spraakverstaan in
lawaai en spraakverstaan in stilte. Dit betekent dat alle beperkingen in het auditief
functioneren zich concentreren rondom de bovengenoemde vijf factoren. Een juiste
schatting van de validiteit eist dan ook dat het vermogen van het gehoor voor elk van
deze dimensies afzonderlijk bepaald wordt.

In een poging het vermogen voor deze factoren objectief te meten, zijn bij 50
slechthorenden zes verschillende psychoacoustische tests afgenomen, namelijk:
toonaudiogram, spraakaudiogram, spraakverstaan in stilte (SRT), spraakverstaan in
fluctuerende en continue ruis (SRT in ruis) lokaliseren van geluid en stemherkenning.
Het resultaat van de multipele regressie analyse (hoofdstuk 3 en 4) geeft aan dat elk
van de bovengenoemde factoren aanzienlijk correleert met een combinatie van tests.
De testbatterij blijkt geschikt om de beperkingen in kwantificeerbare grootheden (test-
scores) uit te drukken.

De handicap van een slechthorende omvat veel meer dan alleen de beperkingen in het
auditief functioneren. Het gaat om een nadelige positie als gevolg van die beperkingen
of stoornis die de normale rol vervulling begrenst of verhindert. Persoonlijke
omstandigheden spelen daarin een rol en handicap is daarom individueel bepaald.

In dit proefschrift wordt het domein van handicap op twee manieren bestudeerd.
Allereerst is de bovengenoemde Amsterdamse vragenlijst gebruikt om voor elke
situatie na te gaan in hoeverre een beperking in het auditiel functioneren (indien die
zich voordoet) hinderlijk wordt bevonden in het dagelijks leven. De vragenlijst geefl
een schatting van de zogenaamde primaire handicap die direct het gevolg is van een
beperking die men crvaart in het auditief functioneren. Hoofdstuk 5 beschrijft een
studie naar de gegevens van 239 slechthorenden. Hoewel de verschillen nict heel
groot zijn, blijkt uit de resultaten dat voor de gemiddelde slechthorende de vijf
bovengenoemde beperkingen niet even zwaar wegen. Het niet kunnen verstaan van

spraak in ruis is het hinderlijkst. Ook blijkt uit het onderzoek dat het last hebben van
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harde geluiden als zeer hinderlijk wordt ervaren. Dat is een belangrijke reden om
onaangename luidheid als extra dimensie in het validiteitsonderzoek mee te nemen.
De resultaten in hoofdstuk 5 benadrukken nog eens het belang van de
multidimensionale aanpak voor het schatten van de validiteit van het gehoor.

TEen andere vorm van handicap (de zogenaamde secundaire handicap) ontstaat doordat
de slechthorende voortdurend moeite doet om de beperkingen te compenseren. Door
extra inspanning en concentratic probeert de slechthorende bijvoorbeeld het gesprek
toch te volgen. Vermoeidheid is het gevolg en juist daarover wordt veel geklaagd door
mensen met een gehoorverlies. Sociale activiteiten kunnen ‘s avonds, na een werkdag,
niet meer worden uitgevoerd, omdat men te vermoeid is.

Hoofdstuk 6 presenteert een onderzoek naar de mogelijkheid om dit belangrijke aspect
van handicap te kwantificeren. Het is al langer bekend dat verandering van de
pupilgrootte gebruikt kan worden als index voor mentale inspanning. Hoe groter de
verwijding van de pupil (dilatatie), hoe groter de concentratie. In hoofdstuk 6 wordt de
pupil dilatatie van zowel goed- als slechthorenden tijdens de zogenaamde speech-
reception-threshold (SRT) test in ruis bestudeerd. De SRT test meet het vermogen om
spraak (alledaagse zinnen) tegen een achtergrond van (fluctuerende) ruis te verstaan.
De SRT is gedefinieerd als die spraak-ruis verhouding in dB waarbij nog 50% van de
zinnen foutloos gereproduceerd kan worden. De resultaten van het onderzoek tonen
aan dat een makkelijker luistersituatie (een gunstiger signaal-ruis verhouding) bij
zowel goed- als slechthorenden een Kkleinere pupil dilatatie (oftewel minder
inspanning) bewerkstelligt. Echter, er is een verschil tussen beide groepen. Bij een
gunstiger signaal-ruis verhouding (SRT+5dB) blijken slechthorenden, vergeleken bij
goedhorenden, nog steeds veel inspanning te moeten leveren. Een belangrijke
conclusie van het onderzoek is dat slechthorenden veel minder van een makkelijker

luistersituatie profiteren dan tot nu toe werd aangenomern.

Een samenvattend schema op bladzijde 84 geefi een overzicht van de verschillende
stappen van de methode om de validiteit van het gehoor te schatten, zoals die in dit
proefschrift worden voorgesteld.

DANKWOORD
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De afdeling Audiologie biedt een voedingsbodem waarop onderzoekers erg goed
kunnen gedijen. Dat heeft natuurlijk alles te maken met de mensen die op die afdeling
werkzaam zijn. Het is mijn behoefte om vanaf deze plaats een aantal van die mensen
bijzonder te bedanken.

Allereerst dr. T.S. Kapteyn, de initiator van het onderzoek en de stuwende kracht
erachter. Zijn enthousiasme, betrokkenheid en motiverende begeleiding kunnen
nauwelijks op waarde geschat worden. Vrijwel dagelijks hadden wij contact over de
voortgang van het onderzoek. Insiders zullen onmiddellijk begrijpen wat ik bedoel als
ik zeg dat zijn ‘tralalalaa’ soms genoeg was om mij weer een duwtje in de rug te
geven. Bedankt voor alles!

Van zeer grote waarde was ook de begeleiding en belangstelling van mijn promotor
prof.dr.ir. T. Houtgast. Zijn rol bij de verschillende onderzoeken en bij de
totstandkoming van dit proefschrift was essentieel. Er is bij mij grote bewondering
ontstaan voor zijn opbouwend kritische houding, zowel in het luisteren als in het
lezen,

Dr. ir. J.M. Festen bedank ik hartelijk voor zijn plezierige begeleiding en waardevolle
ondersteuning gedurende alle fasen van het onderzoek.

De leden van de leescommissie, prof. dr. ir. W.A. Dreschler, dr. B.E. Glazenburg,
prof. dr. H.F. Mahieu en prof. dr. J.F. Orlebeke ben ik zeer erkentelijk voor de tijd en
moeite die zij hebben genomen om dit proefschrift te beoordelen.

Hans van Beek, veel plaatjes in dit proefschrift zijn stille getuigen van jouw softe en
harde (ware) kennis en je altijd aanwezige bereidheid om te assisteren, op welke
manier dan ook. Jij wist altijd een oplossing te bedenken. Bedanki!

Voor Ton Houffelaar was ook nooit iets teveel. Altijd stond hij klaar. Daar komt nog
bij dat hij, samen met Jacqueline Geskus en Hans van Beek, mij altijd met een hoge
dosis humor heeft omringd. Ik bedank jullie voor het scheppen van een prettig
werkklimaat. Die dank komt ook Fred Snel, Myrthe Janssens, mijn (ex-)kamergenoten

en nog talloze andere mensen van de afdeling toe.
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Bart Schouten bedank ik voor het grafisch ontwerpen van de vragenlijst. Diana de
Bruin en Niek Versfeld ben ik veel dank verschuldigd voor de hulp die zij bij de
vertaling hebben geboden. Iilde Tobi en Joop Kuik bedank ik voor de statistische
ondersteuning. Zij hamerden altijd op de noodzaak van grote groepen in de analyses.
In het bijzonder bedank ik daarom alle slechthorenden die bereid waren mee te werken
aan dit onderzoek. Hun inzet en medewerking was onmisbaar.

Dan is er nog cen aantal namen dat niet onvermeld mag blijven.

Allereerst mijn ouders. Hen bedank ik voor de mogelijkheden die zij mij altijd hebben
geboden. Hun betrokkenheid (en ook die van mijn zus en broers) heeft mij door de
jaren heen gesteund. Mijn vrienden bedank ik voor hun getoonde interesse.

Dan Thee Goverts, mijn paranimf. Theo, wij hebben de laatste tijd wveel
samengewerkl. Het vierde hoofdstuk van dit proefschrift is daar het resultaat van. Eén
ding is zeker: je hebt me cen heel eind de goede richting in geduwd. Ik bedank je
hartelijk.

Mijn andere paranimf is José Henriques.

Lieve José, met jou aan mijn zijde ben ik een bevoorrecht mens. Jouw steun was

enorm. Bedankt voor alles.

Tot slot.

Het onderzoek en het gereedkomen van dit boekje is een proces van jaren geweest.
Als ik terug kijk op de periode waarin ik aan dit proefschrift heb gewerkt, dan rest mij
nog één ding te zeggen:

De Naam van God zij geprezen, van nu aan tot in ceuwigheid.
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