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Pre - Amble

The HearCom project aims at achieving full participation of people with a

reduced hearing ability in the modern communication society by reducing
limitations in auditory communication. Within the HearCom project,
Subproject 5 (SP 5) looks at how the Internet can be used to provide new

services that will forward this aim, and will provide a route for the
exploitation of many of the outcomes of the HearCom project. Within this
subproject a web portal will be develop ed for the dissemination of project
outcomes (Work package 10) and frameworks will be developed for some

of these outcomes to fit into (Work package 11 and Work package 12).

The structure will focus on the assessment of hearing loss using self -

screening te sts (WP11) and e -rehabilitation (WP12).

In the early stages of hearing loss, people are often unaware of their

limited hearing. Therefore, they generally wait a long time before deciding

to seek an audiological assessment. The aim of WP11l is to provide
Internet access to self -screening tests for hearing impairment that have

been developed within SP1 and SP2. The ability to conduct such self -
screening tests is expected to increase awareness of hearing -impairment
T which will likely lead to an increasing num ber of people looking for
medical advice. The results of D11 -1 showed that 14% of the respondents
indicated solely to conduct screening by using a questionnaire. Partly
because some people expected that their system would not be accurate

enough to provide these data.

This work fits closely with WP12, which builds the infrastructure of the
HearCom web site. This work also relates to WP10 (the development and
implementation into the portal). This deliverable reports on the
development, user trials, and valida tion of an Internet screening test on
the HearCom website. Usability trials were conducted in the United
Kingdom and in the Netherlands. The validation of the questionnaire was

carried out by NL -VuMC and NL -EMC.
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1 Executive Summary

The HearCom screening que  stionnaire was designed to measure a range
of hearing disabilities across several domains; speech intelligibility, sound
localisation, audibility of sounds and discrimination of sound. The user

evaluations did not expose any serious issues that could not b e solved.

In the evaluation,129 participants were asked to report their competence

in performing everyday tasks represented by 25 questionnaire items.
Answers were scored on a four  -interval lickert -scale. A factor analysis
based on the response of the res pondents confirmed the four competence
domains after Varimax rotation. Three areas are identified based on the

hearing loss averaged over 1, 2, and 4 kHz;

1. the green area, intended to cover respondents with a

hearing loss lower than 29 dB.

2. the amber area, indicating insufficient hearing covering

respondents with a hearing loss between 29 and 41 dB.

3. the red area, indicating a poor hearing for respondents

having a hearing loss more than 41 dB.

Based on the responses, items were removed in order to increase th e area
under a receiving operating characteristic (ROC) optimizing the sensitivity

and specificity. In this way, in order to predict the hearing loss based on

the item responses for the best ear, 10 items are sufficient in order to

provide a high sensitivi  ty and high specificity (0.88 and 0.85). In order to

obtain a high accuracy for the weighted hearing loss in both ears, 18

items are required (0.85 and 0.81).
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2 Introduction

Hearing loss, with a reported prevalence of about 16% for people above

the age o f 17, has been identified as one of the most frequent chronic
conditions affecting older populations in developing countries (Davis,

1989; Wilson, 1999). The prevalence increases with age; whereas only 5 -
10 % of the people below 40 have a hearing loss (hea ring loss > 25 dB
averaged over 0.5, 1, 2, and 4 kHz), 5 -6 out of 10 people (50 -60 %)
suffer from reduced hearing when they are between 60 and 70 years of

age (Davis, 1989; Wilson, 1999). Despite this being common knowledge,

people with reduced hearing do not always seek medical help. Prevalence

of hearing aid use amongst those with a hearing loss above 25 dB HL
(averaged over 0.5, 1, 2, and 4 kHz) is limited (Popelka et al., 1998;

Davis, 1989). Applying the prevalence rates from Davis(1989) to the

situatio n in the Netherlands, approximately 15 -40 % of the people
suffering from hearing loss use hearing aids (data obtained from CBS,

2006).

There may be a number of factors that contribute to the relatively low
prevalence of hearing aid use. Basically they co uld either indicate that
people are not able to detect a reduced ability to hear (see also Smits et

al., 2004; Koopman, 2008), or that they are not willing to accept their
reduced hearing. The 25 -item Hearing Handicap Inventory for the Elderly
(HHIE) quest ionnaire (Ventry and Weinstein, 1982), therefore focuses on
emotional aspects (acceptance) and on competence in certain auditory
tasks (ability to detect). From these 25 -items, a subset of 10 items were
selected to provide the possibility to screen on hear ing loss (Weinstein,
1986), resulting in the HHIE -S questionnaire. The questionnaire showed a
sensitivity of 0.35 (35 percent of the participants that were hearing
impaired were correctly identified) and a specificity of 0.92 (92 percent of

the participant s without impaired hearing were correctly classified). Other
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guestionnaires intended to screen on hearing loss show a higher
sensitivity and specificity (Gomez et al, 2001; sensitivity 0.77/specificity

0.82; Gates et al. 2003 -0.35/0.94; van Schaik 1998 0.7 6/0.76).
Acceptance is most likely a major contributor to the low prevalence of

hearing aid use. However, in order to start accepting a hearing aid, people

first need to know that their hearing ability has been diminished.
Therefore, emotional aspects may be less suitable for hearing screening.
The research conducted on the success of screening on hearing loss using
competence in different auditory tasks is rather unambiguous. Davis

(1989) mentioned that using a single question such as: Do you think you

find it difficult to follow a conversation if there is a background noise (e.g.

TV, radi o, children pl aying)? Aprovi des
mil d/ moderate hearing screening [p. 916] 0.
of sensitivity has been given and can be d etermined based on the data

provided. Wilson (1999) asked people if they have troubles hearing what
people say to them in a quiet room when they speak on a given level to
them (loudly, normally, whisper). Results indicated that there was a
considerable mi sclassification on self -reported hearing loss. Clark et al.
(1991) and Sindhusake et al. (2000) asked respondents if they felt they

had a hearing loss. They reported acceptable sensitivity (respectively,

56% and 78%) and a specificity (respectively 82% and 67%) using a

single question.  Schaik et al. (1997) showed a reasonable specificity and

sensitivity by combining two single questions adapted from the HHIE -S
guestionnaire (ACan y OuU -to@anrer y c omrnv e ras a toinaeen

specificity=1, s e n €antyouvfollawythre Ccondersadian f an

smal | group of peopl e?0; specificity=0.18, S
specificity of 1 and a sensitivity of 0.75. These results suggest that a

higher sensitivity and specificity can be obtained by combining several

items within the same questionnaire.
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Still, the specificity and sensitivity of such screening questionnaires are

much lower than those obtained by the speech in noise test as described

by Smits et al. (2004). When adopting the SRT in noise (sentences)
following the procedure of Plomp and Mimpen (1979) as the golden
standard, the SRT obtained using three digits in noise showed a sensitivity

and specificity of 0.9. The test can easily be conducted by phone (using

the number pad as a response box) and via t he Internet. A major benefit

of the screening test as described in Smits et al. (2004) or a self -
screening questionnaire compared to other screening methods (e.g.

hearing tones and speech, Cienkowski, 2003; an audioscope, Lichtenstein
et al., 1988; whisper ed voice test, Eekhof et al. 1996) is that it can be
assessed without help or assistance of qualified people and users can

easily conduct the test in the comfort of their own homes. The need for

such an ability to assess hearing loss in the privacy of the users own
environment is shown by the popularity of the service (Smits, 2005).

Most people now experiencing the onset of hearing loss (people in their

fifties; often referred to as baby -boomers) are generally proficient at using
computers and the Internet . As such, the Internet is widely regarded as

an acceptable means of providing such a service (Koopman et al. 2008).
However, this survey also indicated that some respondents tend to

distrust the outcome of the test, based on poor acoustics or the presenc e
of environmental noises, or the inability to manipulate these
environments. Others respondents indicated that they did not have access

to appropriate equipment (headphones).

Partly for these reasons, some respondents indicated that a questionnaire

would be a good tool. The potential use of Internet, the telephone, and a
guestionnaire were compared to each other. Results indicated that 78.6%

of all respondents would use the test via the Internet, whereas 86.6% of

them would use a questionnaire when screen ing on hearing loss. In
addition, 9.4% would use solely the Internet and 13.9% would use solely

a questionnaire to screen for hearing loss. This indicates that a
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guestionnaire to screen on hearing loss would be a great asset to such a
service, provided tha t the questionnaire has a high level of sensitivity and
specificity. Such a high sensitivity and specificity may be difficult to
establish. Smits etal. (2004) shows, despite their excellent sensitivity and
specificity when compared to the SRT of sentences , a reduced but still
very acceptable sensitivity (0.79) and specificity (1) when compared to

the hearing loss averaged over 0.5, 1, 2, and 4 kHz. Although the choice

of the SRT of sentences as a golden standard is very acceptable
(assessing functional hea ring loss), it illustrates the difficulty and

importance of using the correct golden standard.

This Deliverable presents the development of a questionnaire that intends

to allow people to screen their hearing accuracy. In line with other
guestionnaires suc h as the Auditory Profile of Hearing Aid Benefit (APHAB;

Cox 1995), the Speech, Spatial and Qualities of Hearing Scale (SSQ)
(Gatehouse and Noble, 2004), the Amsterdam Inventory for Auditory
Disability and Handicap (Kramer, 1995), the questions will asses the
competence of the respondent in particular situations that often require

substantial listening effort from hearing impaired persons.

The evaluation of the questionnaire is divided in two stages. The usability

of the questionnaire has been evaluated by a number of experts and
novice users. The aim of this evaluation is to identify unclear or
inconsistent phrasing of the questions and instructions. The results of this
evaluation will be described in chapter 3. Based on the results of the
usability tests, a slightly renewed version of the questionnaire (improved
formulation of questions, when needed) has been validated by collecting

the responses of a large number of end users. The analysis of this
validation procedure will be described in chapter 4. The ai m of this
analysis is to obtain the reliability of the questionnaire by comparing the

responses to the questions with the amount of hearing loss of the users.
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3 Usability tests

3.1 Introduction

A Questionnaire has been composed for Hearcom, mainly based on
available validated questionnaires. The exact procedure and choices made

to obtain this questionnaire are described in detail in chapter 4.2.1. This
chapter describes the evaluation of the usability of the questionnaire as a
screening tool. For this aim a nu mber of experts and novice users have
gone thoroughly through all the questions using a simplified thinking aloud

protocol (see http://jthom.best.vwh.net/usability/thnkalod.htm ).

3.2 Methods

3.2.1 The Questionnaire

The questionnaire can be accessed via the Internet by making the
appropriate selection (6questionnaired) f

HearCom portal, which hosts all screening tests.

The page opens with the following simple instruction s for the user:

This questionnaire lists a number of everyday activities that can often
require a lot of listening effort if you have a hearing loss. It will be your
task to indicate how much difficulty you experience when conducting
these activities witho utthe use of a hearing aid or other listening
devices.

If a particular activity does not apply to you, please respond
by selecting "not applicable".

In total 25 items are divided over 3 pages and focus on four aspects of
hearing (speech intelligibility, sound localisation, sound recognition, and
sound detection). Items are provided on a four -interval lickert scale with
an additional option to indicate that a certain item is not applicable to the

respondent. A four item scale was preferred relative to an o dd-item scale
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(3 or 5), since an even (4) i1item scale

a problem exists and so provides more information.

3.2.2  Set-up of usability tests

The simplified thinking aloud protocol was used in the tests. A detailed

description of this procedure is given in deliverable D11.4, or check the

|l nternet page: Ohttp://jthom. best. vwh.

procedure requires a limited number of users (5 to 10) to identify most of

the problems in usability of the questionnaire. T he potential users are
asked to conduct the tests in the presence of an observer. This method

was chosen in order to involve users with the products developed within
HearCom and see if they were able to conduct the tests themselves

without any help of the observers, as if they were at home.

Two different trials have been performed:
1. Expert trials (5 experts 1)
2. User trials (8 novice users 2.

Five experts participated in the expert trials. Since the questionnaire itself

is straightforward, we decided to focus on the questions and the
instructions themselves. Results from the Dutch (n=3) and from United
Kingdom (n=2) were collected and analysed. If an issue raised in a
particular language version also applied to the other language version, the

solution was app! ied to both language versions of the questionnaire.

User trials have been conducted in order to involve users with the
development of HearCom products. The main target group of the self -
screening tests is people suffering from the onset of hearing loss wh 0 are
familiar with the Internet at work or at home. Therefore, the study

focused on recruiting people around the age of 50. The level of experience

1 Users with a lot of experience using the Internet, and having experience with audiology
and the intended target group.
2 people of the intended target group (baby boomers, less experience with the Internet).

Development of a screening questionnaire Page 14 of 68
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with the Internet was no reason to include or exclude users. A summary

of the characteristics of the users

who patrticipated in the trials is given in

Table 1. The column NH/HI indicates whether they were Normal Hearing

or Hearing -1 mpaired, based on their Fletcher Index being smaller or larger

than 35 dB HL.

User ID Age NH/HI
UNL-1 53 HI
UNL-2 57 HI
UNL-3 53 HI
UNL-4 49 HI
UUK-1 25 NH
UUK-2 58 HI
UUK-3 25 NH
UUK-4 26 NH
Average 43 5 HI/3 HI

Table 1: User statistics that participated to the trials

The usability tests first sought to see

if users understood what was

expected of them. After that, users were asked to comment on their

understanding of the questions. The usability tests always started at the

page showing the questionnaire. The usability test was conducted without

time constra ints. The observers followed the actions of the users taking

notes of unexpected behaviour. Before each trial started, it was explained

to the user that the Internet test itself was being tested, and not their

performance (which will be subject of sections

not found.  and onwards).

Error! Reference source

Development of a screening questionnaire
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3.3 Results 1 Expert Trials
3.3.1 Introduction

This questionnaire lists a number of everyday activities that can often require a lot of
listening effort if you have a hearing loss. It will be your task to indicate how much
difficulty you experience when conducting these activities without the use of a
hearing ard or other listening devices.

If a particular activity does not apply to you, please respond by selecting "not
applicable”

The following issues were raised:

T Avoi d phrases I i ke 6how much di fficult)

assumes that the subject actually has difficulties.

o Replaced by fAihow much difficulty vyou

1 Mention the intention of the questionn aire.

o This questionnaire will allow you to indicate whether you
experience difficulty in specific areas of hearing, and will

provide you with an estimate of whether your hearing has

degraded.

3.3.2 Style of the questionnaire

T Alt i s an i ssue a@ys start wth positiveb, wark downa | w
to negatives and have 6énot applicabl ed6 at
|l ays out responses in the opposite manner
o Option 6not applicabl ed wildl be shifte
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1 The categories of answer are very unclear. What do the categories

actually mean and how might the respondents understand them?

For exampl e wha't S t he di fference bet
6frequentlydé, and why are there no catego
o It might be a matter of translation. Th is scale was used in a

validated questionnaire (Kramer, 1995). The categories were
transl ated by t he aut hor s. ONever o |

category as 6al most never 6 and o6al wa

al ways©éo.

1 In general the questions are very ambiguous, the situations are very
variable and therefore they will generate very subjective and very
diverse answers. | suggest that the author considers exactly what
he/she requires from each question and then edits them

accordingly.

o0 Most questions have proven themsel ves in daily practice. The
fear of not understanding what is been said, will be considered
after evaluation. Once there is no clear relation between the
competence assessed and the pure tone hearing loss (or
asymmetrical hearing for sound localisation), qu estions may

be misunderstood.

T Some questions start with the word 6i magi
this as it immediately means that you have a hypothetical question

and these are well known for giving unreliable answers.

o0 Solved by rewording these items to b egin with AThink

ti me when/ where é0o0

1 Do you really need to ask 25 questions? It appears that many of
the questions here ask similar things so | would advise the author to
focus on the key questions/issues and reduce the size of the

guestionnaire accor dingly.
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o This will be evaluated and become an outcome of the eventual
analysis. The most valid items will be used to provide a good

i mage of the usersdé6 hearing.

3.3.3 Specific questions

Q1. When you are watching a film in a cinema or a play in a
theatre, are you able to understand what is being said if

people around you are whispering or rustling paper?

Intention: This question intends to cover speech intelligibility in the

presence of soft environmental noises.

Comment.  Ambiguous - are you meant to understand t he film or the

people whispering?

Reply: Thefilm 7 question will be reworded to:
When you are watching a film in a cinema or a play in a theatre, are
you able to understand what is being said (either on the screen or on

stage) if people around you are ru stling paper or whispering?

Q2. Can you hear household sounds like those made by a fan,

fridge, oven, dish washer, or a running tap?

Intention: This question intends to focus on the detection of soft

environmental sounds that are familiar to the user.

Com ment:

1. Household products listed produce varied types, frequencies and
volumes of sound.
2. Modern devices are often much quieter than older ones T also

depends on habituation

Development of a screening questionnaire Page 18 of 68
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Reply:

The question will be evaluated which will indicate if the question is
appro priate. Noises described in this question are mainly low -frequency
sounds of moderate to low sound levels. Low correlation coefficients with

other questions will indicate that this question is inappropriate.

Q3. Do you have to concentrate really hard wh en you are listening

to a voice on the radio?

Intention: This question focuses on the intelligibility of speech without

the ability to lip  -read.

Commentt What does O6concentrate really hardd ac
6a voice on the r aduchéccomindgtéradoary very m
reception, audio quality of the radio and the actual program being

listened to?

Maybe avoid the problem by turning the radio loud

Reply:

1) The Dutch version of the question omits
hardd6é. Thi s s h o uteddn the&K i-qupstiom.me
2) The question concerns a situation in which the user cannot see the
s p e a k e r sibaddedate vehich is the enhanced listening
challenge posed by the restricted bandwidth of the radio output. |
see no further problems in this quest ion. During the evaluation,
comments will be reconsidered if necessary.

3) Add Aat normal vol umeo.

Q4. Are you able to hear the birds singing outside?

Intention: This question focuses on the ability to hear high pitched

sounds.
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Comment:

1) The interpretation o f this question depends upon many variables so
it is likely to be of little actual use as a question. It depends on
whether there are birds outside, what type/species they are, what
kind of glazing one has, etc.
2)How do you know that t mhgr eudrse diei nds yoiun

cannot hear them?

Reply: The question has proven itself in the Kramer survey. When people
think of birds singing, they generally think of high -pitched sounds at a

well defined level.

Q5. Are you able to tell who it is you're talking t o on the telephone

just by listening to the person's voice?

Intention: This question focuses on the recognition of someoneds voi

Comment:  Dependent upon audio quality of the phones, quality of
reception and the frequency of the voice you are listening t 0. Also
how would you answer this question if you can hear high pitched

voices really well but find lower pitched voices hard to understand?

Reply: Telephones do not transmit frequencies beyond 3 kHz. Hence, the

frequency of the voice is unlikely to influ ence the usersoé respo

Q6. Can you hear the difference in sound between a trumpet and a

saxophone?
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Intention: This question focuses on the recognition of two instruments

that are alike in sound.
Comment:

1) Why a trumpet and a saxophone? This could con fuse a respondent
because it relies on them having a good knowledge of how these
instruments both sound, but there are also different types of
saxophone and trumpet so this could lead to further problems. If you
wish to investigate if someone can different iate between instruments
at different frequencies then why not use instruments such as a violin,
flute, bass, trombone, etc

2) Very dependent on if they play at the same time or not.
Reply:

1) The intention was to identify if people were able to distinguish
bet ween two familiar instruments that are alike in sound. If people
indeed experience difficulties distinguishing between these
instruments based on unfamiliarity this question will not correlate with
auditory data and the question will be removed from the
qu estionnaire.

2) The question mentions differentiate, so both cases apply.

Q7. Can you tell how somebody is feeling from the sound of their

voice?

Intention: This question focuses on the recognition of inflection (by

frequency modulations)

Comment: | d o n éwhat this has to do with having a hearing loss.
Surely this has more to do with your familiarity with a person and

how their voice changes according to their moods?
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Reply: Most hearing -impaired people experience a poor spectral
resolution. This causes d ifficulties in the detection of the frequency

modul ations typical to deter mine

someoneos

Q8. When you hear people or cars behind you, are you surprised to
find that they are closer than you thought when you look

around?

Intention: This question focu ses on the estimation of the distance of a

known sound source.

Comment:
1) Human hearing is most acute in a forwards direction so we all have

less effective hearing behind ourselves. As a result almost everyone

will give a similar answer to this question and it may therefore be of

little help.

2) Most questions require a positive answer in order to indicate if

they do not experience difficulties. This question is reversed.

Reply: Similar questions are used in the SSQ hearing questionnaire and

result s show otherwise.

Question will need to be turned around

Q9. Can you tell from its sound how far away a bus or lorry is?

Intention: This question focuses on the estimation of the distance of a

known low -frequency sound source.

Comment. Again a very ambiguous question with many variables
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Reply: Similar questions are used in the SSQ hearing questionnaire and

results are reliable.

Q10. Can you tell from its sound whether a bus or lorry is moving

towards you or moving away from you?

Intention: This question focuses on the ability to deduce the direction of

movement of a known low  -frequency sound source.

Comment: no comments.

Q11. When you hear a voice or footsteps behind you, can you tell
in which direction (from left to right or right to left) tha t

person is moving without looking round?

Intention: This question focuses on the ability to deduce the direction of

movement of a known sound source.

Comment:  Voices and footsteps are very different sounds and as our
hearing is focused towards the front m ost people will have problems

with this situation.

Reply: This will be part of the evaluation. It will not be a major problem if
certain items are considered to be difficult, since the ability to tell
something about the onset of hearing loss may require t hese difficult

items.

Q12. Do you immediately turn your head in the correct direction

when somebody calls you?
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Intention: This question focuses on sound localization.

Comment: no comments

Q13. Can you follow what somebody is saying when there is much
re verberation, such as in a church or railway terminus

building? Can you follow what the other person is saying?

Intention: This question focuses on speech intelligibility in reverberant
rooms.
Comment: What is the relevance of OrelNerberatio

think that respondents will understand what you actually mean by
this word? Are you possibly more concerned with loud, low frequency

noises?

Reply: Low frequency noises are represented. It is expected that the term
0reverberati ond wiHroughtheusaaoftdeseegsamples.d t

Anot her option may be to insert fAechoic envi

Q14. Can you recognize family members by their voices alone?

Intention: This question focuses on the recognition of people with well

known voices.

Comment: My understa nding is that everyone would answer Yes, or all
the time, to this question unless they were profoundly deatf. If they
were profoundly deaf then | suggest that they would be aware of this

and would have no need for this questionnaire.

Reply: The question was obtained from the Kramer survey. This

guestionnaire showed that this fear is unfounded. Results indicate that not
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everyone does not experience problems recognizing people based on their

voice alone.

Q15. Can you easily have a quiet conversation with som ebody you

know?

Intention: This question focuses on the ability to have a conversation in

a quiet environment.

Comment: In what environment?

Reply: This is a matter of translation and will be reworded to:
Can you easily have a quiet conversation with someb ody you know in a

guiet environment?

Q16. When you are in a quiet room, can you follow a conversation

on the telephone?

Intention: This question focuses on the ability to have a conversation in
a quiet environment without the ability to see the person you are
talking to.
Comment:
1) Fol l ow? Do you mean o6easily wunderstandd

2) Depends on the speaker and quality of phone line.

Reply:

1) This is a matter of translation.
2) This question is intended to refer to an averaged speaker and

responses should not be affec  ted by the quality of the telephone line.
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Reworded to:
When you are in a quiet room, can you easily conduct a conversation

on the telephone?

Q17. Can you understand what is said without having to ask

people to repeat themselves?

Intention: This question focuses on the ability to have a conversation in

general.

Comment:  Again in what environment?

Reply: Validation will indicate if this is true. We expect that the people

who have to ask others to repeat themselves will know this.

Q18. Can you understand so mebody who talks to you at a busy

party or reception?

Intention: This question focuses on the ability to have a conversation in

a busy environment i testingfortheso -cal |l ed Acocktail

Comment: no comments

Q19. When you are in a car on the m otorway are you able to follow

the news on the radio?

Intention: This question focuses on the ability to have a conversation in

the presence a low frequency environmental sound.
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Comment: Dependant upon many variables including whether you are
driving,radi o reception, audio quality, the car

voice, etc.

Reply: The noise from the car itself is almost constant at a high speed. It
emits a relatively defined level of noise and is therefore likely to provide

reliable answers.

Q20. Imagine that you are listening to someone on the telephone
and that somebody next to you begins to talk. Are you able to

follow what both people are saying?

Intention: This question focuses on the ability to follow two
conversations, which provides an indication of the effort a subject has

to pay in order to complete a task.

Comment:  Hypothetical and confusing questions. If the respondent does

understand them, then the answers will be very unreliable.

Reply : ltemtobere -wordedto: A Thi nk of a ti melistanmgn you
to someone on the telephone and that somebody next to you begins to

talk. Are you able to follow what both peopl

Q21. Imagine that you are listening to someone who is standing
next to you and the news reader on the radio at the sa me time.

Can you decide which conversation you want to follow?

Intention: This question focuses on the subjectos

he/she will be listening to.

Development of a screening questionnaire Page 27 of 68



FP6i 004171 H earCom Public Report 7 D-11-5

Comment:  Hypothetical and confusing questions. If the respondent does

understand them, the  n the answers will be very unreliable.

Reply: This item will be reworded to
AThi nk o fthatyoutare sEning to someone who is standing next to
you and the news reader on the radio at the same time. Can you decide

which conversation you want to fol low?

Q22. In a busy shop or supermarket, can you understand the

checkout assistant when they are talking to you?

Intention: This question focuses on the ability to understand a high -

pitched voice in the presence of a fluctuating background.

Comment: no com ments

Q23. Imagine that you and four other people are in a busy
restaurant and that you cannot see everybody. Are you able to

follow the conversation?

Intention: This question focuses on the ability to have a conversation in

a busy restaurant without the ability to lip -read.

Comment:  Surely most people will have problems in understanding
conversations with this number of people and in this environment. As

such you are likely to get negative responses to this.

Reply: This will be part of the evaluation. It will not be a major problem if
certain items are considered to be difficult, since the ability to tell
something about the onset of hearing loss may require such

difficult items.

The question will be reworded to:
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Think of a time that you and four other p eople are in a busy
restaurant and that you cannot see everybody. Are you able to

follow the conversation?

Q24. Imagine that you are sitting at a table with four other people
in a quiet room and that you can see everybody. Can you follow

the conversation?

Intention: This question focuses on the ability to have a conversation in

a busy restaurant with the ability to lip -read.

Comment: no comments

Q25. When you are travelling in a bus or a car, are you able to talk to the

person sitting next to you without difficulty?

Intention: This question focuses on the ability to have a conversation in

the presence of alow -frequency environmental noise.

Comment:  Should refer to hearing rather than talking?

Reply: Question will be reworded to:
When you are travelling in a bus or a car, are you able to have a

conversation with the person sitting next to you without difficulty?
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3.4 Results 1 User Trials

3.4.1 Introduction

This questionnaire lists a number of everyday activities that can often require a lot of
listening effort if you have a hearing loss. It will be your task to indicate how much
difficulty you experience when conducting these activities without the use of a

hearing aid or other listening devices.

If a particular activity does not apply to you, please respond by selecting "not

applicable”
1) Despite the instruction provided, users UUK -1 ;UNL-1 and UNL -2
completed the questionnaire under the assumption that they could

use hearing aids in the situation described.

1 Although the questionnaire intends to serve people who
have concerns about their hearing (i.e. generally people
who do not use hearing aids), it may help to clarify why the
guestionnaire intends to describe the situation without the

use of hearing aids.

3.4.2 Style of the questionnaire
No comments were given about the s tyle of the questionnaire.

3.4.3 Specific questions

Q1. When you are watching a film in a cinema or a play in a
theatre, are you able to understand what is being said if

people around you are whispering or rustling paper?

Comment: UUK4: AShoul d | breandthelpeopldtiat und e

whi sper, or the movie/play?0o
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Reply: Question i s r Wheoyoudaeedvatthimg afilmina
cinema or a play in a theatre, are you able to understand what is
being said (either on the screen or on the stage) if people around you

are rustling paper or whispering?o

Q3. Do you have to concentrate really hard when you are listening

to a voice on the radio?

Comment: UUKA4 never listens to the radio.

Reply: option o6not applicabled is available.
Q6. Can you hear the difference in sound between a trumpet and a
saxophone?
Comments:

User UUK1 needed clarification as to what a saxophone was I and

how this sound differed from the sound of a trumpet.

User UUK2 and UNL3 stated that they would not have been able to
answer this question, as they did not consider themselves able to

know the difference between the sound of the two instruments.

Reply: Question is reworded by
oCan you distinguish between a trumpet anda

based on the sound they make?o0

Q7. Can you tell how somebody i s feeling from the sound of their

voice?

Comments: UUK3 and UUK4 were slightly confused by the purpose of

this question.
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Reply: The question is easy to understand and answer there probably
should not be a need for further explanation - the respondent just  has

to trust that the question has a specific purpose!

Q11. When you hear a voice or footsteps behind you, can you tell
in which direction (from left to right or right to left) that

person is moving without looking round?

Comments:  UUK3 and UNL1 found it  difficult to imagine being in this
scenario. Although it happens many times each day Tit i1 snot

something they actively think about whil e

Reply: 1. if they had experienced problems in such a situation, they
probably would have recognized t he situation. 2. the opti

applicabled can be selected in such a case

Q13. Can you follow what somebody is saying when there is much
reverberation, such as in a church or railway terminus building. Can

you follow what the other person is saying?

Com ment: UUK4: What is reverberation?

Reply: Term might need some more explanation (link?)

Q18. Can you understand somebody who talks to you at a busy

party or reception?

Comments: To user UUK2 the question was unclear, since it did not
describe how noisy the party was. UNL -2 was unsure since he was not

familiar with such a situation.

Reply: Providing more precise statements will probably cause more

confusion. Evaluation will indicate if question is appropriate for use.
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Q19. When you are in a car on the motor way are you able to follow

the news on the radio?

Comment:  User UUK3 indicated that this depended on the volume of the

radio.

Reply: Add &énor mal l evel 6.
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4 Validation by end users

4.1 Introduction

This chapter describes the user validation of the Hearcom quest ionnaire.
For this aim the responses of a large number of end users have been
collected (129). The responses to the questions are compared to the

amount of hearing loss of the individual users. In this way we can

investigate whether the questionnaire is a reliable screening tool for
hearing i mpairment. The statistically defin
Aspeci ficityo are wused for this ai m. Il n add

clusters of questions that predict different aspects of auditory performance

by means of a factor analysis.

4.2 Methods

The authors acknowledge the problem that patients with identical
audiometric characteristics may cope quite differently with daily -life
situations. A golden standard is required to assess the success of a tool

for scre ening purposes. Although it has its limitations in assessing
functional hearing loss (i.e. what can someone do with this hearing loss),

the golden standard chosen is the pure tone audiogram. Hearing loss for

each ear is averaged over the frequencies 1, 2, and 4 kHz. The side with
the lowest average hearing loss is referred to as the better ear average

(BEA), the ear with the highest average hearing loss is referred to as the

worse ear average (WEA). The binaural impact (handicap) of the hearing

loss is asse ssed according the UK rules in which the better ear is weighted
relative to the worse ear as 4:1 (Lutman et al. 1987). Air conduction and

bone -conduction thresholds were measured in 5 -dB steps using clinical
audiometry. Conductive hearing loss was defined as an air bone gap larger

than 7.5 dB averaged over 1, 2, and 4 kHz.
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4.2.1 Development of the questionnaire

The content of the questionnaire was designed to cover an extensive but
realistic range of situations in which respondents could experience
limitations as a result of their reduced hearing. The twenty -five items are
distributed over four categories as distinguished by Kramer (1995), in

order to cover different conditions of assumed varying difficulty. The first
category, on self assessed speech intelligib ility (12 items) was designed to
cover a range of different conditions of competing sounds; conversations

in crowded (restaurant, shop) and quiet environments (cinema, quiet

room); conversation partner being visible or not visible (in regard to lip -
reading ); conversations in continuous noise (bus, car) or fluctuating noise
(restaurant, radio). The second category, on self assessed sound
localisation (also often referred to as spatial hearing; 5 items) covers
standard -items on directional hearing (someone c alling), on distance
judgements (footstep, distance; bus), and the discrimination of movement

as introduced by the SSQ (bus, footstep). The third category contains

items (4) addressed to the self -assessed ability to distinguish sounds, and
cover the abilit y to recognize someone over the phone (familiar and less
familiar) and the ability to tell someoneds
last category contains items (2) on the ability to hear sounds (singing

birds or sounds in the house). The choice of the top ics was based on a
number of existing validated questionnaires: the Amsterdam Inventory
(Kramer et al., 1995); ease of listening features in the Abreviated Profile

of Hearing Aid Benefit (Cox & Alexander, 1995); the Speech, Spatial and
Qualities of Hearing  Scale (Gatehouse and Noble, 2004).

The wording of the items was chosen carefully, in order to cancel out the

factor of audibility when possible. Patients did not indicate any problems

with the wording of the questions when they filled in the questionnair es
prior to their hearing assessment at the clinic. Items were selected and
translated by the authors into the Dutch language, except for

guestionnaires already available in English and Dutch. Two other native
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speakers translated the questionnaire into Eng lish. After that, they were
re -translated by two Dutch clinicians into Dutch to assure that the English

and Dutch translations contained correctly corresponding questions.

Before the questionnaire started it was explicitty mentioned that

guestionnaires po inted to situations in which the respondent would not

wear a hearing device (if applicable). Questions were asked in the

affrmativeway ( i.e. can you stil!/ l i sten ¢€é), instead
applying reversal scaling, in order to reduce the possibi lity of confusion.

The four response categories provided ranged
Aofteno, to fAal most al wayso, a fifth respol

indicate non -familiarity to the situations.

No reward was given for completing the questionn aire and no reminders

were sent. The responses were analysed anonymously.

Statistical analysis

First of all, a descriptive statistics will be conducted to provide a full
overview of the 129 -member focus group and their results. Hearing loss is
determine d as the average hearing loss at 1, 2, and 4 kHz. Furthermore, a
weighted average based on the hearing loss of both ears is referred to as

the handicap.

The questionnaire intends to describe the auditory performance of people

in different domains (as sugge sted by Kramer, 1995). Linear regression

will be used determine how the best ear and the worse ear contribute to

the performance in one of these domains. A difference in hearing loss
between both ears is likely to affect localisation performance. In order to
compare the outcome of this questionnaire to that of a validated
guestionnaire, a factor analysis will be conducted. In addition, a principal
components analysis (PCA) was conducted. The multi -dimensional space,

that follows from this PCA, can be compar ed to the space as determined
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by Kramer (1995). Finally, the reliability of the questionnaire (in terms of

sensitivity and specificity) will be determined and optimalised.

Scores were determined as the proportion of the maximal score. For each
guestion, th e score the different intervals are given by 1 (rarely),
sometimes (0.6667), often (0.3333), almost always (0). The average
disability score according to the questionnaire is determined by the sum of

the items falling within the competence domain.

Unless otherwise stated, the percentages were calculated using the
number of respondents giving a valid response to a particular question. A
p-value of 0.05 was considered statistically significant. The statistical
analysis was carried out using SPSS version 11.5 . Curves were fitted using

least -square methods using a logarithmic function.

4.3 Results

4.3.1 Descriptive statistics

In total 129 people completed the questionnaire (64 male; 65 female), on

average they were 51 years old (s.d. 15 years). The better ear average

(BEA) averaged over 1, 2, and 4 kHz equalled 29.5 dB (s.d. 19.9 dB). The

worse ear average (WEA) averaged over 1, 2, and 4 kHz equalled 51.8 dB

(s.d. 28.4 dB). The averaged asymmetry between the best and worse ear

averaged equalled 22.2 dB (s.d. 24.1 dB; quartiles 5 -34 dB). Table 2
provides the averaged scores and the Spearman rank correlation
coefficients for all items together and for each category separately. Table
2 clearly indicates that asymmetrical hearing loss mainly contributes to
problems experienced with sound localization (both for mixed and
sensorineural hearing losses) and for speech intelligibility in noise to some

extent.
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All items independently had a high s ignificant correlation with either the
hearing loss in the best ear (BEA), in the worst ear (WEA), or with the
asymmetry between both ears. On average, each item had 1.7% missing
values. There is only one clear exception, Q6 (distinction between a
saxaphon e and trumpet) which resulted in 17% missing values (including

not applicable). This indicates that almost all questions are correctly

understood.
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All items Speech Intelligibility Localisation Recognition Detection
Quiet Noise
Mean (Sd) 2.47 (0.68) 2.79 (0.74) 2.02 (0.75) 2.40 (0.85) 3.11 (0.76) 2.67 (1)
Mixe d (37) 2.89 (0.69) 3.17 (0.64) 2.47 (0.85) 2.71 (0.89) 3.53 (0.53) 3.2 (1.0)
Sensorin.(96) 2.31(0.61) 2.64 (0.72) 1.84 (0.63) 2.27 (0.80) 2.95 (0.78) 2.46 (0.92)
® score B -0.60 7" -0.56 7 -0.54 7" -0.39 77 -0.52 7" -0.60 7"
Mixed  (37) -0.48 " -0.53" -051" -0.34 -0.34 051"
Sensorin.(96) -0.52 7 -0.47 7 -0.44 ™ -0.327 -0.42™ .053 ™
® score W -0477 -0.38 7 -0.43 77 -0.53 7" -0.18° -0.35 7
Mixed  (37) -0.497 .045 ™ -0.53 7 052" 0.05 -0.10
Sensorin.(96) -0.47 7" 031" -0.35 " 051" -0.16 -0.36 7
® score A -0.14 -0.06 -0.15 -0.35 7 0.14 -0.01
Mixed  (37) -0.35° -0.3 -0.40° -0.42° 0.17 0.07
Sensorin.(96) -0.15 -0.06 -0.14 -0.37 77 0.09 -0.07
® score -0.59 -0.54 ™ -0.54 ™ -047 7 -0.47 7" -0.58 "
0.2(4BEA+WEA) _ .
Mixed (37) -059 ™ 062" -0.62 n -0.47*** -0.25*** -0.47***
Sensorin.(96) -0.527 -0.45 " -0.43 -0.40 -0.37 -0.51

Table 2: Descriptive statistics for the different auditory tasks studied in the questionnaire.

P-value < 0.05: *;

P-value < 0.01: **;

P-value < 0.001: *** based on Spearman Rank correlation coefficients.
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4.3.2 Interco rrelations

4.3.2.1 Descriptive statistics

A standard approach to study inter -item -relationships is by means of a
factor analysis. This paper described 25 items (independent variables)
using 129 observations. It is generally thought that a stable solution can

be ob tained by using a 5 -fold to 10 -fold (Gatehouse and Noble, 2004).
Given that these requirements are fulfilled, but only on the lower edge,

care should be taken by interpreting the results of this analysis.
Therefore, systematic observations will be describe d prior to the results of

the factor analysis.

3 The items within

All independent items are positively intercorrelated
each domain (detection, discrimination, speech in quiet, speech in noise,

sound localisation) correlate significantly with the independe nt items
within this domain ( SpBE-aluena 6.@G81). dhe ony. 6 2 ;
exception was found for the domain sound
0.44; P-value < 0.0001). In this domain, the separate items (n=4) also

show high mutual correlation coefficients (Spear manbds Rvalue. 54 ;
0.0001) when excluding item Q6. Table 3 shows the intercorrelations

between the different domains. In general, there is a high coherence

between the different domains, except for soun d localisation.

3 After rewording Q8, in order to be in line with the other items.
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All Speech Speech LOC DISCR DETECT
Q) (N)

All 1 0.90 0.92 081" 0737 0.82 "
Speech(Q) | 0.90 ™ 1 0.80 0627 0627 075"
Speech(N) | 0.92 ™ 0.80 1 069 " 0737 0737
LOC 081" 0.62 0.69 1 048" 058"
DISCR 0737 0.62 0.73 7 048 " 1 0.58
DETECT 0827 0.75 " 0.73 7 0.58 0.58 1

Table 3: Spearman rank correlation coefficients between different auditory
domains. ( ~ p-value<0.001).

4.3.2.2 Linear regression

Linear regression was used to predict the outcome of the questionnaire
based on the hearing loss in the best ear and worse ear. Table 4 shows
the results of a linear fit of the mean item score for each of the
compe tence domains as a function of the hearing loss in the better and

worse ear (averaged over 1, 2, and 4 kHz).
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Domain R Equation

All items 0.63  -0.017*BEA ~ - 0.004*WEA ~ +3.18
Speech (quiet) 059 -0.020*BEA =~ +3.46

Speech (noise) 0.56  -0.014*BEA ~ - 0.006*WEA =~ +2.70
Sound 0.54  -0.006* BEA - 0.013* WEA =~ +3.24
localisation

Audibility 0.61 -0.031*BEA =~ +3.57

Sound 0.58 -0.025*BEA ~ +3.63

discrimination

Table 4: Results from the linear fit of the items score in a give n competence
domain (fist column) as a function from the hearing loss in the better ear (BEA)
and the worse ear (WEA). *** P -value<0.001; ** P -value< 0.01. R provides

Peasronbd6és correlation coefficient.

The results indicate that the hearing loss of the wo rse ear contributes to
the perceived problems for speech in noise and sound localization.
Moreover, for sound localization, the worse ear seems to contribute more

to the perceived difficulties locating sound sources than the hearing loss in

the better ear.

Based on the fit on all items, it is important to note that the best ear
versus the worse ear follows the 4:1 rule known from other research and

often applied to determine the handicap.

4.3.2.3 Factor Analysis

As mentioned in Section 43.2.1 , the ideal way to describe
intercorrelations is by means of a factor analysis. The Eigenvalue as a
function of the number of components is called a Scree plot (see Figure

1). Eigenvalue s larger than 1 explain more than a single component in
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the original domain and is therefore considered to be significant.

Figure 1

shows that four components significantly contribute to the explained

variance.

Scree Plot

Eigenvalus

I
B_-—

=
1=3 —
1

Companent Humber

Figure 1: Scree plot of Eigenvalues as a function of the component number.

Table 5 shows how the four significant components explain an overall total

variance of 68%. Table 5 shows the results before and after Varimax

rotation. Bef ore Varimax rotation, there is one main component that

accounts for most of the variance (49.8%). After Varimax rotation, the

variance is better divided over the different components.
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Component Eigenvalue Variance expl. (%)
before | after before After
1 12.5 5.6 49.8 22.5
2 2.14 5.0 8.6 19.9
3 1.38 3.3 55 13.3
4 1 3.1 4 12.2
Table 5: Results from factor analysis.

to before or after Varimax rotation

The factorplot after Varimax rotation is given in Figure 2.
1.2 ‘
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Figure 2: Factorplot after Varimax rotation.
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The results indicate that the first factor mainly loads on the items that
focus on speech intelligibility in noise (Speech(N)). The second factor,
mainly loads on items fo  cussing on speech in quiet (Speech (Q)) and
Discrimination of sounds (Discr). The third factor loads on the items
focussing on sound localisation (Local). The fourth factor largely focuses

on items describing audibility (Detect).

Factor 1 Factor 2

3,00000

2,00000 o

1,00000 o

0,00000

REGR factor score 1

-1,00000 |

-2,00000 |

R Sq Linear = 0,693

-3,00000 |

T T T T T T T
1,00 1,50 2,00 250 3,00 3,50 4,00

SPEECH (NOISE)

Factor 3 Factor 4

Figure 3: Scatterplots of the mean of the items in different domains as a function
of the regression coefficients of the items relative to the different
factors (1 -column1,2 -column2,3 -column 3, and 4 - colu mn 4).
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