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Abstract

Background: The accuracy of pure tone audiometry is important for the success of auditory assessments and in monitoring rehabilitation
programs for auditory disorders. Studies have reported that pushing a button as a response mode has a significant effect on pure tone thresh-
olds in subjects with normal and impaired hearing. We therefore assumed that a push-button response mode may negatively impact pure
tone threshold measurement in subjects with intellectual disability (ID) owing to their impaired cognition and poor motor coordination. The
current study compares in persons with ID the number of presentations, number of false alarms, test duration, and participant preference
across three response modes during audiometry.

Materials and methods: Air-conduction thresholds were measured for each response mode - push button, hand raise, and verbal - at oc-
tave intervals between 500 and 2000 Hz in the right ear of 14 children with intellectual disability. The order of the response mode was ran-
domly assigned to three subgroups.

Results: The results indicated that among ID subjects a verbal response yielded a threshold in significantly less time. There was a significant
preference for using the verbal response. Children who were assigned a push button or hand raise also responded with a verbal response. For
push button participants, this occurred before the button was pushed and for the hand raising participants, a verbal response occurred be-
fore the button push.

Conclusions: The study finds verbal responses more beneficial in measuring auditory thresholds in children with ID.

Keywords: Pure tone audiometry « auditory threshold « response mode « intellectual disability e listener’s preference

MEDICION DE LOS UMBRALES AUDIOMETRICOS EN NINOS CON DISCAPACIDAD
INTELECTUAL: LA FORMA PREFERIDA DE REACCIONAR

Resumen

Introduccién: La exactitud de la audiometria de tonos puros es importante para el éxito de la evaluacion de la audicién y para el seguimien-
to de los programas de rehabilitacion de los trastornos auditivos.

Los estudios han revelado que la forma de responder mediante pulsacion del botén influye de manera importante en los umbrales de la au-
diometria de tonos puros en personas con audicién normal y en personas con trastornos auditivos. Por eso, hemos supuesto que la reaccién
mediante pulsacion del botén puede tener un impacto negativo en la medicién de la audiometria tonal en personas con deficiencia intelec-
tual debido a sus dificultadas con las funciones cognitivas y su mala coordinacion fisica. El estudio presentado a continuacién compara, en
caso de personas con discapacidad intelectual, el nimero de presentaciones, el nimero de falsas alarmas, el tiempo de duracién de la prueba
y las preferencias de los participantes con respecto a tres modos de respuesta durante la audiometria.

Material y métodos: Se han medido los umbrales de conduccion aérea para cada forma de reaccién: mediante pulsacién del botén, la mano
alzada y reaccion verbal, a intervalos de octava de 500 a 2000 Hz en el oido derecho en nifos con discapacidad intelectual. La secuencia de
la forma de reaccionar se ha asignado a los tres subgrupos al azar.

Resultados: Los resultados indican que entre las personas con discapacidad intelectual la respuesta verbal indicaba el umbral en un tiempo
mucho mas breve. Se observo una considerable preferencia a responder verbalmente. Los nifios a los que se asignoé la pulsacién del botén de
respuesta o la reaccion mediante la mano alzada, daban también una respuesta verbal. En caso de los participantes que utilizaban el pulsador
de respuesta o que reaccionaban levantando la mano, la respuesta verbal se daba respectivamente antes de pulsar el botén.

Conclusiones: Los presentes anilisis indican que las respuestas verbales son mds favorables para la medicién de los umbrales auditivos en ni-
nos con discapacidad intelectual.

Palabras clave: audiometria de tonos puros « umbral auditivo « modo de respuesta « discapacidad intelectual « preferencias del oyente.
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VI3BMEPEHUE AYIVIOMETPUYECKUX IIOPOTOB YV IETEN C YMCTBEHHOW
OTCTAJIOCTBIO: IPEIITOYTUTEIBHBIN CIIOCOB PEATUPOBAHUA

A6cTpakt

Breenue: TOYHOCTb TOHANILHOM ayAMOMETPUY BaXKHA JIA YCHEIIHOM OLIeHKM C/IyXa M MOHMTOPMHIA IPOrpaMM peabuInTaLum Ha-
pyurenuit cryxa. ViccmenoBaHus IMOKasasy, YTO CIOCOO OTBeTa IIyTEM Ha)KaTus KHOIKM MMeeT 3HAYMTe/IbHOe BIVMSHUE Ha MOPOTHU
TOHA/IbHO ayINOMETPUN Y JINI] C IPABM/IBHBIM CITyXOM ¥ y JIIOiell C HapylIeHnAMM cmyxa. [I03ToMy MBI IIPeAIIONOXI/IN, YTO pearn-
poOBaHMe ¢ UCIIONb30BAHMEM KHOIIKM OTBETa MOYKET OTPUIIATEIbHO BIMATD Ha M3MePeHMA TOHAIbHOI ayIOMeTPUM Y JTIOfieli C Hapy-
LIEHNAMY YMCTBEHHOM OTCTATOCTDIO TI0 MPUYMHE KOTHUTUBHBIX CTIOKHOCTEN ¥ HU3KON ABUTATeTbHOM KOOPAMHALINN.

HI/I)KCyKaSaHHbIe nccnefqoBanmA CpaBHUBAET Y 1N C yMCTBeHHOﬁI OTCTA/IOCTBIO KO/IMYIECTBO HPC3CHTaLU/II7[, KOIN4Y€CTBO (baIIbH.II/[BI)IX
TPEBOT, IINTENDHOCTD TECTA U IIPEAIIOYTEHMSA YIaCTHMKOB B Tpéx peXnmax OTBETA BO BpeMs ayAIOMETPUN.

Marepuan u Mmeroppl: [Toporu BosmyiHoi IpoBOAMMOCTI OBIIM M3MEPEHBI TSI KAKIOTO CI0C00a peaKuuy — ¢ MCIONb30BaHMEM
KHOIIKM, Ty TEM IOTHATUA PYKM U CTOBECHOI peaKlMy — B OKTaBHBIX IpoMeXyTKax oT 500 o 2000 Iy B mpaBoM yxe y 14 mereit ¢ ym-
CTBEHHOIT OTCTanoCThi0. IToc/emoBaTeIbHOCTD CIIOCO6a peaKIuy Obl/Ia CIy4aitHO MPUIIMCAHA TPEM TPYIIIIaM.

Pe3ym>'rarbl: PeSyTIbTaTbI TIOKa3anu, 4To cpeam nny ¢ yMCTBCHHOﬁ OTCTA/IOCTBhIO yCTHbe/l OTBET IOKa3bIBaJI IIOPOT 3a HAMHOTO 6omnee
KOpPOTKO€ BpeM. Brio 3amevyeHo 3HaYMTENBHOE NpeanovYTeHMe K MCIOIb30BaHNIO BepéaHbHOI‘O OTBETAa. HeTI/I, KOTOPBIM IIpUImca-
JIVI HA’KaTye KHOIIKM OTBETA VJIN pearnpoBaHue l'IyTéM OAHATNA PYKHN, TAKXKE JaBann yCTHI)If/l oTBeT. B cry4Ja€ y9aCTHUKOB, IIOIb3Y-
OIUXCA KHOIIKOJ OTBETa " pearupyrommnx HyTéM IOJOHATUA PYKHU, yCTHbII;I OTBET JaBajICA MEpeN Ha)KaTeM KHOIIKU.

BI)IBOI[I)I: HaCTOH]_I_U/Ie MCCIIEJOBAHNA ITIOKA3a/IM, YTO YCTHbIE OTBETHI OIITYIMA/IbHEE NPV USMEPEHMM CTYXOBBIX IIOPOTOB Y ueTei[ Cym-
CTBEHHOJ OTCTAJIOCTBIO.

KiroueBsbie crioBa: TOHa/IbHAsK AyIVIOMETPUS CHyXOBOI‘;[ IIOPOT ¢ PEXKMM OTBETA ¢ YMCTBEHHAAA OTCTA/IOCTD ¢ IPEAINIOUTEHMS C/TyIIAaTE s

POMIAR PROGOW AUDIOMETRYCZNYCH U DZIECI Z NIEPELNOSPRAWNOSCIA
INTELEKTUALNA: PREFEROWANY SPOSOB REAGOWANIA

Streszczenie

Wprowadzenie: Dokladnos¢ audiometrii tonalnej jest istotna dla powodzenia oceny stuchu oraz monitorowania programéw rehabilitacji za-
burzen stuchowych.

Badania wykazaly, ze spos6b odpowiedzi poprzez naci$niecie przycisku ma znaczacy wplyw na progi audiometrii tonalnej u 0séb z prawidto-
wym stuchem oraz u oséb z zaburzeniami stuchu. Dlatego zatozyliémy, ze reagowanie przy uzyciu przycisku odpowiedzi moze negatywnie
wplywaé na pomiary audiometrii tonalnej u 0s6b z niepelnosprawnoscig intelektualng z powodu ich utrudnionych czynnosci poznawczych
i stabej koordynacji ruchowej. Ponizsze badanie poréwnuje u 0s6b z niepelnosprawnoscia intelektualng liczbe prezentacji, liczbe falszywych
alarmow, czas trwania testu oraz preferencje uczestnikéw w trzech trybach odpowiedzi podczas audiometrii.

Material i metody: Progi przewodnictwa powietrznego zostaly zmierzone dla kazdego sposobu reakcji - z wykorzystaniem przycisku, pod-
niesienia reki i reakcji méwionej - w odstepach oktawowych od 500 do 2000 Hz w prawym uchu u 14 dzieci z niepelnosprawnoscia intelek-
tualng. Kolejno$¢ sposobu reakcji zostata losowo przypisana do trzech podgrup.

Wryniki: Wyniki wskazuja, ze wérdd osob z niepelnosprawnoscia intelektualng odpowiedz ustna wskazywata proég w znacznie krétszym cza-
sie. Zauwazono znaczng preferencje do korzystania z odpowiedzi werbalnej. Dzieci, ktérym przypisano naciskanie przycisku odpowiedzi lub
reagowanie przez podniesienie reki, rowniez udzielaty odpowiedzi ustnej. W przypadku uczestnikéw korzystajacych z przycisku odpowiedzi
oraz reagujacych przez podniesienie reki, odpowiedz ustna byta udzielana odpowiednio przed naci$nieciem przycisku.

Whioski: Niniejsze badania pokazuja, ze odpowiedzi werbalne sg bardziej korzystne w pomiarze progéw stuchowych u dzieci z niepetno-
sprawnoscig intelektualna.

Stowa kluczowe: audiometria tonalna  prég stuchowy e tryb odpowiedzi « niepelnosprawnos¢ intelektualna « preferencje stuchacza

INTRODUCTION

Pure tone audiometry is a fundamental clinical procedure
for determining hearing sensitivity, categorizing hearing
loss/disorders, and setting hearing aid parameters in aural
rehabilitation programs [1-4]. The widespread clinical re-
alization of pure tone audiometry is based on the intrinsic
assumption that persons provide an appropriate response
when a stimulus is audible and that responses are consist-
ent upon retesting. Numerous analytical and comparative
studies on test procedures and stimuli parameters, some-
times including participant’s response preferences, have led
to the formation of guidelines from the American Speech
Language Hearing Association (ASHA, 2005) for obtain-
ing repeatable and valid pure tone thresholds [5].

The ASHA (2005) guidelines include information on (a)
how to instruct the participant on the task, (b) how to in-
terpret the response behavior, (c) stimulus parameters, and
(d) the recommended procedure for threshold determi-
nation [5]. The literature reports no significant difference
in pure tone threshold among the three procedures, the
number of false positives, or participant preference [6-8].
However, persons with normal hearing have shown a sig-
nificant difference in threshold with pulsed tones [7-9].
Further, patients with sensorineural hearing loss and tin-
nitus showed a larger number of presentations and more
false positives to continuous than to pulsed tones [10-11].
Hence, these reports recommend using pulsed tones to
measure pure tone thresholds.
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With respect to response modes, DiGiovanni & Repka
(2007) reported that typical persons with normal hearing
have a general preference for the push button response
mode. This response mode requires a shorter test time
to achieve pure tone threshold compared to hand rais-
ing and verbal responses [12]. They concluded that the
push button was preferred owing to easier motor func-
tion requirements (the thumb pressing a button) than re-
sponse modes involving more complex actions like raising
a hand or a verbal response. They therefore recommend-
ed use of a push button as a response mode in obtaining
pure tone threshold.

Individuals with intellectual disability have impaired linguis-
tic skills and oral communication, difficulties in motor co-
ordination, and reduced attention span compared to typical
persons. The behavioral variables of persons with intellec-
tual disability include the effect of physical discomfort, an-
tagonism toward the task [13], and difficulty in attending to
the required task, making them a “difficult to test popula-
tion” for pure tone audiometry [14]. Mauer & Rupp (1979)
recommended that standard audiometric test procedures
be modified to ensure accurate and valid measurement of
auditory thresholds in “difficult to test” populations [15].

Each response mode requires considerable cognitive skills
involving understanding of instructions and motor coordi-
nation of the response task [16-18]. We assumed that per-
sons with cognitive deficits may have a response prefer-
ence different to the typical population. Hence, we aimed
to find the effect of common response modes on the num-
ber of presentations, test duration, false alarm rate, and
response mode preference during pure tone threshold
measurement. The effect of response mode on pure tone
threshold has not been studied in persons with intellectu-
al disability, so far as a literature search could determine.

This gap warrants an investigation into response modes as
a factor in threshold determination and for determining
the best response mode that provides the most accurate
and reliable thresholds in individuals with ID. The study
results could therefore be helpful in choosing the most
accurate and effective audiological assessment technique,
which in turn might help in aural rehabilitation programs,
including the selection of appropriate hearing aids. Suc-
cessful audiological intervention is likely to reduce com-
plications due to hearing impairment in population with
cognitive challenges [19-20].

OBJECTIVE

The purpose of the study was to determine the impact of
common response modes — verbal response, push button,
and hand raising — on test duration, false alarm rate, and
preferred response mode during audiometric threshold
measurements in individuals with intellectual disability.

METHOD

Research design

This exploratory survey research consisted mainly of pure
tone audiometric testing and a brief, three-question in-
terview in individuals with intellectual disability. Since
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not all variables could be controlled in the research [21],
qualitative comparative analysis (QCA) was performed to
study the effect of response mode on pure tone threshold.

Sampling procedures

Subjects fulfilling the requirements of the study were pur-
posefully selected from our audiology clinic who either
visited themselves or were referred for routine audiolog-
ical checkup from special schools for children with intel-
lectual disabilities within the Mumbai Metropolitan Re-
gions, to audiology clinic, Ali Yavar Jung National Institute
of Speech & Hearing Disabilities (Divyangjan), Mumbai.

Ethical considerations

The necessary ethical clearance for the study was obtained.
All participants/guardians signed written informed con-
sent, their identifying participant information was kept
confidential, and test findings were shared with them.

Participants

Fourteen participants (8 males and 6 females; mean age =
13.3 years, SD#+ 4.5; range 9-16 years) having Intelligence
Quotient (IQ) 50-60 on intelligence test and were classi-
fied as having intellectual disability (educable group). All
participants were enrolled in a special educational pro-
gram and had pure-tone thresholds <20 dBHL for octave
frequencies from 250 to 8000 Hz. Immittance audiometry
was conducted to rule out middle ear pathology. Partici-
pants exhibited A’ type tympanogram at the time of pure
tone testing at each session. The development of speech
and language skills were informally assessed on the Re-
ceptive & Expressive Emergent Language Scale (REELS)
to ensure that all participants had a receptive and expres-
sive language age of 5 years or above.

Instrumentation

For testing, a calibrated GSI-61 clinical audiometer with
earphones (Telephonics TDH-50P mounted in MX-51/
AR supra-aural cushions) meeting ANSI (2004) guidelines
was used in a double-walled, two-room sound booth [22].

Procedure

Participants fulfilling the selection criteria were arbitrari-
ly divided into three subgroups, one of 4 subjects and the
other two of 5 subjects. The participants were tutored to
respond to test signals with a push-button, hand-raise, or
verbal sound whenever a tone was audible.

The participants were instructed to verbally say hai (mean-
ing yes) whenever a tone was audible or nahi (meaning
no) whenever a tone was inaudible.

The participants were asked to push the button when the
stimulus was audible and release the button when the stim-
ulus was no longer audible.

The participants were instructed to raise their hands when-
ever a tone was audible and put their hand down when
the tone was no longer audible.

© Journal of Hearing Science® - 2018 Vol. 8 - No. 2
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The response modes were explained to each participant
verbally in the language they used for communication as
well as through demonstrations. To ascertain proper un-
derstanding of the task, response modes were presented in
pictorial form on a card given to each participant. In es-
sence, all possible efforts were made to ensure that all par-
ticipants understood the task correctly. They were asked
to use their right hand when raising a hand or pushing a
button. Use of their right hand was based on observing
that all participants used their right hand for routine work,
writing, and drawing. The participant’s right-handedness
was also confirmed through parental and teacher inquiry
before the start of testing.

Air-conduction thresholds for the right ear only were
measured twice for each response mode at octave inter-
vals between 500 and 2000 Hz using stimulus parameters
and test procedure recommended by ASHA (2005). The
second threshold measurements were performed to de-
termine the consistency and reliability of the threshold.
The ascending/descending method developed by Carhart
and Jerger (1959) was used to obtain thresholds unilat-
erally (right ear only) at octave frequencies of 500, 1000,
and 2000 Hz [23]. Stimuli were manually presented as
two short pulses (rise-fall time of 35 ms with duration of
200 ms onset to offset automatically generated by the au-
diometer) over a time of 1 to 2 seconds.

Subjects responded to pure tones with all three response
modes for both test sessions. To eliminate the order effect
of presentation on pure tone findings, response modes
were not assigned in the same order to the groups. In-
stead, the order of the response mode was randomly cho-
sen. Thus, if push button was assigned to one group, a hand
raise or push button was allotted to the second group, and a
push button or hand raise was allocated to the third group.
In this way, pure tone thresholds were recorded from each
participant in three response mode sequences: verbal re-
sponse, push button, and hand raise; push button, verbal
response, and hand raise; and push button, hand raise, and
verbal response. After testing in each response mode, a rest
period of about 30 minutes was provided to participants.

Threshold was determined as the lowest level obtained
on at least two responses out of three presentations on
an ascending/descending run. Participants were famil-
iarized with a 40 dBHL pulsed tone presentation at each
frequency. If a response was obtained, threshold measure-
ment commenced. The first presentation was given 20 dB
below the familiarization level. Thereafter, down 10 / up
5 dB steps were used to achieve threshold levels. The or-
der of the test frequencies was always 1000 Hz, 2000 Hz,
and 500 Hz. The interval between tone presentations var-
ied but was not shorter than the test stimulus duration.

The study yielded three sets of thresholds to each response
mode consisting of the total number of false alarms, tone
presentations, and test time. A response occurring more
than 1 sec after tone presentation was considered as a false
positive. The number of tone presentations for threshold
level to be reached was counted starting with the 40 dBHL
familiarization tone. The test time was computed with the
first familiarization tone of 1000 Hz at 40 dBHL and end-
ed with the final presentation for threshold at 500 Hz. The

Table 1. Participants’ mean thresholds and standard de-
viations (in parentheses) for each response mode at 3
test frequencies in the right ear. There is no significant
differences in threshold of participants across response
modes.

Response mode Mean (SD) thresholds in dBHL

500 Hz 1000 Hz 2000 Hz

Verbal response 18.3 (3.9) 17.6 (5.0) 15.7 (5.4)
Push button 19.1 (4.2) 16.5 (4.6) 18.3 (4.7)
Hand raise 20.6 (3.5) 16.7 (5.1) 15.6 (6.3)

order of the response modes was determined by which
group they belonged to. Participants were asked to re-
port again within 3-4 weeks for the second threshold
measurement.

The second session was conducted to show that the thresh-
old measures could be replicated. Therefore, the same pro-
cedure, including instructions, threshold measurement
procedure, and response mode order was used. On com-
pletion of the second session, a brief three-question inter-
view was conducted with each participant to determine
their preferred response mode. Participants were asked to
provide the answer orally as well as by pointing to the pic-
torial card depicting the response modes to ensure the the
participant’s response was correct. The participant’s pre-
ferred response mode was recorded.

RESULTS

All the subjects responded to tones in the right ear and
thresholds for each response mode at octave intervals from
500 to 2000 Hz were determined. The computed mean
thresholds and standard deviations (in parentheses) for each
response mode at each test frequency are shown in Table 1.

The mean audiometric thresholds in Table 1 indicate no
significant differences across response modes. To under-
stand the effect of response mode on threshold, a two-way
analysis of variance (two-way ANOVA) was performed
using threshold as the dependent variable with response
mode and order as factors. Response mode did not affect
the threshold level, F(2, 234) = 0.57, p = 0.49. Further-
more, the thresholds remained the same for the first and
second tests, suggesting that the threshold was reliable
F(1,234) = 0.043, p = 0.92. Moreover, there was no inter-
action between the order in which response modes were
tested and the results obtained by each response mode,
F(2,234) = 0.031, p = 0.86.

The preferred response mode for responding to pure tones
was recorded from all 14 participants as described earli-
er. In total, 8 of 14 (57%) participants preferred the ver-
bal response mode; for the push button and hand raise
mode, each was preferred by 3 (21%) of the participants.
The number of presentations, number of false alarms, and
test duration for each response mode in order to reach
threshold levels are shown in Table 2. The frequency and
percentage of preferred response mode are also shown.

A chi-square analysis of Table 2 showed a significant dif-
ference for participants preference for using the verbal
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Table 2. Number and percentage of participant’s preferred response mode, means and SD of tone presentations, number

of false alarms, as well test duration to achieve threshold

Response mode participant’s preference

Number of

Number of false alarms Test duration

presentations (min)
n % mean SD mean SD mean SD
Verbal response 8 57.1 21.5 4.6 0.84 0.9 8.3 1.2
Push Button 3 21.4 26.3 4.1 1.12 1.5 10.1 1.3
Hand raise 3 21.4 23.7 3.8 0.91 0.8 9.1 1.7

response, X*(1, N = 14) = 7.24, p < 0.05, compared to oth-
er response modes. A multivariate analysis of variance
(MANOVA) of Table 2 indicated that there was no signif-
icant difference in the number of presentations, F(2,39) =
2.34, p = 0.233, or number of false alarms, F(2,39) = 1.19,
p =0.17, as a factor in pure tone threshold measurement
among the response modes.

However, test duration to achieve threshold differed signif-
icantly across groups, F(2,39) = 5.54, p<0.05. Tukey’s post
hoc comparisons showed that verbal response (8.3 min)
and hand raise (9.1 min) required statistically significant
less time than the push button (10.1 min) to attain the
threshold level (Figure 1).

DISCUSSION

The study was conducted under the assumption that the
preferred response mode to pure tones in individuals with
an intellectual disability may be different due to impaired
communication, linguistic skills, or motor coordination,
factors which may have an impact on pure tone threshold
measurement. To test the assumption, audiometric pure
tone thresholds using a verbal response mode, a hand raise,
and a push button were obtained from the right ears of 14
participants with intellectual disability.

The results indicated that the response mode does not
have a statistically significant effect in terms of pure tone
threshold levels, number of tone presentations, and num-
ber of false alarms at a significance level of <0.05 in per-
sons with intellectual disability. These findings can be con-
nected with data reported by DiGiovanni & Repka (2007),
who obtained comparable and statistically insignificant
different threshold levels across response modes at audi-
ometric test frequencies in a typical population [12]. The
comparable results of the current study are expected since
audiometric procedures involve simple tasks that can be
successfully and reliably performed by individuals having
a mental age over 2% years [18, 24-25].

However, the total test duration required to attain thresh-
old differed significantly across response modes. Tukey’s
post hoc comparisons showed that verbal response and
hand raise required a statistically significant shorter time
(by a minute or more) than the push button. This was in
contrast to the finding by DiGiovanni & Repka (2007), who
reported that a push button required less time to accom-
plish pure tone testing [12]. They suggested that the time
saving might be due to the use of a minor motor func-
tion (thumb pressing a button) as a response rather than a
more complex motor function (raising one’s own arm) or a
more complex motor-speech function (verbalizing a word).

20

Thus, it can be seen that the response pattern in individ-
uals with ID is different than that seen more common-
ly. Table 2 shows that the verbal response mode required
fewer tone presentations (21.5) than hand raise (22.7) or
push button (26.2). Further, there were fewer false posi-
tives with the verbal mode compared to push button or
hand raise. Collectively these two factors contributed to a
reduced test time to reach threshold in persons with ID.
Further, a majority (57%) of participants preferred a ver-
bal response over the other two response modes. It can
therefore be concluded that the verbal response mode is
better for threshold determination in individuals with ID.

This conclusion can be supported by considering that the
natural function of hearing is to bring about behavioral
change in the form of speech. A verbal response appears
to be a natural reflex to an acoustic stimulus. This could
be why participants who were assigned a push button or
a hand raise also often responded verbally. Speech is in-
terwoven with hearing in a complex way and the feedback
mechanism might have helped subjects maintain atten-
tion during the test and facilitated quicker responses, re-
sulting in fewer tone presentations and shorter test dura-
tions to reach threshold.

The preference against a push button or hand raise might
be because these are not natural responses to auditory
stimuli in real world settings. Moreover, a push button or
hand raise does not provide a hearing-linked feedback to
assist monitoring, perhaps important for the intellectual-
ly disabled population. However, the study did find that a
hand raise was the second-best mode in terms of number
of tone presentations and test duration. This observation
might relate to the participants being of school age, and
so verbal and hand raise responses might be familiar to
them, as when responding to a teacher’s roll call in class.

10.1
9.1
10 83
8
6
4
2
Verbal Response Hand Raise Push button

Figure 1. Test duration (minutes) to achieve threshold.
Values increase from verbal response to hand raise to
push button.
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On the basis of the above, we infer that verbal responses
are particularly effective in achieving an auditory thresh-
old in persons with intellectual disability. However, oth-
er response modes, hand-raising and button pushing, can
also yield a similar threshold although it may take little
longer. The current study has not examined the effects of
factors such as hearing status, oral communication abil-
ity, tinnitus, or category of intellectual disability. Further
research is needed to explore these complexities.

SUMMARY

The benefits of using a push button response mode over a
verbal response or hand raising have been documented in
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