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Pure-tone audiometry as a gold standard is difficult to do in several places in Indonesia due to problems
related to access, referral systems, and costs. Therefore, the examiner relies on the whisper test as a
screening test. In this study, we evaluated the method of the whisper test by modifying the distance in order
to make the procedure practical, simple and easy to perform in a smaller room with large groups. A cross-
sectional study between the modified whisper test and the reference test (pure-tone audiometry) was
conducted on 618 selected participants. Based on diagnostic and screening test evaluation, it was known
that sensitivity and specificity of the modified-distance whispered voice test were 13.43% and 99.27%,
respectively. While the test yielded high PPV (69.23%) and NPV (90.41%) for a screening test. The
likelihood ratio results were 18.50 for positive and 0.87 for negative. The other parameter results were
21.22 (DOR), 89.97% (diagnostic effectiveness), 10.03% (misclassification rate), and 0.13 (Youden’s
Index). This hearing screening method will help identify more hearing impairments for a considerable
population, helping in referral planning.
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INTRODUCTION

According to recent World Health Organization (WHO) data, disabling hearing loss has increased
worldwide with approximately 466 million people, over 5% of the world's population affected. It is estimated
that by 2050 over 900 million people or one in every ten people will have disabling hearing loss [1]. More than
9 million Indonesians are estimated to be among them, with an average of 150,000 cases each year in the
country |2]. Hearing loss can have negative impacts on the social and emotional functioning of an individual if
not detected and treated well [3] [4]. Based on national health guidelines, pure-tone audiometry is a gold-
standard method used to assess the degree of hearing impairment, which is determined based on the average
value of the hearing threshold across a specified frequency range (Pure Tone Averages) [5]. However, this
method is challenging to do in several places in Indonesia due to problems of access, referral systems, and
costs. Therefore, many audiology societies suggested using whispered voice tests for hearing impairment
screening as an integral part of overall health assessment [6]. Moreover, the test is the best alternative
screening method because it is quite fast and simple to do. This method is not only non-invasive, but
comfortable to both children and adults, as well [7] [8].

The conventional whispered voice test is typically carried out in a quiet room (about 40 dB 4 or below)
where the whispered voice (using residual air) is conducted with a distance of 12 feet between the trained ENT
doctor (henceforth, the examiner) and patients [9]. Several studies also demonstrate that the whispered voice
test is reliable up to 3 m (about 10 feet), using a method where the distance was reduced stepwise ifthe
patients failed to respand, until a response was obtained [10] [11]. However, often the examination rooms
are smaller than 12-feet in length [9], therefore, this paper proposed a distance reduction from the examiner to
the patient to two feet. Theproposed method was validated for use in screening hearing loss in elementary
school children [12]. This study aimed to evaluate the performance of the modified-distance whispered voice
test to screen young adults' (freshman college students) hearing sensitivity level.

METHODS

A cross-sectional study was used to evaluate the hearing ability of participants who were freshman college
students. The research was conducted in two adjacent examination rooms by five of our staff members. The
first room was used to perform the first step of ear examination consisting of otoscopy and a modified-distance
whispered voice test. In the other room, pure tone audiometric air conduction test using a clinical audiometer
(GRASON STADLER, GSI Arrow Clinical Audiometer, VIASYS Healthcare Inc., 3B Audiometer) was
conducted to obtain an audiogram at frequencies between 250 and 8000 Hz for each ear.

A. PARTICIPANTS

The recruited subjects were 618 freshman student vohmteers (male = 179, female = 439) from various
departments. The participants were aged 16 - 45 years (M = 18.3; SD = 2.31) and were Indonesian native
speakers enrolled in Universitas Airlangga, Surabaya. This group of students was chosen as they were felt to
represent young adults. Participants underwent an audiological evaluation between April — September 2018
and agreed to be a part of the study by signing an informed consent form.

B. MEASUREMENTS

The modified-distance whispered voice test was conducted in a small examination room with an average
background noise level of 45.99 dB, (range 42.72 — 48.98 dB,»). We measured the room reverberation time to
ensure that the whisper did not echo. The examiner sat behind the participant at a distance of 2 feet from the
participant (see Figure 1). Tragal Rubbing in the non-test ear was used as masking and each ear was tested
separately. Whisper was delivered by positioning their mouth in line with non-test ear. The examiner
whispered ten words randomly selected from the Indonesian bisyllabic word list (see Table 1) [13]. The words
in the list are common usage words in daily conversation and easily understood by normal native Indonesians
7 years or older. The participant was asked to repeat every word clearly and loudly, afier the examiner uttered
one word. If the participant correctly repeated 80% or more of whispered words, then the trial was a pass.
During the trial, the whisper level (dBa) of the examiners was measured in order to maintain consistency in
the sound pressure level (dBA) of the examiners. The sound level meter (ONOSOKKI, Sound Level Meter
Class 1, Ono Sokki Technology, Inc., LA-7500) was positioned next to the examiner's mouth at a distance of

Proceedings of Meetings on Acoustics, Vol. 39, 050006 (2022) Page 2
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30 cm. The modified-distance whispered voice test itself took about four to five minutes to examine both ears.
This was about a one-third time reduction compared to the conventional audiometry, excluding the preparation

time.

Figure 1. Staff conducted the modified-distance whispered voice test on a participant in an examination room at
Universitas Airlangga Hospital.

Table 1. Indonesian bisyllabic word list [13].

MATA KUDA PIRING BAKMI RAMBUT
PINTU MALAM KAPAL KACA KURSI
RUMAH TIKUS BULAN DINDING SAMA
SuUsyu LAMPU GARAM BANGKU PIPA
SAPI GIGI SAPU MINUM GULA
MEJA BAWANG IBU SAWAH HIDUNG
KAKI ROTI SENDOK SUSAH BECAK
MAKAN SUKAR BUKU PAPA ORANG
GORENG BASAH SIKAT KUE APA
BABI MERAH BAWAH SODA LIDAH
KAPAL SAPIL KURSI - BAWANG RODA
SIKAT MEJA LIDAH KUDA BANGKU
SENDOK RUMAH SAMA MERAH KACA
BUKU KAKI RAMBUT GIGH MINUM

- NAMA GORENG BECAK MALAM PAPAN
PIRING SuUsu APA TIKUS DINDING
BULAN PINTU GULA LAMPU BAKMI
IBU BABI ORANG SUKAR SAWAH
GARAM MATA PAPA ROTI KUE
SAPU MAKAN HIDUNG BASAH SUSAH

Proceedings of Meetings on Acoustics, Vol. 39, 050006 (2022)
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C. VALIDITY

To confirm the presence and absence of hearing loss, a diagnosis test from 2 x 2 contingency tables was
used in this study. It was used to evaluate the comparative diagnostic accuracy and feasibility of the modified-
distance whispered voice test in comparison to the gold standard (puretone audiometry). In other words, this
part was conducted to observe how the modified-distance whispered voice test recognized the distinction
between participants with normal hearing and hearing loss. It could be measured by calculating the sensitivity
and specificity, the positive and negative predicative values (PPV, NPV), the positive and negative likelihood
ratios, the diagnostic odds ratio (DOR), the diagnostic accuracy & misclassification rate and the Youden’s
index [14]. Participants were assigned to four groups, namely, when participants passed both the modified-
distance whispered voice test and audiometry (True Negative - TN), when participants passed the modified-
distance whispered voice test and failed audiometry (False Negative - FN), when participants failed both the
modified-distance whispered voice test and audiometry (True Positive - TP), and when participants did not
pass the modified-distance whispered voice test but passed audiometry (False Positive - FP) (see Table 2.

Table 2. Evaluation of the modified-distance whispered voice test in relation to the gold standard.

Puretone Aundiometry
T = o z Total
Participant with Participant with
Hearing Loss Normal Hearing
-1 Positive TP FP TP +FP
= o 0@
225
f‘é g&s Negative FN TN FN +TN
° .48 =3
=%z Total TP + FN FP + TN TP +TN + FP + FN

RESULTS

A. GENERAL CHARACTERISTICS OF THE STUDY PARTICIPANTS

General characteristics of participants undergoing the gold standard test and the modified-distance
whispered voice test are depicted in Table 3. From the modified-distance whispered voice test, it can be seen
that 605 participants had normal hearing (97.9%), 12 participants had a unilateral hearing impairment, and the
others had a bilateral hearing impairment (0.2%). It is also known from the audiometry test results that 551
participants did not have a hearing impairment (89.2%), 55 participants had a unilateral hearing impairment
(8.9%), and 12 participants had a bilateral hearing impairment (1.9%).

Table 3. General characteristics of the study participants (n = 618).

Characteristics Data (n) Percentage (%)
_— Normal 605 97.9
E 5 [;8 Unilateral 12 1.9
— 0,
- = % Bilateral 1 0.2
= § = | Total 618 100.0
- Normal 551 89.2
2
o 8 B -
= £ £ :;\ Unilateral 55 8.9
bt
SEg 8| Biltenl 12 1.9
=
E < [Total 618 - 100.0

Aside from the gold standard test and the proposed technique, physical ear examinations were also
conducted (see Table 4). A total of 519 participants did not have cerumen (84.0%), 42 participants had

Proceedings of Meetings on Acoustics, Vol. 39, 050006 (2022) Page 4
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cerumen in both ears (6.8%), and the others had cerumen in only one ear (92%). Moreover, 616 participants
did not have otitis media (99.7%), and two participants had unilateral otitis- media (0.3%). No participants in
this study had bilateral otitis media. Medical records indicated that 40 participants had a medical history
(6.5%) while 578 participants (93.5%) had no medical history. This was necessary for further validation of the
results of both tests.

Table 4. Physical ear examination’s result of the study participants (n = 618).

Characteristics Data (n) Percentage (%)
Normal 519 84.0
g Unilateral 57 9.2
£ Bilateral 42 6.8
© Total 618 100.0
o Normal 616 99.7
E Unilateral 2 0.3
2 Bilateral 0 0.0
s Total 618 100.0
3 > Yes 40 0.5
5 8 No 578 93.5
ST [Totl 618 100.0

B. SOUND PRESSURE LEVEL

Figure 2 shows the results of the average whisper level of the examiners (dBA) during the trial. The
individual differences in sound pressure level were identical with levels less than 3 dBA, respectively. Within
digit variability across the examiners was similar, at 1 — 2 dBA. Note that a change in sound level of 3 dB is
just perceptible to the normal ear. It means the participants generally had received a similar level of whispers.

_60.00
58,00
56.00 . "
54.00 T
52.00 I 1 1 T
50.00
48.00
46.00
44.00
42.00
40.00

A

EX1 EX2 EX3 EX4 EXS5
Average 51.99 53.61 54.09 51.55 53.53

Examiners

Sound Pressure Level (dB

Figure 2. Average sound pressure level (dB4) across the five examiners showing + 2 SD.

C. SCREENING TEST EVALUATION

Relationship between the modified-distance whispered voice test and gold standard and parameters of the
diagnostic test were shown in Table 5 and 6. The sensitivity and specificity of the modified-distance whispered
voice test had been calculated, which had values of 13.43% and 99.27%, respectively. Sensitivity of 13.43%
shows that the modified-distance whispered voice test correctly identified 9 participants out of 605 who have
the hearing loss. Specificity of 99.27% refers to the ability of the modified-distance whispered voice test to

Proceedings of Meetings on Acoustics, Vol. 39, 050006 (2022) Page 5
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correctly identify participants who have normal hearing (do not have hearing problems). While, positive
predictive value of 69.23% refers to the proportion that a positive test result indicates the presence of the
hearing loss. Negative predictive value of 90.41% refers to the proportion that a negative test result indicates
the absence of the hearing loss. The positive likelihood ratio of the modified-distance whispered voice test
18.50 indicates that with a positive result a participant is 18.50 times more likely to be truly positive than
negative, as determined by the gold standard. The negative likelihood ratio of 0.87 indicates that with a
negative result a participant is 0.13 times as likely to be positive than negative, as determined by the gold
standard. Diagnostic odds ratio of 21.22 for the modified-distance whispered voice test indicates that, the odds
for positivity among participants with disease (hearing loss) is 21.22 times higher than the odds of positivity
among the participants without disease (hearing loss). The diagnostic accuracy, misclassification rate and the
Youden’s index which was used to assess the predictive ability of the ability of the modified-distance
whispered voice test had values of 89.97%, 10.03%, and 0.13, respectively. The diagnostic effectiveness
(accuracy) 89.97% of the modified-distance whispered voice test is expressed as the proportion of participants
correctly categorized by this test, in relation to gold standard. The compliment of diagnostic accuracy
(misclassification rate) 10.03% shows a proportion of participants, who were incorrectly classified by this test,
in relation to the gold standard. The Youndex’s index of 0.13 is another measure of the diagnostic accuracy of
the modified-distance whispered voice test.

Table 5. Results of the relationship between the modified-distance whispered voice test and gold standard.

TRUE CONDITION

Z. Purectone Audiometry

= s - T 5 Total

= Participant with Participant with

g Hearing Loss Normal Hearing

8 _é 8 g E Positive 9 4 13
. - Q

d| Es2% Negative 58 547 605

2 28=2%

& zZ > Total 67 551 618

Table 6. The calculated values of diagnostic test parameters

Parameters Value
Sensitivity (true positive rate) = TP/TP+FN 0.13 13.43%
Specificity (true negative rate) = TN/TN+FP 0.99 99.27%
Positive predictive value (PPV) = TP/TP+FP 0.69 69.23%"
Negative predictive value (NPV) = TN/FN+TN 0.90 90.41%"
Likelihood ratio for positive test (LR+) 18.50
Likelihood ratio for negative test (LR-) 0.87
Diagnostic Odds Ratio (DOR) 21.22
Diagnostic effectiveness (Accuracy)’ 89.97%
Misclassification Rate 10.03%
Youden’s Index 0.13

(*) These values were dependent on disease prevalence of 10.84%
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DISCUSSION AND CONCLUSION

The results of the modified-distance whispered voice test show that 13 students had hearing loss. This
result was lower than the audiometry test result indicates that 67 students had hearing loss (see Table 3). The
results of physical ear examination also show that not many participants had any inflammation of the middle
air {see Table 4) that might be explained then contribute the different results of hearing loss presence of both
tests. So, the environmental noise condition during the test might be the reason why the value is different.
Pure-tone audiometry requires a quiet testing environment with low levels of background noise [15], which in
this reference, the background noise level is 35 dBa. In this study, the modified-distance whispered voice test
was conducted at a noise level that higher than the audiometry test, namely with an average of 45,99 dB. The
previous study explained in order to be heard above the noise level; we must raise the intensity of the voice
above that level that also applied in a whispered voice [16]. In this case, then, the noise level might be giving
an impact on the resulting test, but it does not mean the modified-distance whispered voice test is not suitable
for an alternative hearing screening method.

Therefore, to demonstrate the performance of the modified-distance whispered voice test, statistical
analysis with 2 x 2 contingency tables was done to validate the method with the pure-tone audiometry test as a
reference method. The purpose of the examinations was to assess the test validity of the modified whisper test
relative to performance on the gold standard. The results present that the sensitivity and specificity of the
modified-distance whispered voice test were 13.43% and 99.27%, respectively. Based on the previous study
[6] [7] [8] [11] [17], a highly sensitive test is useful which in these cases people do not want to miss a disease
in the early phase of diagnostic workup and in screening the population for the target disorder [14]. However,
for this study, the presence of hearing loss was expected to occur in small quantities. Therefore, a sensitive test
is most convenient if it is negative. Whereas to spot the proportion of participants who do not have hearing loss
that is the true negatives, a specific test was used and its result of 99.24% was expressed as the proportion of
correctly classified as true negatives among the total normal hearing. A highly specific test is useful if false
positives are nil or rare and to confirm a diagnosis that the condition fits with this study (see Table 5).

For predictive values both positive and negative, the PPV and NPV were used as tools to know how the
modified-distance whispered voice test is doing since in actual condition we do the new test first and we do not
have results of the gold standard available. When the screening test in this study has a high PPV, there is a
high chance that a participant has the hearing loss being investigated when the participant has a positive test.
While, when the test has a high NPV, there is a high chance that a participant does not have hearing loss being
investigated when the participant has a negative test [18]. In this study, the PPV was 69.23%, and the NPV
was 90.41%, according to the results of the modified-distance whispered voice test among 618 participants
(Table 6). The results of predictive values depend on the prevalence of the disease in the population. If the
prevalence of the disease is high in a given population, PPV increases and NPV decreases. Thus, the results of
predictive values are not fixed characteristics of this new proposed test [19].

Based on the likelihood ratio results, the modified distance whisper speech test seems to be an ideal
hearing screening fair method [20]. The positive likelihood ratio (LR [+]) indicates a higher probability of
correctly identifying individuals with hearing loss. The higher value of LR [+] means more likelihood of
someone suffering from the disease, which in this case, is patients with hearing loss (the possibility of a
valuable correct diagnosis is more). A good diagnostic test has a LR (+) value greater than 10, so the chance of
proper diagnosis is even higher. The negative likelihood ratio (LR [-]) is usually small because the prevalence
of hearing loss is lower than that of normal hearing, and the value of LR [-] is small indicates better test results.

The DOR can be read as the ratio of the odds of hearing loss in test positives relative to the odds of
hearing in test negatives. The higher value of DOR indicates better discriminatory test performance [21]. From
Table 6, it can be seen that the modified-distance whispered voice test discriminates between participants with
hearing loss and those without it. The values of diagnostic effectiveness (accuracy) and misclassification rate
also interprate the modified-distance whispered voice test as a good screening test. While for a test with poor
diagnostic accuracy, Youden's index equals 0, and in a perfect test Youden's index equals 1. Nevertheless,
Youden's index is not sensitive for differences in the sensitivity and specificity of the test, which is its main
disadvantage [22].

In addition, the reliability of the modified whisper test was also initially measured in this study (see Figure
2). The result is consistent with a previous study [6], which said that standardization of reproducibility of the
whispered voice test was a concern for further research. A study published by Oxford University Press
reported that the whisper test was good for an experienced examiner but not for an inexperienced examiner due
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to the probability of whispering being too quiet. The study also indicated that the loudness of the examiners
had to be standardized [23]. Thus, for this research, even though the deviation level and sound pressure level of
each examiner were measured through this study, it is necessary to observe the advanced statistical calculation
of the result in order to evaluate the standardization of the new proposed test.

In summary, in this study, we had the advantage of getting research data in a short time to determine the
prevalence of hearing loss in a specific place. Therefore, further research needs to be done to determine the
relationship between several related factors and how they affect the modified-distance whispered voice test.
Finally, the modified-distance whispered voice test can be further improved to obtain a better hearing
screening method that is standardized.
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