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Background and Obijectives: The purpose of the present study was to validate the perfor-
mance and diagnostic efficacy of the Korean digits-in-noise (K-DIN) test in comparison to the
Korean speech perception-in-noise (K-SPIN) test, which is the representative speech-in-noise
test in clinical practice. Subjects and Methods: Twenty-seven subjects (15 normal-hearing
and 12 hearing-impaired listeners) participated. The recorded Korean 0—9 digits were used
to form quasirandom digit triplets; 50 target digit triplets were presented at the most comfort-
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to both target and noise masker unilaterally and bilaterally through a headphone. K-SPIN test
was also conducted using the same procedure as the K-DIN. After calculating their percent
correct responses, K-DIN and K-SPIN results were compared using a Pearson-correlation
test. Results: Results showed a statistically significant correlation between K-DIN and K-SPIN
in all hearing conditions (left: r=0.814, p<0.001; right: r=0.788, p<0.001; bilateral: r=0.727,
p<0.001). Moreover, the K-DIN test achieved better testing efficacy, shorter average listening
time (5 min vs. 30 min), and easier performance of task according to participants’ qualitative
reports than the K-SPIN test. Conclusions: In this study, the Korean version of digit triplet
test was validated in both normal-hearing and hearing-impaired listeners. The findings suggest
that the K-DIN test can be used as a simple and time-efficient hearing-in-noise test in audiolo-
gy clinics in Korea. J Audiol Otol 2021;25(4):171-177
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Introduction

In an aging society, the number of patients with sensori-
neural hearing loss is increasing. Difficulty of hearing in noise
is one of the first signs of sensory neural hearing loss [1].
Therefore, an efficient speech perception-in-noise (SPIN) test
is essential for the early detection of hearing disorders. A self-

This is an Open Access article distributed under the terms of the Cre-
ative Commons Attribution Non-Commercial License (https:/creative-
commons.org/licenses/by-nc/4.0/) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

screening-test that can be easily administered allows to diag-
nose hearing loss early and to initiate interventions such as
selection of hearing aids and auditory rehabilitation.

Various types of hearing-in-noise tests have been devel-
oped using several speech materials. Among them, sentence-
in-noise tests are well suited to measure speech communica-
tion in everyday listening conditions as the sentences involve
high-level linguistic, contextual, and cognitive factors [2]. This
includes the hearing-in-noise test [3], the quick speech-in-
noise test [4], and the matrix sentence test [5]. For example in
Korea, the Korean speech perception-in-noise (K-SPIN) test
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was developed to consider the Korean characteristics [6]
based on the English version of the SPIN [7] at a fixed signal-
to-noise ratio (SNR). The Korean version of the hearing-in-
noise test (K-HINT) is developed jointly with the House Ear In-
stitute of the United States using an adaptive SNR method [8].
The matrix sentence test, which has a minimal training effect
and is repeatable, has a Korean version as well [9].

On the other hand, a digit is a simple speech material than
a sentence composed of words universally. Digits are a highly
familiar speech material so they are relatively immune to
learning effects, linguistic ability factors, and personal factors
[10]. In detail, they are repeatable due to a small learning ef-
fect compared to sentences and/or words [11]. When the au-
dience answers using a digital keyboard, there is no need for
the examiner to score the response which makes automatic
screening possible [12]. Moreover, a digit is relatively indepen-
dent from language which makes multilingual comparison
across languages available [13].

To improve detection of hearing loss, the digit-in-noise (DIN)
test was originally developed as a self-screening speech-in-
noise test over the telephone in Dutch [4]. This speech-in-
noise test measure the SNR where a listener recognizes 50%
of the digit-triplets correctly. The earliest version of the DIN
test was successful as a screening test, allowing over 65,000
calls during first 4 months before it was later implemented as
an online test. Successful test performance led to the devel-
opment of DIN tests in different languages. In the last de-
cade, many studies have shown the effectiveness of the DIN
test as a screening test in language like British English [14],
American English [15], German [16], French [17], Mandarin
[18], Polish [19], Russian [20], and Spanish [21].

Recently, the Korean version of the digit triplet test has been
developed and optimized for mobile testing devices for nor-
mal hearing (NH) adult listeners [22]. In that study, Korean
monosyllabic digits 0—9 were used, and optimization showed
comparable results to the different language versions of the
digit triplet test. There was no statistical difference among
four different mobile devices in terms of average thresholds
of the speech recognition [23]. However, the Korean version
of the digit triplet test has not yet been compared with the cur-
rent Korean sentence tests nor validated for hearing-impaired
listeners, consequently not being verified for the clinical us-
age. Therefore, the purpose of our study is to validate the per-
formance and diagnostic efficacy of the Korean version of the
digits-in-noise (K-DIN) test as a speech-in-noise screening test.
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Subjects and Methods

Subjects

These studies were conducted according to the guidelines
for the protection of human subjects as set forth by the Insti-
tutional Review Board (IRB) of the School of Medicine,
Catholic University of Korea, and the methods employed were
approved by that IRB (approval No. HC18FESI0053). In-
formed consent was submitted by all subjects when they were
enrolled. Twenty-seven Korean speakers (12 females and 15
males; mean age: 41 & 17 years old) participated in the study.
Fifteen subjects were NH listeners and twelve subjects were
hearing-aid (HA) users. NH was defined as air conduction pure-
tone thresholds <25 dB hearing level (HL) averaged across
0.5, 1,2, and 4 kHz (weighted four-frequency average; W4FA).
Mean pure-tone averages (PTAs) were 4+ 5 and 4+4 dB HL
for left and right ears, respectively. All HA users had mild-to-
severe hearing losses in both ears and relatively symmetric
hearing losses between ears (mean PTAs: 43 416 and 41 £20
dB HL), except for subjects HA1, HA11, and HA12. None of
participants had profound hearing loss. All HA users had at
least 1 year of experience with their HAs. The detailed HA us-
ers” demographic information including age, sex, PTA, most
comfortable level (MCL), and Korean Mini-Mental Status
Examination (K-MMSE) are shown in Table 1. Tympanome-
try was also conducted for all subjects to verify normal mid-
dle ear function. All subjects were screened for normal cogni-
tive function using the 10-minute K-MMSE with a minimum
score of 27 out of 30 required to qualify [24].

Stimuli and procedures

Two speech-in-nose tests were conducted in this study: the
K-DIN test and the K-SPIN test. The results for all experi-
ments were averaged with three separate runs for both K-DIN
and K-SPIN in various experimental conditions: 1) three hear-
ing conditions (left-only, right-only, and both ears), 2) various
noise level conditions (NH subjects: -12.5, -10, -5, and +5 dB
SNRs; HA subjects: -5 and +5 dB SNRs). Note that two nega-
tive SNRs (-12.5 and -10 dB) were only tested in NH subjects,
because the tasks in those SNR conditions are too difficult for
HA subjects, i.e., floor effect.

For the K-DIN, fifty unique digit triplets consisting of 0—9
monosyllabic digits were created without repeating digits (e.g.,
“9-5-3”) and mixed with speech-shaped background noise.
The digits (0—9) were recorded by a female news anchor work-
ing in Korea’s broadcasting company using standard Korean
pronunciation. The recorded digits were randomly selected to
form digit triplets, thus no co-articulatory and prosodic cues
were provided between digit triplets. The generated quasir-
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Table 1. Demographic information of the listeners with NH (averaged) and the listeners with HA (individual)

PTA (W4FA, dB HL)

MCL (dB SPL)

Subject ID Age (yr) Sex : : K-MMSE
Left Right Left Right

NH (n=15) 3112 F:M=7:8 4+5 4+4 63+4 63+4 30+1

HA (n=12)
HA1 32 F 22 49 80 85 30
HA2 31 M 18 24 60 60 28
HA3 56 M 44 31 75 60 29
HA4 61 M 56 44 90 80 30
HAS 68 F 44 35 80 65 30
HA6 73 M 58 51 90 90 30
HA7 56 F 71 85 110 125 30
HA8 64 F 59 50 90 90 30
HA?9 43 M 30 19 70 60 30
HAT10 53 M 44 32 75 70 30
HAT1 59 M 28 62 65 100 30
HA12 52 F 42 4 80 50 30
Average 54+13 F:M=5:7 43+16 41+20 80+13 78+20 30+1

Data are presented as mean +standard deviation. Note that only group-averaged data shown for NH subjects. NH, normal hear-
ing; HA, hearing-aid; W4FA, weighted four-frequency average; PTA, pure-tone average; MCL, most comfortable level; HL, hearing
loss; SPL, sound pressure level; K-MMSE, Korean Mini-Mental Status Examination

andom-50 digit triplets were then presented as a target at the
most comfortable levels with speech-shaped background noise
masker at various SNRs of -12.5, -10, -5, or +5 dB.

Prior to the K-DIN, digit loudness measurements were con-
ducted in each ear separately using the following method of
adjustment. First, digits were initialized to 65 dB sound pres-
sure level (SPL) corresponding to a 6 or “most comfortable”
on a visual loudness scale from 0 (no sound) to 10 (too loud).
Loudness was then adjusted based on subject feedback. The
averaged comfortable sound levels were 63 +4/63 £4 dB
SPL (left/right ear) for NH listeners and 80+ 13/78 =20 dB
SPL (left/right ear) for HA users. MCLs were provided in de-
tail in Table 1. In addition, the embedded background noise
has the same spectrum as the long-term averaged digit spec-
trum. This digit shaped noise was generated by Adobe Audi-
tion (Adobe, San Jose, CA, USA).

For the K-SPIN, forty sentences were randomly selected
from 240 K-SPIN sentences without repeating and mixed
with speech-shaped background noise. All K-SPIN sentences
were recorded by the same female talker as used in the K-
DIN. Similar to the K-DIN, the background noise was gener-
ated with the same spectrum as the long-term averaged K-
SPIN sentence spectrum, the MCLs were estimated by the
loudness measurement, and the target sentences were present-
ed in various levels of the noise masker (NH: -12.5, -10, -5,
and +5 dB SNR; HA: -5 and +5 dB SNR).

Data collection was conducted in a single-wall, sound at-
tenuated booth, All stimuli were generated at a sampling rate

of 44.1 kHz with Matlab (The MathWorks, Inc., Natick, MA,
USA) on a Surface Pro computer (Microsoft, Redmond, WA,
USA), processed through Babyface Pro external sound card
(RME Audio, Haimhausen, Germany), and presented over
Sennheiser HD 280 Pro headphones (Sennheiser Electronics
GmbH & Co. KG, Wedemark-Wennebostel, Germany). Each
headphone’s frequency response was equalized using cali-
bration measurements obtained by a sound level meter with a
1-inch microphone in an artificial ear (Briiel & Kjar, Naerum,
Denmark). It should be noted that all signal levels for HA
subjects were adjusted by the National Acoustics Laborato-
ries prescription for non-linear formula (NAL-NL2) [23] in
order to compensate for their hearing loss across frequencies.

For both K-DIN and K-SPIN, subjects were instructed to
type the target speech through a Surface Pro touchscreen
(Microsoft) as they heard it. The percentage of subject’s cor-
rect responses were calculated based on the scoring rules: the
correct responses are when all three digits and all three words
were recognized for the K-DIN and K-SPIN, respectively.
Both K-DIN and K-SPIN were performed in each monaural
(i.e., left ear and right ear) and bilateral hearing conditions
with all participants at each SNR level. Since 15 NH subjects
were tested at four fixed SNR levels (-12.5, -10, -5, and +5 dB)
and 12 HA subjects were tested at two fixed SNR levels (-5
and +5 dB), there are 8 possible comparisons that can be ob-
served between each test. All statistical analyses were con-
ducted in SPSS Statistics 25.0 (IBM Corp., Armonk, NY, USA).
In particular, a two-tailed Pearson correlation analysis (SPSS)
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was used to measure strength and direction of a linear rela-
tionship between the K-DIN and K-SPIN for each hearing
condition (i.e., two monaural and binaural hearing).

Results

Fig. 1 shows the averaged accuracy scores (£ | standard
deviation around the mean) of the K-DIN (upper panels) and
the K-SPIN (lower panels) for NH listener (left panels) and
HA users (right panels). For NH listeners, mean accuracy
scores in the K-DIN were about 50% (range 28%—78%) at the
lowest SNR (-12.5 dB) condition and improved up to nearly
100% (range 88%—100%) at the -5-dB SNR condition, regard-
less of hearing condition (i.e., monaural vs. binaural). Similar
improvement trends were also observed in the K-SPIN. On the
contrary, HA users showed greater variability of the accuracy
scores at the -5-dB SNR condition (K-DIN: range 28%—100

%; K-SPIN: range 0%—100%) and even at the +5-dB SNR
condition (K-DIN: range 52%—100%; K-SPIN: range 20%—
100%).

A three-way ANOVA was performed with accuracy score
(percent correct, %) as the dependent variable, and hearing
condition (monaural and binaural), test type (K-DIN and K-
SPIN), and listening conditions (SNR) as independent vari-
ables. Note that listener groups (NH and HA) were not com-
pared because their SNR conditions were different (NH: -12.5,
-10, -5, and +5 dB SNR; HA: -5 and +5 dB SNR). The results
showed a main effect of level differences between target and
noise maskers (i.e., SNRs) on accuracy score (p<0.001), and a
marginal significant effect of hearing condition (p=0.033). No
significant effect of test type (K-DIN and K-SPIN) and inter-
actions between all independent variables was observed (p>
0.145 for all cases).

The main goal of this study was to determine whether the K-
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Fig. 1. Averaged speech perception accuracy for NH listeners and HA users as a function of signal-to-noise ratio. Upper and lower pan-
els show results from the K-DIN and the K-SPIN tests, respectively. Error bars represent standard deviations around the mean. NH, nor-
mal hearing; HA, hearing-aid; K-DIN, Korean digits-in-noise; K-SPIN, Korean speech perception-in-noise.
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DIN is equivalent to the K-SPIN in terms of test performance
and efficiency. Fig. 2 shows results by scatterplots of individu-
al accuracy scores between K-DIN test and K-SPIN tests. In
the NH group (Fig. 2A), the results show strong positive rela-
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Fig. 2. Correlation between K-DIN and K-SPIN tests in NH listen-
ers (A), HA users (B), and all subjects (C). K-DIN, Korean digits-in-
noise; K-SPIN, Korean speech perception-in-noise; NH, normal
hearing.

Kim S, et al.

tionships regardless of the hearing conditions (left: r=0.903,
p<0.001; right: r=0.800, p<0.001; bilateral: r=0.827, p<0.001).
In the HA group (Fig. 2B), two tests are in moderate to strong
positive relationships (left: r=0.627, p=0.001; right: r=0.771,
p<0.001; bilateral: r=0.620, p=0.001). Lastly, in all subjects
(Fig. 2C), the results show strong positive relationships be-
tween the K-DIN and K-SPIN tests, regardless of the hearing
conditions (left: r=0.814, p<0.001; right: r=0.788, p<0.001;
bilateral: r=0.727, p<0.001).

Pearson’s correlation coefficient (r) and significance (p)
values between K-DIN and K-SPIN in each group and hear-
ing conditions are summarized in Table 2. Overall, regard-
less of hearing aid usage and hearing conditions, the K-DIN
has a significantly positive correlation with the K-SPIN (r>
0.727; p<0.001 for all cases). The positive correlation between
two tests was slightly higher in the NH group compared to
the HA group.

Discussion

To establish standardized diagnostic speech recognition
tests across international languages, the International Colle-
gium of Rehabilitative Audiology (ICRA) recommends the
procedures and design principles for constructing, recording,
optimizing, evaluating, and validating the test need to be close-
ly matched as much as possible in each language. The ICRA
recommendations are based on the comparison between the
performance of the digits-in-noise test and the matrix sentence
test [25]. The matrix sentence test consists of matrix words for
each grammatical position (a total 50 words: 10 names, 10
verbs, 10 numerals, 10 adjectives, 10 objects). Since the com-
bination of words results in a grammatically correct sentence,
it is possible to increase the likelihood of memorizing and im-
plementing the words in context, and makes a construction
procedure difficult to validate [25]. In addition, words need to
be carefully selected to reduce non-acoustic influences and
must be as familiar as possible to the broadest range of the
public [26].

Regardless, these considerations of constructing matrix
sentence tests are not a concern for the digits-in-noise test. The

Table 2. Two-tailed Pearson’s correlation coefficient (r) and significance (p) between K-DIN and K-SPIN tests in each group and listen-

ing conditions

Left Right Bilateral
Group
r ] r p r P
NH (n=15) 0.903 <0.001 0.800 <0.001 0.827 <0.001
HA (n=12) 0.627 0.001 0.771 <0.001 0.620 0.001
All (n=27) 0.814 <0.001 0.788 <0.001 0.727 <0.001

K-DIN, Korean digits-in-noise; K-SPIN, Korean speech perception-in-noise; NH, normal hearing; HA, hearing-aid
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ICRA recommendations of word selection, recording, synthe-
sis, and general construction for the digits-in-noise test is rela-
tively simple. In general, digits 0 to 9 are highly familiar even
to children before school age. That is, no concern for seman-
tic neutrality, language specific phoneme distribution or nat-
uralness of sound of resynthesized sentence is needed. Most
recently, the Canadian version of the digit triplets test was
developed in both English and French [27]. Female and male
versions of each English and French digit triplets test were
recorded. The mean adaptive speech recognition threshold
(SRT) of four language-talker versions varied by only 0.6 dB
and the standard deviation by 0.1 dB despite spectral varia-
tion across two talkers and two languages. This indicates that
the digit is preferable for multilingual speech tests and has a
big advantage in multicultural countries.

In Korea, monosyllabic and bi-syllabic words are mainly
used to estimate a subject’s word recognition score and speech
recognition thresholds, respectively in quiet environment.
While considering daily and noisy listening condition, the K-
SPIN test was developed considering the characteristics of
Korean sounds [6] based on an English version of the SPIN
[7] at a fixed SNR. The K-HINT and the Korean matrix sen-
tence test has also been developed by using adaptive noise
level [9]. However, in actual clinical practice, these represen-
tative speech tests are not easy to perform routinely due to
delivery being time consuming. As a result, both K-SPIN and
K-HINT are more frequently used as auditory training tools
rather than as a screening test for hearing impairment in the
clinic [28]. In sum, the K-DIN as a simple speech-in-noise test
will be highly useful in clinical practice in that it enables more
realistic diagnosis under noise and secures time efficiency.

The Korean language is excellent as material for digits-in-
noise testing because of its syllabic construction. For the digit
triplets test, the number of syllables for the digits must be
considered to avoid allowing listeners to easily distinguish
special syllable digits. In Dutch and German digit triplets tests,
bisyllabic digits were omitted considering this problem [12,
16]. In Canadian version of the digit triplets test, digit “0”” and
“7” were excluded in English, and “0” and “4” in French
[27]. However, in Korean, all syllables 0 to 9 have monosyl-
lables so that every ten syllables can be synthesized into trip-
lets. Further, The K-DIN does not need examiners to perform
the test or grade the responses. Intuitive operation via touch
screen display gives the K-DIN wide availability even for
young children or those with cognitive impairments. This makes
the K-DIN simple and easy to perform.

The K-DIN had been previously developed and tested by
Han, et al. [22]. Their results demonstrated test-retest and
training effects of the Korean digit triplet materials through
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various mobile devices. However, their study only focused
on NH listeners, so there is a potential limitation in showing
reliability of the K-DIN for hearing impaired listeners. To
our knowledge, the current study is the first study to system-
atically investigate the correlation between the K-DIN and
previously validated speech perception-in-noise testing (e.g.,
the K-SPIN) with both NH and hearing impaired listeners.
Our results show a strong correlation between the two tests.
Furthermore, K-DIN takes much less time compared to the
K-SPIN. It can be considered that a K-DIN test can be used as
a screening test. The average testing time of the K-DIN was 5
minutes, whereas K-SPIN’s 30 minutes. Participants’ qualita-
tive reports also showed that the K-DIN was much easier than
the K-SPIN in terms of task performance. In this aspect, the
K-DIN can be strongly considered to be used in clinic as an
effective self-screening speech-in-noise test.

Digits-in-noise tests are suitable when the focus is on the
lower-level auditory factors contributing to speech recogni-
tion in noise, such as during hearing aid and cochlear implant
fitting [13], or the early detection and screening of hearing loss
[16]. As an example, our representative HA subject (HA7),
who was the only subject with severe hearing loss in our study,
had poor K-SPIN performance (0% and 20% in -5 and +5 dB
SNRs, respectively). For K-DIN test, this subject scored 60%
and 90% in -5 and +5 dB SNRs. For this severe hearing loss
subject, K-DIN can be a suitable hearing screening tool to al-
low frequent hearing evaluations and help with hearing aid
fittings. Future work will need to involve participants with
more various degrees and types of hearing loss to examine the
validity of the K-DIN test.

In conclusion, digits-in-noise tests are relatively less influ-
enced by linguistic factors, learning effects, and personal fac-
tors such as education and cognition level then the more wide-
ly used Korean sentence tests. As the first validation of the K-
DIN, this study shows that the K-DIN is significantly correlated
with the K-SPIN for both normal-hearing and hearing-im-
paired listeners. These findings suggest that the K-DIN can
be used as a simple and time-efficient hearing-in-noise test in
audiology clinics in Korea.
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