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Introduction

Early screening of hearing loss is essential for all people with 
any experience of noise exposure or aging. In other words, a 
hearing test is the first step in the treatment of hearing loss 
[1]. Although a simple hearing test using pure tones has been 
developed and used [2], it is limited when identifying hearing 
problems in daily life because the test is usually conducted in 
an artificially quiet environment, not in a naturally noisy one. 
Moreover, a major complaint of people with hearing loss is that 
they can hear the speech, but do not understand it, especially in 
the presence of background noise [3]. Thus, testing the speech 
perception of people who are suspected of having a hearing 
loss should take place under noisy conditions.

As an alternative, many researchers have adopted the speech-
in-noise test that uses simple digits, called the digit-in-noise 
(DIN) test [3-17]. The DIN test can easily and reliably (self-) 
screen that a patient has hearing loss by using a simple presen-
tation method with a single digit (e.g., 0, 1, 2) and/or a series 
of digits (e.g., 3-6-1). Unlike other elements of speech, such as 
syllables, words, and sentences, the DIN test is rarely affected 
by a patient’s auditory and cognitive ability [7,10]. As a result, 
the DIN test could be administered to even non-native speak-
ers of a language [11]. Based on these advantages, the DIN 
test is suitable for hearing screening test to early detection of 
hearing loss and fitting of hearing assistive devices such as 
hearing aid and cochlear implant [7,12].

The DIN that has been developed by many researchers since 
2000 is now available in Dutch, US English, UK English, Per-
sian, Polish, Australian English, Canadian English and Cana-
dian French, South African English, Flemish, French, Greek, 
German, Swedish, Swiss, Italian, Mandarin, Russian, and 

Efficacy of the Digit-in-Noise Test:  
A Systematic Review and Meta-Analysis

Chanbeom Kwak1,2, Jae-Hyun Seo3, Yonghee Oh4, and Woojae Han1,2

1Division of Speech Pathology and Audiology, College of Natural Sciences, Hallym University, Chuncheon, Korea 
2Laboratory of Hearing and Technology, Research Institute of Audiology and Speech Pathology, College of Natural Sciences,  
Hallym University, Chuncheon, Korea 
3Department of Otolaryngology-Head & Neck Surgery, College of Medicine, The Catholic University of Korea, Seoul, Korea 
4Department of Speech, Language, and Hearing Sciences, University of Florida, Gainesville, FL, USA

Received		  July 19, 2021
Revised		  August 16, 2021
Accepted		 September 4, 2021

Address for correspondence
Woojae Han, PhD
Division of Speech Pathology 
and Audiology, 
College of Natural Sciences, 
Hallym University, 
1 Hallymdaehak-gil, 
Chuncheon 24252, Korea
Tel	 +82-33-248-2216
Fax	 +82-33-256-3420
E-mail	 woojaehan@hallym.ac.kr

Background and Objectives: Although the digit-in-noise (DIN) test is simple and quick, little 
is known about its key factors. This study explored the considerable components of the DIN 
test through a systematic review and meta-analysis. Materials and Methods: After six elec-
tronic journal databases were screened, 14 studies were selected. For the meta-analysis, 
standardized mean difference was used to calculate effect sizes and 95% confidence inter-
vals. Results: The overall result of the meta-analysis showed an effect size of 2.224. In a sub-
group analysis, the patient’s hearing status was found to have the highest effect size, meaning 
that the DIN test was significantly sensitive to screen for hearing loss. In terms of the length of 
the presenting digits, triple digits had lower speech recognition thresholds (SRTs) than single 
or pairs of digits. Among the types of background noise, speech-spectrum noise provided 
lower SRTs than multi-talker babbling. Regarding language variance, the DIN test showed bet-
ter performance in the patient’s native language(s) than in other languages. Conclusions: 
When uniformly developed and well validated, the DIN test can be a universal tool for hearing 
screening.	 J Audiol Otol 2022;26(1):10-21

Keywords:0�Hearing; Digits; Screening; Audiometry; Test in noise.

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.

http://crossmark.crossref.org/dialog/?doi=10.7874/jao.2021.00416&domain=pdf&date_stamp=2022-01-10


www.ejao.org 11

Kwak C, et al.

Spanish (Supplementary Fig. 1 in the online-only Data Sup-
plement). It can also be used on telephones, smartphones and 
tablets in convenience. Also, the DIN test currently used as 
the hearing screening tool especially for the Netherland and 
South Africa [7,10]. Nevertheless, there are discrepancies in 
the contents and testing methods due to different perspectives 
among the researchers who developed the DIN. In this light, 
using systematic review and meta-analysis, this study exam-
ines the major factors to consider when developing and ad-
ministering the DIN test: the patient’s hearing status, types of 
stimuli and noise, language comparisons, and the patient’s lan-
guage competency.

Materials and Methods

Search strategy
All the processes, containing inclusion criteria, article search 

strategy, and article selection were followed by a Preferred 
Reporting Items for Systematic Reviews and Meta-analysis 
(PRISMA) statement [18] and the International Prospective 
Register of Systematic Reviews (PROSPERO) of Cochrane 
Collaboration [19], both of which have been used for a sys-
tematic search and meta-analysis of the published articles.

The precise definition of inclusion and/or exclusion crite-
ria is necessary to identify the homogeneity and reliability of 
the eligible studies. For the inclusion criteria of articles for this 
systematic review and meta-analysis, a strategy of participants, 
intervention, control, outcome measures, and study design (PI-
COS) was applied [18]. Table 1 displays the PICOS criteria 
used in this study. Animal studies, data papers, general articles 
(e.g., narrative reviews, conference abstracts, letters, books and 
book chapters, magazines, and conference proceedings), and 
articles not written in English were excluded.

Article selection
Six electronic journal databases—Embase, MEDLINE, 

PubMed, Web of Science, Science Direct, and Cumulative In-
dex to Nursing and Allied Health—were used to search for the 

articles. Miller, et al. [20] had used digits as test material to 
identify any context effect for speech intelligibility and com-
pared those materials to words or syllables. Since then, as an 
alternative material for speech and/or hearing screening, dig-
its have been used in more recent studies [3-16]. Thus, all au-
thors discussed the time frame of the article search and selec-
tion as January 1951 to December 2020. The key terms were 
“digit-in-noise test” AND “single digit” OR” digit pair” OR 
“digit triplet” AND “hearing screening test” AND “language” 
AND “background noise” AND “hearing loss” OR “normal 
hearing.” These terms were combined to minimize the need to 
filter out duplicate papers.

Fig. 1 depicts each step of the systematic article search and 
selection process. A total of 51,796 records were searched us-
ing six electronic journal databases. After eliminating 4,192 
duplicates, 47,604 records remained. The titles and abstracts 
of 47,604 records were screened, resulting in the exclusion of 
32,251 records. Then, the full texts of the remaining 15,353 
records were reviewed at the eligibility stage. Finally, only 14 
records met the PICOS criteria for this study, and they were 
included in the systematic review and meta-analysis.

Study quality and potential sources of study bias
To evaluate both the study quality and any potential sources 

of study bias, we used the 11-item Physiotherapy Evidence Da-
tabase (PEDro) Scale [21]. The scale assesses the quality of eli-
gibility criteria, randomization and concealment of subjects, 
baseline of intervention, blinding of subjects and therapists, and 
key outcomes (Table 2). Each item was assigned 1 for “yes” or 
0 for “no.” After evaluating the items, the quality of each study 
was ranked as “excellent” (9 to 11), “good” (6 to 8), “fair” (4 
to 5), and “poor” (below 4). The findings of the highest-scor-
ing studies were considered the most valid [22]. All authors 
conducted the study quality and potential sources of study bias 
process independently.

The data contained in the articles were independently ex-
tracted and synthesized into six categories by the authors: 1) 
participants (number, age, and hearing threshold); 2) interven-

Table 1. Inclusion criteria for the current study based on participants, intervention, control, outcomes, and study designs (PICOS)

PICOS Content
Participants Adults 18 years or older with and without hearing loss except for the use of any kind of hearing assistive device  

  (i.e., hearing aids, cochlear implant)
Intervention Digit-in-noise test using various languages and such stimuli as single digit, digit pair, and digit triplet
Control Comparison to a control group or repeated measures (experiments with additional purposes)

Outcomes Outcome measure(s) related to development, reliability, efficacy, and/or standardization of a digit-in-noise test  
  (i.e., a comparison of types of stimuli, different hearing threshold groups, and between languages)

Study design Randomized controlled trials, non-randomized controlled trials, between-group comparisons, and repeated  
  measures (experiments with additional purposes)
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tion (types of stimuli and noise, test condition, and language); 
3) control group; 4) outcome measures; 5) study design; and 
6) main findings.

Meta-analysis
The Comprehensive Meta-Analysis software (Ver. 3, Biostat 

Inc., Englewood, NJ, USA) was used for the meta-analysis. 
Fourteen articles were reviewed to determine whether their 
data were suitable, while utilizing the descriptive statistics 
(mean and standard deviation values in the experimental and 
control groups). Because the characteristics of the qualitative-
ly synthesized data from the included articles were continu-
ous and the types of outcome measures were different, stan-
dardized mean differences (SMDs) were used to calculate the 
effect sizes for each study. After calculating these effect sizes, 

a summary estimate was examined. The random-effect model 
was chosen to calculate both effect size and summary estimate. 
The funnel plot and Egger’s regression test were used to iden-
tify publication bias.

The Higgins I2-statistics and Cochran’s Q-test were used to 
confirm heterogeneity across the articles. The I2 values were 
expressed as the percentage from 0 to 100. For example, the in-
terval ranges from 0 to 25%, 25% to 75%, and 75% to 100% 
of I2 value were considered as low, middle, and high heteroge-
neity, respectively [23]. The Q values for the Cochran test in-
dicated a total variance across the dataset of the articles. This 
test showed statistical significance at 95% of confidence inter-
val (CI), and heterogeneity across the dataset of articles.

However, since the articles were categorized based on out-
come measures, subgroup analysis was conducted to compare 
the hearing condition, types of stimuli, types of noise, and a 
subject’s language competence. A meta-regression was applied 
based on three remarkable features (sound attenuation, sound 
localization, and speech perception) because of the possibility 
of high heterogeneity and/or different outcome measures for 
the subgroup analysis.

Results

Evaluation of study quality
The study quality calculated by the PEDro checklist showed 

a mean score of 6.64 (standard deviation [SD]: 1.15, range: 
4-8 scores). Twelve of the 14 studies were ranked as “good,” 
with total values of 6 to 8 [3-4,6-8,10-16]. The remaining two 
studies [5,9] were evaluated as “fair,” with scores between 4 
and 5.

Participants
The PICOS criteria of the reviewed articles are summarized 

in Table 3. In most of the articles, participants consisted either 
of adults with normal hearing [3,7,9,12-13,15] or adults with 
hearing loss [3-6,14,16]. Potgieter, et al.’s [10] study tested 
adults with both normal hearing and hearing loss. Interest-
ingly, the studies by Jansen, et al. [8] and Smits, et al. [11] de-
scribed their participants as “ears.” After recruiting the partic-
ipants, their left and right ears were rated in terms of hearing 
thresholds (i.e., normal hearing and hearing loss).

Most of the studies concentrated on young adults [7,9,12-
13,15], old adults [3,14,16], middle-aged adults [6], both young 
and middle-aged adults [8], and both young and old adults 
[4-5,10]. Unfortunately, the study conducted by Smits, et al. 
[11] did not mention the age of the “ears.”

Records were identified 

through electronic 

database searching 
(n=51,796)

51,796 records were 

screened initially

47,604 records were 

screed by title 

and abstract

15,353 articles were 

analyzed as full-text

14 studies were included 

in qualitative synthesis 

and meta-analysis

Records excluded, 

with reason of duplication
(n=4,192)

Articles excluded, with reason of 

failed PICOS criteria (n=15,339)

• Irrelevant participants (n=9,695)

• Irrelevant intervention (n=5,419)

• Irrelevant outcomes (n=191)

• Irrelevant Study design (n=34)

Records excluded, with 

various reasons (n=32,251)

• Conference abstract (n=124)

• Letter (n=51)

• Book or book chapter (n=913)

• Magazine (n=36)

• Proceeding paper (n=2,245)

• Note (n=188)

• Animal study (n=3,130)

• Data paper (n=624)

• Review paper (n=1,912)

• Other language (n=3,063)

• Irrelevant article (n=19,965)
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Me-
ta-analysis (PRISMA) flow diagram that visually expresses the in-
clusion and exclusion process of the current study. PICOS, partici-
pants, intervention, control, outcome measures, and study design.
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Intervention
The types of digits used for testing were analyzed as the 

intervention. Although most studies used triple digits as their 
stimuli, their composition differed slightly. For example, of 
the nine studies that used 10 digits from 0 to 9, five applied 
all 10 digits [9-10,12-13,15], and four studies used all digits 
except for 7 [5,14], 7 and 9 [11], and 0, 7, and 9 digits [4].

Three articles selected the digits 1 to 10 instead of 0 to 9. 
Ebrahimi, et al. [6] used 1 to 10; while Wilson, et al. [3] and 
Wilson and Weakely [16] used 1 to 10, but excluded 7. The re-
maining two articles used either 1 to 9, again with the excep-
tion of 7 [7] or without exception [8]. 

Controls
Of the 14 articles, half had a control group of adults with 

normal hearing. This group comprised young adults [3,5,9], 
young and middle-aged adults [16], and young and old adults 
[4,7]. However, Jansen et al.’s [8] control group mentioned 
only the total number of ears. The remaining seven articles 
conducted repeated measures with an additional purpose 
[6,10-15].

Outcomes
The reviewed studies were classified into three outcome 

measures. Although the outcomes reported in all articles were 

consistent in their speech recognition thresholds (SRTs), the 
expressions were slightly different: SRT [4,8-10,12-15], SRTn 
which uses SRT with a digit [5,7,11], signal-to-noise ratio 
(SNR) [3,6], and the point where a subject hit 50% correct 
scores [16].

Study design
Five of the studies used between-group comparisons [3,4, 

10,14,16]. All 14 studies provided repeated measures.

Overall results in meta-analysis
The results of effect size for the studies using the random-

effect model are presented in Fig. 2A. To consider the char-
acteristics of the dataset, the data with mean and SD was col-
lected for using the SMDs methods. 

The studies resulted in SMDs of 2.224 (95% CI: 1.371-

3.077, p<0.001). The funnel plotting is displayed in Fig. 2B. 
Based on the results of Egger’s regression analysis, the re-
sults of the meta-analysis showed no publication bias (Inter-
cept: 8.77, 95% CI: 5.390-12.154, p<0.001). The Higgins I2-
statistics and Cochran’s Q-test showed that heterogeneity was 
high (I2: 96.83%, Q: 63.012, p<0.001).

To identify the results of the meta-analysis more clearly, a 
subgroup analysis was conducted based on hearing status, 
types of noise and stimulus, and language comparison.

Table 2. Analysis using the scientific study validity criteria based on PEDro checklists

Study
Item

Total Study quality
1 2 3 4 5 6 7 8 9 10 11

Wilson, et al. [3] 1 0 1 1 1 0 0 1 1 1 1 8/11 Good
Denys, et al. [4] 1 0 1 0 1 0 0 1 1 1 1 7/11 Good
Ebrahimi, et al. [6] 0 1 1 0 1 0 0 1 1 1 1 7/11 Good
Giguère, et al. [7] 1 0 0 0 1 0 0 1 1 1 1 6/11 Good
Jansen, et al. [8] 1 0 0 0 1 0 0 1 1 1 1 6/11 Good
Potgieter, et al. [10] 1 0 1 1 1 0 0 1 1 1 1 8/11 Good
Smits, et al. [11] 1 0 1 0 1 0 0 1 1 1 1 7/11 Good
Smits, et al. [12] 1 0 1 1 1 0 0 1 1 1 1 8/11 Good
Smits, et al. [13] 0 0 1 0 1 0 0 1 1 1 1 6/11 Good
Vlaming, et al. [14] 1 0 1 0 1 0 0 1 1 1 1 7/11 Good
Willberg, et al. [15] 1 0 0 1 1 0 0 1 1 1 1 7/11 Good
Wilson and Weakely [16] 1 0 1 0 1 0 0 1 1 1 1 7/11 Good
Dillon, et al. [5] 0 0 1 0 0 0 0 1 1 1 1 5/11 Fair
Ozimek, et al. [9] 0 0 0 0 0 0 0 1 1 1 1 4/11 Fair
1 and 0 stand for “Yes” and “No,” respectively. The Physiotherapy Evidence Database (PEDro) Scale consisted of 11 items as fol-
lows: 1) eligibility criteria were specified; 2) subjects were randomly allocated to groups; 3) allocation was concealed; 4) the 
groups were similar at baseline regarding the most important prognostic indicators; 5) there was a blinding of all subjects; 6) there 
was a blinding of all therapists who administered the therapy; 7) there was a blinding of all assessors who measured at least one 
key outcome; 8) measures for at least one key outcome were obtained from more than 85% of the subjects who were initially al-
located to groups; 9) all subjects for whom outcome measures were available received the treatment or control condition as al-
located or, where this was not the case, the data for at least one key outcome was analyzed using the intention to treat; 10) the 
results of between-group statistical comparisons reported for at least one key outcome; 11) the study providing both point mea-
sures and measures of variability for at least one key outcome
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Subgroup analysis
Fig. 3 depicts the results of the subgroup analysis. The first 

subgroup was divided into two groups with or without hear-
ing loss (Fig. 3A), resulting in the highest effect size of 3.754 
(95% CI: 2.840-4.669). It confirmed that the SRT of individ-
uals with normal hearing was lower (or better) than that of 
the adults with hearing loss and/or hearing loss simulated by 

using the frequency filters.
For stimulus types, the subgroup analysis consisted of stud-

ies that reported on the comparison between stimuli, such as 
single digits, paired digits, triple digits, and a sentence (Fig. 
3B). Triple digits showed lower SRTs (the negative value of 
50% SRT means a better noise threshold) compared to a single 
digit or sentence (effect size: 1.538, 95% CI: -0.952-4.029). 

Overall effect size
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Fig. 2. Forest plot (A) and funnel plot (B) of the 14 reviewed studies analyzed using standardized mean differences.
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In Fig. 3C, the noise type subgroup showed the effect size of 
2.753 (95% CI: 0.654-4.852), indicating that speech-spectrum 
noise provided lower SRT than did the condition of multi-

talker babble noise.
As the language variance was compared for the different lan-

guages, the effect size showed 2.008 (95% CI: 0.307-3.708) 

Fig. 3. The forest plot for the subgroup analysis by hearing condition (A), types of stimulus (B) and noise (C), kinds of language (D), 
and language competence (E).
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(Fig. 3D). This result demonstrated that the DIN test with 
subject’s own language had a significantly lower SRT than the 
DIN test with previously developed or applied to a more fre-
quently used language such as English. However, the compari-
son between native and non-native speakers resulted in an 
effect size of -1.090 (95% CI: -1.412--0.768) for the SMDs 
method (Fig. 3E) while supporting the view that non-native 
subjects had a slightly lower SRT than the native subjects, in 
contrast to our expectation.

Discussion

The present study aimed to examine several important fac-
tors of the DIN test-hearing status, types of stimulus and 
background noises, and effects of language competency-by 
using a systematic review and meta-analysis techniques. The 
studies were screened and confirmed based on these inclusion 
and/or exclusion criteria. Fourteen studies were identified for 
a specific eligibility process of that review and quantitatively 
synthesized to conduct a meta-analysis.

When conducting the DIN tests, is it sensitive 
in difference between patients with and without 
hearing loss?

The hearing status of subjects was significantly affected 
by the results of the DIN test. In other words, this meta-anal-
ysis showed that individuals with hearing loss needed higher 
SNR to achieve similar performance than did adults without 
hearing loss. In fact, hearing loss reflects high hearing thresh-
olds, creating difficulties with discriminating and understand-
ing incoming speech sounds; patients therefore need a better 
hearing condition, such as higher SNRs. The correlation be-
tween pure-tone average (PTA) and SRT could be a way of 
demonstrating the consistency between two thresholds [11]. 
A positive and significant correlation between PTA and the 
DIN test was also found in the results of our subgroup analy-
sis. These relationships of three thresholds are supported by 
Denys, et al. [4] who demonstrated a high correlation from 
Pearson’s r value of 0.66 to the 0.86 between PTA and SRT 
measured by the DIN test, while providing useful information 
to use when diagnosing a hearing loss.

Smits, et al. [11] found a strong positive correlation between 
a speech-in-noise test and the DIN test (r=0.866). This result 
was also confirmed by our present study. When considering 
the characteristics of the test material, however, the DIN test 
was less affected by contextual cues and linguistic factors 
[7,10] than the speech-in-noise test was when using a word 
or sentence. In addition, it showed a good (r>0.7) correlation 
with PTA [11]. Taken together, the DIN test was validated as 

a way to screen for a hearing loss.

Are the results of DIN test affected when different types 
of background noise are being presented?

The kind of background noise affected the results of the 
DIN test. When comparing speech-spectrum noise to multi-
talker babble noise (MTBN), Ebrahimi, et al. [6] concluded 
that the speech-spectrum noise showed better (or lower) SRT 
in the DIN test than did MTBN. In contrast, the interrupted 
noise with amplitude-modulated characteristics gave the bene-
fit to the DIN test over steady-state noise in the study by Smits, 
et al. [13], especially for US English. This inconsistency is at-
tributed to complicated effect of both types of noise and the 
characteristics of the participants. As a simple example, the 
MTBN had a unique masking feature, called informational 
masking. In general, noise physically and/or acoustically in-
terferes with speech signals; this is energetic masking. Unlike 
the energetic masking, informational masking perceptually 
interrupts the speech signal and is derived from noises such 
as MTBN [24]. A difference between energetic and informa-
tional masking is central processing during the presentation of 
the speech and noise. MTBN interferes with speech through 
phonological information and creates more confusion in the 
central processing than speech-spectrum noise does. 

As the participants, people with and without sensorineural 
hearing loss were participated in the study of Ebrahimi, et al. 
[6] and Smits, et al. [13] recruited only young adults with nor-
mal hearing. Because the patients with sensorineural hearing 
loss [6], especially at elevated hearing thresholds in the high-
frequency range, benefited less from acoustical factors, such 
as temporal and spectral modulation, the use of noise with fre-
quency- or amplitude-modulation in the DIN test could explain 
the poor performance for patients with hearing loss [25]. The 
high frequency hearing loss had a higher correlation with DIN 
than normal hearing threshold in the presence of interrupted 
noise rather than broadband noise [14].

What is the most appropriate length of the digits being 
presented?

It is important to consider the differences among screening 
tools such as the length of the stimulus. The length of the stim-
ulus could be interpreted as a digit with a monosyllabic or di-
syllabic structure and single, double and triple digits. Although 
the International Collegium of Rehabilitative Audiology guide-
line suggested that the number of syllables in the digit stimu-
lus exclude the effect of phoneme duration which could be 
affected in a very low SNR condition [26], many studies of the 
DIN test demonstrated that monosyllabic and bisyllabic dig-
its are less important in terms of perceptual difficulty [9-10,13]. 
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Thus, this study discussed the length of one-, two-, and three-
digit stimuli. Miler, et al. [20] confirmed a longer stimulus 
makes the psychometric function curve shift to the right side 
(or need higher SNRs). That is, the respondents tended to per-
form more poorly for longer stimuli than for the short ones.

On the one hand, Smits, et al. [11] agreed that a shorter stim-
ulus could lighten any cognitive burden, such as memory ca-
pacity. On the other hand, Versfeld, et al. [27] argued that a 
long stimulus could increase the efficiency of measurement. 
They added that supporting a three-digit DIN test produced 
more reliable and accurate results. In the result of our meta-
analysis, triple-digits had the lowest SRTs. However, it was a 
small difference (effect size: 1.538), and the studies with a tri-
ple digit had a large sample size because most studies used it 
as their stimulus. Wilson, et al.’s [3] comparison reported no 
noticeable difference between the two- and three-digit stimuli. 
Therefore, the length of stimulus for the DIN test depended on 
the testing purpose. When the test was performed for research 
purpose, the one-digit or two-digit stimulus offered a more ac-
curate process for the measurement and analysis. If the DIN 
test is conducted for clinical and screening purposes, then the 
usage of a three-digit stimulus may save time.

Does the patient’s language ability affect the DIN test 
results?

Based on the subgroup analysis, there was a difference across 
languages; the DIN test developed with a patient’s mother tongue 
had lower SRT than did one developed using a second lan-
guage. As we expected, all studies included in the subgroup 
analysis supported this result [7,9,13]. However, it is also im-
portant to take note of whether the differences across the lan-
guages actually occurred due to the language or other factors 
[7,28]. Zokoll, et al. [28] found meaningful differences in the 
DIN test for Dutch, German, and Polish, and emphasized con-
sideration of differences in the languages, including spectral 
and temporal cues for the digits and/or background noise. For 
example, Smits, et al. [13] compared the results of the DIN test 
using Dutch and US English. They concluded that the DIN test 
with US English had a lower SRT than the Dutch one did, even 
though the subjects were native speakers of Dutch.

From the perspective of acoustical features, the gender of the 
talker (i.e., a male speaking Dutch and a female speaking US 
English), the style of speaking (concatenated Dutch and suc-
cessive US English), and a root mean square level of the ma-
terials (-2.36 dB with Dutch and 0.37 dB with US English) 
were different [13]. These differences in acoustical features 
could reflect natural differences between the two languages 
[7,28]. The result of the subgroup analysis in this study re-
vealed a difference across the languages, but this difference 

could be extrapolated in the internal natures of the languages 
and their external acoustical features.

In the analysis, DIN tests for native and non-native subjects 
was compared. Contrary to our prediction, non-native subjects 
showed a lower SRT on the DIN test [10]. We attribute this dif-
ference to the large difference in sample size. Although Potgi-
eter, et al. [10] showed a significant and positive relationship 
between PTA and SRTs for the DIN test in both native South 
African English subjects (r=0.76) and non-native English sub-
jects (r=0.69), the asymmetrical distribution of the subjects 
(i.e., 291 native subjects and 46 non-native subjects) could 
lead to the overweighted result toward non-native subjects in 
the determination of effect size calculation. Consequently, the 
result for non-native subjects was overestimated. Furthermore, 
the South African English speakers with high English com-
petency accounted for approximately 86% of the participants 
[10]. In sum, the numbers in American English were already 
familiar to most people, so it might be possible to test without 
being overly concerned about the patient’s native language.

Limitations of study and further direction
Several limitations to this study warrant further study. First, 

although the DIN test is an effective screening tool, other im-
portant factors related to presentation and the gender of talkers 
were not analyzed [7,28]. Second, this study did not compare 
testing platforms. Although the DIN test can be used on a tele-
phone, smartphone, or tablet, it is necessary to validate each 
type of platform and to identify whether each platform could 
provide their designated purpose. Along with the platforms, the 
effect of types of transducer should be considered. Third, the 
slope of the DIN test which expressed in the psychometric 
function curve should be analyzed and discussed to confirm 
the reliability and validity of the DIN test. Finally, the results 
of a meta-analysis showed a high level of heterogeneity al-
though each study still had high quality. In other words, the 
absence of systematic methodology, such as acoustical features 
(i.e., differences between genders, style of speaking, and the in-
tensity level of material presentation) and the optimization pro-
cess (i.e., composition of the digits and background noise) 
led to the divergent results. In the future, a large-scale study 
with a specific and unified methodology should be conducted 
to minimize inconsistent results and confirm the reliability and 
validity of the DIN test. 

In sum, the DIN test was developed for several languages 
and has been evaluated using a well-designed and systematic 
process. The components of the test including stimuli and 
background noise were also tried. A more elaborate procedure, 
such as an optimization process, would produce a clear com-
parison across languages and confirm the value of the DIN test 
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for hearing screening in a variety of settings.
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