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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 electronic journal databases were screened, 14 studies were selected. For the meta-analysis,
standardized mean difference was used to calculate effect sizes and 95% confidence intervals. Results: The overall result of the meta-analysis showed an effect size of 2.224. In a subgroup 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 better 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.
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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.
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.

As an alternative, many researchers have adopted the speechin-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 presentation 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 speakers 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, Persian, Polish, Australian English, Canadian English and Canadian French, South African English, Flemish, French, Greek,
German, Swedish, Swiss, Italian, Mandarin, Russian, and
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Spanish (Supplementary Fig. 1 in the online-only Data Supplement). 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 examines the major factors to consider when developing and administering the DIN test: the patient’s hearing status, types of
stimuli and noise, language comparisons, and the patient’s language 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 systematic search and meta-analysis of the published articles.
The precise definition of inclusion and/or exclusion criteria 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 (PICOS) 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 Index 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 compared those materials to words or syllables. Since then, as an
alternative material for speech and/or hearing screening, digits have been used in more recent studies [3-16]. Thus, all authors discussed the time frame of the article search and selection 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 using 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 Database (PEDro) Scale [21]. The scale assesses the quality of eligibility 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-scoring 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 extracted 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

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

Study design

Randomized controlled trials, non-randomized controlled trials, between-group comparisons, and repeated

(i.e., hearing aids, cochlear implant)

(i.e., a comparison of types of stimuli, different hearing threshold groups, and between languages)
measures (experiments with additional purposes)
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Identification

Records were identified
through electronic
database searching
(n=51,796)

Records excluded,
51,796 records were

with reason of duplication

screened initially

(n=4,192)

Records excluded, with
Screening

various reasons (n=32,251)
• Conference abstract (n=124)
• Letter (n=51)
47,604 records were

• Book or book chapter (n=913)

screed by title

• Magazine (n=36)

and abstract

• 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)

Eligibility

• Irrelevant article (n=19,965)
15,353 articles were
analyzed as full-text

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)

Included

• Irrelevant Study design (n=34)

14 studies were included
in qualitative synthesis
and meta-analysis

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow diagram that visually expresses the inclusion and exclusion process of the current study. PICOS, participants, intervention, control, outcome measures, and study design.

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 qualitatively synthesized data from the included articles were continuous and the types of outcome measures were different, standardized mean differences (SMDs) were used to calculate the
effect sizes for each study. After calculating these effect sizes,

12

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 identify 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 interval ranges from 0 to 25%, 25% to 75%, and 75% to 100%
of I2 value were considered as low, middle, and high heterogeneity, respectively [23]. The Q values for the Cochran test indicated a total variance across the dataset of the articles. This
test showed statistical significance at 95% of confidence interval (CI), and heterogeneity across the dataset of articles.
However, since the articles were categorized based on outcome 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.
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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. Interestingly, the studies by Jansen, et al. [8] and Smits, et al. [11] described their participants as “ears.” After recruiting the participants, 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 [7,9,1213,15], 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.”

Kwak C, et al.

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

Item

Total

Study quality

1

8/11

Good

1

7/11

Good

1

1

7/11

Good

1

1

1

6/11

Good

1

1

1

1

6/11

Good

0

1

1

1

1

8/11

Good

0

1

1

1

1

7/11

Good

0

0

1

1

1

1

8/11

Good

1

0

0

1

1

1

1

6/11

Good

0

1

0

0

1

1

1

1

7/11

Good

0

1

1

0

0

1

1

1

1

7/11

Good

1

0

1

0

0

1

1

1

1

7/11

Good

0

1

0

0

0

0

1

1

1

1

5/11

Fair

0

0

0

0

0

0

1

1

1

1

4/11

Fair

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

Denys, et al. [4]

1

0

1

0

1

0

0

1

1

1

Ebrahimi, et al. [6]

0

1

1

0

1

0

0

1

1

Giguère, et al. [7]

1

0

0

0

1

0

0

1

Jansen, et al. [8]

1

0

0

0

1

0

0

Potgieter, et al. [10]

1

0

1

1

1

0

Smits, et al. [11]

1

0

1

0

1

0

Smits, et al. [12]

1

0

1

1

1

Smits, et al. [13]

0

0

1

0

Vlaming, et al. [14]

1

0

1

Willberg, et al. [15]

1

0

Wilson and Weakely [16]

1

0

Dillon, et al. [5]

0

Ozimek, et al. [9]

0

1 and 0 stand for “Yes” and “No,” respectively. The Physiotherapy Evidence Database (PEDro) Scale consisted of 11 items as follows: 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 allocated to groups; 9) all subjects for whom outcome measures were available received the treatment or control condition as allocated 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 measures and measures of variability for at least one key outcome

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 remaining two articles used either 1 to 9, again with the exception 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 randomeffect model are presented in Fig. 2A. To consider the characteristics of the dataset, the data with mean and SD was collected for using the SMDs methods.
The studies resulted in SMDs of 2.224 (95% CI: 1.3713.077, p<0.001). The funnel plotting is displayed in Fig. 2B.
Based on the results of Egger’s regression analysis, the results of the meta-analysis showed no publication bias (Intercept: 8.77, 95% CI: 5.390-12.154, p<0.001). The Higgins I2statistics 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.
www.ejao.org
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et al. [6]

Ebrahimi,

et al. [5]

Dillon,

et al. [4]

Denys,

et al. [3]

Wilson,

Study

Intervention

Control group

Study design

Outcome measures

Main findings

hearing loss group was significantly weaker
1, 2, 5, 7, 8, 10, and p＜0.001 for digits 3, 6,
and 8). However, the mean correct
recognition of digits 1, 2, 9, and 10 in the
presence of multi-talker babble noise did
not show a significant difference between

hearing groups and
types of noise, SNR

control group
and repeated
measures

(mean age:
23.4 years) with
NH

1 to 10 were extracted from

Farsi Auditory Recognition of

Digit-in-Noise (FARDIN) test.

Based on the digit stimuli, the

Persian speech-shaped noise

was created. The multi-talker

babble noise contained the

voices of six talkers.

years) with

sensorineural

hearing loss

NH and hearing loss groups.

than that of the NH group (p＜0.05 for digits

presence of speech-shaped noise in the

Comparison between

Comparison to a

Twenty adults

Persian monosyllabic digits of

Nineteen adults

(mean age: 50.7

-28 to +4 SNR.
Mean correct recognition score in the

p＜0.001).

18 SNR levels’ ranging from

masking noise to create files at

hearing loss

between experiment 2 results and the

A significant relationship was evident
4-frequency averaged hearing level (r=0.77,

types of noise, SRTn

measures

and then mixed with the new

Comparison between

Repeated

respectively).

NH participants (p＜0.001 and p＞0.05,

and only HI participants, but none for only

significant when tested for all participants.

All correlations between PTA and SRT were

with and without

None

hearing groups, SRT

Comparison between

called to varying RMS levels

Each of the 81digit triplets were

recognition probabilities.

as 79, 57, and 35, represent the

respectively. The numbers, such

measures

and repeated

control group

Comparison to a

age 25 to 86 years

Seventy-five adults

NH

D79, D57, and D35. The T and

D stand for triplet and digit,

to 61 years with

conditions, such as T79, T79LP,

hearing impaired

adults ages 17

Twenty-three

presented with various

Twenty-one digit triplets were

step).

18 to 71 years with

The 45 adults ages

[F(1,31)=19.633, p＜0.001].

(i.e., 4 to -20 dB with a 4 dB

p≤0.001]; patients with hearing loss:

significant (listeners with NH: [F(1,15)=32.609,

the digit pairs and the digit triplets were

of multi-talker babble noise

types of stimuli, SNR

were mixed with various levels

measures

the repeated

hearing loss

to 29 years with

Digits 1 through 10 (excluding 7) NH

that the differences between the data for

Repeated-measures of ANOVAs indicated

sensorineural

hearing groups and

Comparison between

babble were used as stimuli.

control group and

Comparison to the

background noise multi-talker

adults ages 20

Sixteen young

to 85 years with

Digit pair and digit triplet with

patients ages 46

Thirty-two older

Participants

Table 3. Characteristics and main findings for all enrolled studies for the participants, the intervention, control group, and the outcome of each study
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Participants

Intervention

Control group

data for each language-talker version of
the test, with SRT as the outcome measure
and List as a within-subject factor. There
was no effect of List on SRT for the English

language
groups, SRTn

English-female, French-male,
and French-female) were
manipulated into digit triplet.

2 language groups (English

and French).

SRTn measurements was found between
the newly developed test (triplet SRTn test
by telephone) and the reference test
(sentence SRTn test by headphones).

Comparison
between
hearing groups
and types of
transducer,
SRTn

measures

with mixed hearing loss. The

remaining 67 ears consisted

of normal-hearing ears or ears

with perceptive hearing loss.

15

et al. [11]

for 7 and 9) were manipulated
into digit triplets.

included two ears with pure

conductive loss and 7 ears

The total group of 76 ears

www.ejao.org

Smits,

Repeated

score.
The highest correlation (r=0.866) between

measures

years in age.

based on the multiple purpose,

None

the non-native ≤5 group.
speaker, SRT
the repeated

from 16 to 81

digits) were used.

divided into various group

Dutch digits from 0 to 9 (except

approximately 1.7 dB lower (better) than in

digits-in-noise test (0 to 9, 10

hearing loss. All subjects were

such as English competence

and non-native ≥6 group was
and non-native
group and

had NH were

smartphone-based

to 90 years with and without

The average normal-hearing SRT in the native
between native
to a control

458 adults who

South African English

A total of 458 adults ages 16

Digit triplet lists from the

lists are composed of different triplets, but

different triplets each.

yielding similar intelligibility).

mean S50 for the 100 selected triplets, i.e.,
-9.4 dB and 21.4%/dB, respectively, (i.e., the

Comparison

languages, SRT

Comparison

±1%/dB, respectively, of the mean SRT and

between

into 4 lists containing 25

The 337 out of

each list fell into the range of ±0.1 dB and

Comparison

The mean SRT and SRT50mean characterizing

(p＜0.001).

100 digit triplets were divided

process were used. A total of

the developed and evaluated

was 0.77 and proved to be significant

SRT

et al. [10]

and 28 male)

Fifty adults with NH (22 female

were HI.

of 4-frequencies average (0.5, 1, 2, 4 kHz)

hearing groups,

measures

steps.

NH and the remaining 21 ears

between

The correlation between SRT scores and PTA

[F(3,45)=3.76, p=0.017].

Repeated

measures

with NH

Polish digit triplet that confirmed None

Repeated

The 19 ears

A total of 40 ears participated.
to +8 dB SNR range of 2 dB

materials was used.

The French digit triplet with -12

average spectrum of the digit

The 19 out of the 40 ears were

[F(3,45)=0.29, p=0.83] talker versions,
respectively. However, there was an effect

matching the long-term

of List on SRT for the English-female talker

male [F(3,45)=0.17, p=0.92], French male
[F(3,45)=1.46, p=0.24], and French female

A unique speech-shaped noise

Comparison

variance was conducted on the adaptive

between

by four talkers (English-male,

measures

Main findings
A repeated measures one-way analysis of

except for 0 and 7) recorded

Comparison

Study design Outcome measures
Repeated

Subjects were accounted for

Eight monosyllabic digits (0 to 9, None

ages 18 to 30 years with NH.

A total of 112 young adults

Potgieter,

et al. [9]

Ozimek,

et al. [8]

Jansen,

et al. [7]

Giguère,

Study

Table 3. Characteristics and main findings for all enrolled studies for the participants, the intervention, control group, and the outcome of each study (continued)
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Participants

Intervention

Repeated

steps) were used. As background noise, NH
multi-talker babble noise was used.

sensorineural

hearing loss

measures

repeated

group and

to a control

Comparison

measures

Repeated

correct points

groups, 50%

between hearing

Comparison

stimuli, SRT

between types of

Comparison

of noise, SRT

repeated
measures

groups and types

between hearing

group and

to a control

Comparison

test version was significant.

[F(1,94)=0.128, p=0.72].

NH, and for the patients with hearing loss

[F(1,46)=0.811, p=0.37] for the listeners with

between the trials for either group of patients

There was no signiﬁcant difference

triplet test was 23.4±5.2%/dB.

of the reference function of the Finnish digit

was used. With triplet scoring. the mean slope

SRT was -10.8±0.5 dB SNR when triplet scoring

Averaged across all test subjects, the mean

test, the mean SRT was -10.3 dB (SD=1.1 dB).

were found. For the broadband digit-triplet

SD=2.4 dB) and -21.1 dB (HF-CVC; SD=2.1 dB)

analyzed. Mean SRTs of -21.3 dB (HF-triplets;

new HF tests, the SRTs of the NH group were

For a reference of test performance of the

NL, Netherlands; US, United States; DIN, digit-in-noise test; SRT, speech recognition threshold; SRTn, speech recognition threshold with a digit; SNR, signal-to-noise ratio; RMS, rootmean square; LP, low-pass filter; NH, normal hearing; HI, hearing-impaired; PTA, pure-tone average; HF, high-frequency; CVC, consonant-vowel-consonant; SD, standard deviation

20.6 years) with

(mean age=

SNR conditions from 6 to -20 dB, 2dB

63.5 years) with

with 14 SNR conditions (quiet and 14

patients (mean age:

[16]

24 young adults

None

with NH

18 to 47 years

Weakely

The nine digits (1 to 10, except for 7)

0 to 9 combined into triplets.

18 to 34 years with

NH

triplet test consisted of the digits from

The speech material of the Finnish digit

recorded as triplets.

Finnish speakers age

Nineteen native

impaired hearing

to 75 years with

The digits from 0 to 9 (excluding 7) were 24 adults ages

effect for the DIN test version nor the
interaction between condition and the DIN

8, 9) and a recorded female voice.

[F(3,45)=818.31, p＜0.001]. Neither the main

significant main effect for condition

noise and revealed that there was a

intended to identify the effects of types of
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consisted of only 8 digits (1, 2, 3, 4, 5, 6,

Comparison
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a recorded male speaker, the US DIN

Fifty adults ages 31

types of noise,

NL DIN contained 10 digits (0 to 9) and
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languages and

DIN) digit triplets were used. While the

between

female, 2 male) with

measures

DIN) and American-English (from the US

Modified version of Dutch (from the NL

low-pass filtered at 0.5 kHz) were used.

filtered at 1 kHz, and smeared and

filtered at 3 kHz, smeared and low-pass

smeared, smeared and low-pass

A comparison

low-pass ﬁltering; the average intelligibility

speech material was relatively insensitive to

250 Hz.

None

Main findings
The intelligibility of the smeared digit-triplet

was still 79% at a LP cut-off frequency of

groups, SRT

between hearing

19 to 25 years (14

Sixteen adults ages

measures

Comparison

Study design Outcome measures
Repeated

(unprocessed, low-pass filtered at 3 kHz,

effect of hearing loss on the DIN test,

Control group
None

six simulated hearing loss conditions

version of the DIN test. To identify the

with NH

The digit triplet material from the Dutch

ages 18 to 25 years

A total of forty adults

Wilson and Forty-eight older

et al. [15]

Willberg,

et al. [14]

Vlaming,

et al. [13]

Smits,

et al. [12]

Smits,

Study

Table 3. Characteristics and main findings for all enrolled studies for the participants, the intervention, control group, and the outcome of each study (continued)
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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 hearing loss (Fig. 3A), resulting in the highest effect size of 3.754
(95% CI: 2.840-4.669). It confirmed that the SRT of individuals 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 studies 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

Smits et al. (a) [12]
Smits et al. (b) [12]
Smits et al. (c) [12]
Smits et al. (d) [12]
Smits et al. (e) [12]
Wilson and Weakley [16]
Wilson et al. (a) [3]
Ebrahimi et al. (a) [6]
Willberg et al. [15]
Wilson et al. (b) [3]
Smits et al. (a) [13]
Dillon et al. [5]
Ebrahimi et al. (b) [6]
Ozimek et al. [9]
Giguère et al. [7]
Smits et al. (b) [13]
Potgieter et al. [10]
Denys et al. (a) [4]
Denys et al. (b) [4]
Denys et al. (c) [4]
Denys et al. (d) [4]
Denys et al. (e) [4]
Jansen et al. [8]
Smits et al. [11]
Vlaming et al. [14]

A
Funnel plot of standard error by std diff in means
0.0

Standard error

0.5

1.0

1.5

2.0

B

-20

-10

0

10

20

Std diff in means

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

Smits et al. (a) [12]
Smits et al. (b) [12]
Smits et al. (c) [12]
Smits et al. (d) [12]
Smits et al. (e) [12]
Wilson and Weakley [16]
Wilson et al. (a) [3]
Ebrahimi et al. (a) [6]
Denys et al. (a) [4]
Denys et al. (b) [4]
Denys et al. (c) [4]
Denys et al. (d) [4]
Denys et al. (e) [4]
Jansen et al. [8]

A

Willberg et al. [15]
Wilson et al. (b) [3]
Smits et al. [11]

B

Smits et al. (a) [13]
Dillon et al. [5]
Ebrahimi et al. (b) [6]
Vlaming et al. [14]

C

Ozimek et al. [9]
Giguère et al. [7]
Smits et al. (b) [13]

D

Potgieter et al. [10]

E
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 frequently used language such as English. However, the comparison 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 factors 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-analysis 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 thresholds, creating difficulties with discriminating and understanding incoming speech sounds; patients therefore need a better
hearing condition, such as higher SNRs. The correlation between 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 analysis. 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 multitalker 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 benefit to the DIN test over steady-state noise in the study by Smits,
et al. [13], especially for US English. This inconsistency is attributed 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 interferes 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 informational 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 normal hearing. Because the patients with sensorineural hearing
loss [6], especially at elevated hearing thresholds in the highfrequency range, benefited less from acoustical factors, such
as temporal and spectral modulation, the use of noise with frequency- 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 stimulus could be interpreted as a digit with a monosyllabic or disyllabic structure and single, double and triple digits. Although
the International Collegium of Rehabilitative Audiology guideline suggested that the number of syllables in the digit stimulus 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 digits are less important in terms of perceptual difficulty [9-10,13].
www.ejao.org
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Thus, this study discussed the length of one-, two-, and threedigit 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 perform more poorly for longer stimuli than for the short ones.
On the one hand, Smits, et al. [11] agreed that a shorter stimulus could lighten any cognitive burden, such as memory capacity. 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 metaanalysis, triple-digits had the lowest SRTs. However, it was a
small difference (effect size: 1.538), and the studies with a triple 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 accurate 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 language. As we expected, all studies included in the subgroup
analysis supported this result [7,9,13]. However, it is also important to take note of whether the differences across the languages 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 consideration 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 successive US English), and a root mean square level of the materials (-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 revealed a difference across the languages, but this difference

20

J Audiol Otol 2022;26(1):10-21

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 difference to the large difference in sample size. Although Potgieter, 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 subjects (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 competency 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 important 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 telephone, 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 although 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 intensity level of material presentation) and the optimization process (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 comparison 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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