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ABSTRACT 

 

Objective: The objective of this study was to develop and validate a smartphone-

based digits-in-noise hearing test for South African English.  

Design: Single digits (0 – 9) were recorded and spoken by a first language English 

female speaker. Level corrections were applied to create a set of homogeneous 

digits with steep speech recognition functions. A smartphone application was created 

to utilize 120 digit-triplets in noise as test material. An adaptive test procedure 

determined the speech reception threshold (SRT). Experiments were performed to 

determine headphones effects on the SRT and to establish normative data.  
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Study Sample: Participants consisted of 40 normal-hearing subjects with thresholds 

≤15 dB across the frequency spectrum (250 – 8000 Hz) and 186 subjects with 

normal-hearing in both ears, or normal-hearing in the better ear.  

Results: The results show steep speech recognition functions with a slope of 

20%/dB for digit-triplets presented in noise using the smartphone application. The 

results of five headphone types indicate that the smartphone-based hearing test is 

reliable and can be conducted using standard Android smartphone headphones or 

clinical headphones.  

Conclusion: A digits-in-noise hearing test was developed and validated for South 

Africa. The mean SRT and speech recognition functions correspond to previous 

developed telephone-based digits-in-noise tests. 

 

INTRODUCTION 

 

Approximately 360 million people across the world suffer from a permanent disabling 

hearing loss (World Health Organization [WHO], 2013a). Developing countries in 

regions such as sub-Saharan Africa, Asia Pacific and South Asia have the highest 

estimated prevalence of hearing loss in people over 65 years in the world (WHO, 

2013a). An estimated 44% of adults older than 65 years of age have a disabling 

hearing loss in sub-Saharan Africa (WHO, 2013a). According to WHO (WHO, 2013b) 

estimates for sub-Saharan Africa, more than 3 million adults in South Africa suffer 

from a disabling hearing loss (Statistics South Africa [STATSSA], 2013; WHO, 

2013b).  
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Despite the high prevalence of hearing loss in sub-Saharan Africa, ear and hearing 

health care services are mostly unavailable (WHO, 2013a; Fagan & Jacobs, 2009). 

A major contributor to poor ear and hearing care access is the severe shortage of 

audiologists and otolaryngologists in the region (Fagan & Jacobs, 2009). According 

to WHO (2013a) sub-Saharan Africa has a particularly dire shortage of audiology 

services, with typically one audiologist to every million people (WHO, 2013a). Even 

though South Africa has significantly more ear and hearing health care providers 

than the rest of sub-Saharan Africa, the country also has a shortage that is 

exacerbated by an unequal distribution across rural and urban areas and between 

private and public health care sectors (Fagan & Jacobs, 2009; Theunissen & 

Swanepoel, 2008).  

 

Geographic accessibility and proximity to health care clinics have a direct influence 

on the development of health care services (Arcury et al, 2005; Buor, 2003; Gething 

et al, 2004; Tanser et al, 2006). In South Africa, the temporal and spatial coverage 

by public transport is sporadic, unreliable and expensive. In rural areas walking is 

often the primary mode of transportation (Tanser et al, 2006; Tanser et al, 2001). 

Access to audiological services and hearing screening is difficult for most of the 

people living in rural areas in South Africa because local ear and hearing health care 

services are unavailable. People often have to travel long distances to urban centers 

where services may be available at hospitals, but often with long waiting lists (Fagan 

& Jacobs, 2009). 

 

To improve access to hearing loss detection, many high-income countries have 

resorted to using telephone-based digits-in-noise screening tests. These speech-in-
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noise tests measure the signal-to-noise ratio (SNR) where a listener recognizes 50% 

of the digit-triplets (i.e., 4-7-2) correctly (i.e., SRT). During the past ten years, the 

telephone-based digit-triplet speech-in-noise hearing screening tests have been 

developed for several countries including the USA, United Kingdom, Australia, 

Germany, Poland, Switzerland and France (Watson et al, 2012; Jansen et al, 2010; 

Zokoll et al, 2012). Smits et al (2004) reported the first telephone-based digit-triplet 

speech-in-noise screening test, employed as the National Hearing Test in the 

Netherlands (Smits et al, 2004; Smits et al, 2006). Within the first 4 months after the 

digit-triplet speech-in-noise hearing screening test was launched, 65 000 people 

dialed the test. After two and a half years close to 160 000 people used the 

screening test (Smits & Hougast, 2005). After mailing a questionnaire to the people 

who completed the test, Smits et al (2006) found that 50% of callers, who failed the 

screening test, obtained a diagnostic hearing test. After the National Hearing Test 

was developed, Smits et al (2013) also developed the digits-in-noise test (DIN). The 

DIN was developed for diagnostic speech-in-noise hearing testing to determine 

hearing loss for speech recognition in noise (Smits et al, 2013). 

 

Based on the successful implementation of the digit-triplet speech-in-noise hearing 

screening tests in these developed countries, it could be an affordable and 

accessible alternative for developing countries. The test may overcome access 

barriers to first line hearing screening services and save the costs of administering a 

hearing screening program (Linssen et al, 2015; Jansen et al, 2010; Fagan & 

Jacobs, 2009; Smits & Houtgast, 2005; Smits et al, 2004).  
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An important advantage of this hearing screening test is that it uses highly familiar 

spoken words, digit-triplets, as speech material. In a country like South Africa where 

there are 11 official spoken languages, digit-triplets may be more suitable than 

standard words or sentences because they depend on low linguistic demands and 

use a “closed-set” pattern (Smits et al, 2013; STATSSA, 2011). In addition, 

numerous South Africans from different linguistic backgrounds use English numerals 

within their own African language (Branford & Claughton, 2002). Additionally, the 

users themselves can administer the speech-in-noise hearing screening test, the test 

is fully automated, and it can be conducted in a few minutes.  Furthermore, the 

digits-triplet speech-in-noise hearing screening test is ecologically valid since it 

approximates everyday speech-in-noise environments and it has been demonstrated 

to be sensitive to detect hearing loss (Jansen et al, 2010; Smits et al, 2004; Zokoll et 

al, 2012; Smits et al, 2013).  

 

Apart from the advantages of this telephone-based hearing test a significant barrier 

in regions like sub-Saharan Africa is the poor landline penetration. In South Africa a 

National Household Survey indicated that 79.5% of South Africans have access to 

only a mobile phone, 0.3% of South Africans have access to only a landline 

telephone and 13.9% of South Africans have access to both a mobile phone and 

landline telephone (STATSSA, 2013). Whilst mobile phone penetration is much 

better, sound quality has been demonstrated to be poorer in mobile phones 

compared to landline telephones (Smits & Houtgast, 2005). Furthermore, mobile 

phone call costs are likely to be prohibitively expensive. An alternative platform for 

implementing the digit-triplet speech-in-noise hearing test for countries like South 

Africa may be to offer it as a downloadable application for use on smartphones. 
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Using a smartphone application can allow for an accessible user-friendly interface for 

self-testing by those with access to these devices. An important advantage of using 

an application is the possibility to use high fidelity, broadband, test signals where 

standard telephone networks use bandwidth limited signals. 

 

In 2013, there were already approximately 5 billion mobile phones in the world, of 

which more than 1.08 billion are estimated to be smartphones. The mobile industry 

advanced to such an extent that approximately half of the adult population currently 

own a mobile phone (Martinez-Pérez et al, 2013; Information and Communication for 

Development, 2012; The Economist, 2015a; The Economist, 2015b). By 2020 it is 

estimated that 80% of the adult population globally will own a smartphone (The 

Economist, 2015a; The Economist, 2015b). Penetration of these mobile phones in 

Africa has also seen an unprecedented increase to approximately 778 million mobile 

subscribers by the end of June 2013. An estimate of 1.2 billion mobile phones will be 

used by 2018 in Africa, of which 412 million will be smartphones (Reed et al, 2014).  

 

The increasing penetration of smartphones means that a smartphone-based digits-

in-noise hearing test in a country like South Africa may provide widespread access to 

hearing screening in rural and urban areas and across different socio-economic 

strata. To date, there has been no reported smartphone-based application for a 

digits-in-noise based national hearing test. The aim of this study was to develop and 

validate a South African English smartphone-based digits-in-noise hearing test. The 

study consisted of three phases. Phase I involved the recording, processing and 

equalization of the speech material. Phase II included the smartphone application 

development, methods for triplet generation, and the adaptive test procedures. 
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Finally, normative data were gathered, and the effect of five different headphone 

types on the SRT of the smartphone digits-in-noise hearing test were examined in 

phase III. 

 

The Research Ethics Committee of the University of Pretoria approved the research 

study before the study commenced.  

 

PHASE I: RECORDING AND EQUALIZATION OF THE DIGITS 

 

Recording and processing the speech material 

 

South African English mono- and bi-syllabic digits (0 – 9) were selected as speech 

material. Single digit recordings were made for two native South African English 

female speakers in a sound-proof booth and recorded on video-camera (Panasonic 

P2 X250). A carrier phrase “the number” was said before pronouncing each digit to 

allow natural intonation. A microphone (Sennheiser e815s) was held approximately 

5cm from the speakers’ mouth during recordings. Speakers were asked to read out 

four lists of digits where each digit appeared four times in random order.  The 

recordings were sampled at 48 000 Hz with a 16 bit resolution. Each digit was 

formatted separately using the Final Cut Pro 7 editing software. The digits were Root 

Mean Square equalized and stored in WAV format. 

 

Five speech-language therapists rated the two female voices according to 

naturalness, articulation, voice quality, intonation and speed of production. The 

female voice with the best average rating was selected. The five speech-language 
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therapists then rated the four recordings of each digit for the selected female 

speaker according to the naturalness, articulation, voice quality, intonation and 

speed of production (Theunissen & Swanepoel, 2008).  The final list of digits was 

compiled using the best rated digits for digits 0 to 9 for the selected female speaker.  

 

The masking speech noise was generated by shaping white noise to match the long-

term average speech spectrum of the digits. The level of the masking noise was 

equal to the average level of the digits without any silences (Smits et al, 2013). 

 

Equalization of speech material 

 

Digits were equalized with respect to their recognition probability. Equalizing digits by 

applying level corrections to the digits ensured that each digit had a 50% chance of 

being recognized correctly at the same SNR. 

 

Methods 

 

Subjects 

Twenty normal-hearing subjects participated in the listening study. Mean age of 

subjects was 20 years (Standard Deviation [SD]=3.5 yrs), ranging from 18 to 32 

years. All subjects were female. Pure-tone thresholds were equal to or better than 15 

dB HL at each octave frequency from 250 to 8000 Hz (International Standards 

Organisation [ISO] 389-1, 1998). 
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Equipment and Measurements 

A clinical audiometer (GSI 61, Grason-Stadler, Milford, New Hampshire, USA) was 

used to conduct a pure-tone audiogram in a sound-proof booth.  

 

Measurement software was developed in Matrix Laboratory (Matlab) for presenting 

digits in noise. Four lists of 100 digits were created and presented on a laptop 

computer using a headphone set (Sennheiser HD 201). Each list consisted of 10 

digits combined with the masking noise at fixed SNR’s (-2, -4, -6, -8, -10, -12, -14, -

16, -18 and -20 dB SNR). Each digit (0 – 9) appeared once at each SNR in a list. 

The order of the SNR was fixed; the digits appeared in random order at each SNR. 

The masking noise was fixed at 70 dB SPL. The presentation started with the easiest 

SNR (-2 dB) and progressed to the most difficult SNR (-20 dB) in 2 dB steps. The 

noise started 500ms before the digit started and ended 500ms after the digit ended. 

Two lists of digits were presented to the left ear and two lists to the right ear. The 

lists alternated between the ears, always presenting to the right ear first. The 

subjects had to listen to each digit and enter their response on the laptop computer 

keyboard. The next digit was presented after the subject responded by entering the 

digit on the keyboard. When the subject was unable to identify the digit, they had to 

guess the digit. Each subject’s responses were stored. 

 

Results 

 

The group average for correct identification of each digit at each SNR is shown in 

Figure 1. The speech recognition function for each digit was determined by fitting a 

logistic function to the raw data using a maximum likelihood procedure. The SNR 
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Figure 1. The average speech recognition probabilities for single digits-
in-noise before equalization.



corresponding to 50% correct for each digit was determined from the fitted function. 

A correction factor was calculated by subtracting this SNR from the average SNR of 

all digits (Vlaming et al, 2014). The correction factors were applied to the digits to 

align the 50% correct recognition probabilities for all the digits. The level corrections 

were very small with the largest value for digit 1 (+0.4 dB). 

PHASE II: DEVELOPMENT OF THE SMARTPHONE APPLICATION AND TEST 

PROCEDURES 

Smartphone Application 

A smartphone application (the South African smartphone digits-in-noise test) was 

designed using Android studio (version 0.6.0, created by Google) written in Java 

(Java development kit version 8.0, created by Oracle). The smartphone application 

was designed to be used on any Android smartphone. When the application is 

launched, a tutorial screen appears to instruct the subject how to use the application. 

The next screen instructs the subject to choose his/her gender. After the subject 

chooses his/her gender the “date-of-birth” is selected. The third screen instructs the 

subject to put on the smartphone headset and listen to digit-triplets being repeated. 

The subject uses a scroll-bar to adjust the intensity of the digit-triplets to a 

comfortable listening intensity. The final screen allows the subject to enter his/her 

initials and surname. A “Start Test” button allows the subject to begin testing. When 

the test starts, digit-triplets are presented diotically. A pop-up keypad appears after 

the subject listened to the digits to allow the subject to enter the response. 
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Supplementary material provides screenshots of the smartphone application and is 

available in the online version of the journal. 

Triplet generation and adaptive test procedure 

A list of triplets was stored in the Android application containing 120 unique digit-

triplets (Smits et al, 2013). Sound-files of the digits 0 to 9 were stored separately in 

OGG format in the application. When the test starts a digit-triplet is randomly 

selected from the list of 120 different digit-triplets. The program assembles the triplet 

by concatenating the appropriate digits with silent intervals of 500ms at the 

beginning and end of each triplet. Subsequent digits are followed by 200ms silences 

with 100ms of jitter in between. The test operates with a fixed noise level and a 

varying speech level when triplets with negative SNRs are presented. When triplets 

with positive SNRs are presented the speech level becomes fixed and the noise 

level varies. This procedure ensures that the overall level of the signal is kept 

approximately constant (i.e., triplet mixed with the noise), prevents clipping of the 

signal and provides a comfortable listening experience to the user. 

The adaptive test procedure was similar to the test procedure used by Smits et al 

(2004) and is as follows: 

 Before triplets are presented, the subject is instructed to select a comfortable

listening intensity. 

 Based on the subject’s selected listening intensity, the first triplet is presented.
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 When the response is entered the next triplet will be presented at a 2 dB

higher SNR for an incorrect response or at a 2 dB lower SNR for a correct 

response.  

 A triplet is judged to be correct when all digits are entered correctly.

 The SRT is calculated as the average SNR of the triplets presented (4 to 23).

PHASE III: SMARTPHONE DIGITS-IN-NOISE TEST HEADPHONE TYPES 

EFFECT AND NORMS 

Effect of different headphones on the smartphone digits-in-noise test 

The purpose of this study component was to determine if different headphones 

would differentially affect the digits-in-noise test results. A repeated measures design 

was followed to compare the SRT of five different headphones. 

Method 

Subjects 

Twenty normal-hearing students from the University of Pretoria, Department of 

Speech-Language Pathology and Audiology participated in the study. The mean age 

of the subjects was 19 years (SD= 0.9 yrs) ranging from 18 to 21 years. All subjects 

were female. Pure-tone thresholds were equal to or better than 15 dB HL at each 

octave frequency from 250 to 8000 Hz (ISO 389-1, 1998) for all subjects, except for 

three subjects who had a 20 dB threshold at one frequency (250 Hz, 8000 Hz and 
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2000 Hz) and one subject who had 20 dB HL threshold at two frequencies (1000 Hz 

and 8000 Hz). 

Equipment and Measurements 

A clinical audiometer (GSI 61, Grason-Stadler, Milford, New Hampshire, USA) was 

used to conduct a pure-tone audiogram in a sound-proof booth. 

Five smartphones (1 Samsung Trend, 4 Vodafone Smart Kicka) were used to 

administer the South African smartphone digits-in-noise test. Five different 

headphones were used to listen to the digits-in-noise test. The first three 

headphones are examples of intraconchal earphones accompanying an entry-level 

smartphone (Vodafone Smart Kicka), a mid-range smartphone (Samsung S4 mini) 

and a top-end smartphone (Samsung S5). Two supra-aural headphone types were 

used consisting of a Sennheiser HD 202 II headphone and a TDH 50-P audiometric 

headphone. Supplementary material provides photographs of the five different 

headphones and is available in the online version of the journal. 

Each subject conducted a trial digits-in-noise test on a smartphone to negate for a 

learning effect. After the subjects completed the trial digits-in-noise test they 

performed one test with each headphone type. The order of the headphone types 

was counterbalanced to avoid order effects. 
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Results 

SRTs of the 20 subjects were averaged across subjects per headphone. The highest 

average SRT was found for the TDH 50-P headphones (-11.4 dB) and the lowest 

average SRT was found for the Sennheiser HD 202 II headphones (-11.7 dB), see 

Table I. A repeated measures analysis of variance (ANOVA) was conducted to 

compare the effect of headphones on SRT. The main effect was not significant 

F(4,76)=.354, p=.84, indicating that the effect of headphone type on the measured 

SRT were statistically non-significant. 

Table 1. Descriptive statistics for the SRT SNRs (n=20) for five headphone types. 

Headphone/Earphone type 
Range 

(dB) 

Minimum 

(dB) 

Maximum 

(dB) 
Mean (dB) 

Std. 

Deviation 

(dB) 

Intraconchal (S5) 2.8 -12.8 -10 -11.6 0.75 

Intraconchal (S4 mini) 2.2 -12.4 -10.2 -11.5 0.49 

intraconchal (Voda) 2.4 -12.6 -10.2 -11.5 0.72 

Supra-aural (HD202II) 2.2 -13 -10.8 -11.7 0.64 

Supra-aural (TDH50P) 2.6 -12.8 -10.2 -11.4 0.85 

S5 = Samsung S5 earphones; S4 mini = Samsung S4 mini earphones; Voda = Vodaphone Kicka 

earphones; HD202II = Seinnheiser headphone; TDH50P = Audiometric headphone  

The raw data of the SRT measurements for the five headphones were fitted with a 

logistic function to determine speech recognition functions and the results are shown 

in Figure 2. The average speech recognition function has a slope of 20%/dB. 
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Figure 2. The average speech recognition probabilities for digit-triplets at each SNR conducted 
using five different headphone types presented using the smartphone application.



 

Table 2. Distribution of the SRT SNRs recorded with the South African English digits-in-noise hearing 

test for group 1 (n=96) and group 2 (n=90) native South African English subjects.   

 Group 1  

(Best ear ≤15 dB PTA) 

Group 2 

(Both ears ≤15 dB PTA) 

Average SRT SNR (SD) -10.6 (1.0) -10.7 (0.9) 

Min -12.4 -12.4 

Max -6.6 -7.4 

95 Percentile -8.4 -8.9 

 

 

Normative data for the digits-in-noise hearing test 

 

The purpose of this component was to describe the normative range for the 

smartphone digits-in-noise test. The cut-off values for normal-hearing in both ears or 

normal-hearing in the better ear were determined (i.e., normal-hearing in at least one 

ear). 

 

Method 

 

Subjects 

Two groups of subjects from private audiology practices and governmental hospitals 

in Gauteng participated in this study. The first group consisted of 96 native South 

African English subjects with a PTA equal to or better than 15 dB HL for the better 

ear. The PTA was calculated as the average pure-tone hearing threshold for 500, 

1000, 2000 and 4000 Hz. The “worst-ear” average PTA was 8.2 dB HL, range= -2.5 

to 58.8 dB HL, for this group. The mean age of the subjects was 24 years (SD=13 

yrs) ranging from 16 to 74 years. Twenty-four of the subjects were male and 72 were 
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female. The second group consisted of 90 native South African English speaking 

subjects with PTAs equal to or better than 15 dB HL in both ears. The mean age of 

these subjects was 22 years (SD=10 yrs) ranging from 13 to 64 years. Twenty-two of 

the subjects were male and 68 were female.  

 

Equipment and Measurements 

Clinical audiometry was conducted with standard clinical audiometers to measure a 

pure-tone air conduction audiogram in a sound-proof booth by certified audiologists. 

Octave frequencies between 250 and 8000 Hz were tested. After the pure-tone air 

conduction audiogram was determined each subject conducted the South African 

digits-in-noise hearing test. The digits-in-noise hearing test was performed on a 

smartphone (Vodaphone Smart Kicka or Samsung Trend) with a headphone 

(intraconchal Vodaphone Kicka earphones or Seinnheiser HD 202 supra-aural 

headphones) in a quiet room. 

 

Results 

 

The normal-hearing cut-off value was determined through the upper 95th percentile 

point for SRT scores for the two groups of native South African English subjects with 

normal-hearing or mild hearing losses. The mean SRT for the 96 subjects with 

normal-hearing in one ear was -10.6 dB (SD=1.0 dB). The mean SRT for 90 subjects 

with normal-hearing in both ears was -10.7 dB (SD=0.9 dB). The cut-off values for 

“pass/refer” were determined at -8.4 dB for adult subjects with normal-hearing in the 

better ear and -8.9 dB for adult subjects with normal-hearing in both ears.  

 

20



 

DISCUSSION 

 

A smartphone-based digits-in-noise hearing test was developed and validated for 

South African English to provide widespread access to hearing screening across 

rural and urban areas. The smartphone application can be used with standard 

headphones or earphones, and results can be obtained within a few minutes. Unlike 

the bandwidth limited signals in telephone digit-triplet screening tests, the signal 

produced by the smartphone is a broadband signal of digital audio output quality. 

 

In phase I of this study the South African smartphone-based digits-in-noise hearing 

test was developed following similar procedures as the Dutch and French digits-in-

noise hearing tests (Smits et al, 2013). The average slope steepness for the speech 

recognition function of the South African smartphone-based digits-in-noise hearing 

test (broadband signal) (20%/dB) agreed well with the Dutch (20%/dB), French 

(20%/dB) and German (18%/dB) bandwidth limited telephone digits-in-noise tests 

(Smits et al, 2004; Jansen et al, 2010; Zokoll et al, 2012).  

 

The measured average diotic digit-triplet SRT for the normal-hearing subjects or 

subjects with a mild hearing loss was -10.6 dB SNR conducted using the 

smartphone application. The measured average SRT for the Dutch, French and 

German digits-in-noise tests by telephone ranged between -6.4 to -6.9 dB SNR 

(Smits et al, 2004; Zokoll et al, 2012). The lower SRT value for the South African 

smartphone test can be attributed to the digital signal quality afforded by the 

smartphone as opposed to the restricted bandwidth on landlines used by the other 

studies. The South African digits-in-noise hearing test produces a digital signal that 
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covers a bandwidth of 30 to 20, 000 Hz which represents the human voice more 

accurately and therefore improves speech intelligibility (Bonello n.d.). When 

headphones were used to conduct the Dutch, French and German digits-in-noise 

tests, the SRT scores (-9.3 to -11.2 dB SNR) compared more favourably to the SRT 

of the South African test (Zokoll et al, 2012).  

 

Since smartphones can be coupled to different headphones we evaluated whether 

the type and quality of headphones influenced the SRT. In phase III the effect of five 

headphones (3 intraconchal earphone and 2 supra-aural headphones) were 

investigated. No statistically significant difference between the average SRTs were 

found. The digits-in-noise test is therefore accurate using different headphones 

making it uniquely suited to serve as a smartphone-based hearing test that could be 

downloaded by persons across South Africa and administered using standard 

headphone sets (Culling et al, 2005). The average SRTs in the headphone-

comparison study were approximately 0.8 dB lower (better) than the average SRT in 

the normative data. This difference can be attributed to a learning effect that is found 

for the first test for naïve listeners (Smits et al, 2013) when administering multiple 

tests. A trial test was conducted in the headphone-comparison study to eliminate the 

learning effect. 

 

The rapid evolution of the mobile industry makes it easy for any person in South 

Africa to obtain a mobile phone but the effect of the South African English digits-in-

noise test on South African English additional language speakers needs to be 

determined. Potential factors that could influence the performance of English 

additional language speakers on the hearing test may include auditory memory, 
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cognition and the linguistic complexity of test material (van Wijngaarden et al, 2002; 

Zokoll et al, 2013). Smits et al (2013) however concluded that the digits-in-noise test 

depend minimally on top-down processing (e.g. linguistic skills) and can be utilized to 

test subjects with normal to profound hearing losses, including children and cochlear 

implant candidates (Smits et al, 2013). A comparison between sentence-in-noise and 

the digits-in-noise test performance has also shown that both tests measured 

approximately the same speech recognition ability and vocabulary size and 

educational level did not have a major effect on performance (Kaandorp et al, 2015). 

Various studies indicate that participants who speak English as a second language 

perform worse on competing signal speech tests compared to native-English 

speakers (Tabri et al, 2011; van Wijngaarden et al, 2002; Zokoll et al, 2013), 

although the effect of non-nativeness on digit-triplet recognition in noise is small 

(Kaandorp et al, 2015). It is therefore important that different norms should be 

investigated for the South African English digit-in-noise hearing test as South Africa 

consists of a multilingual population.   

 

CONCLUSION 

 

A South African digits-in-noise hearing test was successfully developed and 

validated as a self-test on a smartphone via a smartphone application using standard 

and clinical headphones. The mean SRT and speech recognition functions for the 

smartphone-based hearing test correspond well to previous developed telephone-

based digits-in-noise tests (Smits et al, 2004; Jansen et al, 2010). Results were 

independent of headphone type and the application can be used with any Android 

smartphone. The South African smartphone digits-in-noise hearing test could 
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increase access to hearing services across South Africa if made available on online 

App-stores. The issue of the potential performance differences for participants who 

speak English as a second language needs to be investigated in the context of the 

multiple languages commonly used throughout South Africa.. 
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SUPPLEMENTARY MATERIAL 

 

Supplementary Material 1 

 

 

Supplementary material 1a. A tutorial screen instructs the subject on how to use 

the application. 
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Supplementary material 1b. Gender is selected by tapping on the appropriate icon. 

 

 

Supplementary material 1c. The year of birth is selected by scrolling up or down 

and tapping on the appropriate year. 
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Supplementary material 1d. The subject is instructed to put on the smartphone 

headset and listen to digit-triplets being repeated. The subject uses a scroll-bar to 

adjust the intensity of the digit triplets to a comfortable listening intensity. 
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Supplementary material 1e. The initials and surname are entered. The “Start Test” 

button allows the subject to begin testing. 

 

Supplementary Material 2 

 

 

 

Supplementary material 2a. Intrachonchal earphones accompanying the 

Vodaphone Smart Kicka entry-level smartphone. 

 

 

Supplementary material 2b. Intrachonchal earphones accompanying the Samsung 

S4 mini mid-level smartphone. 
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Supplementary material 2c. Intrachonchal earphones accompanying the Samsung 

S5 top-end smartphone. 

 

 

Supplementary material 2d. Sennheiser HD 202 II supra-aural headphones. 

 

 

Supplementary material 2e. TDH 50-P audiometric supra-aural headphones. 
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