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Original Article

Evaluation of an internet-based speech-in-noise screening test
for school-age children

Marya Sheikh Rashid1, Wouter A. Dreschler1, and Jan A. P. M. de Laat2

1Clinical and Experimental Audiology, Amsterdam Public Health Research Institute, Academic Medical Center (AMC) Amsterdam, Amsterdam,
The Netherlands and 2Department of Audiology, Leiden University Medical Center, Leiden, The Netherlands

Abstract
Objective: To evaluate a Dutch online speech-in-noise screening test (in Dutch: ‘‘Kinderhoortest’’) in normal-hearing school-age children.

Sub-aims were to study test–retest reliability, and the effects of presentation type and age on test results. Design: An observational cross-

sectional study at school. Speech reception thresholds (SRTs) were obtained through the online test in a training condition, and two test

conditions: on a desktop computer and smartphone. The order of the test conditions was counterbalanced. Study sample: Ninety-four

children participated (5–12 years), of which 75 children were normal-hearing (�25 dB HL at 0.5 kHz,�20 dB HL at 1–4 kHz). Results:

There was a significant effect for test order for the two test conditions (first or second test), but not for presentation type (desktop computer

or smartphone) (repeated measures analyses, F(1,75)¼ 12.48, p50.001; F(1,75)¼ 0.01, p¼ 0.982). SRT significantly improved by age

year (first test: 0.25 dB SNR, 95% CI: –0.43 to –0.08, p¼ 0.004. Second test: 0.29 dB SNR, 95% CI: –0.46 to –0.11; p¼ 0.002).

Conclusions: The online test shows potential for routine-hearing screening of school-age children, and can be presented on either a desktop

computer or smartphone. The test should be evaluated further in order to establish sensitivity and specificity for hearing loss in children.

Key Words: Hearing screening, online speech-in-noise test, school-age children, speech understanding

in noise, maturation, smartphone

Introduction

Untreated mild to severe childhood hearing loss may have serious

negative consequences for speech and language, educational and

socio-emotional development (Davis et al. 1986; Brookhouser,

Worthington, and Kelly 1991; Bess, Dodd-Murphy, and Parker

1998; Yoshinaga-Itano et al. 1998). Therefore, early identification

is of great importance. Well-established neonatal hearing screening

programmes in European countries, including otoacoustic emissions

(OAE) or automated auditory brainstem response (AABR) screen-

ing, identify permanent congenital hearing losses, but they do not

detect delayed-onset or acquired sensorineural losses (Skarzynski

and Piotrowska 2012; Winston-Gerson and Sabo 2016). In the USA,

the prevalence of mild permanent sensorineural hearing loss at

6 kHz in children aged 6–19 years is 12.5%, and in children aged

seven years is 6% (Niskar et al. 2001). Up to 90%, more children

are diagnosed with hearing loss before the age of nine years than are

diagnosed as newborns (Fortnum et al. 2001). Early diagnosis

of hearing loss can be achieved with hearing screening during

pre-school, and primary school years, reducing the impact on

speech and language development (Lu et al. 2014; Prieve et al.

2015). There are several screening methods to identify delayed-

onset or acquired sensorineural hearing loss in pre-school- and

school-age children. OAE and pure-tone screening are the most

reliable and commonly used tools, though pure-tone screening is

considered to be the preferred reference standard (Prieve et al.

2015). In the Netherlands, childhood hearing assessment is

performed in all children between the age of four and six years.

The assessment is performed at school by a youth health care nurse

through pure-tone threshold screening at regular contact sessions.

When hearing screening is performed in the school setting, a

large number of children can be reached (Winston-Gerson and Sabo

2016). However, pure-tone screening in remote settings, such as

schools, is often performed in less than optimal test conditions.

High ambient noise levels, but also calibration issues and exam-

iner’s and examinee’s training, experience and motivation, nega-

tively influence the accuracy of screening results, making pure-tone
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screening less reliable for detecting hearing losses (Bamford et al.

2007; Schlauch and Carney 2012; Kam et al. 2013; Prieve et al.

2015). Therefore, there is a need for appropriate, effective and

efficient periodic hearing screening that can be performed accur-

ately and reliably in school or other remote settings, to identify

suspected mild to severe sensorineural hearing losses in pre-school

and school-age children.

One of the early signs of hearing impairment is the difficulty

experienced in understanding speech in background noise in daily

situations (Smoorenburg 1992; Kramer, Kapteyn, and Festen 1998).

Therefore, one potential approach to identify hearing loss is speech-

in-noise testing. Advanced time-efficient online self-administered

and automated speech-in-noise tests have been developed, that focus

on the detection of sensorineural hearing losses (Leensen et al. 2011;

Jansen 2013; Smits, Goverts, and Festen 2013). The main advantages

of such tests are that the tests are easily accessible and less

susceptible to environmental noise (Smits, Kapteyn, and Houtgast

2004; Culling, Zhao, and Stephens 2005). A Dutch online speech-in-

noise hearing screening test for children has been developed by the

Leiden University Medical Center and the Academic Medical Center

in the Netherlands, and was implemented online in January 2007 (in

Dutch: ‘‘Kinderhoortest’’). The test was developed with the aim of

allowing the evaluation of children’s speech perception in noise in an

easy and accessible way at a remote setting, such as the school

environment. The goal of such testing would be the early detection of

perceptive sensorineural hearing loss in school-age children. The

relatively simple test with suitable speech material may be useful for

children aged five years and older. An important limitation is that this

test may not be assumed to be sensitive to conductive hearing losses

caused by external or middle ear pathologies, such as otitis media.

According to the underlying model by Plomp and Mimpen (1979),

speech-in-noise results do not lead to higher critical SNR’s for pure

conductive hearing losses. Conductive hearing losses are one of the

potential forms of hearing losses in school-age children, though they

are more common in pre-school-age children (Samelli et al. 2012).

Most of the children experience temporary conductive hearing losses,

which can be treated medically. The main objective of this study was

to evaluate the suitability of the Dutch online speech-in-noise

screening test for use in primary school children. The sub-aims were

to evaluate the test–retest reliability of the test, the effect of the

presentation type: on a desktop computer or smartphone, and to

assess age effects on test results.

Methods

Subjects

This study was performed in 94 primary school children.

Recruitment took place at the Koningin Wilhelminaschool in

Rijnsburg, the Netherlands. Information letters, informed consent

forms and short questionnaires were sent to the parents. All children

were native speakers of the Dutch language. Speech-in-noise data

were collected from 94 children. The results of 19 children were

excluded from the analyses, because these children were younger

than five years old (N¼ 1), had poor-hearing thresholds at one or

more octave frequencies (�25 dB HL at 0.5 kHz and/or�20 dB HL

at 1–4 kHz) for at least one ear (N¼ 10), had missing data on the

speech-in-noise tests for at least one condition (N¼ 2), had instable

SRT measurements for at least one test (N¼ 5) and had a floor score

for at least one test (N¼ 1) (the definitions of an instable

measurement and of a floor score are explained in the section

‘‘Statistical analyses’’). The data of the remaining 75 normal-

hearing children were analysed further.

Measurement procedures

This cross-sectional study was approved by the medical ethics

committee of Leiden University Medical Center (project number

P11-108). Informed consent was given by parents and the school’s

board of directors. For every child, information of concerning age,

gender and grade was collected. All tests took place during school

hours in quiet rooms at the school.

PURE-TONE AUDIOMETRY

Pure-tone audiometry was performed as a reference standard. The

five-year olds performed play audiometry. Hearing thresholds were

measured for both ears at the frequencies 0.5, 1, 2 and 4 kHz. Bone-

conduction thresholds were assessed as well when a hearing

threshold was 20 dB HL or worse at one frequency. Pure-tone

audiometry was performed in the teachers’ office room, with an

average background noise level of 43 dB(A). Because there was no

soundproof cabin, and audiometric tests were potentially subject to

environmental noise, a hearing threshold of 25 dB HL or better at

0.5 kHz was defined as normal. Between 1 and 4 kHz, a hearing

threshold of 20 dB HL or better was defined as normal. Children

with poorer thresholds were referred for further investigation, and

parents or caregivers were informed. For the pure-tone audiometry

measurements the Interacoustics AD229b audiometer was used with

Telephonics TDH�39P headphones with Amplivox Audiocups to

attenuate ambient sound, and a Radioear B71 bone conductor.

SPEECH-IN-NOISE TESTING

Children’s perception of speech in noise was assessed by means of

the online speech-in-noise test for children. First, a training

condition was performed in a group session in class, i.e., all

children belonging to one grade performed the test in the same

computer classroom at the same time, but each performed the test

individually on a personal desktop computer. Spoken instructions

on the test procedure were given by the research assistant before the

training test started. The children were instructed to identify the

presented words by clicking on the corresponding pictures on the

screen. They were also instructed to click on the picture depicting a

question mark if a presented word could not be identified. Then, in

two test conditions, all children were tested with a desktop

computer, and with a smartphone. For these two test conditions,

children performed the test one by one, separate from the other

children, in the teachers’ office room. The order of the type of

presentation was counterbalanced. The computer classroom in

Abbreviation lists

AABR automated auditory brainstem response

CI confidence interval

CVC consonant-vowel-consonant

HTML hypertext markup language

OAE otoacoustic emissions

PTA5124 pure-tone average of 0.5, 1, 2, and 4 kHz

RMS root mean square

SD standard deviation

SNR signal-to-noise ratio

SRT speech-reception threshold
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which the children underwent the training condition had an average

background noise level of 48 dB(A). The two test conditions took

place in the same teachers’ office room in which the pure-tone

audiometry took place, with an average background noise level of

43 dB(A). The online speech in noise tests was presented on a

standard desktop computer and DKT Eduline of Philips SHP2000

headphones, and on the smartphones Nokia Lumia 625 or the

Huawei G6, with Ewent headphones.

The speech material consisted of a closed set of eight Dutch

monosyllable consonant-vowel-consonant (CVC) words. The

words were all nouns, and highly familiar for young children, as

they were selected from the Dutch word lists used for diagnostic

speech audiometry in children (Bosman 1989). The response

buttons on the screen were pictures accompanied by written

words. The written words were: ‘‘lion’’, ‘‘goat’’, ‘‘book’’,

‘‘rose’’, ‘‘moon’’, ‘‘thumb’’, ‘‘fire’’ and ‘‘chicken’’ (in Dutch),

and were all represented by easily recognisable pictures. To

prevent guessing, a ninth response button with a question mark

and the text ‘‘not understood’’ was added. The response screen is

shown in Figure 1. In order to enhance test reliability, the words

were perceptually homogenised (Sheikh Rashid and Dreschler

2014). To achieve equal intelligibility of the words, the presen-

tation levels of the specific words were adjusted. These level

corrections, based on the average SRTs for the individual words,

were derived from the slopes of word-specific psychometric

functions according to the method described in Leensen et al.

(2011). The word-specific psychometric functions were based on

online results of tests that were performed by children, from

January 2007 to August 2014 (N¼ 46,742). Perceptually difficult

words were amplified, and perceptually simple words were

attenuated (the level corrections ranged between 1.51 and

–2.55 dB). The words were presented in a masking noise, which

was a broadband continuous noise, with a spectrum that corres-

ponded with the long-term average speech spectrum of the

homogenised word material. The test was diotic (binaural); i.e.,

both ears were measured at the same time. The volume level of

the stimuli could be set by means of the volume scale to a

comfortable level. The minimum and maximum volume levels

were controlled for in the clinical setting, and set at 15 dBA (i.e.,

whisper level) to 85 dBA (without distortion of the sounds). To

familiarise listeners with the test and the response buttons, the

words were presented in a masking noise prior to the test. The test

consisted of 20 stimuli. All words were randomised, and each

word was presented two or three times. The test started with a

signal-to-noise ratio (SNR) of –1 dB and the intensity of the word

was being varied by means of an up–down procedure in steps of

2 dB SNR. The intensity of the masking noise was fixed. The

speech reception threshold (SRT in dB SNR) at which 50% of the

material is correctly understood, was based on the mean SNR

values of the last 10 presentations. The test was presented in an

HyperText Markup Language (HTML) format, and could, there-

fore, be performed on any electronic device that supported the

Figure 1. Response screen of the Dutch online speech-in-noise test for school-age children (In Dutch: ‘‘Kinderhoortest’’).

Online speech-in-noise test for school-age children 969



format, such as a desktop computer, tablet, or smartphone. Test

duration was approximately 3 min in all age groups.

Statistical analyses

Data were analysed using SPSS (IBM SPSS Statistics 20 and 22;

IBM Corp, Armonk, NY, USA). Results of normal-hearing children

between the age of 5 and 12 years old were analysed. The data of

children with incomplete or invalid test results, due to instable

measurements or a floor effect, were excluded from the analyses.

An instable measurement refers to an intra-individual standard

deviation of 3 dB or larger. A floor effect refers to a minimal SRT

score. A floor effect can be the result of consecutive incorrect

responses due to a hearing loss or not understanding the test

procedure.

Descriptive analyses were performed on hearing thresholds and

speech SRTs of the subjects. The normality assumption was

assessed by means of Q-Q plots and goodness of fit tests. SRT data

showed normal distributions. Therefore, General Linear Model

Repeated measures analyses were performed on the two test

conditions to analyse the effect of the type of presentation: desktop

computer or smartphone (within-subject factor), the order: the first

or second test (within-subject factor) and age in categories

(between-subject factor) on SRT (in dB SNR). Post hoc analyses

with Bonferroni corrections were performed when significant

effects were found. To analyse SRT (in dB SNR) as a function of

age (in years) and test (training condition, first and second tests),

multiple regression analyses were performed. In order to assess the

consistency of the first test and second results, a measurement error

was calculated by taking the quadratic mean of the within-subject

standard deviations of the repeated measurements. Finally, in order

to assess age-related differences, a regression analysis was

performed on SRT scores (in dB SNR) of the first and second

test, as a function of age (in years).

Results

Table 1 shows the pure-tone average (PTA) thresholds for the

octave frequencies 0.5, 1, 2 and 4 kHz (PTA5124). The mean results

are given per age group and per ear. At least 10 children participated

per age group, except for the youngest age group (N¼ 7). The 11–

12-year olds (N¼ 8 and N¼ 2, respectively) are clustered in the

oldest age group (�11 years).

SRT scores for all test conditions

The mean SRT scores (in dB SNR) for the training condition and

the two counterbalanced test conditions (first and second tests, and

on desktop computer and smartphone) were calculated for each age

group (Table 2). Children performed better on both test conditions

(desktop computer and smartphone) as compared to the training

condition, with a significant difference in mean SRT of –1.5 dB

SNR (F(2,75)¼ 17.64, p50.001). For the two-test conditions, there

was no significant main effect for type of presentation (desktop

computer or smartphone) (F(1,75)¼ 0.01, p¼ 0.982), but there was

a significant main effect for test order (first or second test)

(F(1,75)¼ 12.48, p50.001). The mean SRT scores of the second

test were significantly better than the SRT scores on the first test

with a difference of 0.7 dB SNR (95% CI: 0.3–1.1; p¼ 0.001). The

main effect of age was significant as well (F(6,75)¼ 3.09,

p¼ 0.01). Post hoc analyses showed that the 10–11-year olds

performed better as compared to the 5–6-year olds (with a

difference of 1.9 dB SNR, 95% CI: –3.7 to –0.1; p¼ 0.023), and

to the 6–7-year olds (with a difference of 1.6 dB SNR, 95% CI: –3.1

to –0.1; p¼ 0.028). There were no significant interaction effects

between age and type of presentation (F(6,75)¼ 0.67, p¼ 0.674), or

age and test order (F(6,75)¼ 1.06, p¼ 0.393).

The results of the multiple regression analysis with SRT (in dB

SNR) as a function of age (in years) and test (training condition,

first test and second test) are shown in Table 3. According to the

model, the mean SRT score for a five-year-old child in the first test

session was –12.6 dB SNR. There was a significant improvement

(decrease) in mean SRT score of 0.3 dB SNR per age year.

Performance on the first test was 1.2 dB SNR better than on the

training condition. Performance on the second test was 0.7 dB SNR

better as compared to the first test. These differences were

Table 2. Mean SRT (in dB SNR) (SD) per age group (in years), for training and two test conditions.

Mean SRT (dB SNR) (SD)

Test order Presentation type

Age group Training First Second Desktop computer Smartphone

5 –11.8 (2.4) –12.6 (1.2) –13.8 (1.8) –13.3 (0.6) –13.1 (2.2)

6 –11.2 (2.6) –13.2 (1.2) –13.8 (1.1) –13.9 (1.0) –13.1 (1.3)

7 –12.0 (2.4) –13.8 (1.3) –14.2 (1.1) –14.0 (1.1) –14.0 (1.3)

8 –12.6 (1.6) –13.9 (1.3) –14.1 (1.6) –13.6 (1.8) –14.3 (1.0)

9 –12.9 (1.8) –13.9 (1.6) –14.0 (1.5) –14.0 (1.5) –13.9 (1.5)

10 –14.0 (1.3) –14.7 (1.1) –15.5 (1.8) –15.1 (1.5) –15.2 (1.6)

�11 –13.6 (1.5) –13.8 (2.2) –15.5 (1.4) –14.6 (2.5) –14.8 (1.4)

Total –12.6 (2.1) –13.8 (1.5) –14.4 (1.6) –14.1 (1.6) –14.1 (1.6)

Table 1. Age group (in years), number of participants per age
group, and mean pure-tone average (PTA) for the frequencies 0.5, 1,
2, and 4 kHz (PTA5124) (in dB HL) (SD) for right and left ear.

PTA5124

Age group N (75) Right ear Left ear

5 7 12.9 (1.2) 13.6 (2.3)

6 13 8.8 (5.3) 9.2 (4.6)

7 10 7.5 (5.0) 6.3 (3.8)

8 11 5.7 (5.4) 5.6 (4.7)

9 13 5.7 (5.3) 7.8 (5.5)

10 11 5.7 (5.1) 5.6 (6.0)

�11 10 8.8 (3.8) 8.0 (2.8)

970 M. Sheikh Rashid et al.



statistically significant. The measurement error between the first

and second tests was 1.3 dB.

Age-related differences

In Figure 2, the SRT score by age in percentiles is given for the first

test. To analyse age-related differences in SRT, a regression

analysis was performed, with SRT (in dB SNR) of the first test as

outcome measure and age (5–11 years) as an explaining factor.

According to this model, there is a significant improvement of

0.3 dB SNR in mean SRT score per age year (�¼ 0.25, 95% CI:

–0.43 to –0.08; p¼ 0.004, R2¼0.11). A comparable age effect was

observed in the second test (�¼ 0.29, 95% CI: –0.46 to –0.11;

p¼ 0.002, R2¼0.13).

To establish age-corrected cut-off values for pass-refer criteria

for the screening test, the 90th percentile of the SRT results of the

test for six-year olds was used as a starting point. The beta-value of

–0.25 dB SNR per age year for the first test was then used to correct

for age. The age-corrected cut-off values are presented in Table 4.

These cut-off values were then applied to the results of the first test

of the 75 children. Based on this categorisation, 92% (N¼ 69) of the

normal-hearing children passed the test.

Discussion

This study focussed on the practical evaluation of the Dutch

online speech-in-noise screening test in normal-hearing school-age

children of 5–12 years old. To assess the reliability of the test, the

test was performed at a primary school: first, a group training

session was performed on a desktop computer, than two test

conditions were performed, on a personal desktop computer and

on a smartphone. The order of the test conditions was counter-

balanced. The two tests were performed better as compared to the

training, with a difference between the average of both tests, and

the training test of 1.5 dB SNR. There were no significant

differences in SRT score by type of presentation. There was an

effect of test order between the two test conditions, indicating an

additional learning effect after training of 0.7 dB SNR. A

measurement error of 1.3 dB was found, indicating reasonable

test–retest reliability. The standard deviations on the test and

retest conditions were smaller than the stepsize that was used in

the adaptive procedure (2 dB), indicating the homogeneity of the

participant’s results. Furthermore, according to the regression

analysis, the oldest children had better SRT scores as compared to

the youngest children, with a difference in the order of 1.5 dB

SNR for the first test.
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Figure 2. Reference values. Mean SRT in dB SNR by age for the first test. Distribution in percentiles (10th, 25th, 50th, 75th, and 90th).

Table 3. Multiple regression analysis with SRT (in dB SNR) as a
function of age (in years) and condition (training, first and second
test) (reference¼ first test).

� p 95% CI

Constant –12.58 50.001 –13.13 –12.03

Age (in years) –0.33 50.001 –0.44 –0.21

Condition

Training 1.16 50.001 0.63 1.68

Second test –0.68 0.013 –1.20 –0.15

Explained variance R2 ¼ 0.27.

Table 4. Age-corrected cut-off values.

Age category (years)

Cut-off value

(score positive result) (dB SNR)

5–6 4–11.00

6–7 4–11.25

7–8 4–11.50

8–9 4–11.75

9–10 4–12.00

10–11 4–12.25

11–12 4–12.50

Online speech-in-noise test for school-age children 971



Presentation mode

According to this study, the type of presentation (i.e., electronic

device) did not influence SRT score. The test can be performed

either on a desktop computer or on a smartphone combined with

commercial headphones. The expectation that the test can be

delivered on all types of electronic devices that support HTML

applications is supported by the results of this study. Also, the

children did not experience any difficulties in using the different

electronic devices. According to a study by Culling, Zhao, and

Stephens (2005), variations in equipment and listening environment

do not present any significant obstacles to the development of a

self-administered screening test based on speech in noise. There are

several hearing screening tests delivered on different types of

electronic devices (Leensen et al. 2011; Jansen 2013; Smits,

Goverts, and Festen 2013, Potgieter et al. 2015). Studies on these

computer- and smartphone-based speech-in-noise screening tests

have shown that there are indeed no significant effects of transducer

type on test outcome. Jansen (2013) showed that there is no

significant effect of transducer type (headphones, built-in laptop

speakers, in-ear phones and external speakers) on SRT in uncon-

trolled circumstances, for the Flemish computer-based digit triplet

test. Recently, a smartphone-based digits-in-noise hearing test in

South African English has been developed and validated (Potgieter

et al. 2015). It was investigated whether different types and quality

of headphones, including standard smartphone headphones and

clinical headphones, would influence SRT. Statistically significant

effects were not found. The South African smartphone-based

screening test is based on the digit triplet test, developed by Smits,

Goverts, and Festen (2013). Although the current test uses CVC

words in noise, it is based on the same principles of speech-in-noise

hearing testing.

Test–retest reliability

To assess the test–retest reliability of the speech-in-noise test, the

first test was compared to the second test. Children performed

significantly better on the second test as compared to the first test,

indicating a learning effect of 0.7 dB SNR. It is important to note

that the children were already familiar with the test procedure and

the word material, because of the training condition that was

performed prior to the two test conditions. For this reason, it

cannot be ruled out that the actual learning effect is even greater

than the learning effect found between the first and the second

tests. It is unclear to what extent the training condition may have

influenced test results. The difference of 1.2 dB SNR found

between the training condition and the first test indicates an initial

learning effect, but part of this difference could be ascribed to

other factors related to testing together in one classroom, such as

distraction.

Test–retest reliability of speech-in-noise tests in children has

been studied earlier. Schafer et al. (2012) assessed the test–retest

reliability of the Phrases in Noise Test (PINT) in normal-hearing

children, a speech-recognition test for use in a clinical or

educational setting. The PINT seemed fairly reliable as differ-

ences between two lists were within 3 dB SNR for 90% of the

children. A smaller learning effect was found in the current study.

This may be due to the use of a closed set of highly familiar

words instead of sentences that have higher linguistic demands

(Smits, Goverts, and Festen 2013). Jansen (2013) investigated the

feasibility of the digit triplet test as an automated self-test in

school-age children, and found a measurement error of 0.5–0.7 dB

for different age groups. The smaller measurement error may be a

result of the use of digit triplets as speech material instead of

single CVC words, leading to more reliable estimates of the SRT

(Jansen et al. 2014).

Age-related effects

In this study, age-related effects were present; the older children

outperformed the younger children in all test conditions. There were

no significant interactions with presentation type or order; age

effects were consistently the same in all conditions, and were also

present in the first and second tests. Several studies have been

focussing on (school-age) children’s ability to recognise speech in

noise, and age-effects in auditory processing abilities (Elliott 1979;

Elliott et al. 1979; Fallon, Trehub, and Schneider 2000; Johnson

2000; Talarico et al. 2007; Vaillancourt et al. 2008; Schafer et al.

2012; Jansen 2013; Koopmans, Goverts, and Smits 2014). In these

studies, several auditory tasks and speech-in-noise tests were

performed in different noise conditions. The majority of these

studies has demonstrated maturation of the auditory system of

normal-hearing children. Speech-in-noise recognition tends to

improve with age and adult-like performance is reached in

adolescence, depending on the speech-in-noise listening

condition (Fallon, Trehub, and Schneider 2000; Johnson 2000;

Talarico et al. 2007; Vaillancourt et al. 2008). Fallon, Trehub, and

Schneider (2000) found that five-year old children required SNRs

that were 5 dB more favourable than those of adults to obtain

comparable performance on low-context sentences presented in

background babble. Talarico et al. (2007) investigated the effect of

age and cognition in 6- to 16-year olds with a task that included

(non-)words in noise, varying in confusability and difficulty. Mean

SNR scores decreased across all age groups, indicating better

speech-in-noise recognition in the older children (up to 3 dB SNR).

No correlations were found between speech in noise conditions and

IQ scores. According to Elliot (1979), there are developmental

changes in SRTs of young children up to 16 years of age. Age

effects on SRT performance are mainly explained by developing

auditory processing abilities, associated with developing linguistic

skills, and cognition-related abilities such as memory capacities,

experience and attention (Elliott 1979; Elliott et al. 1979; Boothroyd

1997; Hnath-Chisolm, Laipply, and Boothroyd 1998; Eisenberg

et al. 2000; Fallon, Trehub, and Schneider 2000; Vaillancourt et al.

2008).

For the test session in this study, five-year olds required SNRs

that were 1.5 dB more favourable than those of 11–12-year olds to

achieve comparable 50% of correct performance. Jansen (2013)

assessed the reference SRT for normal-hearing listeners for the digit

triplet test and found that the SRTs of the 5th graders are 0.6 dB

SNR worser as compared to those of the 7th graders. In the present

study, a comparably small age-effect was found. This may be due to

the relatively simple test procedure and the use of a closed-set of

highly familiar, short and context-free monosyllabic words, sup-

ported by visual response buttons with pictograms and written

words. The influence of linguistic abilities is expected to be small in

this type of task (Fallon, Trehub, and Schneider 2000; Jansen 2013).

The age-effect found in our study may be mainly a result of

immature auditory perceptual abilities, combined with the influence

of attentional limitations (Schafer et al. 2012; Jansen 2013), and the

difficulty experienced in understanding test instructions in younger

children.
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Study limitations

This research has some limitations. First, the inclusion of normal-

hearing children was based on hearing thresholds measured by

means of pure-tone audiometry, which was not performed in an

sound-isolated booth, but in the teachers’ room. Although the room

was considered quiet, as confirmed by the ambient noise-level

measurements that were performed, environmental noise could not

be completely avoided, and this may have influenced the pure-tone

measurements. To attenuate the ambient noise, audio cups were

used in combination with the headphones. Also, to assure normal-

hearing, the criteria for normal hearing (at the lower octave

frequencies) were adjusted. Looser threshold criteria are reasonable

in school settings (Kam et al. 2013). However, children may have

performed worse than they would have under optimal test

conditions, which implies that possibly some normal-hearing

children may have been excluded.

According to the pure-tone screening, 10 children had poor-

hearing thresholds at one or more octave frequencies (� 25 dB HL

at 0.5 kHz and/or�20 dB HL at 1–4 kHz) for at least one ear, and

their results were, therefore, excluded from the analyses. Based on

the established age-corrected pass-refer criteria, only one of them

failed the online speech-in-noise test (age ¼5 years, SRT score for

the first test¼ –10.8 dB SNR). This child had a PTA512 of 20 dB HL

for the right ear, and 23 dB HL for the left ear. The large number of

false-negatives, however, could possibly be explained by the less

reliable test environment of the pure-tone screening (i.e., the false-

negatives could actually be true-negatives). Another explanation

could be that, since the test was binaural, children with an unilateral

hearing loss were still able to pass the test (four out of the remaining

nine children had an unilateral hearing loss). This may be an

important limitation of the test. Also, the majority of the children

with a bilateral hearing loss had a relatively small, and education-

ally insignificant, hearing loss, and probably were, therefore, still

able to perform well on the online speech-in-noise test. In order to

assess an optimal cut-off point for a dichotomous pass/fail outcome

with a proper trade-off between sensitivity and specificity for

clinically relevant hearing losses, it is necessary to include a large

representative sample of children showing a wide range of hearing

thresholds. This cut-off point would probably correspond to a higher

degree of hearing loss than the relatively strict criteria that were

proposed in this study.

Another limitation is that the youngest age group (the five-year

olds) was underrepresented in this study as compared to the other

age groups. Results of this age group may be less reliable. Also, the

five-year olds had some trouble understanding the test instructions.

For these young children, it was difficult to understand the goal of

the test and the procedures. As the suitability of the test is still

unclear for young children, reference values are only established for

children older than five years. It is important to evaluate the

established reference SRT values in larger populations. Also, it is

important to have simple, clear and understandable instructions for

the youngest children.

Finally, due to the setup of this research, it is difficult to

distinguish a learning effect from the effect of test condition for the

training condition versus the first test. Testing in a classroom setting

may be less reliable than separate testing in a teacher’s office room,

due to distractions in the classroom that may hinder children’s

listening and focussing abilities (Knecht et al. 2002). According to

Culling, Zhao, and Stephens (2005), group presentation of speech-

in-noise tests in classrooms should be discouraged, mainly because

of the potential negative effect of high levels of room reverberation.

The training effect as well as simultaneous group testing versus

separate testing in different settings need to be explored further. To

assess test–retest reliability in more detail, tests and (multiple)

retests should be performed under the same conditions, and with

different time intervals.

Implications for practice and future research

The speech-in-noise test has important implications for hearing loss

screening purposes in school-age children. In the Netherlands,

online-speech-in-noise tests are already being used frequently to

raise awareness in teenagers and adolescents (De Laat, Van Deelen,

and Wiefferink 2016), but not yet for screening purposes. The

current test appears to be suitable to be used in a national hearing

screening programme, as it is a simple test, appropriate for small

children, which can be performed in 3 min when performed

binaurally. Due to the type of speech material, the influence of

cognition, attention and linguistic demands is minimal. The

independency of the test for soundproof test rooms and type of

presentation creates opportunities for time-efficient simultaneous

group testing and screening in remote settings. However, before the

test can be implemented as a screening test, it is important to assess

its sensitivity and specificity for detecting clinically relevant or

educationally significant degrees and types of hearing losses in

children. The test, therefore, needs to be evaluated in a larger

representative sample of school-age children, including hearing-

impaired children with a large range of hearing losses, in a realistic

testing environment such as a school setting. The hypothesis is that

children with hearing loss will have higher SNRs as compared to

normal-hearing children; however, differences in performance

should be investigated. In addition, the current test was conducted

binaurally. However, in order to detect unilateral hearing losses, the

test should be evaluated when conducted monaurally, as well.

Furthermore, to establish sensitivity and specificity, it is of great

importance to compare the speech-in-noise test with a reliable

reference standard. Therefore, pure-tone audiometry should be

performed in better test conditions as compared to the test

conditions in the current study.

This research shows an age-dependency for SRT in normal-

hearing children (an amelioration of –0.25 dB SNR per age year).

The test result can be misleading if this is not corrected for.

Therefore, the suggestion is to use age-corrected cut-off values in

order to prevent false interpretations of positive test results of young

children. The proposed age-corrected SRT cut-off values need to be

validated in hearing-impaired children as well. Furthermore, this

research indicated a learning effect. Learning effects may be

accounted for by training or repeated conditional testing, i.e.,

introducing an automatic retest for children who failed the test. The

possible influence of a learning effect on screening test outcomes

should be studied further.

Conclusions

The online-speech-in-noise test with simple word material was

shown to be appropriate for use in school-age children, and shows

potential for a routine-hearing screening test. The test can be

conducted simultaneously in a classroom setting, and can be

delivered on either a desktop computer or on a smartphone in

combination with commonly available headphones. When testing,

age and learning effects should be considered. Age-corrected SRT

cut-off values for pass/refer categories are proposed for screening
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purposes. A learning effect exists which could be reduced by

training and/or conditional repeated testing. The test should be

evaluated further in a larger representative population of school-age

children, including hearing-impaired children, in order to evaluate

its sensitivity and specificity for identifying childhood-hearing loss

in realistic screening settings.
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