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ARTICLE INFO ABSTRACT

Keywords: Objective: The aim of this study was to develop and evaluate a Swedish version of the Hearing In Noise Test for

Hearing in noise Children (HINT-C).

Ig}lll\g Design: In the first part, the Swedish HINT lists for adults was evaluated by children at three signal to noise ratios
1lldren

(SNRs), —4, —1 and +2 dB. Lists including sentences not reaching 50% recognition at +2 dB SNR were excluded
and the rest constituted the HINT-C. In the second part, HINT-C was evaluated in children and adults using an
adaptive procedure to determine the SNR for 50% correctly repeated sentences.

Study Sample In the first part, 112 children aged 6-11 years participated while another 28 children and 9 adults
participated in the second part.

Resuits: Eight out of 24 tested adult HINT lists did not reach the inclusion criteria. The remaining 16 lists formed
the Swedish HINT-C which was evaluated in children 6-11 years old. A regression analysis showed that the
predicted SNR threshold (dB) was 0.495-0.365*age (years + months/12) and the children reached the mean

Speech audiometry
Speech recognition

adult score at an age of 10.5 years.
Conclusions: A Swedish version of HINT-C was developed and evaluated in children six years and older.

1. Introduction

Audiometric tests based on speech signals are useful in the clinic for
diagnosing a hearing impairment, assessing hearing aid fittings, and
evaluating the benefit of other assistive listening technology [1,2].
During the development of such test, there are several aspects to
consider, such as the target signal, type of maskers, and listening envi-
ronments. All of these aspects influence the performance on the test,
especially for listeners with hearing loss.

Children’s learning environments, where they spend much of their
time, are often noisy and thus challenging hearing speech [2-4].
Therefore, it is important during a hearing aid fitting, which is most
often based on pure tone audiometry, to assess the speech recognition in
noise with the hearing aids. Tests of speech in noise provide a good
prediction of a child’s functional hearing ability [2-4]. Even so, the
number of studies using sentences in noise to assess children’s ability to
hear in noisy environments are limited.

The British Bamford-Kowal-Bench lists (BKB lists) developed in 1979
[6] are the origin of the American English Hearing In Noise Test (HINT)
lists. In this HINT version, British English idioms were removed, the

sentence length was adjusted to better fit the American speakers and 250
sentences were divided into 25 phonemically balanced and matched lists
[7]1. The sentences are used in an adaptive procedure for determining the
threshold where 50% of the sentences are correctly repeated. After a
correctly repeated sentence allowing minor variations in articles and
verb tenses, the noise level is increased by 2 dB, and reduced again by 2
dB if the answer is wrong [7]. The children’s version of the American
English HINT (HINT-C) was developed based on the HINT for adults [8].

In the American HINT-C, the child repeats short sentences which are
presented either with or without noise, which requires both language
skills and concentration. The American HINT-C is based on 130 sen-
tences that are divided into 13 phonemically balanced lists adaptively
adjusted to produce a speech recognition threshold. The American
HINT-C was evaluated in children divided into four age groups (6-8,
9-11, 12-14 and 15-18 years), and it was found that HINT could be used
from 13 years of age [8]. A French-Canadian, a Norwegian, a Brazilian
and a Danish version of the HINT have also been developed for testing
speech recognition in children (6-13 years) in a similar way [2,9-11].
They all showed that the speech recognition thresholds (SRTs) improved
with age up to the age of 10 years after which the SRTs corresponded to
the result of adults. This is consistent with the available literature on age
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Abbreviations
HINT Hearing In Noise Test

HINT-C Hearing In Noise Test - Children

TEOAE Transient Evoked Oto Acoustic Emissions
SNR Signal-to-Noise Ratio

SRT Speech Reception Threshold

SPL Sound Pressure Level

HL Hearing Level

effects in speech audiometry indicating stable performance starting at
ages ranging from 9 to 12 years [2,5,8-11].

The Swedish HINT consists of everyday sentences that are grouped
into 25 phonemically balanced lists of 10 sentences each [12].
Currently, the Swedish HINT has not been evaluated for testing children.

The primary aim of this study was to develop and validate the
Swedish HINT to be suitable for testing in children with normal hearing,
a Swedish HINT-C. A secondary aim was to investigate age related
changes in speech recognition in noise using the Swedish HINT-C in
children with normal hearing aged six to eleven years.

2. Materials and METHODS

The study is divided into three parts where the first part is a pilot
study investigating result on the Swedish HINT in children, the second
part is the development of a Swedish HINT-C, and the third part is an
evaluation of the Swedish HINT-C children and adults.

2.1. Ethics

The study was approved by the Regional Ethical Review Board for
Medical and Health Research. Dnr:2013/456-31.

2.2. Part 1: The pilot study

To find suitable SNRs for testing the children, a pilot study
comprising 42 children aged six to eleven years (mean age 8.6 years, SD
1.65) with normal hearing and Swedish as first language was conducted
using the Swedish HINT. They were tested according to the adaptive
algorithm to achieve 50% correctly repeated sentences. The results
showed lower (better) SNR with age, larger variability in the younger
compared to the older children, but no significant gender or learning
effect. The SNRs ranged between —4.48 dB and 4.00 dB (mean —0.94
dB). Based on the results, three SNRs were chosen for the main study, 2
dB where most children could correctly repeat the sentences, —1 dB
which was close the mean result, and —4 dB at which only a few of the
children could correctly repeat the sentences. The most difficult level
chosen, a SNR of —4 dB, is close to the average SNR on the Swedish HINT
for adults, that was reported to be —3 dB [12].

2.3. Part 2: Development of Swedish HINT for children

2.3.1. Participants

For this part, children aged six-to eleven years were invited to the
study by contacting local elementary schools. To be included in the
study the child had to have Swedish as his or her native language and
have normal hearing. In total, 112 children (60 boys, 52 girls) accepted
participation and met the inclusion criteria. The children were grouped
according to their age: Group 1 (n = 38) six and seven-year-olds (mean
age 6.3 years, SD 0.47), group 2 (n = 42) eight and nine-year-olds (mean
age 8.5 years, SD 0.50), and group 3 (n = 32) ten and eleven-year-olds
(mean age 10.7 years, SD 0.47). In addition, a group of 10 adults aged
between 23 and 40 years (mean age 33.3) that met the inclusion criteria
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from the Audiological clinic at Linkoping University Hospital, were
tested in the same way as the children.

2.3.2. Test equipment

A portable audiometer GSI 66 (Grason-Stadler) and TDH-39P
earphones were used to screen the children for pure-tone hearing. The
integrity of the outer hair cells was tested with TEOAE using a portable
PC with software Otodynamics LTD ILO OAE Auditory Screener, Model
ILO288-USB Interface. The HINT was tested using a portable PC with an
external sound card (M-Audio Transit) and TDH-39P earphones placed
inside Audiocups Amplivox noise protectors to reduce the impact of
environmental sounds. The HINT was computer-based with software
developed in Matlab (Mathworks Inc.) that presented the sentences at a
level of 65 dB SPL and noise at three SNRs: —4, —1 and 2 dB in random
order. The outputs of the earphones were calibrated on a Briiel & Kjer
artificial ear type 4153.

2.3.3. Hearing tests

Screening with TEOAE and pure tone hearing were conducted after
the ears were examined with an otoscope, and when normal hearing
(passed our screening criteria at 10 dB HL at 250-8000 Hz and normal
TEOAE) had been verified the participant was tested with the HINT. The
total test time per child was approximately 30 min.

Twenty-four lists with 10 3-6-word sentences in each list, and one
additional practice-list, from the Swedish HINT recorded with a female
voice were used and monaurally presented to the right ear. Only exact
repetition was accepted as correct. Each list and SNR were tested on
8-10 children and one adult.

First, training list 1 was used where the child listened to and repeated
two sentences without noise and then two sentences at 2 dB SNR. The
training list was used to ensure that the children understood the in-
structions, which were to listen to each sentence and repeat aloud what
they heard. The children were encouraged to guess if they were uncer-
tain. After the training stage, the children were tested with 60 randomly
chosen HINT sentences at the three SNRs, 20 sentences at each SNR. A
short break was taken after 35-40 sentences. The adult group was tested
in the clinic but in exactly same way. The criterion for a list to be
included in the HINT-C was that all sentences in that list were correctly
repeated by at least 50% of the children at 2 dB SNR.

2.4. Part 3: Evaluation of Swedish HINT-C

2.4.1. Participants

For the evaluation, twenty-eight children aged six-to eleven years
were recruited at the Audiological clinic at Linkoping University Hos-
pital among the staff’s children and siblings of hearing-impaired chil-
dren that visited the clinic. The inclusion criteria were the same as in the
previous testing, normal hearing and Swedish as the child’s native lan-
guage. The results were analyzed in the entire group of children and also
when the children were grouped according to age with group 1 (n = 8)
comprising six to seven-year- olds (mean age 6.5 years SD 0.53), group 2
(n = 11) comprising eight to nine-year-olds (mean age 8.3, years SD
0.44), and group 3 (n = 9) comprising ten to eleven-year-olds (mean age
10.5 years, SD 0.50). An additional group (group 4, n = 9) of adults aged
between 23 and 38 years (mean 28.6 years), was recruited from the
Audiological clinic at Linkoping University Hospital. These adults had
not been part of the previous testing and all met the inclusion criteria.

2.4.2. Test equipment and procedures

The audiometer Madsen Aurical Plus Program version 2.41 and,
TDH-39P earphones were used to screen the children for pure-tone
hearing. The integrity of the outer hair cells was tested with TEOAE
using a portable PC with software Otodynamics LTD ILO OAE Auditory
Screener, Model ILO288-USB Interface. The HINT- C was tested using a
portable PC with an external sound card (M-Audio Transit) and Rotel
RMB-1066 power amplifiers and speaker Fostex SP8 in an anechoic test
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room.

2.4.3. Hearing tests

Pure tone screening audiometry and TEOAE testing for verifying the
inclusion criteria were conducted in the same way as described in 2.3.3.
To evaluate the eight Swedish HINT-C lists with twenty 3-6-word sen-
tences devised in the previous part the participant was placed in an
anechoic test room. The Swedish HINT-C lists were presented in a sound
field from a loudspeaker approximately 1 m in-front of the participant.
First, the participant was familiarized with the test situation by
repeating two sentences without noise and then two sentences at 2 dB
SNR. After the training the participant was tested with one list of 20
sentences, and after a short break another list of 20 sentences. The
speech and noise were co-located in front and the speech was presented
at a level of 65 dB SPL. An adaptive up-down procedure determined the
presentation levels; the first sentence in each list was presented at 0 dB
SNR and the SNR decreased by 2 dB when repeated correctly or
increased by 2 dB when repeated incorrectly. Scoring was based on
correctly reported whole sentences allowing minor variations in articles
and verb tenses. The SNR-threshold for a list was computed as the mean
SNRs of the fifth to the twenty-first trials, where the SNR of the twenty-
first sentence was predicted from the response of the twentieth sentence.

The procedure is similar to others who developed HINT-C in different
languages with the difference that here the speech level was fixed at 65
dB SPL and the noise level adapted during the evaluation.

2.5. Statistics

The results were analyzed using the software package IBM SPSS
Statistic version 19. Results between groups were analyzed by analysis
of variance (ANOVA) while linear regression was used to predict SNR
threshold on HINT-C based on age. A p level<0.05 was considered as
significant.
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3. Results
3.1. Development of HINT-C

Fig. 1 shows the result from the HINT sentence testing at —4, —1, 2
dB SNRs as the mean + 1 SD speech recognition score in percent for the
three groups of children and one adult group. According to Fig. 1, the
speech recognition increases with better SNR for all groups. Also, there
is a clear trend of better speech recognition as a function of age where
the speech recognition improves with age for all three SNRs. When the
results were analyzed with a repeated measures ANOVA, the Mauchlys
test of sphericity was significant for the SNR [;%(2) = 10.501, p = 0.005]
and the degrees of freedom was adjusted according to Greenhouse-
Geisser. The analysis showed a main effect of age-group [F(3,116) =
3930.90, p < 0.001, nz = 0.97] and SNRs [F(1.86,213.38) = 1127.86, p
< 0.001, 42 = 0.91] and the interaction between the age-group and the
SNR was significant [F(5.52,213.38) = 7.03, p < 0.001, ;12 = 0.15].
Pairwise comparisons showed that all groups differed significantly at the
p < 0.001 level, except group 2 and 3 which differed with p = 0.009.
Pairwise comparisons of the SNR showed significant differences be-
tween all three SNRs (p < 0.001). Post hoc analysis (Sidak) based on the
95% confidence intervals showed significant differences between the
three SNRs in each group, except for the adult group where the result at
the two easiest SNRs did not differ significantly. When the post hoc
analysis was done between the groups at the same SNR, there were no
significant differences between group 1 and 2 at —4 dB SNR, between
group 2 and 3 at —1 dB SNR, and between group 2 and 3 and between
group 3 and 4 at 2 dB SNR. All other differences were significant.

To devise HINT-C, all lists that included sentences with speech
recognition score of less than 50% at a SNR of 2 dB were excluded.
Thirteen of 240 sentences had a speech recognition score below 50% and
the 9 lists containing these 13 sentences were removed. The rationale for
removing the entire list and not only the sentence that was too difficult
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Fig. 1. The average results plus standard deviation of speech recognition scores in percent for the three age-groups of children and one adult group at the three

SNRs tested.
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according to our criteria was to maintain the phonemic balance of the
material. After removing 9 lists, 16 lists from the original HINT with 10
sentences in each remained. The remaining lists were combined so that a
list among the eight lists with the lowest speech recognition scores were
combined with a list among the eight lists with the highest speech
recognition scores. This resulted in 8 lists comprising 20 sentences
constituting the Swedish HINT-C. Fig. 2 displays the speech recognition
scores in percent for each list and group as well as an average score for
all lists and groups in the three SNRs tested.

3.2. Evaluation of HINT-C

Twenty-eight children aged six-to eleven years were tested with the
Swedish HINT-C and a linear regression was computed to investigate the
relation between the SNR threshold and age. A significant regression
equation was found (F(1,26) = 25.775, p < 0.001), with an R? of 0.498.
According to the regression equation, a participant’s predicted SNR
threshold in dB based on age was 0.495-0.365*age, where the age is
given as years + months/12.

Fig. 3 shows the individual SNR thresholds as well as the results of
the regression analysis for the entire children group tested on the HINT-
C with an adaptive procedure. For the whole children group, the HINT-C
mean SNR threshold is —2.6 dB. The adult result on the HINT-C is shown
in a boxplot on the right-hand side of Fig. 3 indicating a mean SNR of
—3.6 dB (SD 0.76). According to the regression equation based on the
children’s HINT-C scores, the mean adult score is achieved at an age of
10 and a half years.

3.3. Learning effect

The children were tested with one list of 20 sentences and after a
short break another list of 20 sentences. The average SNR-thresholds at
the first and the second test lists are presented in Fig. 4 for all four
groups, and the difference between these two can be interpreted as a
learning effect of the test. For all groups, the average SNR thresholds
improved (became more negative) for the second test list compared to
the first test list. When the HINT-C scores for the first and second test list
were analyzed with a repeated measures ANOVA, a significant effect of
groups was seen, [F(2,25) = 19.32,p < 0.001, nZ = 0.35] as well as a
significant learning effect [F(1,25) = 13.48, p=.001, 712 = 0.10]. How-
ever, the interaction between learning effect and groups was not sig-
nificant [F(2,25) = 1.49, p=.24] indicating that the learning effect was
not significantly different between the different age groups.

4. Discussion

In this study, the Swedish HINT was investigated for its usability in
children at ages of 6 years and up to 11 years. Similar to other studies
creating HINT-C, some of the sentences were too difficult for the chil-
dren and the lists containing these sentences were removed [8-10].
After removal of the lists containing the difficult sentences, a Swedish
HINT-C was created with 8 lists each comprising 20 sentences.

a) SNR +2 dB b)

100
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3

Speech recognition score (%]

listl list2  List3  list4  list5  list6  list7  list8 Mean list1 list2  List3

O67years
Os9years
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list 4
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Based on the original HINT development [7] the standard procedure
to compute the HINT SNR score is to average the SNRs from sentence 5
and onwards. This means that for a 10 sentence list the score is the
average of the SNRs from sentence 5 to sentence 11, where the 11th
sentence SNR is based on the result of the 10th sentence, and for a 20
sentence list the score is the average of the SNRs from sentence 5 to
sentence 21, where the 21st sentence SNR is based on the 20th sentence
[2,8-11]. For the Swedish HINT-C we chose the procedure described
above where the HINT score is based on a 20-sentence list also used in
Danish and Brazilian-Portuguese HINT-C [2,11]. This was based on the
results from the pre-study where we saw stable results in the later part of
the testing and it is also the same as in the ordinary Swedish HINT
facilitating easier comparison between them, even if the Swedish
HINT-C shows slightly better SNRs than the original Swedish HINT in
the adult population.

Another procedure is based on the HINT scores from three 10-sen-
tence lists where the final HINT-C score is computed as the average of
the two best scores out of the three lists. This procedure is reported for
HINT-C in American-English and Canadian French [8,9]. A third pro-
cedure is similar to the secondly described procedure but uses only two
10-sentence lists and compute the average of those two if they are within
2 dB, otherwise a third 10-sentence list is obtained and the HINT score is
computed as the average of the two closest SNRs. This procedure is used
for HINT-C in Norwegian [10]. Consequently, the use of different
scoring algorithms in different languages makes comparison between
languages difficult, both in the absolute scores, but also the difference
between scores, for example before and after a hearing aid fitting.

The adaptive protocol described in this study differs from other HINT
languages, where the noise is fixed, and the level of the speech is
adapted. The main reason to keep the speech level fixed is to ensure
audibility of the speech signal during the testing. This is mostly an issue
in subjects with hearing impairment as altering the speech level may
cause the speech to become inaudible and the test result is then a speech
level threshold rather than a speech in noise threshold.

In the current study, the average Swedish HINT-C SNR threshold for
the adults was —3.6 dB with a standard deviation of 0.76 dB. Hallgren
[12] reported an average SNR threshold of —3.0 dB with a standard
deviation of 1.1 dB for the HINT in adults with normal hearing. In the
Swedish HINT-C, a few of the most difficult sentences for the children
were removed, and it is plausible that these sentences were the most
difficult for adults as well. It is therefore not unexpected that the adults’
average result on the HINT-C is slightly better than the average result on
the original HINT.

The result on the HINT-C was expected to be worse in children than
in adults [2,8,9,13,20], i.e. they were expected to need a stronger speech
signal in relation to the noise in order to understand the sentences. The
results in Fig. 3 corroborate this hypothesis and the statistical analysis
indicates that the differences between the first and the second test lists
were significant (Fig. 4). According to the literature, most children
achieve adult-like performance in the age range of 9-12 years for speech
in stationary speech-shaped noise [5,14,15]. Here, the regression anal-
ysis of the current results in Fig. 3 indicates adult-like performance on

SNR-1dB ) SNR-4dB

Speech recognition score [%]

lists  list6 list7 list8 Mean listl list2 list3  list4  list5  list6  list7  list8 Mean

Fig. 2. The speech recognition scores for each list in the HINT-C for the three children age groups with and SNR of a) +2 dB, b) —1 dB, and c) -4 dB. In addition, the
overall mean presented in % for all lists and age-groups are presented for each SNR.
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Fig. 3. The individual SNR threshold in relation to the age of the child is presented as a black dot. A regression line indicates an improvement in SNR threshold of
0.36 dB per year. The right-hand panel shows the adult SNR thresholds where the red line is the mean —3.6 (SD 0.73). As the box-plot indicating that the children
reach adult behavior at approximately 10 and a half years old. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web

version of this article.)

SNR for the first/second list (dB)

6-7 years
Group 1

8-9 years
Group 2

10-11 years adults

Group 3

Fig. 4. The SNR-thresholds at the first and the second test. The upper part of the bar shows the result for the first test-list and the lower part of the bar shows the

result for the second test-list.

the HINT-C for children aged 10.5 years. Previous studies have shown
that children’s test performance on speech-in-noise tests improves with
age and that children’s speech recognition abilities depend on their
ability to separate speech from noise [14]. The ability to separate speech
from noise seems not to fully develop until the age of 10-12 years [10,
17]. This was also found in the current study where the younger children
performed worse than the older children (Fig. 3). Thus, the speech
recognition abilities of children with normal hearing may not mature
until the mid-to-late teens in listening condition involving reverberation
plus noise [14,17,18].

The difference in speech-in-noise performance between children and
adults indicates a need for a Swedish HINT-C. The present study showed
that children with normal hearing as young as 6 years can be tested with
HINT-C. The children had no problem performing the task, but they
required better SNRs than adults did. The study showed similar results as
previous studies of HINT-C in other languages including that of Koiek
et al. and Vaillancourt et al. [2,9] where a better performance (worse
SNR threshold) with increasing age was found. In Vaillancourt’s mate-
rial, the children reached adult performance at the age of 12 years [9]
while in the present study, the regression analysis indicates adult-like

results at the age of 10.5 years. Buss et al. [16] studied the effects of
noise on the speech recognition abilities of children, and found that the
performance improved with age, and that children under the age of 14
years needed a more favorable SNR to perform as well as adults. Blandy
and Lutman [4] showed, using BKB sentences, that even if the children
have pure tone audiometric thresholds better than or equal to young
adults, 7-year-olds generally have worse results on speech recognition in
noise compared to younger adults, and the children’s results get
adult-like from the age of 10 years.

Only children with Swedish as their first language were included and
their parents were requested to complete a health declaration for the
child. Although children with specific language problems, concentration
difficulties etc. were excluded, it should be emphasized that children at
6-11 years of age is a heterogeneous population. One explanation for the
poorer performance of the youngest children (6 and 7 years old) can be
their limited linguistic knowledge. Another suggestion is that young
children have poorer frequency resolution than adults which makes
detection of the speech signal more difficult in noise than in quiet [19].
They may, have differences in working memory capacity which plays an
important role for children’s abilities to acquire knowledge and new
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skills [19]. Children also have different ability to sit still, to be
concentrated and/or motivated, which could explain some of the vari-
ation in our results, especially in the youngest group.

5. Conclusions

The Swedish HINT-C was shown to be an appropriate speech
audiometric test in noise for children above 6 years of age. The similarity
in learning effect among the age-groups suggest that the test is fast
enough even for the youngest participants to maintain the attention
throughout the test. The predicted SNR threshold versus age can be used
as age-corrected normative results on the Swedish HINT-C with normal
hearing function. However, future work of the speech-in-noise percep-
tion in children with hearing loss is required.
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