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perience has shown that sensory deprivation in the pre-
natal period can have a profound and permanent effect 
on the development on the entire central auditory sys-
tem [2]. Therefore, it is important to keep monitoring 
paediatric populations with HI in terms of all aspects of 
audition and language development [3]. Listening and 
holding conversations in noisy environments repre-
sents a major problem for many people with HI [4]. 
Noisy environments are, nevertheless, part of children’s 
everyday school life and, therefore, it is of great inter-
est to study how school-aged children with HI perform 
in noisy environments. Recent research has focused on 
cognitive hearing science and the cognitive energy in-
volved in the listening process for populations with HI 
[5-7]. However, little is known about the “new” gener-
ation of children with HI with early identification of HI, 
early treatment with HA/CI and with intensive audi-
tory verbal (re)habilitation. Will they encounter the 
same listening effort and fatigue as reported by adult 
populations with HI [6]? Most children with HI attend 
regular schools, where noise and distance to speakers 
are an inevitable part of a regular school day [8, 9]. 

The present study is part of a larger project “IHEAR 
– in school with hearing impairment” with the overall 
vision: No child with HI left behind. This vision is 
under stood in broad terms and incorporates areas of 
audition/listening, speech, language, cognition and so-
cial well-being. The research unit of Decibel [10] is the 
principal investigator of the project and works in part-
nerships with Oticon/Oticon Medical, Rigshospitalet, 
Aarhus University Hospital and the Capital Region of 
Denmark. The primary aim of the present study was to 
investigate whether children with normal hearing (NH) 
and HI can perform the speech recognition test Dantale 
II – a Danish sentence-based test of speech perception – 
in noise. Dantale II is a well-known clinical tool in 
Denmark but is seldomly used for paediatric popula-
tions, even though the original study stressed that 
Dantale II can be used with children who are able to 
memorize five-word sentences [4]. A secondary aim 
was to identify differences and similarities between 
children with NH/HI and between children with HA/CI 
and track developments over a two-year period. Fur-
ther more, the study investigated possible associ ations 
between Dantale II and verbal working memory, as  
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ABSTRACT
InTRoduCTIon: School-aged children with hearing impair-

ment (HI) listen and learn in noisy environments. On-going 

monitoring of speech understanding in noise is essential to 

adjust clinical interventions accordingly.

MeThodS: The aim of this study was to assess Dantale II in 

a paediatric population. The secondary aims were identifi-

cation of differences and similarities between groups of 

children with HI and normal hearing and between different 

hearing technologies; investigation of possible associations 

between Dantale II and verbal working memory. This was a 

longitudinal, prospective study comparing groups of 

children (n = 70) using the Dantale II with five-word 

sentences and verbal working memory with the Clinical 

Evaluation of Language Functioning-4.

ReSulTS: Dantale II seems clinically feasible from the age 

of six years. Children with NH outperformed children with HI 

both on completion of the tests and dB signal-to-noise ratio 

(SNR) scores. Children with hearing aids outperformed 

children with CI on dB SNR scores. A significant and 

moderately strong association between speech 

understanding in noise and verbal working memory was 

identified.

ConCluSIonS: Our study produced knowledge about a 

new generation of children with HI, who showed potentials 

not previously described. Future research on cognitive 

development of paediatric populations with HI is essential, 

as knowledge from adult populations cannot be transferred 

directly to paediatric populations.

FundInG: The project received funding from the Innovation 

Foundation, the Oticon Foundation, Decibel and The Capital 

Region of Denmark.
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The introduction of universal neonatal hearing screen-
ing, digital hearing aids (HA) and cochlear implants 
(CI) for paediatric populations with hearing impair-
ment (HI) has improved the life conditions for children 
with congenital HI. It has been documented that early 
intervention with fitting of HA by three months of age 
and enrolment in family-centred auditory verbal inter-
vention by six months of age allow children to close the 
language gap and develop age equivalent language al-
ready at three years of age [1]. However, clinical ex-
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verbal working memory has been reported to be a chal-
lenge for populations with HI [11, 12].  

MeThodS

The main project design is prospective, longitudinal 
and comparative, and is conducted from January 2017 
to December 2020. The project includes annual testing 
of functional hearing using the Dantale II in 2017, 2018 
and 2019. The present study investigated results from 
the first two annual tests and compared Dantale II 
scores with a test of verbal working memory.

dantale II

Speech audiometry refers to procedures that use speech 
stimuli to assess auditory function [13]. The speech rec-
ognition threshold (SRT) is an estimate of the presenta-
tion level at which an individual can identify speech 
stimuli 50% of the time. Monosyllabic words are typi-
cally presented to determine SRT in quiet. The most 
commonly used speech audiometry in Denmark is SRT 
using the Dantale I monosyllabic word lists. Sentences 
are typically used to measure the signal-to-noise ratio 

(SNR) at which an individual identifies stimuli 50% of 
the time. Dantale II consists of 15 lists each with ten 
sentences. Each sentence has the same syntactical struc-
ture and contains five words: name, verb, numeral, ad-
jective and object (e.g. Anders ejer ti gamle jakker) but 
no semantic cues, which provides a low probability and 
a high reli ability [4]. Each sentence is generated by a 
random combination of the alternatives from a base list 
(closed-set). In the present set-up speech (target) and 
noise (masker) came from the same loudspeaker (Gen-
elec 8040A) located at 0°. The test is sensitive with an 
adaptation towards 50% correct and a psychometric 
function most steep around 40-50% correct. The target 
level was 70 dB sound pressure level (SPL)(C) which 
represented a realistic speech level in noisy environ-
ments. The masker level started at 60 dB SPL(C) and 
the masker type was speech-shaped unmodulated noise, 
e.g. steady state noise shaped as the long-term spectrum 
of speech. All children were trained before running the 
test. This training familiarised the children with the 
speech test material and with the task of listening to 
five-word sentences. Test procedure was as follows:  
1) Training part 1: ten sentences without noise, target 
speech at 65 dB(C).  2) Training part 2: 20 sentences 
with adaptive noise as in test. 3) Test part 1: 20 sen-
tences with adaptive noise. 4) Test part 2: 20 sentences 
with adaptive noise. The score is defined as a mean of 
test 1 and 2 and is expressed in dB SNR, where a nega-
tive value indicates a better result. Testing was per-
formed at Oticon headquarters and all children were ac-
companied by at least one parent. No adjustments of the 
setting of the child’s HA/CI were made. To make the 
test more child-friendly, it was renamed the “parrot 
test”: a parrot was placed above the loudspeaker and 
children were to do just like parrots, e.g., repeat what 
they had heard. From a pilot phase it became clear that 
the names the test includes (Ingrid, Michael, Linda, 
Ulla, Niels, Henning, Anders, Kirsten, Per and Birgit) 
were not known to all children and therefore the train-
ing was introduced by a story mentioning these names 
so that the children became familiar with them.  

TABLE 1 / Characteristics of recipients..

children with Ha (n = 14) children with ci (n = 32) children with nH (n = 24)

n (%)
age, yrs,  
mean (± SD) n (%)

age, yrs, 
mean (± SD) n (%)

age, yrs,  
mean (± SD)

Gender

Boy 12 (86) - 16 (50) - 12 (50) -

Girl   2 (14) - 16 (50) - 12 (50) -

Dantalea II

Year 1 14 6.4 (± 1.1) 32 6.6 (± 1.2) 24 7.4 (± 1.6)

Year 2 14 7.5 (± 1.0) 32 7.7 (± 1.3) 24 7.4 (± 1.6)

CELF

Year 1 13 6.8 (± 1.0) 27 7.0 (± 1.2) - -

Year 2 13 7.5 (± 1.2) 24 7.7 (± 1.2) - -

CELF = Clinical Evaluation of Language Functioning; CI = cochlear implant; HA = hearing aid; 
NH = normal hearing; SD = standard deviation.
a) Danish Hagerman sentences system.

TABLE 2 / Comparisons of Dantalea II test scores for children in the hearing impairment group and children in the normal hearing group.

group

Year 1 Year 2

n median (± iQr) W statistic Z p-value eS n median (± iQr) W statistic Z p-value eS

Hearing impairment

Children with CI 13 –1.0 (± 4.5)   30 –2.6 0.007 –0.60 26 –1.7 (± 3.8) 179.5 –2.4 0.02 –0.38

Children with HA   6 –3.5 (± 1.3) 13 –4.1 (± 3.3)

Normal hearing

Children with HI 19 –1.9 (± 4.8) 541.5 3.7 < 0.0001 0.58 39 –2.0 (± 4.4) 411.5 –4.1 < 0.001 –0.52

Children with NH 22 –4.9 (± 1.9) 22 –4.9 (± 1.9)

CI = cochlear implant; ES = effect size; HA = hearing aid; HI = hearing impairment; IQR = interquartile range; NH = normal hearing. 
a) Danish Hagerman sentences system.
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Verbal working memory

Verbal working memory was tested with the standard-
ised test Clinical evaluation of language fundamentals, 
Clinical Evaluation of Language Functioning (CELF)-4 
[14]. Verbal working memory is tested by use of digit 
span and well-known sequences. The children had to 
repeat digits forwards and backwards and to say the al-
phabet while counting e.g., A1, B2, C3 etc. The scores 
were added and calculated to form a single index score. 

Material 

A total of 70 preschool/school children aged 4-10 years 
were included in the study group (n = 46 with HI and n 
= 24 with NH). Children with HI used hearing technol-
ogy from various manufacturers. The inclusion criteria 
for children with HI were: prior to IHEAR three years of 
auditory verbal therapy (AVT), provided by AV-practi-
tioners who were certified in AV practice or who had 
completed the three-year AV education at the AG Bell 
Academy for Listening and Spoken Language [15].  
A total of 54 children with HI and their families fulfilled 
the criteria and 47 accepted (participation rate = 
87%).  No common denominator was found for the six 
children/families who declined in terms of gender, age 
and technology. In all, 42 children were part of an AVT-
project prior to IHEAR [16] and were recruited from 
there. Five children were recruited from a local AV pro-
gramme. The children were from the Nordic countries 
but with a majority from Zealand (n = 39), Jutland (n 
= 5), the Faroe Islands (n = 1), Sweden (n = 1), Nor-
way (n = 1). One child with bone anchored hearing 
aids was excluded in the present study but will instead 
be used as a case study. A comparison group counting 
24 children with NH was established. The age range of 
the group was 4-10 years. They were children of col-
leagues in Decibel/Oticon/Rigshospitalet as well as  
siblings and classmates of the participating children 
with HI. 

data analysis 

Descriptive statistics were summarised as frequencies 
and percentages and as means ± standard deviation 
and interquartile range for the continuous variables. 
The Shapiro-Wilk’s test was used to assess the normal-
ity of distribution of investigated parameters. The Dan-
tale II values were analysed as the mean value of test 1 
+ 2 dB SNR. Differences in Dantale II values between 
groups were analysed by the Wilcoxon (Mann-Whit-
ney) test, as data were not normally distributed. Effect 
sizes were calculated as r =  Z

√n
. Spearman’s correlation 

was used to analyse the association between Dantale II 
test scores and CELF-4 scores. Children who had miss-
ing data on either of the tests were excluded from all 
analyses. Independent two-sample t-tests were run to 
investigate age differences in children who had missing 

test scores versus children who completed the tests.  
p-values below 0.05 were considered statistically sig-
nificant. Statistical analyses were performed using SAS 
software 9.4 (SAS Institute, Cary, NC).

Trial registration: not relevant.

Results

Table 1 summarises characteristics of recipients in 
terms of age at test, gender and hearing technology. 
Table 2 summarises test statistics, p-values and effect 
sizes. Figure 1 summarises the percentage of comple-
tion of training and test 1 + 2.  At year one, the per-
centage of children with HA/CI who completed test 2 
was lower than that of children with NH, 42%, 44% 
and 92% respectively. At year two, markedly more chil-
dren with HA/CI completed test 1 + 2, 93%, 81%, and 
92%, respectively. Two-sample t-tests revealed that 
children who did not complete both tests at year one 
and two were significantly younger (year one: t = –4.0, 
n = 46, p = 0.0002) and (year two: t = –2.0, n = 46, p 
= 0.05). 

Children with HA outperformed children with CI at 
a significant level both years, p = 0.007 and p = 0.02, 
respectively. The NH group significantly outperformed 
the HI group in both years: Year one (W = 541.5, Z = 
3.7, p < 0.0001), year two W = 411.5, Z = –4.1, p < 
0.01).

Table 3 summarises the results of the CELF-4 com-
pared to Dantale II. Results of the Spearman’s correla-
tion indicated a significant and moderately strong as-
sociation, e.g. a better score on Dantale II (negative 
values) was associated with a better score on the 

FIGURE 1 / Percentage of children completing training,  

test 1 + 2.
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CELF-4 for both year one and two: r = –0.5, p = 
0,002/r = –0.4, p = 0.001, respectively.  

dISCuSSIon

We found that children aged 4-10 years can complete 
the Dantale II. The Dantale II provides a more realistic 
measure of everyday performance than measures of 
speech understanding in noise where isolated monosyl-
labic words are used as target speech. Running speech 
in the presence of noise better reflects realistic listening 
situations for populations with HI and may be used as 
part of the lifelong assessment of a person’s hearing sta-
tus and technology. Children with HI of school age 
must follow academic curriculums and learn to social-
ise, and this generally occurs in the presence of noise. It 
is, therefore, important that their performance is evalu-
ated as close to everyday life situations as possible. We 
found a significant association between age and com-
pletion of Dantale II tests 1 + 2 and this information 
has clinical impact as it seems more feasible to use the 
test from around six years of age. It would be relevant 
to prepare an adapted version of Dantale II targeting 
the youngest children and to elaborate further on as a 
user-operated speech-in-noise test for paediatric popu-
lations [17]. Dantale II can be used in a three-word 
sentence format which might be appropriate for testing 
paediatric populations but to the best of our know-
ledge, there is no documentation to support this use. 
Therefore, future studies comparing three-word sen-
tences to five-word sentences would be relevant to per-
form. It would also be relevant to try out Dantale II 
when speech and noise are spatially separated, which 
would resemble more realistic listening situations.  
Spatial separation of the source (speech) and masker 
(noise) might have led to different results compared 
with our co-located set-up due to two phenomena: spa-
tial unmasking as well as the hearing devices having  
directional microphones. We found a positive develop-
ment from year one to year two and it is questionable 
whether this effect was due to; age, a learning effect 
[18], change of CI/HA technology or cognitive taxing. 
Our data sample was too small to adjust statistically for 
these variables with regression analysis, but it would be 
highly relevant to investigate these variables in future 
studies. Moreover, we used stationary noise, modu-

lated noise (e.g., International Collegium of Rehabilita-
tive Audiology noise) could have produced different re-
sults. Modulated noise better reflects the spectral and 
temporal characteristics of the sound of everyday life 
and therefore future studies should consider using 
modulated noise as masker [19].

Our results relate to the latest knowledge on cogni-
tive hearing science [5, 6, 12]. Children with HI were 
challenged in completing the tests in the first year and 
despite an improvement at year two, children with HI 
performed significantly poorer than children with NH. 
It may be argued that this finding was due to effortful 
listening and a lack of motivation to listen because it 
was simply too hard. Even at higher ages, children with 
HI perform poorer than children with NH, most likely 
because of a poorer signal in background noise, which 
taxes cognitive processes. Against this argument is the 
performance of children with HA compared to children 
with NH at year two, scores were largely similar, –4.1 
dB SNR and –4.7 dB SNR, respectively. This is an inter-
esting finding and promises a bright “listening future” 
for the new generation of children with HI. Moreover, 
because of the unknown potentials of the new gener-
ation of children with HI it is important that the inter-
play between hearing and cognition involves paediatric 
populations, as knowledge from adult HI populations 
cannot be transferred directly to paediatric popula-
tions.  Working memory has been reported to challenge 
children with HI [11, 12]. We found a significant and 
moderately strong association between Dantale II and 
verbal working memory. However, this association 
does not provide information about the casual pathway 
and the question remains whether children with HI 
struggle to hear and hence use all their cognitive re-
sources for perception and have little left for memory? 
Or whether poorer working memory causes poorer 
Dantale II scores?  

ConCluSIonS

Our study produced knowledge about a new gener-
ation of children with HI, showing potentials which 
have not previously been described.  It is therefore im-
portant to keep studying the potentials and outcomes 
of this generation to adjust clinical interventions ac-
cordingly. 
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TABLE 3 / Spearman’s correlation between Dantalea II test 

scores and Clinical Evaluation of Language Functioning test 

scores in the group of children with hearing impairment.

Year n r p-value

1 19 –0.5 0.02

2 33 –0.4 0.01

a) Danish Hagerman sentences system.
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