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Abstract
Purpose: To overcome the potential tension between clini-
cal and ecological validity in speech audiometric assessment 
by creating a new set of sentence materials with high linguis-
tic validity for the Dutch-speaking area. Methods: A linguis-
tic “fingerprint” of modern spoken Dutch and Flemish served 
to generate a set of sentences recorded from 1 male and 1 
female talker. The sentences were presented to 30 normal-
hearing listeners in stationary speech noise at a signal-to-
noise ratio (SNR) of –5 dB sound pressure level (SPL). A list 
design criterion was used to achieve perceptive homogene-
ity across the test lists, by scrambling lists of sentences of 
different syntactic types while controlling for linguistic com-
plexity. The original set of test materials was narrowed down 
to 360 sentences, and list equivalency was evaluated at the 

audiological and linguistic levels. A psychometric curve was 
generated with a resolution of 2 dB based on a second group 
of 60 young normal-hearing native speakers of Dutch and 
Flemish. Results: Sentence understanding showed an aver-
age repetition accuracy of 63.40% (SD 1.01) across the lists 
at an SNR of –5 dB SPL. No significant differences were found 
between the lists at the level of the individual listener. At the 
linguistic level, the sentence lists showed an equal distribu-
tion of phonological, morphological, and syntactic features. 
Conclusion: LiCoS combines the clinical benefit of acoustic 
control at the list level with the high ecological validity of 
linguistically representative test items. The new speech au-
diometric test is particularly appropriate to assess sentence 
understanding in individuals who would otherwise exhibit 
near-ceiling performance when tested with linguistically 
more simplified test stimuli. In combination with pure tone 
audiometric assessment, LiCoS provides valuable comple-
mentary information with respect to the functional hearing 
of patients. © 2018 S. Karger AG, Basel
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Introduction

Speech Audiometry as a Measure of Functional 
Hearing Performance
To ensure that those who need hearing devices obtain 

and use them to a maximum benefit, the development 
and constitution of adequate hearing assessment and re-
habilitation programs should meet the challenges that 
current populations with a hearing impairment are facing 
in daily communication. As oral communication is a so-
cial skill that heavily relies on the ability to hear and un-
derstand speech, pure tone audiometric results are there-
fore ideally complemented by speech audiometric testing.

A critical analysis of existing speech audiometric as-
sessment materials for the Dutch- and Flemish-speaking 
area [1] has revealed that although existing speech audio-
metric sentence tests are without any doubt useful com-
ponents of the diagnostic audiological test battery (see, 
for instance, the “VU Amsterdam sentence test” [2, 3] and 
LIST [4]), they are not very representative of the speech 
that patients are confronted with in day-to-day listening 
situations.

As it has been shown that one of the main reasons for 
the nonuse or underuse of hearing aids is the user’s poor 
benefit and listening experience in real-life communica-
tion situations [5], there is an increasing interest in the 
ecological validity of hearing tests that can be used in clin-
ical audiological practice.

Why Linguistic Balancing Matters
An important feature of modern speech audiometric 

tests is that they seek to achieve a high comparability of 
sentence lists by controlling for acoustic information, i.e., 
test lists are compiled in such a way that in normal-hear-
ing listeners, the variation between each of them in terms 
of speech reception thresholds (SRTs) – expressed as the 
hearing level at which a performance level of 50% cor-
rectly repeated speech items is reached – is only minimal.

Importantly, research on German sentence perception 
tests for speech audiometry has revealed that in addition 
to acoustic variation, SRTs are also sensitive to linguistic 
parameters. Variation in syntactic structure, word fre-
quency, and sentence ambiguity have been shown to have 
a consistent and systematic effect on sentence intelligibil-
ity test outcomes. For sentences that are presented in 
noisy conditions, linguistic complexity has a negative ef-
fect on SRTs in young listeners with normal hearing [6] 
and on elderly listeners with hearing loss, especially in 
combination with age-related cognitive decline [7]. In a 
similar vein, noise has been shown to have a stronger im-

pact on the processing and understanding of structurally 
difficult parts of the sentence than on syntactically sim-
pler parts [8].

Study Objectives
Taken together, the combination of acoustic and lin-

guistic features for speech perception may have impor-
tant implications for speech audiometric assessment in 
audiological practice. Nonauditory factors such as lexical 
and syntactic features of the target language system may 
increase the cognitive demands of processing sentences 
in noise. In combination with hearing loss this may lead 
to suboptimal functional hearing in day-to-day listening 
situations even among patients with good speech dis-
crimination outcomes. In this sense, the use of a balanced 
list of test sentences with varying degrees of syntactic 
complexity may provide useful information with regard 
to the subjective benefits of particular hearing devices for 
a patient.

The goal of the present study was to develop and eval-
uate a new set of sentence lists for the Dutch- and Flem-
ish-speaking area that takes into account both acoustic 
and linguistic parameters that might affect speech audio-
metric outcomes. In addition, our intention was to de-
velop materials that may be used to evaluate the hearing 
performance of hearing-impaired individuals in commu-
nicative settings that are representative of the modern 
Dutch language as it is used in daily communication. This 
implies that the sentences should be as close as possible 
to genuine conversational speech, and as such be uttered 
at a normal speaking rate. Against this background of 
ecological validity, linguistic control is ideally obtained by 
carefully balancing the lexical and grammatical complex-
ity levels within each test list, reducing as much as possi-
ble any potentially unwanted linguistic effect on speech 
perception outcomes.

Methods

Linguistic and Audiological Selection Criteria for Sentence 
Generation and Recording Principles
During a first stage, a set of 500 sentences was created in such 

a way that they contain a fixed number of keywords (2 per sen-
tence) on the basis of which sentence intelligibility was assessed. 
As semantic predictability is known to facilitate word recognition, 
all sentences were generated in such a way that they comply with 
the syntactic rules of modern Dutch but have very low semantic 
transparency, i.e., no fixed expressions have been used, nor do the 
2 keywords within 1 sentence belong to the same semantic field.

Importantly, to achieve a representative yet homogeneous lev-
el of linguistic variation, each list was balanced for a large number 
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of linguistic parameters covering the lexical, phonological, mor-
phological, and syntactic components of modern spoken Dutch: 
lexical balancing consisted in selecting the keywords from a list of 
the 5,000 most frequently used words in Dutch based on a large 
reference corpus (9 million words) of contemporary Dutch as spo-
ken in the Netherlands and Flanders by adult speakers (Corpus 
Gesproken Nederlands [9]); phonemic balancing was obtained by 
calculating the Euclidean distance between the normalized histo-
grams for the initial phonemes and the phoneme bigrams of the 
keywords and the abovementioned reference corpus of spoken 
Dutch [for a detailed description of the algorithm, see 10]; and the 
keywords were balanced for 8 major word classes (adjectives, ad-
verbs, nouns, prepositions, pronouns, quantifiers, verbs, and con-
junctions), for which the relative proportion reflects the distribu-
tion found in the Dutch reference corpus.

Importantly, all sentences were also balanced for syntactic struc-
ture, providing a representative sample of the variation in syntactic 
complexity that is found in modern spoken language. Each sen-
tence list thus covers 8 different types, ranging from syntactically 
“simple” main clauses (e.g., with the canonical word order Subject-
Verb-[Object]) over clauses with “medium” complexity (e.g., with 
noncanonical word orders such as the ones found in passives or 
topic-verb constructions) to “fully complex” structures (e.g., co-
ordinated and subordinated clauses, subject and object relatives). 
Again, the relative proportion of each syntactic type is in agreement 
with the large reference corpus of modern spoken Dutch.

All lists were further balanced with respect to the length of the 
sentences, reducing variation within one syntactic type to maxi-
mally 1 word and to 2 syllables per sentence. In a similar vein, the 
length of the keywords was also balanced, resulting in limited vari-
ation in the proportion of mono-, bi-, tri-, and quadrisyllabic 
words per test list.

The 500 sentences were recorded by 1 male and 1 female speak-
er. Recordings were done separately for Dutch (The Netherlands) 
and Flemish (Flanders, Belgium) native speakers, using a H2 
ZOOM recorder connected to an Acer laptop computer with a  
Realtek High Definition Audio sound card. Signals from the mi-
crophone were captured through the Praat software [11] at a sam-
ple frequency of 44,100 Hz. The total set of recordings thus con-
sisted of 2 × 500 sentences uttered by 2 male and 2 female speakers. 
The male and female voices were carefully balanced across the syn-
tactic types. The 4 speakers were trained speech-language patholo-
gists, and their speech was evaluated by 2 independent and naive 
observers who judged it not to present any regional pronunciation.

The average speaking rate of the sentences was 4.5 syllables per 
second, a rate which is in line with the references in the literature 
regarding normal conversational speech [12, 13]. All sentences 
were uttered with a deliberately flat intonation and with no pitch 
accents standing out on the keywords. They were saved as unique 
sound files in Waveform Audio File Format (.wav).

Further acoustic balancing consisted in adjusting the root 
mean square level of the individual sentences to 70 dB sound pres-
sure level (SPL). A stationary speech noise was then created by 
shaping a white noise according to the long-term average spectrum 
of the complete set of sentences using a Praat script based on code 
developed by Quené and van Delft [14]. A post hoc analysis showed 
that in agreement with the principles laid out in the ISO 8253-3 
norms concerning audiometric test methods, the speech level of a 
single test sentence did not deviate from the average level of all 
sentence test items by more than ±3 dB.

Sentence Selection and New List Formation
All sentences were inserted in A§E® 2012 audiometric assess-

ment software [15]. All correct and erroneous repetitions of the 
keywords within each carrier sentence were scored directly in the 
A§E® 2012 software program by the test administrator, a native 
speaker of Dutch. The sentences were presented in the abovemen-
tioned speech noise at a signal-to-noise ratio (SNR) of –5 dB in the 
sound field from a single loudspeaker at 0° azimuth on the hori-
zontal axis at 1 m distance from the listener. All participants were 
tested in the same quiet room under similar acoustic testing condi-
tions. Prior to testing, the noise levels of the room were checked by 
means of an MPAA1 T.meter.

The complete set of 500 sentences was presented to 30 listeners 
(8 men and 22 women with an average age of 27.2 years [SD 9.9]). 
For each participant, the pure tone average (PTA) at 500, 1,000, 
2,000, and 4,000 Hz was first estimated for the left and the right ear 
following the modified Hughson-Westlake procedure [16] using 
an Interacoustics AS608 type 4 audiometer and Amplivox Audio-
cups headphones. At the group level, the average PTA was 11 dB 
HL (SD 2.24) for the left ear and 10.45 dB HL (SD 6.12) for the 
right ear. The 30 listeners were instructed to repeat what they had 
heard and were encouraged to guess if they had missed a word or 
part of a sentence. In total, the sentence repetition task thus yield-
ed 15,000 sentence repetitions. For each sentence, a percent correct 
score was calculated based on 30 × 2 keyword repetitions.

Based on these test results, within each syntactic type and for 
each speaking voice (male, female) the sentences were then sorted 
by percent score and outliers were removed from the test set. From 
the initial set of 500 sentences, 360 were retained and assigned to 
12 lists containing 30 sentences each. Each list was carefully bal-
anced based on the linguistic parameters described above, control-
ling for the length and syntactic structure of the carrier sentences 
and for the length of the keywords. In agreement with the meth-
odology used for the development of the AzBio sentence lists for 
English [17], the first 12 sentences were sequentially assigned to 
lists 1–12 and the next 12 to lists 12–1. This was done for each syn-
tactic type and speaking voice separately.

Norm References
Normative data were then gathered for the Flemish and Dutch 

listeners separately using the corresponding recordings of the sen-
tence test. A test protocol was designed in view of generating a 
psychometric curve with a resolution of 2 dB based on speech rep-
etition accuracy. The participants in this norm reference study 
were 60 young normal-hearing listeners who were native speakers 
of one of the regional variants of the Dutch language (n = 30 Flem-
ish; n = 30 Dutch). The inclusion criteria for participation were 
based on the age (between 18 and 35 years old) and the hearing 
threshold of the listener (PTA ≤20 dB HL for both ears).

The speech audiometric assessment then started with the pre-
sentation of one of the 12 lists, for which the intensity of the speech 
signal was set at 78 or 76 dB SPL (randomly distributed amongst 
the participants) and against a background noise with a fixed in-
tensity level of 70 dB SPL. Speech perception performance was 
measured in terms of the percentage of correct sentence repeti-
tions based on 60 keywords per list of 30 sentences (i.e., a sentence 
repetition accuracy of 70% indicates that 42/60 keywords were re-
peated correctly). For the second and successive lists, the intensity 
of the speech signal was increased by 4 dB and testing was contin-
ued until a 100% repetition score was obtained (i.e., 60/60 correct 

D
ow

nl
oa

de
d 

by
: 

V
rij

e 
U

ni
ve

rs
ite

it 
B

ib
lio

th
ee

k 
   

   
   

   
   

   
   

   
   

   
   

 
15

4.
59

.1
24

.1
11

 -
 8

/1
1/

20
18

 7
:0

1:
38

 P
M



LiCoS Test for Speech Audiometry 93Folia Phoniatr Logop 2018;70:90–99
DOI: 10.1159/000490050

keyword repetitions in a list of 30 sentences). The initial level was 
then decreased by 4 dB until a speech repetition accuracy of 0% 
was reached (i.e., 0/60 correct keyword repetitions in a list of 30 
sentences).

The second part of the speech audiometric assessment consist-
ed in a presentation of one of the 12 sentence lists in silence at an 
intensity level of 40 or 42 dB SPL (randomly distributed amongst 
the participants) and followed by a stepwise increment of 4 dB for 
each consecutive list until a 100% repetition score was reached. 
The subsequent list was presented at a decreased intensity of 4 dB. 
Again, the initial level was then decreased by 4 dB until 0% repeti-
tion accuracy was obtained.

As such, for each listener, a set of different values of speech rep-
etition accuracy between 0 and 100% was obtained for both listen-
ing conditions (silence, noise).

Results

List Equivalency at the Level of Speech Repetition 
Accuracy
A first analysis of sentence intelligibility based on the 

repetition accuracy showed an average correct score of 
63.40% (SD 1.01) across the lists (see Table 1 for more 
details). The new test set of 360 sentences was further 
evaluated in view of the equivalency of the different lists 
both at the group level and at the level of the individual 
listeners. Firstly, the between-list variability at the group 
level was tested by running a one-way ANOVA with the 
percent correct scores for all 30 listeners per list as the 
dependent factor and the list number as an independent 
group factor. No significant difference was found be-
tween the 12 lists (F(11, 348) = 0.463, p = 0.969), indicat-
ing an equivalency in perceptual difficulty for all lists. Sec-
ondly, a one-way within-subject ANOVA was conducted 
to assess the effect of list choice on the sentence repetition 
accuracy for each individual listener. Here also, no sig-
nificant difference was found between the 12 lists (F(11, 
348) = 0.892, p = 0.549), implying that the different lists 
are of equal difficulty at the individual level as well.

List Equivalency at the Language Level
The variability in speech materials between the 12 lists 

was further assessed for the different linguistic parame-
ters that were used as additional design criteria to compile 
the sentence test set. Firstly, the phonemic histograms of 
the 12 lists indicated that the phonemic distribution was 
similar to that of the spoken language reference corpus. 
The LiCoS lists exhibit an average phoneme z-distance of 
2.08 (SD 0.29) to the reference corpus; as such, its test 
items may be considered to be “best phonemic exem-
plars” of spoken Dutch. With respect to the variation in 

syntactic complexity, full list equivalency was achieved 
due to the fact that a fixed number of sentences of each 
syntactic type was included in each list in combination 
with a careful balancing between the male and female 
speaker’s voices and sentence length based on the number 
of words within each syntactic type. The sentence test set 
proved to be highly homogeneous, exhibiting a very sta-
ble average length of 2 syllables (SD 0.085) for the key-
words and of 11.69 syllables (SD 2.12) for the carrier sen-
tences across all lists. An overview of the linguistic pa-
rameters for each sentence list is given in Table 2.

Materials for Clinical Use
In clinical practice, there may be circumstances in 

which audiologists wish to perform a speech audiometric 
assessment based on smaller numbers of test sentences 
(e.g., due to lack of time or manpower on the side of the 
audiologist, or a reduced attention span in the case of par-
ticular groups of listeners such as elderly adults). There-
fore, the 360 sentences were assigned once again to 36 lists 
of 10 sentences according to their repetition accuracy and 
in agreement with the sequential assignment principle 
described above. For this shortened test version, equiva-
lency was assessed by comparing the average level of per-
formance scores obtained from the lists with 30 sentences 
to the lists with only 10 sentences. A within-subject anal-
ysis of the sentence repetition outcomes of the 30 listeners 
as a dependent variable and the length of the sentence lists 
(10 sentences vs. 30 sentences) and the list number as in-
dependent variables revealed that there was no significant 

Table 1. Average percent correct scores, SDs, and 95% confidence 
intervals for each test list

List 
No.

Average 95% confidence interval

% correct SD lower bound upper bound

1 64.22 8.52 61.05 67.40
2 63.00 10.40 59.12 66.88
3 63.94 9.92 60.24 67.65
4 62.56 8.00 59.57 65.54
5 64.39 9.99 61.03 67.74
6 65.17 9.17 61.74 68.59
7 63.94 9.73 60.31 67.58
8 64.06 9.59 60.48 67.64
9 62.11 8.21 59.05 65.18

10 62.78 9.77 59.13 66.43
11 62.72 9.83 59.05 66.39
12 61.94 7.78 59.04 64.85
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difference in hearing performance based on the length of 
the test list (F(1, 29) = 0.141, p = 0.710), the list number 
(F(11, 319) = 0.281, p = 0.989), or a combination of the 
two (length × list F(11, 319) = 0.340, p = 0.976).

Norm Reference Curves and Speech Recognition 
Thresholds
For each participant, 6–8 data points between 0 and 

100% were obtained both for the silent and the speech-in-
noise listening condition. Together, the data points cover 
stimulus presentation levels with an intensity between 16 
and 48 dB SPL (silence) and SNRs between –16 and +14 
dB (noise).

In agreement with standard practice in norm referenc-
ing, percentile ranking scores were calculated for the dif-
ferent intensity levels and SNRs for Dutch and Flemish 
separately. The Appendix provides the full normative 
data description in terms of the 2.5th, the 50th, and the 
97.5th percentile values for each listening condition and 
regional variant of the Dutch language. A sigmoid curve 
was fitted through these data points based on the logistic 
model function in (1):

( ) ( )°
100

1 Int Int
f Int ,

e �- -
=

+
(1)

where Int represents the intensity of the test stimulus, α 
the steepness of the curve, and Int° the intensity level at 
which the sigmoid function’s midpoint is reached (or the 
SRT at 50% correct repetitions). The percentile rankings 
are depicted in Figure 1. Details about the norm refer-
ence data can be found in the Appendix below.

In addition, for each listening condition and regional 
language variant, the average SRT and the SDs were cal-
culated based on the individual speech identification 
curves obtained for each listener by applying the same 
logistic model function. The slope of the curve in its mid-
point was calculated based on the function’s first deriva-
tive, for which the equation is given in (1′):

( ) ( ) ( )( )° ° 1 ° .
d

f I f I f I a
dx

= ´ - ´ (1′)

The resulting SRTs and slopes are given in Table 3 and 
the corresponding curves in Figure 2.

Table 2. Linguistic parameters at the sentence list level: distribution of the syntactic types, number of words, and 
number of sentences per syntactic type and of the speaker voice with a representative example for each syntactic 
type

Syntactic type Words/
sentence

Male 
speaker, 
sentences/
list

Female 
speaker,
sentences/
list

Total,
sentences/
list

Example

Subj V Complement 7–8 3 3 6 Haar partner is naar een ander stad vertrokken
“Her partner has left for another city”

SVtransO 7–8 5 5 10 Hij isoleert zijn pand om geld te besparen
“He isolates his house to save money”

Topic Verb Subj 6–7 2 1 3 Gisteren is de schommel kapot gegaan
“Yesterday the swing broke”

Passive 6–7 1 2 3 Toetsen worden door de ouders ondertekend
“Tests must be signed by the parents”

Coordination 9–10 1 2 3 We vonden het erg leuk en bleven dus langer
“We liked it a lot and thus stayed longer”

Subordination 9–10 2 1 3 Hij dacht niet dat jij die tafel zou kopen
“He didn’t think that you would buy that table”

Subject relative 9–10 1 0 1 De koe die daar in de stal staat is ziek
“The cow that is standing in the stable over there is ill”

Object relative 9–10 0 1 1 De broek die ik aan had, was van mijn zus
“The trousers that I was wearing were my sister’s”

Total 15 15 30

Each list thus contains 30 sentences, 15 uttered by a male speaker and another 15 by a female speaker.
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Discussion

Current sentence test materials for the Dutch-speak-
ing area are typically well controlled for perceptive simi-
larity. This is generally done by reducing linguistic varia-
tion up to the level of the individual test items, e.g., by 
using a particular sentence type exhibiting low syntactic 
complexity such as the Subject-Verb-Object template. 
This type of construction represents the canonical word 
order of Dutch with the agent and object of a transitive 
verb taking up, respectively, the sentence-initial and sen-
tence-final positions. In such prototypical constructions, 
the listener may partially fill in missing acoustic informa-
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Fig. 1. Norm reference curves for sentence repetition accuracy de-
picting the 2.5th, 50th and 97.5th percentiles (P 2.5, 50, and 97.5). 
a, b Horizontal axes: speech stimulus intensity in quiet in dB sound 
pressure level (SPL). c, d Horizontal axes: intensity or signal-to-
noise ratio (SNR) of the speech signal in dB SNR. a–d Vertical axes: 

percentage of correctly repeated sentences based on 2 keywords 
per sentence. a Silence condition for Dutch listeners. b Silence 
condition for Flemish listeners. c Noise condition for Dutch listen-
ers. d Noise condition for Flemish listeners.

Table 3. Speech reception thresholds (SRTs) and curve slopes at 
50% for Dutch and Flemish listeners in silence and noise condi-
tions

SRT Dutch Flemish

Silence 26.76 dB SPL (SD 2.28)
slope at 50% = 9.9% 
(SD 1.6)

25.77 dB SPL (SD 2.21)
slope at 50% = 10.20% 
(SD 2.31)

Noise –5.05 (SD 0.72)
slope at 50% = 9.94% 
(SD 1%)

–2.80 (SD 0.73)
slope at 50% = 12.90% 
(SD 3.30)
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tion based on syntactic predictability, e.g., by merely 
“guessing” the presence of the missed object of a verb 
based on the grammatical principle inherent in the Dutch 
language that transitive verbs do not allow their object to 
remain empty.

By ignoring such linguistic effects on sentence under-
standing, variation in speech audiometric outcomes may 
be wrongly attributed to sensory processing capacities 
only. Many clinics are using sentence intelligibility tests 
to evaluate the hearing performance of patients with a 
hearing impairment over time; when outcomes are based 
on linguistically simplified test sets, increased speech per-
ception performance may be the result of good linguistic 
compensation skills, rather than genuine hearing capaci-

ties. This implies that such outcomes may potentially 
mask the need for further fine-tuning of hearing aids or 
cochlear implant speech processors. For the German-
speaking area, these insights have led to the development 
of a new speech audiometric sentence test in which lin-
guistic complexity is employed as an additional design 
criterion to compile sentence lists [18].

As is well known, natural conversation includes a wide 
variety of sentences, including complex syntactic struc-
tures that may be less supportive to speech perception 
and may even put a burden on auditory processing. With-
in our own group, we have recently reported important 
linguistic effects of test stimuli on hearing performance 
outcomes for the Dutch-speaking area [19]. Using test 
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Fig. 2. Speech reception thresholds (SRTs) for sentence under-
standing in silence (a, b) and noise (c, d) listening conditions for 
Dutch (a, c) and Flemish (b, d) listeners. The curve represents the 
average of the individual listener’s sentence repetition accuracy 
(average SRT based on individual nonlinear curve fitting; LiCoS). 
The dots at the curve’s midpoint depict the individual listener’s 
SRTs. a, b Horizontal axes: speech stimulus intensity in quiet in dB 

sound pressure level (SPL). c, d Horizontal axes: signal-to-noise 
ratio (SNR) of the speech signal in dB SNR intensity or SNR of  
the speech signal in dB SNR. a–d Vertical axes: percentage of cor-
rectly repeated sentences. a Silence condition for Dutch listeners. 
b Silence condition for Flemish listeners. c Noise condition for 
Dutch listeners. d Noise condition for Flemish listeners.
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sentences with varying degrees of linguistic difficulty at 
the morpholexical and syntactic levels, we have found 
that sentence repetition accuracy is significantly lower 
with verbs than with nouns, adjectives, or adverbs, or 
with syntactically more complex constructions such as 
passive sentences (e.g., The document has been released 
into the public domain) or object relative clauses (e.g., I 
am looking for the book that I bought yesterday) as com-
pared to “easy” Subject-Verb-Object sentences.

Also, the LiCoS test sentences were deliberately re-
corded using a normal conversational style and speaking 
rate instead of a less naturalistic form of speech which is 
optimized for intelligibility (“hyperspeech”) [20, 21]. Due 
to the combination of the enhanced linguistic complexity 
and normal speech rate of the test items, the new LiCoS 
test provides a highly realistic impression of the differ-
ences in day-to-day hearing functioning in oral commu-
nication. As fewer subjects will achieve maximum perfor-
mance in quiet or in noise conditions, these new LiCoS 
sentence test materials will be particularly suited for indi-
viduals who show near-ceiling performance when tested 
with linguistically less challenging items such as the ones 
used in the existing sentence tests [2, 4].

Conclusions

The main aim of this study was to overcome the po-
tential tension between clinical and ecological validity in 
speech audiometric assessment by creating a new set of 
sentence materials for the Dutch-speaking area (Flan-
ders, The Netherlands) estimating a listener’s hearing 
performance in everyday listening situations. Within the 
limits of the ISO 8253-3 norm for speech audiometry 
[22], a design criterion has been used that aims to achieve 
homogeneity across test lists, by scrambling lists of sen-
tences of different syntactic types while controlling for 
linguistic complexity at the list level. As such, in one 
speech audiometric test list, the clinical benefit of high 
acoustic-linguistic control is combined with the ecologi-
cal validity of speech stimuli that are highly representative 
of modern spoken language.

A new sentence test set of 12 lists of 30 sentences was 
recorded in two standard varieties of the Dutch language 
spoken in the Netherlands and in Belgium (Flanders). 
The evaluation of the test materials in a cohort of 30 nor-
mal-hearing listeners indicated that LiCoS may serve as a 
valid measure of functional hearing performance. Each 
list is balanced for a large number of linguistic factors that 
cover the lexical, phonological, morphological, and syn-

tactic components of modern spoken Dutch while yield-
ing a similar speech repetition accuracy under identical 
listening conditions.

Norm reference data were gathered based on another 
cohort of 60 normal-hearing listeners from the Nether-
lands and Belgium. These norm references may serve as 
a baseline to evaluate hearing performance in patients 
with a hearing impairment. Finally, the existence of a 
“shortened” version of LiCoS paves the way to the devel-
opment of a Minimal Speech Test battery for Dutch, fol-
lowing the example of Spahr et al. [17] for English. Ide-
ally, such a Minimal Speech Test battery would include a 
phonemic discrimination task [15], a list of CVC words 
[23], a digits-in-noise test [24], and 10 LiCoS sentences, 
providing an optimum mix of low-redundancy and high-
ly redundant speech samples that could be used success-
fully to evaluate speech understanding of hearing-im-
paired patients in clinical audiological practice.
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