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ABSTRACT 

The goal of this study was to make an inventory of the 
problems hearing-impaired people encounter when trying 
to understand spoken Norwegian under noisy conditions. 
To accommodate subjects with varying degrees of hearing 
loss a listening test comprising three different formats 
involving different degrees of demand was designed. The 
speech material used consisted of semantically 
unpredictable sentences spoken by male and female 
speakers with different dialectal backgrounds. The speech 
signal was deteriorated by reverberation and babbling noise. 
Three different groups of subjects participated in the 
listening tests: hearing-impaired older listeners,  a reference 
group consisting of older listeners, and a reference group of 
normal-hearing younger listeners. The paper presents some 
main results from the listening tests, drawing conclusions 
concerning, among other things, the influence of speaker 
gender, speaker and listener dialect, and word position. In 
addition, vowel and consonant confusions are discussed. 

1. INTRODUCTION 

The goal of this study was to investigate the problems 
hearing-impaired listeners encounter when trying to 
understand spoken Norwegian, especially under noisy 
conditions. Increasing our empirical knowledge about this 
issue could not only be of theoretical importance but also 
be potentially useful for the improvement of algorithms for 
digital hearing aids. An important point of consideration 
was that practical applications require phonetic knowledge 
at a detailed level (cf. for the English language, e.g.,  [1,2]). 
Whereas the literature reports relevant investigations for 
the Scandinavian languages Swedish [3] and Danish [4], no 
widely accessible studies for Norwegian seem to exist.  

An important challenge in the study has been to develop a 
listening test design that could elicit appropriate numbers of 
misperceptions from listeners with varying degrees of 
hearing loss. Pilot studies showed that in a listening task 
where hearing-impaired subjects had to understand 
complete utterances, their performance typically was either 
close to 100% or almost 0% correct. As a consequence, 
with such a design it is impossible to systematically gather 
information about which parts of the speech signal are 
difficult to understand and for what reason. 
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2. LISTENING TEST DESIGN 

solution to the problem described above, a listening 
mprising three different test formats was designed: 
 choice test, word test and sentence test. While all 
test formats use the same speech material, the 
nces between them lie in the listener's task.  

rced choice test 

this test type the listener is presented with a sentence 
n on a computer screen. One of the words in the 
ce has been replaced by a horizontal line. The 

nce belonging to the sentence is presented via a 
eaker. The task of the listener is to identify the word 

as been deleted in the orthographic representation by 
ing one of four alternative words written under the 
ntal line in the sentence. The alternatives represent 
al pairs. An example is the sentence Raske _____ 

 ofte ('Fast _____ roll often') with the alternatives 
 ('popes'), maver ('stomachs'), gaver ('gifts'), haver 
ens').  

ord test 

test type resembles the forced choice test in that 
rs are being presented with a sentence written on a 
 where one word has been replaced by a horizontal 
ere, however, no answering alternatives are being 

 Due to the absence of forced choice alternatives, this 
pe is more demanding for the listener. 

ntence test 

hird test type is the most demanding one for the 
r, since the utterances are being presented 

tically only, without any help by written text. The 
r's task is to determine the content of the utterance. 

o the free test format, this test has the potential of 
ing all possible kinds of confusion phenomena. 

with the word and the sentence test the listener 
es his answer to the leader of the experiment, who 
it on the keyboard. Finally, the listener reads it on the 
 for verification. 



3. EXPERIMENTAL PROCEDURE 

3.1 Speech material 

The speech material used in the listening test consisted of 
150 both grammatically and syntactically correct, but 
semantically unpredictable sentences. They contained real 
Norwegian words only. To reduce the possible influence of 
short-term memory constraints, the sentences contained 
between four and seven words (for an example, see above).  

3.2 Speakers 

The stimuli were prepared by recording eight different 
speakers each producing all 150 sentences. Due to practical 
constraints the design was not fully balanced. There were 
one male and one female speaker of East Norwegian and 
West Norwegian each, but one male and two female 
speakers from Trøndelag and one male North Norwegian. 
Following the recordings, for each speaker 18-19 
utterances were selected thus dividing the 150 sentences 
approximately evenly across the eight speakers. 

3.3 Acoustic conditions 

The stimuli were presented through one of two 
loudspeakers situated in front of the listener at two different 
distances denoted "Near" and "Far" (1.3 and 4.1 m,  
respectively). An 11-talker babble was reproduced by two 
loudspeakers under the chair on which the listener was 
situated. By introducing a  delay in the two-channel 
reproduction, the babbling noise signal sounded diffuse and 
was hard to locate. In the listening test, the noise signal 
always started some seconds before the speech stimulus. 
Three different noise levels denoted "Low", "Medium" and 
"High" were used.  

3.4 Listeners 

A total of 48 listeners participated in the listening tests. The 
group was divided into three subgroups according to 
hearing loss history: 

(1) Group AH (Aided Hearing): 21 hearing-impaired 
listeners, who used their hearing aids during the listening 
tests. They were aged between 37 and 87 years (mean= 
66.1; standard deviation= 15.4). 

(2) Group UAH>55 (UnAided Hearing): Reference 
group consisting of 20 listeners aged between 56 and 84 
(mean= 68.3; standard deviation= 5.5 years). None of them 
was wearing a hearing aid during the tests, but four 
participants were in possession of a hearing aid. The other 
16 listeners had no reported hearing loss history. 

(3) Group REF<55: Reference group consisting of 7 
listeners aged between 22 and 52 (mean= 31.7; standard 
deviation= 10.7 years). None of the listeners had a reported 
hearing loss history. 

3.4 Organization of listening test sessions 

Each session started with the sentence test, followed by the 
word and the forced choice test, respectively. The leader of 
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periment determined for each individual listener the 
priate number of stimuli in the respective test formats 
ding on the listener's performance. Similarly, 
priate listening conditions were created by adjusting 
eration and noise conditions. As a consequence of 
xible test design the number of stimuli presented with 
f the formats varied. 

4. RESULTS 

verall results showed that the flexible test design had 
successful in accommodating listeners with varying 
s of hearing loss. On average, the reference group 

55 judged 52% of the total number of stimuli in the 
ce test as against 24% both in the word and forced 
 test. For UAH>55 the corresponding numbers were 
34% and 31%; for AH 14%, 41% and 45%, 
tively. Due to space limitations the following 
ns will only present detailed results for the sentence 
d the word test. 

entence test – gender and dialect 

ng into the influence of speaker gender on speech 
gibility it appeared from the data that the error rates 
 male speaker group were generally somewhat higher 
or the female speakers. For the three listener groups 
r effects for speaker gender were found (REF<55: 
 UAH>55: 3.6%; AH: 2.8%). According to an 
A with speaker gender, speaker dialect and listener 

 as factors, the effect of speaker gender was 
ically significant (F(1, 1665)= 4.515; p= .034) with 
gnificant interaction between speaker gender and 
r group (F(2, 1665)= .457; p= .633). 

the role of dialectal background, it was hypothesized 
nderstanding one's own dialect would be the most 
ask, while listeners would have a harder time coping 
ther dialects. Relevant data from the sentence test are 
ted in Table 1. Though not all the possible 
nations of speaker/listener dialect were represented 
 data and some combinations were underrepresented, 
ta allow some conclusions. In all three listener groups 
rror rate distributions were very similar for the 
nt listener dialects. Without exception, error rates 
owest for East Norwegian regardless of the listeners' 
tal background. Beyond that, congruence of speaker 
t and listener dialect (indicated in bold in the table) 
duce error rates only to a certain degree. Let us take 
sults for West Norwegian listener dialect from 

55 as an example. For these listeners the error rate for 
Norwegian utterances (13.5%) was much higher than 
st Norwegian (1.1%), while at the same time being 
rable with the rates for North Norwegian (16.7%) 
røndelag (13.0%). However, a case were listeners 
to have benefited from their dialectal competence is 
ategory Trøndelag listener dialect from group 
55. Here, the error rate for Trøndelag utterances 
ted to 12.9%, which was clearly lower than for North 
est Norwegian (22.8% and 20.5%, respectively) but 

omewhat higher than for East Norwegian (11.1%). 



Similarly, the 21.5% error rate for the combination West 
Norwegian speaker/listener dialect from UAH>55 was at 
the one hand lower than for North Norwegian (30.4%) and 
Trøndelag (23.3%) but at the other hand higher than for 
East Norwegian (15.9%). 
 

 Listener dialect Listener 
group 

Speaker 
dialect 

North Trønd. East West

North 10.3 - 13.4 16.7 
Trøndelag 13.8 - 7.9 13.0 

East  7.2 - 5.1 1.1 

 

REF<55 

West  12.1 - 11.6 13.5 

North - 22.8  32.4 30.4 
Trøndelag - 12.9  22.9 23.3 

East  - 11.1  13.8 15.9 

 

UAH>55 

West  - 20.5 30.8 21.5 

North - 28.2 - 100.0 
Trøndelag - 28.5 79.0 39.2 

East  - 17.0 23.3 52.5 

 

AH 

West  - 34.5 16.7 16.7 

Table 1: The interaction of speaker dialect and listener 
dialect in the sentence test. Mean percentages of misheard 

words/utterance. Congruence of speaker and listener 
dialect indicated in bold. Small italics indicate too low 

number of observations to allow any conclusions. 

4.2 Sentence test - word position 

The open format of the sentence test, where the listeners 
had to rely on the acoustic signal only, allowed us to 
investigate the influence of sentence-internal word position 
on intelligibility. It was hypothesized that due to the 
absence of any other than acoustic (e.g., visual) indication 
of the start of an utterance sentence-initial words would be 
more error-prone than words in sentence-medial or final 
position. To test this hypothesis, for each of the three 
listener groups the number of words were counted that had 
been misperceived, specified for sentence-initial, -medial 
and -final position. The medial position is different from 
the other two word positions in that the number of words in 
that position varied and was always >1. To compensate for 
this, both one single misperceived word and two or more 
misperceived words in sentence-medial position were 
counted as one single error for that position. 

As can be seen from Table 2, the working hypothesis was 
falsified by the data. For all three groups of listeners, least 
word confusions occurred sentence-initially. The highest 
error rates were found for the words in sentence-medial 
position, with the rates for words in sentence-final position 
lying in-between. The ratios of the error numbers for the 
three categories initial, medial, and final were 
approximately 1:3:2. According to χ2-testing, there are no 
significant differences between the distributions for the 
three listener groups (χ2(4)= 1.233; p= .873). In contrast, 
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fluence of word position was highly significant 
d across listener groups: χ2(2)= 254.921; p< .0001). 

istener 
group 

Word 
position 

Misheard 
words (%) 

Stimuli   
(n) 

 initial 6.9  
EF<55 medial 22.4 548 

 final 12.6  

 initial 12.7  
AH>55 medial 41.8 863 

 final 21.3  

 initial 15.6  
AH medial 52.0 275 

 final 31.3  

 2: Sentence test. The occurrence of misheard words 
function of the words' position in the sentence. The 
ory medial comprises the occurrence of both one and 

more than one words being misheard. 

ord test - vowel confusions 

the calculation of confusion matrices for the vowels it 
red that the overall error rates varied for the different 
r groups, being lowest for REF<55 (3.6%), higher 
H>55 (10.1%) and highest for AH (15.9%). In this 

t, the results thus fully confirmed those from the 
ce test. 

er to be able to quantify the information about vowel 
sions at the level of phonemic features, the vowels 
lassified according to place (front vs.  mid vs. back), 

ng (close vs. close-mid vs. open-mid vs. open), 
ing (unrounded vs.  rounded) and quantity (long vs.  
. Following this classification, the errors that had 
ed in the test were specified and, finally, the 
ences of phonemic feature confusions were counted. 
ating the procedure with an example, an /i:/ - /y:/ 
sion was categorized as a rounding error, while an /i:/ 
onfusion involved both a rounding and a quantity 

A threefold error is observed in the case of an /i:/ - /�/ 
sion (place, opening and quantity). In the following 
, error rates are expressed as percentages of the 
er of tokens involved for each phoneme. The data 
ing from this analysis are presented in Table 3. It is 
that due to the small number of errors that occurred 
 group REF<55 no information has become available 
vowel sounds and phonemic features that could play 
 in speech intelligibility for that category of listeners. 
informative, however, are the error rates for the 

s with moderate to more serious hearing losses. 
usly, both the feature rounding (error rates of 5.1% 
5% for UAH>55 and AH, resp.) and place (error rates 
% and 5.2%) contributed much to vowel confusions. 

o other features opening and quantity were of less 
tance but still involved in vowel confusions. 



Listener 
group 

Round-
ing 

Open-
ing 

Place Quan-
tity 

Stimuli 
(n) 

REF<55 1.0 0.1 2.6 0.0 250 

UAH>55 5.1 1.8 5.2 1.1 1054 

AH 7.5 3.7 6.2 3.8 1298 
Table 3: Word test. Error rates for phonemic features 

involved in vowel confusions. Place refers to the 
front-back dimension. 

4.4 Word test - consonant confusions 

As for the vowels, the number of features involved in 
consonant confusions were counted. For example, a /p/ - /b/ 
confusion was being counted as one voicing error, while a 
/p/ - /v/ confusion was registered as a threefold error 
(manner, place, and voicing). Voicing errors were only 
specified for speech sounds that are phonologically 
[±voiced]. In consequence, a confusion of a phonologically 
voiceless /t/ with an (only phonetically, not phonologically 
voiced) nasal /n/ did not result in a voice error but was only 
counted as a manner error. However, the reverse situation 
was treated differently: The confusion of /n/ with a /t/ was 
considered to involve both a manner and a voice error, the 
reason for this being that /n/ usually is phonetically voiced 
and the two options for the listener with this manner 
confusion are voiceless /t/ and voiced /d/.  

The results of the analysis are shown in Table 4. Clearly, the 
place feature was most often involved in consonant 
confusions. This is true for all three listener groups, with 
increasing absolute numbers for REF<55 - UAH>55 - AH. 
Especially for the latter group the correct identification of 
consonant place has been problematic: The corresponding 
error rate amounted to 14.6%. Expressed in absolute 
numbers, with 1298 word identifications a total of 392 
place errors occurred. If we for the sake of simplicity 
assume that not more than only one consonant per word 
was involved, this means that on average almost one third 
(30.2%) of the words have been misperceived due to errors 
involving place of articulation. 

 
Listener 
group 

Manner Place Voicing Stimuli 
(n) 

REF<55 1.3 3.4 0.2 250 

UAH>55 3.5 8.2 0.3 1054 

AH 6.4 14.6 1.6 1298 
Table 4: Word test. Error rates for phonemic features 

involved in consonant confusions and number of stimuli. 

Lower but still sizeable error rates were found for 
consonant manner, with scores of 3.5% (UAH>55) and 
6.4% (AH), respectively. Apart from the AH group having 
1.6% voicing errors, this latter feature did not seem to play 
any important role in consonant confusions. 
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5. CONCLUSIONS 

stening tests have succeeded in achieving the main 
viz. to make an inventory of the problems 

g-impaired people encounter when trying to 
stand spoken Norwegian. Investigation of speaker 
r showed that utterances spoken by female speakers 
more intelligible than those produced by males. Also 
er dialect appeared to have an impact on intelligibility. 
st error rates were found for utterances recorded from 
st Norwegian speakers, irrespective of the dialectal 
round of the listener. Therefore, it might be 
lated that familiarity with a given dialect does not 
arily facilitate intelligibility. 

nition errors varied as a function of position of the 
in the utterance. Contrary to what had been postulated, 

errors occurred in utterance-initial words. 
ximately twice as many errors were registered in 

nce-final words, while words in medial position 
red to be hardest to understand. 

data allowed also some conclusions about the 
bution of phonetic features to misperceptions. Vowel 
sions were mainly caused by confusions in rounding 
lace. Consonant confusions were primarily due to 

errors. Consonant manner was of secondary 
tance, while the feature voicing played a very limited 
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