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Evaluation of a Danish speech corpus for assessment of 
spatial unmasking

Thomas Behrens, ToBias neher, and rené Burmand Johannesson

Oticon A/S, Research Centre Eriksholm, Kongevejen 243, 3070 Snekkersten, Den-
mark

This paper reports on an evaluation of a new Danish speech corpus for assessment 
of spatial unmasking. The structure of the sentences used (Example “Michael 
had seven yellow boxes”), lends itself to be used in a multitalker speech intelligi-
bility task with selective attention, by using the leading name as a call sign.   
In experiment 1 the speech material was evaluated for speech recognition 
homogeneity of the compiled test lists. The evaluation was carried out using 9 
normal hearing native Danish speaking subjects, who listened to and repeated 
sentences from a female target talker presented against a background of two 
concurrent female talkers. All sound was presented from a single loudspeaker. 
Data analysis, carried out on group data, revealed systematic differences 
in speech intelligibility, which could be related to target call sign and tar-
get talker. Based on the analysis, the selection of the speech material to 
use in future studies was limited to reduce spread in speech intelligibil-
ity. Training effects were observed, but they were of small magnitude.  
In experiment 2 the speech material selected in experiment 1 was used for 
assessing spatial unmasking in a group of 9 normal hearing native Danish 
speaking subjects. Target sentences were always played from directly in front 
of the subject. Spatial unmasking was assessed in two unmasked conditions, 
offering different sets of spatial cues. The first condition elicited unmasking 
along the median plane by playing maskers from one speaker directly behind 
the subject. The benefit obtained by subjects was about 10 dB on average, but 
varied considerably. In the second unmasked condition, maskers were played 
from two speakers placed +/- 50 degrees to the left and right of the target. The 
benefit obtained by subjects was much more consistent than in the first condi-
tion, with an average effect of about 14 dB.

IntroDuctIon
In Danish speech intelligibility research, the Dantale II corpus (Wagener et al., 2003) 
is a well-established tool. However, this corpus is not suitable for multi-talker spatial 
unmasking (SU) assessments. One English corpus used frequently in such assessments 
is the Coordinate Response Measure (CRM; Bolia et al., 2000). 

The research reported here was carried out within the context of enabling Danish 
multi-talker SU assessments. In a first experiment, a newly recorded speech corpus 
that was inspired by the Dantale II and CRM corpora was tested for its homogene-
ity in terms of speech intelligibility. In a second experiment, the corpus was used to 
obtain normal-hearing reference data for an SU task to be completed later by hearing-
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impaired subjects (see companion paper by Neher et al., 2007).

ExpErImEntal conDItIons  
Experiment 1
Nine normal hearing adults aged 25 – 46 served as subjects.

Speech material
The Dantale sentences have the following structure “Name Verb Numeral Adjective 
Noun”, with a typical example being “Michael had seven yellow boxes”. The context 
is low, which enables scoring at the word level. For each word category, there are 10 
alternatives, which can in principle be combined randomly. The combinations chosen 
for the Dantale lists ensure a phonetic balance.

In the present context where the corpus is to be used in a multitalker speech intelligi-
bility task, it is necessary to have one part of the sentence identify the target sentence 
and another part to be used for evaluating what has been heard by the subject. With 
the present sentences it was decided to use the leading name as the call sign and the 
remaining four words for evaluation. 

Recordings were made of 5 trained female talkers. Talkers were instructed to read 150 
sentences from the Dantale sentence lists with normal vocal effort. These correspond 
to those reported on by Wagener et al. (2003), with the exception of list 13, which has 
consistently yielded lower performance in previous testing at the Eriksholm Research 
Centre and therefore has been excluded. 

The obtained recordings were segmented into .wav files, each containing one sentence. 
The length and level of each file was then analysed. Following analysis, the length was 
adjusted +/- 5% in order to minimize the variance on the sentence duration, whilst pre-
serving pitch. Also, the level of the individual sentences was equalised. 

The Dantale sentences are structured in lists with different call signs, each contain-
ing 10 sentences. All call signs are used exactly 15 times in the recorded selection and 
therefore sentences have been reorganized into 10 lists, each containing 15 sentences 
with the same call sign.

Experimental procedure
Subjects were presented with 750 possible combinations of sentences and talkers as 
the target. Two maskers were randomly selected. All concurrent sentence presenta-
tion was co-located, at a target-to-masker ratio (TMR) of 0 dB. Presentation level was 
65 dB(A) SPL. Stimuli were presented from a speaker placed directly in front of the 
subject at a distance of 1.6 m. Testing took place in an anechoic chamber. To enable 
analysis of masking properties of the speech corpus, the responses were coded at the 
word level as target, masker or extraneous. The experiment was divided into 7 ses-
sions, each session containing 105 trials, with the exception of the last session which 
contained 120 trials.
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Experiment 2
Nine normal hearing adults aged 25 – 46 served as subjects. Each subject took part in 
a training and a test session. Speech material selection from experiment 1 was used 
as stimuli. 

Physical test setup
All training and testing was carried out under anechoic conditions. Four loudspeakers 
were positioned in the horizontal plane at 0°, ±50° and 180° (cf. figure. 1). The distance 
to the listening position was 1.6 m. Below the frontal loudspeaker an LCD screen was 
hung that was used for displaying instructions. The subject was seated in a custom-
made chair equipped with a head rest that was small enough, so that sound reaching a 
subject’s ears from behind was not obstructed. The chair was adjusted as necessary to 
ensure that the subject’s head was located precisely in the middle of the test set-up and 
that the subject was seated comfortably. The subject was instructed to move as little as 
possible whenever measurements were made. This could also be checked by means of 
a camera and a monitor placed in the control room.

Fig. 1: Physical test set-up and spatial test condition

Spatial test conditions
To quantify SU, speech intelligibility was measured for three spatial test conditions: 
(1) co-located, (2) displaced F-B, and (3) displaced L-R (cf. Fig. 1). In the co-located 
condition, three speech signals were presented simultaneously from the frontal loud-
speaker. One of the signals served as the target (T), while the other two signals served 
as maskers (M1 and M2). In the displaced F-B condition, the target stayed in front and 
the two maskers were presented from behind. In this condition, only high-frequency 
monaural spatial cues (e.g. Middlebrooks & Green, 1991) were therefore potentially 
available to the subjects to spatially separate the target from the maskers. In the dis-
placed L-R condition, the target came still from in front, whilst the maskers were pre-
sented from the left and right loudspeaker, respectively. In this condition, both inter-
aural and monaural spatial cues were therefore potentially available to the subjects. To 
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allow the subject to identify the target signal in the co-located condition, the first word 
of the target sentence (the “call sign”) was displayed on the LCD screen. The subject’s 
task was to repeat all five words of the target sentence (the call sign scores were not 
included when estimating speech intelligibility).

To ensure that the subject was ready for the next sentence being presented, an audi-
tory pre-warning in the form of the word “ready” was played from the frontal speaker 
immediately before the actual sentence.

Estimation of spatial unmasking
In order to estimate SU, 50%-correct speech intelligibility thresholds were meas-
ured for the three spatial conditions. SU was then calculated by taking the difference 
between the TMR corresponding to the 50%-correct threshold estimate obtained for 
the co-located condition and the TMR corresponding to the 50%-correct threshold 
estimate obtained for either the displaced F-B (SUF-B) or the displaced L-R (SUL-R) 
condition:

 SUF-B = TMRCo-Ioc-TMRDispl_ F-B, [dB]   (Eq. 1)

 SUL-R = TMRCo-Ioc-TMRDispl_ F-B, [dB]   (Eq. 2)

The individual 50%-correct threshold estimates were extracted from psychometric 
functions that had been derived using the method of constant stimuli. Before the start 
of the actual SU measurement, all subjects completed a brief “task brush-up” that 
included a few “easy” TMRs, so that they could get used to the different conditions 
again. Next, 30 “pre-trials” were run per condition to get an indication of where each 
subject’s threshold was likely to lie. The resultant data were then used to derive psy-
chometric functions with the help of a maximum-likelihood estimation procedure. 
From these functions, a few suitably placed TMRs were extracted and another block 
of 30 trials was run per condition. Only the data from the pre-trials and subsequent tri-
als were used to estimate the final thresholds.

Training program
The design of the training program was based on a gradual build-up of the task com-
plexity, concluding with the actual SU task. It consisted of four steps, which are sum-
marised in Table 1. At the start of each step, the subject was provided with verbal and 
written instructions regarding the details of the subsequent stimuli. After each stimu-
lus presentation, the experimenter provided verbal feedback to let the subject know if a 
given response was correct or not. If the subject had made a mistake, the experimenter 
gave instructions in terms of what aspect of the stimulus to pay attention to and played 
the same stimulus up to two times more, so that the subject could correct his response. 
Such feedback provision is known to play an important role in the successful outcome 
of training programs, including audiological ones (e.g. Sweetow & Palmer, 2005). The 
duration of the training program was approximately 30 minutes.
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Step Signal(s) What’s new? No. of trials
1 T + M1 T and M1 introduced; Task: Repeat T, locate M1 12
2 T + M1 + M2 M2 introduced; Task: Repeat T, locate M1 + M2 12
3 T + M1 + M2 Target call sign changes; Task: Repeat T 15
4 T + M1 + M2 TMRs change 45

table 1: Training program details. For each step, the signals presented, the new ele-
ments introduced, and the number of trials run are indicated.

Experimental time course
The study comprised two separate visits per subject. At the first visit, all subjects were 
trained according to the program outlined in Table 1. At the second visit, SU perform-
ance was measured as described above. The decision to carry out the training program 
and first SU measurement on two separate days was motivated by research findings 
related to perceptual learning (Ortiz and Wright, 2005). 

rEsults  
Experiment 1
The data extracted for further analysis by means of a repeated measures ANOVA were 
the average scores of each subject for each of the 50 lists presented (10 call signs * 5 
talkers). It is shown in Table 2.

Max. (%) Min. (%) F-value p-value
CALL SIGN 53.9 66.2 6.66 <0.01*
TALKER 57.5 64.0 1.42 0.25
CALL SIGN*TALKER 46.3 72.2 2.14 <0.01*

table 2: Results of repeated measures ANOVA on group list score data along with max-
imum and minimum observed. Statistically significant effects at the p< 0.05 level are 
indicated by an asterisk.

It can be seen from the table that there are statistically significant effects of call sign 
and call sign*talker. When observing list scores, it is seen that the spread is very large, 
ranging from 46 % to 72 %. It can also be observed from the table that the variance 
associated with call sign is larger than that associated with talker. To minimize vari-
ation in the selection used for further testing the call signs which increased variance 
the most were excluded. Then, the three talkers yielding minimum variance within the 
remaining lists were selected.

The call signs excluded were not only those that objectively gave the lowest perform-
ance, but also those ones the test subjects reported having the most problems hearing, 
when presented co-located in competition with two randomly selected maskers.
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The results of a new repeated measures ANOVA on the final selection of sentence lists 
is shown in Table 3. It showed the following.

Max. (%) Min. (%) F-value p-value
CALL SIGN 61.2 67.2 1.48 0.22
TALKER 62.9 66.8 0.61 0.56
CALL SIGN*TALKER 58.9 70.6 1.56 0.13

table 3: Results of repeated measures ANOVA on group list score data from the selected 
lists along with maximum and minimum observed. Statistically significant effects at the 
p< 0.05 level are indicated by an asterisk.

It can be observed that neither the call sign effect, nor the call sign*talker effect is 
statistically significant. This is in line with a post-hoc analysis (Bonferroni), which 
revealed no statistically significant differences between the list scores. It can further be 
seen from the data on the call sign*talker effect that the variation in list scores has now 
been reduced to a 12% interval. This is in line with the variation reported for Quick-
SIN (McArdle and Wilson, 2006) and Dantale (Wagener et al., 2003).

Training Effects
These were found to be low compared to other speech intelligibility tasks. The training 
effects found fell into two categories. One group showed training effects on the order 
of 0.04% per 10 sentences presented. For the other group the corresponding number 
was 0.25% per 10 sentences presented.

Masking Effects
The purpose of this analysis is to obtain data on the type of masking occurring in the 
present multitalker experiment. Results are given in Fig. 2 below. At a 0 dB target-
to-masker ratio the responses given by subjects are on average 60.6% from the tar-
get talker, 15.5% from the masking talkers and the remaining 23.9 % were responses 
extraneous to what was presented.

Figure 2 also compares data from the current study with similar data from corpora 
developed for similar purposes, such as the Coordinate Response Measure, CRM 
(Brungart et al., 2001), and the TVM Sentences (Helfer & Freyman, 2006). The TMR 
for the CRM data was 0 dB, whilst for the TVM sentences a SNR of 2 dB was used. 
Another difference between the corpora is that the CRM is a closed set, where subjects 
are given all response possibilities on a touch screen, whereas in the TVM and the cur-
rent study subjects are asked to repeat what was heard. Finally, the CRM material has a 
higher pace than the Dantale material. This may impose difficulties in older listeners

The comparison reveals that the amount of responses in the current study that were 
masker words, are comparable to what is found with the CRM corpus and somewhat 
more than what has been found with the TVM sentences. 
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Fig.2: Average response pattern by subjects being subjected to the corpus evaluated in 
this study along with data from the CRM and TVM corpora.

Experiment 2
The results of experiment 2 in terms of thresholds in the three tested spatial condi-
tions along with the accompanying spatial unmasking is given in the left and right 
panels of Fig. 3.

Fig. 3: Thresholds of the three different conditions (left) used for estimating spatial 
unmasking as shown on the right.

It can be observed in the right panel of figure 4 that there is a large variation in per-
formance within and across spatial conditions. In the co-located condition, perform-
ance is generally quite homogenous; the average speech reception threshold is 1.1 dB, 
with maximum and minimum being 2.2 and -1.2 dB. In the displaced F-B condition 
performance varies substantially, maximum and minimum values range from -1.7 dB 
to -17.6 dB; the average is -9.4 dB. In the displaced L-R condition performance is 
more homogenous; the average is -14.2 dB with maximum and minimum being -11.3 
dB and -17.3 dB. 

The spread observed in the displaced F-B and displaced L-R thresholds are reflected in 
the results seen for spatial unmasking in the right panel of Fig. 3 The amount of spatial 
unmasking observed for the displaced F-B condition varies from 2.6 dB to 16.7 dB, 
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with an average of 11.2 dB. In the displaced L-R condition performance varies from 
12.2 dB to 17.5 dB with an average of 15.5 dB.

Whilst there do not seem to be other published data for the displaced F-B condition, 
the displaced L-R data can be compared to those reported by Marrone et al. (2007). In  
that study, spatial unmasking was assessed using the CRM corpus using young normal 
hearing adults. The amount of spatial unmasking reported by Marrone et al. (2007) 
was on average 12.6 dB with a range of 8-15 dB for an unmasked condition with mask-
ers placed at +/- 90 degrees. The experiment was conducted in a typical IAC booth. 
Thus, the experimental conditions used in this study seem to yield unmasking of a 
larger magnitude than what has previously been reported.

conclusIon
A new Danish speech corpus for use in multitalker speech intelligibility research has 
been recorded and evaluated. In a first experiment systematic differences in speech 
intelligibility as a function of call sign as well as call sign and talker interactions were 
found. Therefore, the amount of the material to be used in future research was limited 
to what yielded homogeneous performance in normal hearing subjects. The amount 
of variation between lists in the final selection was similar to what has been found for 
other corpora used for speech intelligibility research. Training effects were analysed 
and found to be low. Masking effects were also analysed and it was observed that the 
corpus seems to produce considerable amounts of informational masking, as indicated 
by the relatively large proportion of masker words repeated by the subjects.

In a second experiment, the final selection of sentence material that came out of the 
first experiment was used. Spatial unmasking for the displaced L-R condition ranged 
from about 12 dB to about 18 dB. This is more than what has been obtained in other 
studies. Whether this is due to the corpus, the training or the anechoic conditions is 
yet unknown. Spatial unmasking for the displaced F-B condition varied substantially 
more than the displaced L-R condition. The range found was 2 dB to 16 dB. Further 
research is necessary to show the exact reasons.
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