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The purpose of this study is to design and evaluate a user operated speech in noise test. The test is based
on the Danish speech material Dantale II, which consists of test sentences with a syntactically fixed
structure of five words. For each presented word the subject had to select a response from ten alternative
words listed in a matrix on a touch screen. To evaluate the test including a possibility for each word to
answer “I do not know” (?-button) a listening test was performed with 24 normal-hearing subjects. The
listening test shows that when the subjects have the possibility to press the ?-button, they made fewer
motivated guesses (a guess made when only a part of the word is heard) than when they don’t have the ?button available. Results from the user operated test with the ?-button equals results found in a traditional
test, where the subject’s task is to orally repeat as much heard as possible. Additionally, the listening test
shows that the homogeneity of the speech material is uninfluenced when the material is used in a user
operated test.

1

Introduction

Many people, and in particular hearing-impaired persons, find it difficult to hear and understand speech in a noisy
environment. Over the years different speech in noise tests have been developed to achieve a measure of hearingimpaired individual’s ability to hear speech in background noise. In the Danish clinical practice the commonly used
speech test is the Dantale I test, which consists of lists of single monosyllables and numbers of one syllable [1]. Danish
speech tests based on sentences also exists. The most common is the Dantale II test [2] and the Danish version of the
Hearing In Noise Test (HINT) [3], which consists of nonsense sentences and everyday sentences, respectively. The
Dantale II test is developed in analogy to the Swedish Hagerman test [4] and the German Oldenburg sentence test [5, 6,
7], and is used as material in the present study.
The speech material Dantale II consists of syntactically fixed but semantically unpredictable (nonsense) sentences. The
five words in each sentence can be regarded as single words in sequence, which makes the material well suited for an
adaptive test procedure. In an adaptive test procedure the presentation level of each sentence is depending on the number of correct answered words in the previous sentence. The presentation level that corresponds to a particular speech
intelligibility percentage is the Speech Reception Threshold (SRT). Typically SRT corresponds to a probability of 50%
correct responses [8]. When the subjects answers two or fewer words correct (below 50%), the presentation level has be
to be raised, and when the subjects answers three or more words correct (above 50%), the presentation level has be to be
reduced. Another way to test is to present all the sentences at the same presentation level and then determine the
percentage of correct answered words at that particular level. This leads to the Discrimination Score (DS) [9].
A traditional test setup involves the subject and an operator. The subject has to repeat (orally) as much heard as possible
after each presented word or sentence. The operator then registers whether the subjects answer is correct or incorrect. In
the Dantale II test this corresponds to register the number of correct repeated words. The possible benefits of a user
operated test are a reduction of the test time for the operator and the elimination of the possible influence of the operator
on the evaluation of the subject response. Another purpose could be to design a test for internet use [11]. The German
Oldenburg sentence test had been implemented and evaluated in a user operated test version, where the subject had to

select a response from ten alternative words listed in a matrix for each word presented [12]. Besides the ten alternative
words the subject had the option of answering “I do not know”. Each “I do not know” answer was interpreted as an
incorrect answer. Without the possibility to answer “I do not know” the user operated test was designed as five
subsequent ten-Alternative Forced Choice (10AFC) tests. Comparable results were found for a traditional test and the
user operated test version [12].
The purpose of this study is to design and evaluate a Danish version of the German user operated test [12] based on the
Danish speech material Dantale II. Two versions of a user operated test are investigated: one with the possibility for
each word to answer “I do not know” and one without that possibility. The two versions of the user operated test are
evaluated and compared with a traditional test. In connection with this, the influence of the possibility to answer “I do
not know” on the test result will be evaluated. Further, it will be evaluated whether it is reasonable to use the speech
material in a 10AFC test, i.e. whether the homogeneity (the difficulty of the different words) of the speech material is
influenced when the material is used in a user operated test instead of being used in a traditional test for which the
material original is designed.

2

Methods

2.1 Speech material
In this study the Danish speech material Dantale II, which is described in reference [2], was used. The speech material
consists of 16 lists based on the same 50 words (ten words for each of five word classes). Each list contains ten test
sentences, which have a syntactically fixed structure of five words from different word classes: name, verb, numeral,
adjective, and object. The different words presented in a matrix are seen in Table 1. The sentences are not fully
meaningful and therefore the words cannot be predicted from the context, hence the words can be regarded as single
words in sequence. As an example the first sentence in list 1 is: “Ingrid finds seven red houses” (translation of the
Danish sentence: “Ingrid finder syv røde huse”).

2.2 Noise signal
Besides the sentence lists, the Dantale II speech material contains a noise signal. The noise signal was generated by
superimposing the test sentences many times. This process results in a noise signal, which does not sound like real
speech. For this reason an alternative noise signal was made and evaluated [13]. It was found that the two noise signals
perform equally well distinguishing between subjects with different abilities to understand speech in noise. Both the
original and the alternative noise signal have a long-term spectrum similar to the one of the test sentences, but the
alternative noise signal is slightly more modulated and sounds more like real speech babble. This causes the test to
reflect a more real-life listening situation and therefore the alternative noise signal was chosen in this study.

2.3 Discrimination functions
The discrimination function describes the speech intelligibility or discrimination, p as a function of the presentation
level, here SNR (signal-to-noise ratio). The discrimination function for a traditional test, where the subjects orally repeat
as much heard as possible, is [8]
 ,  ,





· ·   

,

(1)

where the subscript TT denotes traditional test. The parameter SRTN refers to the SNR level corresponding to a probability of 50% correct responses and s50 is the slope of the discrimination function for the traditional test at SRTN. The
reference data (for normal-hearing) is: SRTN = -8.4 dB SNR and s50 = 13.2 %/dB [2].
The procedure for a traditional test is open, which means that the number of alternative responses for each word is in
theory infinite. In the following the function for the open test procedure is adapted to a closed test procedure, i.e. an nAlternative Forced Choice (nAFC) procedure. In a test based on a nAFC procedure the subject has to select a response
from n alternative responses. When a word is not heard, the subject is forced to guess. This study distinguishes between
two types of guesses: pure guesses and motivated guesses. A pure guess is a guess made, when a subject has not heard

the word at all. If a subject has heard a part of the word, he/she can in some cases guess the right word, since the
possible words are presented. The subject then made a motivated guess.
In the limit of low SNR’s (no signal) the discrimination function for a nAFC procedure will have the value 1/n due to
pure guesses, whereas the value will approach 1 for high SNR as it is also the case for the traditional test. Hence, the
discrimination function for a nAFC procedure corresponds to a vertical compression of the discrimination function for
the traditional test. For a nAFC procedure the probability of hearing each word is equal to  ,  ,
. The
probability of not hearing a word (and having to guess) is 1  ,  ,
. It is assumed, that when a word is
heard it is responded correctly. The normalized probability function (discrimination function) of correct responded
words, both heard and by pure guessing, is therefore
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Motivated guesses has not been taking into account.
Equation (1) is inserted into Equation (2):
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where s50 is the slope of the discrimination function for the traditional test. The slope of Equation (3) at SNR = SRTN is
s50.(1-1/n). This factor corresponds to the factor, by which the discrimination function for the traditional test is vertically
compressed. Equation (3) is in agreement with reference [14]. In the following n is set to ten, by which all the words
within the different word classes in the speech material are represented.
From values of the speech intelligibility at different SNR’s the discrimination function with the maximum likelihood
was determined by using the Method of Maximum Likelihood. The likelihood of the discrimination function
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is
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where the number five in the exponent of the last term is the number of words in each test sentence. The parameter m is
the number of sentences presented and ck is the number of correct words registered at the k’th sentence. To determine
the most likely discrimination function the parameters SRTN and s50 are varied until log '),  ,
( is
maxi-mized [15].

2.4 User operated test versions
In the user operated test the subjects have to select a response from ten alternative words listed in a matrix for each
presented word. The ten alternative words for each of the five words in each sentence are the 50 words, which the 16
lists in the speech material are based on. The user operated test was designed in two versions: one with the possibility
for each word to answer “I do not know” (press on a ?-button) and one without that possibility. When the ?-button is
available the test procedure is not entirely closed. A press on the ?-button was converted into a 1/10 correct response
corresponding to a random guess among the ten possible words. This is contrary to [12], where each “I do not know”
answer was interpreted as an incorrect answer. This alternative handling of the ?-button was introduced in order to
equalize a potential different use of the ?-button among the subjects. Some subjects would use the ?-button whenever
they are not quite sure which word had been presented, whereas others will choose a word instead and almost never use
the ?-button. The original intention with the ?-button was to increase the subjects’ engagement in the test. It can be
frustrating to be forced to choose an answer (without the possibility to answer “I do not know”) to a word, which has
not been heard at all, and this can potentially draw the attention from the next sentence to be presented.

2.5 Subjects
A listening test was performed with 24 normal-hearing subjects (twelve males and twelve females, aged 21-39 years
with an average age of 26 years). Even though all the subjects considered them self to by normal-hearing, their hearing
threshold were measured at the frequencies 0.5, 1, 2 and 4 kHz. One of the subjects had a threshold at 15 dB hearing
level (HL) at 4 kHz, whereas the remaining subjects had thresholds at maximum 10 dB HL. All the subjects were
accepted for the test and voluntary participated without getting paid.

2.6 Test course
The 24 normal-hearing subjects were divided into three test groups of eight persons each, which were presented for the
traditional test, and the two versions of the user operated test with and without the ?-button, respectively. The subjects
in each test group are assumed to have a similar ability to understand speech in noise. By the traditional test the
subjects’ task was to orally repeat as much heard as possible. In the user operated tests the subjects had for each presented word to select a response from ten alternative words listed in a matrix on a touch screen. The response alternatives
were the same for each sentence presented. They were listed alphabetically except for the numerals which were listed in
numerical order, see Table 1. In the test with the ?-button, the subjects were told to use this possibility, when they had
not heard the word. No further guidance regarding the ?-button was given.
The subject in each test group performed both a training and a test session. The training session contained two test lists
(i.e. 100 words) and was carried out according to the procedure described in [8]. The purpose of the training session was
to make the test subjects familiar with the test and the test situation. Data from the training session was not included in
the results. In the test session eight test lists (i.e. 400 words) were presented at eight different SNR’s, from -15 to -1 dB
SNR with an increment of 2 dB. The SNR’s, which were the same for all three test groups, were set from the reference
data for the traditional test [2] to cover the entire discrimination function. The noise level was held constant at 65 dBC,
whereas the speech level was adjusted. The presentation order of the sentences at the different SNR’s was chosen
randomly.
Table 1: The ten alternative Danish words for each presented word. The table is for the version of the user operated test
with the possibility to answer “I do not know” (?-button). The five columns represent the different word classes: name,
verb, numeral, adjective, and object. For each presented word the subjects had to choose one word from the corresponding column or use the ?-button at the bottom. The words in each column are listed alphabetically except for the
numerals which are listed in numerical order. During the test the matrix was visible on a touch screen.
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2.7 Equipment
A special designed measurement program was developed in MATLAB 6.5 according to the test methodic. Under the
listening test a laptop with a touch screen (Acer model TravelMate C300XCi) was used. The touch screen was activated
by using a special pen. The test sentences and the noise signal were presented monaurally to the subjects with TDH-39P
headphones. The headphones were free-field equalized according to [16].
The system was calibrated by means of an artificial ear (Bruel & Kjaer, type 4152), a 1/1 inch microphone (Bruel &
Kjaer, type 4132), a preamplifier (Bruel & Kjaer, type 2619), a power supply (Bruel & Kjaer, type 2804) and a measuring amplifier (Bruel & Kjaer, type 2636). The amplification characteristic and the frequency response were verified
and found to be linear. The level of the background noise satisfies the tolerances in [16].

2.8 Statistical analyses
For the statistical analyses the computer program SPSS 11.5.1 for Windows was used. Only parametric statistical
models were used. The Kolmogorov-Smirnov test was used to ascertain, that different samples could be assumed to
come from a normal distribution. Before the ANOVA tests were made, the Levene’s test was used to assess the equality
of variances in the different samples. All analyses were made at a 0.05 significance level. The different tests used are
descrybed in the help-function in the SPSS program.

3

Results

3.1 The influence of the ?-button
For the traditional test and for the two versions of the user operated test with and without the ?-button, the mean values
of SRTN and s50 across the eight subjects were determined, see Table 2. The mean values of SRTN and s50 within each
test group were found by computing the average values of SRTN and s50, respectively, based on the subject’s individual
values. If the mean values of SRTN and s50 were found by adjusting the logistic function direct to the overall average of
the correct answers across subjects, the average value of s50 would be lower than the ones in the table due to the
variations in SRTN between subjects.
Table 2: Mean values for SRTN and s50 found with the traditional test, and the two versions of the user operated test with
and without the ?-button. The values in brackets are one standard deviation. Each value represents data from eight
subjects. Each subject was presented to ten sentences of each five word at each of the eight presentation levels, i.e. in
total the values for each of the three test groups represents data from a presentation of 3200 words.
Traditional test
SRTN [dB SNR]
s50 [%/dB]

-8.0
14.6

(1.10)
(2.63)

User operated test
with ?-button
-8.2 (0.71)
14.6 (1.62)

User operated test
without ?-button
-9.1 (0.80)
13.1 (2.33)

An ANOVA test shows a statistical significant difference (p = 0.044) between the values for SRTN for the three tests in
Table 2. A post hoc analysis, the Sheffe test reveals, that the difference is between SRTN for the user operated test
without the ?-button and the two other tests. This statistical significant difference is caused by motivated guesses, which
will be described further below. The mean value of SRTN found with the traditional test and the user operated test with
the ?-button are comparable with the reference value, SRTN = -8.4 dB SNR [2].
From the mean values in Table 2 an average discrimination function for each of the three test groups are determined and
shown in Figure 1. Figure 1 also shows a theoretically predicted curve for a 10AFC test which is based on using the
SRTN and s50 estimated in the traditional test in Equation (3). The difference between the curve for the traditional test
and the theoretically predicted curve illustrates correct responded words due to pure guesses (a guess made when the
subject had not heard the word at all). The speech intelligibility at a given presentation level is consistently higher for
the user operated test without the ?-button than for the theoretically predicted curve, in particular for speech
intelligibility in the range of 20% to 80%. The difference between these two curves describes the amount of correct
responded words due to motivated guesses (a guess made when a part of the word is heard).

Figure 1: The average discrimination function for each of the three test groups: the traditional test, the user operated test
with and without the ?-button. The discrimination functions are plotted from the data in Table 1. The black curve is
theoretically determined from the data for the traditional test by setting the values for SRTN and s50 into Equation (3). It
shows the expected discrimination function for a 10AFC test.
Figure 1 shows that the curve for the user operated test with the ?-button is almost coincident with the theoretically
predicted curve, i.e. the results from the user operated test with the ?-button are comparable with results from the
traditional test. Because of the difference between the two curves for the user operated test with and without the ?button, it can be concluded, that when the subjects have the possibility to press the ?-button, they make fewer motivated
guesses, than when they do not have the ?-button available.

3.2 The homogeneity of the speech material
The homogeneity of the speech material can be described by the slope of the discrimination function; the steeper the
slope the more homogeneous is the material, i.e. the more even is the difficulty of the different words. By the generation
of the speech material done by [2] the sound pressure level of particular words were adjusted in order to optimize the
homogeneity of the material. The adjustments were done based on result from a traditional test with 16 normal-hearing
subjects. To investigate whether the homogeneity of the speech material is influenced, when the material is used in a
user operated test, the values of s50 in Table 2 are compared. An ANOVA test shows no statistical significant difference
(p = 0.362) between the values of s50 for the three tests. From that it can be concluded, that the homogeneity of the
speech material is not influenced, when the material is used in a user operated test. For all three test groups the mean
value of s50 is comparable with the reference value, s50 = 13.2 %/dB found by [2].

4

Discussion

In this study the number of alternative words for each presented word in the user operated tests was set to ten. The more
alternative words the lower is the probability for responding the correct word by a pure guess cf. Equation (3). However, the number of alternative words should not be too high due to a possible effect on the short time memory. It may
then not be the subjects hearing which is tested, but the person’s ability to remember what had been heard when finding
the presented word among the alternatives. Ten alternative words for each presented word corresponding to the ten
words within the different word classes in the speech material seem reasonable. Using the same response alternatives
and listing them in the same order for each sentence presented, makes it easier for the subject to get familiar with the
response matrix and thereby to find the word to answer among the alternatives.
If the number of alternative words in a user operated test is reduced, the probability for responding the correct word by
a pure guess increases. It also becomes easier to make a motivated guess and by that choose the correct word. The
number of correct responded words will then rise due to both pure and motivated guesses. If the number of alternative

words is reduced, it has to be decided which words should be the alternative words and whether the alternative words
should be the same at repeated presentations of the certain words. If the alternative words sound or are spelled like the
presented word, it is harder to make a motivated guess and thereby choose the correct word than if the alternative words
are not phonetically like the presented word. The difficulty of a presented word would therefore depend on the alternative words.
Beyond the number of alternative words and the words used as alternative words, it should also be decided whether the
possibility to answer ”I do not know” should be available. The advantage of inducing a ?-button is that the subject is not
forced to choose an answer to a word, which had not been heard. However, a disadvantage is that different subjects will
use a ?-button differently. Some subjects would use the ?-button whenever they are not quite sure which word had been
presented, whereas others will choose a word instead and almost never use the ?-button. To equalize a potential differrent use of the ?-button, each press on the button was converted into a 1/10 correct answer in this study. A statistical
significant difference between SRTN was found with the user operated test without the ?-button and the two other tests
(the traditional test and the user operated test with the ?-button). When the subjects have the possibility to press the ?button, they make fewer motivated guesses, than when they do not have the ?-button available. Hence, including the ?button seems favorable.
The subjects’ answers depend not only on the presentations level but also on variations in the subjects’ concentration
level, fluctuations in the noise signal and a possibly uneven difficulty for the different words in the speech material. As
described above the difficulty of the different words in the user operated tests is depending on the alternative words. To
equalize the difficulty of the different words the phonetic likeness of the alternatives must then be comparable across
the presented words. In this study there was found no statistically difference between s50 and therefore the homogeneity
of the speech material of the traditional test seems to be preserved in the two versions of the user operated test.
A user operated test designed as the one in this study requires that the subject can read. Another disadvantage is that the
test has a longer test time for the subject than a traditional test. However, the test time for the operator and a possible
influence of the operator on the evaluation of the subject response are reduced compared with a traditional test. Another
advantage is that a user operated test can be designed for use for hearing screening e.g. on the internet due to the less
central role of the operator in the test course.

5

Conclusions

The Danish speech material Dantale II can be used for a user operated speech in noise test. In the user operated test
designed in this study the subject had to select a response from ten alternative words listed in a matrix for each presented word. The user operated test was designed in two versions: one with the possibility for each word to answer “I do
not know” (?-button) and one without that possibility. A press on the ?-button was converted into a 1/10 correct response corresponding to a random pure guess among the ten possible words. This conversion was done to equalize a potential different use of the ?-button among the subjects.
A listening test among 24 normal-hearing subjects was performed to compare the two versions of the user operated test
with a traditional test. The listening test shows that results from the user operated test with the ?-button equals results
found in a traditional test, and that not was the case for the user operated test without the ?-button. When the subjects
have the possibility to press the ?-button, they then make fewer motivated guesses than when they don’t have the ?button available. Additionally, the listening test shows that the homogeneity of the speech material is uninfluenced
when the material is used in a user operated test compared to when the speech material is used in a traditional test.
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