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The objective of this study was to develop and evaluate the Polish digit triplet test for
speech intelligibility screening. The first stage of the work deals with the preparation of the test
and the recording procedure. The second part presents results of the digit triplets intelligibility
measurement and retest data. The test consists of 4 statistically equivalent and phonemically
balanced lists, each containing 25 different triplets. Theconstant stimuli paradigm was used
to determine the digit triplet psychometric functions. Fifty otologically normal subjects took
part in the measurements. The mean list-specific SRT and S50 for Polish digit triplet test
are−9.4 dB and 19.7%/dB, respectively, and correlate very well with analogous parameters
obtained for German digit triplet test, i.e.−9.3 dB and 19.6%/dB. The Polish digit triplet test
evaluated in retest experiments revealed high reliabilityand accuracy for a fast intelligibility
screening.
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1. Introduction

Digits as a speech material have been used for hearing screening for a long time.
They have been used for basic speech intelligibility measurements and for clinical pur-
poses [1], auditory screening [2, 3] and in studies aimed at an influence of speech con-
text on intelligibility [4].

A special category of digit test material are complexes of different digits, namely
digit pairs, like 2-5, 8-1, or digit triplets, like 1-4-3, 9-2-1, that spoken as:two-five, eight-
one, or one-four-three, nine-two-one. Like other speech tests, the triplets are presented
to a subject against an interfering noise at various signal-to-noise ratios (SNR). On
the basis of such results, the speech-reception-threshold(SRT), i.e., SNR yielding 50%
speech intelligibility can be estimated.
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The digit triplets have several advantages over single digits or numbers. They pro-
duce relatively steep psychometric functions (PF), therefore the SRT is characterized by
a relatively small standard deviation (SD). Although SRTs obtained for triplets are lower
than those for sentence tests, the results of these tests arehighly correlated [2, 3]. Thus,
it is possible to predict the SRT for sentence intelligibility on the basis of SRT obtained
for triplets. Furthermore, since the measurements of the SRT can be done via telephone
or the Internet [2], the digit triplet test can be widely usedfor extensive screening. How-
ever, as the triplets are composed of single digits, they cannot serve as a reliable test for
precise speech intelligibility measurements. Unfortunately, at the moment there is no
digit triplet test for the Polish language. This fact prompted us to develop such a test
aimed at fast speech intelligibility screening.

2. Development of the test material

A single digit triplet is composed of 3 digits of values from 0, 1. . . to 9. Thus a list
containing the total number of possible combinations, i.e.103, was prepared. It has been
suggested that a triplet test should contain monosyllabic digits only [2, 3]. However,
in Polish language, six out of ten digits are disyllabic ones, therefore all Polish digits
were taken into account. Moreover, triplets composed of different digits were considered
only. The initial set of 1000 triplets was narrowed down to 720. In the next step, triplets
characterized by an approximately equal occurrence probability of numbers 1, 2, . . . ,
9 across the respective positions were chosen. In this way a set of 160 triplets was
selected.

The triplets were read out in a radio studio by a male speaker keeping a natural
tempo and intonation. Each sequence was read out and recorded at least twice with
the Neumann U87 capacitor microphone. The microphone output fed the input of the
Yamaha 02R mixer. The microphone signal was pre-amplified and converted into the
digital domain. It was also digitally high-pass filtered at acut-off frequency of 80 Hz.

3. Measurements of digit triplets intelligibility against noise

3.1. Equipment, procedure and subjects

The signals were generated by means of the Tucker-Davis Technologies System 3
equipment: the RP2 Real Time Processor and the HB7 headphoneamplifier and pre-
sented monaurally to the subjects via the Sennheiser HD 580 headphones. The triplets
were mixed up digitally with the so-called babble triplet noise, i.e. noise generated
by means of superposing of all the recorded triplets. A powerspectrum of the noise
matched optimally a power spectrum related to presented triplets.

Each of 160 triplets was presented to a subject at 7 values of SNR:−14.5;−13.0;
−11.5;−10.0;−8.5;−7.0 and−5.5 dB. The level of the noise was kept constant at
70 dB SPL, thus SNR value was determined entirely by the speech signal level. The or-
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der of the triplets presentation as well as the SNRs was randomized. Each triplet was
allowed to be presented to a given listener 7 times (i.e. at 7 SNRs).

During the measurements the subjects were seated in an acoustically-insulated booth
and asked to type on a keyboard what they had just heard. They were asked to confirm
the response by typing it once again. The response was storedif both the first and the
second response were identical. The subject’s response wasscored 1 if the entire triplet
was repeated correctly, otherwise the response was scored 0. Fifty otologically normal
subjects took part in the experiments (22 females and 28 males).

3.2. Determination of the intelligibility function parameters:
SRT and steepness (S50)

In the next step, the intelligibility data were determined for each triplet. As expected,
the intelligibility score depended on SNR and increased monotonically with increasing
SNR. On the basis of the intelligibility data, the PFs were fitted, using the least-mean-
square (LMS) method. The PF was characterized by two parameters: SRT, i.e. the SNR
value yielding 50% correct responses and S50, i.e. the steepness of the PF at the SRT
point.

Since both the standardized cumulative distribution function (CDF) [2, 6] and the
logistic function (LF) [3, 7, 8] are used as PFs, the intelligibility data were fitted using
both CDF and LF functions and, therefore, two SRT (SRTCDF and SRTLF) and two
S50 (S50CDF and S50LF) were obtained for each triplet. It was found that SRT did not
depend on the type of the intelligibility function, while there were some differences in
S50 obtained for CDF and LF method. However, the difference between S50 obtained for
LF and CDF functions was about 1 percentage point/dB (LF was slightly steeper). Since
the CDF function is directly related to the probability density functions, only SRTCDF

and S50CDF were taken into consideration in further analyses, and theyare called SRT
and S50, respectively. This initial measurement showed the mean SRT = −9.4 dB and
mean S50 = 15.0 %/dB.

4. Composition of the final triplet lists

A reliable and accurate test for speech intelligibility measurements must be com-
posed of material characterized by similar and possibly steep PFs [2, 3, 5–8]. Therefore,
a final set of triplets was selected from the set of 160 units. The chosen triplets met the
following conditions:
• SRT value fell into the range of±1 dB with respect to the average SRT obtained

for 160 triplets,
• S50 of PFs was at least of 13%/dB.
As a result, 100 triplets fulfilling the above conditions were chosen. Mean SRT and

mean S50 for the selected triplets were−9.4 dB and 21.4 %/dB, respectively.
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On the basis of the 100 triplets, 4 lists, containing 25 different triplets were com-
posed by means of a specially prepared algorithm (Matlab 7.0). Having a limited pho-
neme content constituting triplets, it was only possible togenerate test material that
wass phonemically balanced across the respective lists anddid not reflect the phoneme
distribution for Polish language. The algorithm performedthe following operations:
• generation of a random permutation of 100 triplets and grouping them within of

4 preliminary lists (25 triplets each),
• analysis of statistical properties of the lists,
• analysis of phonemic content of the lists.
These stages were repeated until 4 triplet lists met the following conditions:
• the mean SRT and S50 of each list fell into the range±0.1 dB and±1%/dB,

respectively, in comparison with the mean SRT and S50 for all selected triplet
units (i.e.−9.4 dB and 21.4%/dB),
• distribution of each phoneme fell into the range±1.5 percentage points within

each list with respect to a reference distribution of all recorded triplets.
The lists meeting these conditions reveal very close phonemic content and produce

similar psychometric functions, i.e. they might be regarded as statistically and phone-
mically equivalent. The left panel of Fig. 1 presents an example of the psychometric
functions and list-specific psychometric function (bold line) for list no. 3, while the right
panel shows a juxtaposition of the list-specific functions for all the lists. The list-specific
psychometric function takes into account the mean steepness of psychometric functions
as well as the spread of SRT values within the list and can be computed according to
the so-called probabilistic model described by KOLLMEIER [8].

Fig. 1. Individual psychometric functions (thin lines) forthe triplets in list 3 (left panel) and list-specific
psychometric function (bold line) of the lists no. 3. Right panel depicts juxtaposition of the list-specific

psychometric functions for respective digit triplet lists.

Distributions of the phonemes /e/, /l/, /n/, /m/, /St/ and /z/ can be regarded as compa-
rable both for the Polish Sentence Test [5] and the triplet distribution only. However, for
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19 out of 39 phonemes the differences are considerably high.This clearly results form
extremely limited speech material (10 words only), which certainly does not reflect a
phonemic content of everyday speech. There are some differences in SRT and slope
of the psychometric functions obtained for the different languages. Only the functions
obtained for the Polish and German [3] languages are quite similar.

5. Retest measurements

In order to verify statistical equivalence of the Polish digit triplet lists, two retest
experiments were carried out. In the first one, for each list,psychometric functions were
derived using a standard constant stimuli paradigm, i.e. intelligibility scores were mea-
sured and SRT and S50 parameters were determined by means of fitting CDF functions
to the intelligibility data. In each retest experiment new group of 10 subjects were tested.

The triplets from respective lists were presented at the following SNR values:−13;
−11.5;−10;−8.5 and−7 dB. The order of the triplets presented as well as the order
of SNR values was randomized. The order of the list was intentionally kept constant
to explore potential learning effect. If such an effect occurred, the lowest value of SRT
would be always observed for the list presented as the first. Figure 2 (left panel) depicts
intelligibility data obtained in the experiment.

The intelligibility data were analyzed by means of two-waywithin subjectanalysis
of variance. It has turned out that the “list index factor” was statistically insignificant,
while SNR was highly statistically significant. Therefore,the ANOVA results revealed
that triplet intelligibility was determined only by SNR value and did not depend on
the list number. Thus, the lists may be considered as equivalent yielding similar SRT
and S50. In this retest experiment the men SRT was equal to−9.7 dB, while S50 =
21.9 %/dB.

In the second test experiment, the lists were analyzed applying an adaptive1-up/1-
downprocedure and SRTs of the lists were compared. The adaptive procedure with this
decision rule converges to the 50% correct point on the PF, i.e. SRT value. In this case,
the SNR value depends on the subject’s last response and it isdecreasing or increasing
by some value, i.e. the so-called step, if the subject’s response is correct or incorrect,
respectively. The initial SNR was set to 0 dB, i.e. the speechwas clearly understood at
the measurement beginning. The initial step was set to 2 dB and was reduced to 1 dB
after the second incorrect response. The SRT was calculatedas a mean of SNRs of last
15 of 25 presented triplets. Each subject was presented a given list three times. The order
of the triplet list was kept constant to examine whether possible learning effect occurs,
while the order of the triplets in a given list was random. An example of the subject
response trace using staircaseup/downadaptive procedure is presented in Fig. 2 (right
panel).

The three way ANOVA showed that all the factors and all interactions were not
statistically significant, whereas the “subject” factor was marginally significant. In other
words, the SRT did not depend on the triplet list. What is more, the “position” factor
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Fig. 2. An exemplary psychometric function obtained in the retest measurement for the constant stim-
uli paradigm (left panel) and an example of the subject response trace using staircase up/down adaptive

procedure (right panel).

was found to be insignificant, i.e. the learning effect was not observed. In this retest
experiment the SRT was equal to−10.0 dB, i.e. it was very close to SRT obtained by
means of the constant stimuli paradigm.

6. Conclusions

The experiments performed enable formulation of the following conclusions:
• The proposed four lists of 25 triplets each lead to very similar intelligibility (SRT)

and steepness (S50) of the psychometric function.
• The SRT measured by means of the triplet test is approximately 3 dB lower that

that measured this for the Polish Sentence Test [5]. A similar difference is ob-
served for other languages [2].
• The proposed triplet test yields similar psychometric function to those obtained

for German language [3].
• The results of the retest experiments are highly consistentwith the preliminary

measurements. The adaptive method turned out to be very useful and fast in de-
termination of the SRT using the triplet test.
• The triplet test seems to be an appropriate tool for fast auditory screening that can

be used not only in clinics but also via Internet and telephone line.
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