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The objective of this study was to develop and evaluate tHistPdigit triplet test for
speech intelligibility screening. The first stage of the kwdeals with the preparation of the test
and the recording procedure. The second part presentssresthie digit triplets intelligibility
measurement and retest data. The test consists of 4 sttisgquivalent and phonemically
balanced lists, each containing 25 different triplets. Thestant stimuli paradigm was used
to determine the digit triplet psychometric functions.tyFibtologically normal subjects took
part in the measurements. The mean list-specific SRT gadds Polish digit triplet test
are—9.4 dB and 19.7%/dB, respectively, and correlate very wél wnalogous parameters
obtained for German digit triplet test, i.9.3 dB and 19.6%/dB. The Polish digit triplet test
evaluated in retest experiments revealed high reliakality accuracy for a fast intelligibility
screening.

Keywords: digit triplet test, speech intelligibility, psychometirfienction, masking, auditory
screening.

1. Introduction

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

A special category of digit test material are complexes @edint digits, namely
digit pairs, like 2-5, 8-1, or digit triplets, like 1-4-3,8-1, that spoken aswo-five eight-
one or one-four-threenine-two-oneLike other speech tests, the triplets are presented
to a subject against an interfering noise at various siggabise ratios (SNR). On
the basis of such results, the speech-reception-thre$8&), i.e., SNR yielding 50%
speech intelligibility can be estimated.
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The digit triplets have several advantages over singlésdayinumbers. They pro-
duce relatively steep psychometric functions (PF), tleesthe SRT is characterized by
a relatively small standard deviation (SD). Although SRbtamed for triplets are lower
than those for sentence tests, the results of these tedtigghahe correlated [2, 3]. Thus,
it is possible to predict the SRT for sentence intelligtigilbn the basis of SRT obtained
for triplets. Furthermore, since the measurements of thie IR be done via telephone
or the Internet [2], the digit triplet test can be widely u$edextensive screening. How-
ever, as the triplets are composed of single digits, thepaeserve as a reliable test for
precise speech intelligibility measurements. Unfortalyatat the moment there is no
digit triplet test for the Polish language. This fact proegus 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 from10..to 9. Thus a list
containing the total number of possible combinations 108, was prepared. It has been
suggested that a triplet test should contain monosyllaigitsdonly [2, 3]. However,
in Polish language, six out of ten digits are disyllabic qribsrefore all Polish digits
were taken into account. Moreover, triplets composed &ddint digits were considered
only. The initial set of 1000 triplets was narrowed down t@.712 the next step, triplets
characterized by an approximately equal occurrence pilitlyadf numbers 1, 2, ...,
9 across the respective positions were chosen. In this wast afsl60 triplets was
selected.

The triplets were read out in a radio studio by a male spea&epikg a natural
tempo and intonation. Each sequence was read out and redcatdeast twice with
the Neumann U87 capacitor microphone. The microphone bégputhe input of the
Yamaha 02R mixer. The microphone signal was pre-amplifiedcamverted into the
digital domain. It was also digitally high-pass filtered ata-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-Davishbémies System 3
equipment: the RP2 Real Time Processor and the HB7 headmopkfier and pre-
sented monaurally to the subjects via the Sennheiser HD &&0dhones. The triplets
were mixed up digitally with the so-called babble tripletisey i.e. noise generated
by means of superposing of all the recorded triplets. A posparctrum of the noise
matched optimally a power spectrum related to presenteletisi

Each of 160 triplets was presented to a subject at 7 valueblBf S14.5; —-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 $psigoal level. The or-
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der of the triplets presentation as well as the SNRs was raizéal. Each triplet was
allowed to be presented to a given listener 7 times (i.e. MR<S.

During the measurements the subjects were seated in artiaatiysnsulated booth
and asked to type on a keyboard what they had just heard. Teeyagked to confirm
the response by typing it once again. The response was sfdreth the first and the
second response were identical. The subject’s responssoaesd 1 if the entire triplet
was repeated correctly, otherwise the response was scoFeftyOotologically normal
subjects took part in the experiments (22 females and 283nale

3.2. Determination of the intelligibility function paranees:
SRT and steepness;(p

In the next step, the intelligibility data were determinedéach triplet. As expected,
the intelligibility score depended on SNR and increasedatmrically with increasing
SNR. On the basis of the intelligibility data, the PFs werndit using the least-mean-
square (LMS) method. The PF was characterized by two paeam&RT, i.e. the SNR
value yielding 50% correct responses ang, $e. the steepness of the PF at the SRT
point.

Since both the standardized cumulative distribution fiemc{CDF) [2, 6] and the
logistic function (LF) [3, 7, 8] are used as PFs, the intdlligy data were fitted using
both CDF and LF functions and, therefore, two SRT (SRd and SRTr) and two
S50 (Ssocpr and Sorr) Were obtained for each triplet. It was found that SRT did not
depend on the type of the intelligibility function, whileeite were some differences in
S5, obtained for CDF and LF method. However, the difference betw§, obtained for
LF and CDF functions was about 1 percentage point/dB (LF Vigistly steeper). Since
the CDF function is directly related to the probability dignsunctions, only SREpr
and Socpr were taken into consideration in further analyses, and #éneycalled SRT
and S, respectively. This initial measurement showed the meah SR-9.4 dB and
mean gy = 15.0 %/dB.

4. Composition of the final triplet lists

A reliable and accurate test for speech intelligibility m@@ments must be com-
posed of material characterized by similar and possiblskFs [2, 3, 5-8]. Therefore,
a final set of triplets was selected from the set of 160 unit® dhosen triplets met the
following conditions:

e SRT value fell into the range af1 dB with respect to the average SRT obtained

for 160 triplets,

e S5 of PFs was at least of 13%/dB.

As a result, 100 triplets fulfilling the above conditions wehosen. Mean SRT and
mean g for the selected triplets were9.4 dB and 21.4 %/dB, respectively.
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On the basis of the 100 triplets, 4 lists, containing 25 déifé triplets were com-
posed by means of a specially prepared algorithatfab 7.0. Having a limited pho-
neme content constituting triplets, it was only possiblgémerate test material that
wass phonemically balanced across the respective listdidnmbt reflect the phoneme
distribution for Polish language. The algorithm perforntieel following operations:

e generation of a random permutation of 100 triplets and graufhem within of

4 preliminary lists (25 triplets each),

e analysis of statistical properties of the lists,

e analysis of phonemic content of the lists.

These stages were repeated until 4 triplet lists met theviiatig conditions:

e the mean SRT and; of each list fell into the range-0.1 dB and+1%/dB,
respectively, in comparison with the mean SRT angl 6r all selected triplet
units (i.e.—9.4 dB and 21.4%/dB),

e distribution of each phoneme fell into the rangjd.5 percentage points within
each list with respect to a reference distribution of albreled triplets.

The lists meeting these conditions reveal very close phaneomtent and produce
similar psychometric functions, i.e. they might be regdrds statistically and phone-
mically equivalent. The left panel of Fig. 1 presents an eplanof the psychometric
functions and list-specific psychometric function (boteelj for list no. 3, while the right
panel shows a juxtaposition of the list-specific functiomsdl the lists. The list-specific
psychometric function takes into account the mean stesmfgrsychometric functions
as well as the spread of SRT values within the list and can bguated according to
the so-called probabilistic model described bglK{ MEIER [8].
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Fig. 1. Individual psychometric functions (thin lines) fibre triplets in list 3 (left panel) and list-specific
psychometric function (bold line) of the lists no. 3. Riglanel depicts juxtaposition of the list-specific
psychometric functions for respective digit triplet lists

Distributions of the phonemes /e/, /l/, In/, Im/, ISt/ anlccém be regarded as compa-
rable both for the Polish Sentence Test [5] and the tripitithution only. However, for



POLISH DIGIT TRIPLET TEST FOR AUDITORY SCREENING ... 183

19 out of 39 phonemes the differences are considerably figjk.clearly results form

extremely limited speech material (10 words only), whichtaialy does not reflect a
phonemic content of everyday speech. There are some diffesein SRT and slope
of the psychometric functions obtained for the differemigaages. Only the functions
obtained for the Polish and German [3] languages are quitéesi

5. Retest measurements

In order to verify statistical equivalence of the Polishitigplet lists, two retest
experiments were carried out. In the first one, for eachgstchometric functions were
derived using a standard constant stimuli paradigm, itelligibility scores were mea-
sured and SRT andsgparameters were determined by means of fitting CDF functions
to the intelligibility data. In each retest experiment newp of 10 subjects were tested.

The triplets from respective lists were presented at tHevihg 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 iiteally kept constant
to explore potential learning effect. If such an effect aced, the lowest value of SRT
would be always observed for the list presented as the figir& 2 (left panel) depicts
intelligibility data obtained in the experiment.

The intelligibility data were analyzed by means of two-weithin subjectanalysis
of variance. It has turned out that the “list index factor”sasatistically insignificant,
while SNR was highly statistically significant. Therefotike ANOVA results revealed
that triplet intelligibility was determined only by SNR wed and did not depend on
the list number. Thus, the lists may be considered as egumigielding similar SRT
and . In this retest experiment the men SRT was equat®7 dB, while §y =
21.9 %/dB.

In the second test experiment, the lists were analyzed mgpdn adaptivel-up/1-
downprocedure and SRTSs of the lists were compared. The adapteegure with this
decision rule converges to the 50% correct point on the EFSRT value. In this case,
the SNR value depends on the subject’s last response andkitisasing or increasing
by some value, i.e. the so-called step, if the subject'saesg is correct or incorrect,
respectively. The initial SNR was set to 0 dB, i.e. the speea clearly understood at
the measurement beginning. The initial step was set to 2 dBaas reduced to 1 dB
after the second incorrect response. The SRT was calcidatadnean of SNRs of last
15 of 25 presented triplets. Each subject was presenteea gt three times. The order
of the triplet list was kept constant to examine whether ipdssearning effect occurs,
while the order of the triplets in a given list was random. A@mple of the subject
response trace using staircaggdownadaptive procedure is presented in Fig. 2 (right
panel).

The three way ANOVA showed that all the factors and all intécas were not
statistically significant, whereas the “subject” factorswaarginally significant. In other
words, the SRT did not depend on the triplet list. What is mtte “position” factor
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Final result

2
\

Intelligibility score [%]
oc38888838388

N Virtual SNR
/ R S :
list 3 N
subject 5 PPN
SRT=9.7[dB] 853 8 -
S,=22.9[%/dB] | .SD
; I —— 10 | | ®
A4 43 42 -1 40 9 8 7 6 5 5 10 15 2 2%
SNR [dB] Triplet index

Fig. 2. An exemplary psychometric function obtained in thgest measurement for the constant stim-
uli paradigm (left panel) and an example of the subject respdrace using staircase up/down adaptive
procedure (right panel).

was found to be insignificant, i.e. the learning effect was atmserved. In this retest
experiment the SRT was equal td.0.0 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 falhgaconclusions:

e The proposed four lists of 25 triplets each lead to very simiitelligibility (SRT)
and steepness {§) of the psychometric function.

e The SRT measured by means of the triplet test is approxignatdB lower that
that measured this for the Polish Sentence Test [5]. A sirdilference is ob-
served for other languages [2].

e The proposed triplet test yields similar psychometric tiorcto those obtained
for German language [3].

e The results of the retest experiments are highly consist@htthe preliminary
measurements. The adaptive method turned out to be veryl asef fast in de-
termination of the SRT using the triplet test.

e The triplet test seems to be an appropriate tool for fastarydscreening that can
be used not only in clinics but also via Internet and teleghlare.
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