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An objective measure of the quality of speech communication channels was introduced
and described by Steeneken- Houtgast. By calculating the Speech Transmission Index (STI),
this method provides an estimate of logatom intelligibility for a variety of communication dis-
tortions. Using the logatom test for speech intelligibility, it was shown that the STI method is a
valid method for the assessment of the quality of the speech transmitted over communications
channels intended for use with the Polish language. New STI curves were generated for the
Polish speech intelligibility.
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1. Introduction

Speech intelligibility is the most important parameter of speech quality in analog
and digital telecommunication channels, auditory rooms, public-address systems and
for the selection of hearing aids [2, 4, 7, 10–13, 17, 18, 20, 21, 23, 25, 27, 28, 33]. The
subjective intelligibility measure might be based on phonemes, logatoms, words and
sentences [4, 6, 11, 17, 18, 28, 33]. The subjective measurement of speech intelligibility
is very time-consuming, expensive and requires a large and a specially trained group of
listeners.

Designers of the speech transmission equipment and systems lean towards objective
measuring techniques often disregarding the application limitations and the measuring
accuracy dependent on the type of the tested object and measuring conditions [1, 3, 5, 6,
8–11, 13–16, 19, 22–24, 26, 29–32, 35]. But the final verifier of the quality of the speech
transmission equipment is its user – a human being – and the verification is made by
subjective measurements of the transmission quality.
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The quality of the transmission depends on the objective, the physical parameters of
the devices used in transmitting speech signals and on subjective factors connected with
the sender and receiver of the information transmitted. Subjective test results should be
dependent mostly on physical parameters of the tested transmission channel, but not on
the structure of the language test. At the semantic level, the information is eliminated by
means of logatom sets used for the determination of logatom or phonemic articulation.
Thus logatom articulation averaged over a set of listeners, functioning as a verifier of
the effectiveness of the objective methods, is used as a reference measure of the trans-
mission channel quality.

2. Measurement of logatom intelligibility

Formal subjective tests are described by the Polish Standard PN 90/T-05100 “Ana-
log Telephone Chains. Requirements and Methods of Measuring Logatom Articula-
tion” [33].

The subjective measurement of logatom intelligibility consists in the transmission
of logatom lists, read out by a speaker, through the tested channel, which are then writ-
ten down by listeners and the correctness of the record is checked by a group of experts
who calculate the average logatom intelligibility. It is recommended to use lists of 50
or 100 logatoms. Each list should be phonetically and structurally balanced. The mea-
surement should be carried out in rooms in which level of internal noise together with
external noise (not introduced on purpose) does not exceed 40 dBA. The listeners should
be selected in the midst of persons who have normal hearing and normal experience in
pronunciation in the language used in the test. A person is considered to have normal
hearing if her/his auditory threshold does not exceed 10 dB for any frequency in the
band of 125 Hz – 4000 Hz and 15 dB in the band of 4000 Hz – 6000 Hz. The hearing
should be tested by means of a diagnostic audiometer. The size of the listening group
should be such that the averaged test results obtained do not change as the group size is
increased further (minimum 5 persons). The group of listeners who take part in logatom
intelligibility measurements should be trained (2–3 training sessions are recommended).
Logatoms should be spoken clearly and equally loudly without accenting their begin-
nings or ends. The time interval between individual logatoms should allow the listener
to write the received logatom at leisure. It is recommended that logatoms should be
spoken with 3–5 s. pauses in between. The time interval between sessions should be not
shorter than 24 hours and not longer than 3 days. The total duration of a session should
not exceed 3 hours (including 10 minute breaks after each 20 minute listening period).

Listeners write the received logatoms on a special form [33]. The notation should
be legible to prevent a wrong interpretation of the logatom. The received logatoms may
be written in a phonetic transcription (a group of specially trained listeners is needed
for this) or in an orthographic form specific for the given language. A member of the
team who checks listening test lists calculates, for each listener and for each logatom
list, the number of correctly received logatoms and then determines the average logatom
articulation.
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3. Modulation transfer function

HOUTGAST and STEENEKEN described an objective method for estimating the
speech intelligibility in rooms by calculating a physical index from the modulation
transfer function (MTF) [8, 9, 19–22]. This physical index, called the speech transmis-
sion index (STI) is calculated at discrete frequencies, weighted, summed and normalized
to yield a single index of speech intelligibility. This method was modified by BRACH-
MAŃSKI for Polish speech transmitted via analog telecommunication channels [3].

The test signal in the modulation transfer function is noise with a spectral shap-
ing that fits the average speech spectrum. This noise is amplitude modulated in octave
bands (7 octave bands) by a low frequency sinusoidal signal with a depth of modulation
m = 100%. The modulation frequency is chosen from 0.63 to 12.5 Hz according to
the centre frequencies of the one-third octave bands covering this range. The depth of
modulation m will be reduced due to room reflection, background noise, band pass lim-
iting, etc. The depth of modulation at the receiver position, which is converted into an
attenuation (in dB), is referred to as Transmission Index (TI). The Modulation Trans-
fer Index (MTI) is given by the Transmission Index as a function of the modulation
frequency. The MTI is determined for each octave band. Finally, the one single index
called Speech Transmission Index (STI) is obtained by a weighted summation of the
Modulation Transfer Index (MTI).

In 1985, the foreshortened adaptation of the Speech Transmission Index (STI) was
developed by Houtgast and Steeneken and termed RASTI (Rapid Speech Transmission
Index) [29, 30]. The RASTI method is restricted to the 500 Hz and 2000 Hz octave
bands and to 4 and 5 different modulation frequencies, respectively. A handheld mea-
surement instrument was engineered by Brüel & Kjaer. The RASTI system consists of
a transmitter (Type 4225), which is placed at the speaker’s position and a receiver (Type
4419) placed at the listener’s position [34].

Another simplified version of STI is the STITEL (Speech Transmission Index for
Telecommunication Systems) [29, 30, 35]. The STITEL method is applied at the same
octave bands as the STI, but in each band only one modulation frequency is used. The
test signal includes all seven octave bands and all of them are analysed simultaneously.

An efficient form of the Speech Transmission Index method for public address sys-
tems is STI-PA (Speech Transmission Index-Public Address) [29] The research re-
vealed that the original concept may lead to some errors for conditions at which a
non-contiguous transfer is used. HOUTGAST and STEENEKEN modified the original
STI model [20–22]. The revised Speech Transmission Index (STIr) is obtained by a
weighted summation of the modulation transfer indices for all octave bands and the
corresponding redundancy corrections. The redundancy correction is related to the con-
tribution of adjacent frequency bands [29, 30].

4. Experiment

4.1. Measurement system

Objective and subjective measurements were performed in frequency bands of 100–
6000 Hz and 400–2500 Hz and in the telephone band, i.e. 300–3400 Hz, for a sig-
nal/noise ratio ranging from −15 dB to +15 dB [2–5].
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Different transmission conditions were simulated using a telecommunication chan-
nel MKT-1 model made in the Institute of Telecommunications and Acoustics of the
Wrocław University of Technology.

In the model the following interference and distortions can be introduced into the
transmitted signal:

1) additive interference:
a) white noise the level of which is adjusted continuously,
b) pink noise the level of which is adjusted continuously,
c) hum the level of which is adjusted continuously,
d) impulse interference with four different average values of the random dis-

tribution generating a time interval between successive pulses the amplitude
of which is adjusted continuously;

2) frequency band limitation – 78 combinations set stepwise in a band of 100–
4500 Hz and the so-called full band position; the limit frequency of the high-pass
filter can be varied from 100 Hz to 500 Hz in steps of 100 Hz, whereas that of the
low-pass filter can be changed from 2000 Hz to 4500 Hz in steps of 500 Hz; the
full-band position represents a bandwidth of 100–6000 Hz;

3) attenuation-diagram linear distortions (9 switched independently on linear equal-
izers);

4) external interfering signals.
In the presented experiment the influences of: the white noise in the 100–6000 Hz

band, the 400–2500 Hz band and the 300–3400 Hz band, the pink noise in the 100–
6000 Hz band and the 400–2500 Hz band, the hum in the 400–2500 Hz band and the
intelligible crosstalk (for Polish and English) in the 400–2500 Hz on speech intelligibil-
ity were studied. The crosstalk was produced by recording a text in Polish and English
read by a speaker and then reproducing it during the articulation measurements. The
reproduced text was fed into the telecommunication channel MKT-1 model through the
input assigned for external interfering signals. The speech and interfering signal levels
were controlled by means of a 2606 Bruel & Kjaer measuring instrument [2].

4.2. Subjective tests of logatom intelligibility

Subjective tests of logatom intelligibility were done at the Institute of Telecommuni-
cations and Acoustics at the Wrocław University of Technology according to the Polish
Standard PN90/T-05100. A listening team was selected from the Wrocław University
of Technology students with normal hearing. The qualification was based on audiomet-
ric tests. There were 12 persons in the team. The subjects were trained for two ses-
sions (6-hour training). Four phonetically and structurally balanced 100-logatom lists
per measuring point were used. The list was selected at random. Subjective measure-
ments of logatom intelligibility were taken at conditions of monaural listening using
electrodynamic receivers for the speech signal level of 80 dB(A) [2, 33].
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4.3. STI based measurements

Measurements of the speech transmission quality were performed with the STI in-
dex meter designed at the Institute of Telecommunications and Acoustics of the Wrocław
University of Technology (the MTF method) and the RASTI measurement system of
Brüel & Kjaer (type 3361).

The testing signal was fed to the telecommunication channel MKT1 designed at the
Institute of Telecommunications and Acoustics of the Wrocław University of Technol-
ogy (the channel simulated various transmission conditions given in Sec. 4.1 – white
and pink noises, frequency band and intelligible and unintelligible crosstalk). Then the
signal from the output of the MKT1 channel is sent to the receiver side of the measure-
ment system.

5. Discussion

Figure 1 presents the results obtained from the experiments: the characteristics de-
termined by HOUTGAST and STEENEKEN [8, 9, 22] for the Dutch language, BRADLEY

Fig. 1. Relationship between speech intelligibility and STI for different tests (the modified rhyme curve is
estimated from the Kryter an Whitman data [1], the modified rhyme curve is derived from the BRADLEY

data [6], the PB-word curve is derived from ANDERSON and KALB [1], the CVC nonsense syllable curve
is redrawn from STEENEKEN and HOUTGAST [19]; the PB-word curve is derived from JACOB, BIRKLE

and ICKLER [10], logatom curves (W = f (STI) and the W − f (RASTI) are derived from the data of the
present work).
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[6], JACOB, BIRKLE and ICKLER [10] and ANDERSON and KALB [1] for English and
characteristics obtained for measurements with the Brüel & Kjaer system of type 3361
(RASTI) and with the MTF method (full STI) for Polish. The relation between the
objective STI and subjective logatom intelligibility (WL) for the Polish language was
studied for 80 different transmission conditions. A fourth-order polynomial regression
function was computed for speech intelligibility versus STI and RASTI. The regression
function was obtained basing on the results

1) from the full STI method

WL = −1447STI4 + 4221.74STI3 − 4609.47STI2 + 2308.57STI− 378.68;

2) from the RASTI method

WL = 141.46STI4 − 457.15STI3 + 402.18STI2 + 14.28STI− 4.6083.

The analysis of the results obtained reveals a monotonous relation between the
logatom intelligibility (WL) and the speech transmission index (STI). The shape of the
characteristic obtained from the measurements made with the RASTI system is simi-
lar to the characteristic representing the relation between logatom intelligibility and the
STI index, especially for STI ≥ 0.4. It should be noticed that the differences between
the two above curves are minimal and are due to the different measurement techniques
used. It can be therefore concluded that the measurments done with method modified for
the Polish language and the RASTI one give similar results. However, the differences
between both the methods related to the Polish language and the characteristic given by
Houtgast and Steeneken for Dutch are significant. Comparative studies performed by
ADERSON and KLAB [1] for word tests used in the United States (Harvard PB-word
test) revealed that also for the English language the verification of the results obtained
by the MTF method is necessary. BRADLEY [6] measured intelligibility using the Fair-
banks rhyme test. JACOB, BIRKLE and ICKLER [10] used phonetically balanced (PB)
monosyllabic English words as specified by ANSI [25].

6. Conclusions

The results of the comparative studies show that the relationship between the STI
and the speech intelligibility dependends strongly on the language and the type of test
lists used. Figure 1 shows that subjects score much higher on the two rhyme tests than
in other subject tests. This was expected because rhyme tests are multiple-choice tests.
In addition, in the rhyme tests words differ only in one consonant. The test used by
Houtgast & Steeneken was shown to be similar to the ANSI method used by Jacob,
Birkle and Ickler.

Summing up, the RASTI method can be used for measures of the Polish speech
transmission quality at the condition that there will be done the transformation of results
obtained with the RASTI method (B & K measure system type 3361) related to Dutch
into the scale obtained for Polish. It means that the RASTI result should be converted
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into the logatom intelligibility using relation (2). Next, the class of the telecommunica-
tion channel can be determined according to the table included in the recommendation
number PN-90/T-05100.

In the case of using the RASTI method, the specific character of the Polish language
and the type of the applied test have to be respected.
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