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A method of evaluation of speech transmission quality, called “modified intelligibility test
with forced choice” (MIT-FC), is presented. This method provides a fully automated measure-
ment of speech intelligibility (the listener’s task is to select on the computer monitor which
of the alternative utterances presented visually to him was spoken). The MIT-FC method was
implemented in a stationary version for measurements of telecommunication systems and
chains and in a portable version for the measurements of auditoria and mobile communication
systems. The results of application of the MIT-FC method in telecommunications have been
presented and the results obtained have been compared with those of traditional intelligibility
tests.
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1. Introduction

The commonly used voice communication systems with technical devices such as
digital and analogue telephone, radio and data transmission (IP networks) create certain
technical demands according to the method of speech transmission quality evaluation.
The development of modern speech transmission technologies in telecommunication
and computer networks has created a demand for the evaluation of the influence of
transmission parameters (like: coding techniques, compression methods and transfer
characteristics) on the speech transmission quality [2–4, 14, 35]. At the same time,
the test result of speech transmission quality evaluation is the assessment of a given
telecommunication chain. Most of the speech transmission quality evaluation studies
have been focused on telephony transmission [1, 7, 8, 16, 20, 26, 27, 36].

The main goal of telephony transmission is to make the transfer of a message pos-
sible by means of voice. The quality of the message transfer depends both on physical
parameters of telecommunication devices and on the subjective ones, which are specific
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to the users of the above devices [12, 15, 37]. All the used methods of speech transmis-
sion evaluation should, at a certain stage, consider the subjective factors by applying
subjective measurement methods or by the estimation of objective measurement with
respect to the subjective parameters [10, 13, 19, 24, 25, 28–30, 34, 38].

The condition of comfortable communication is that the interlocutors can under-
stand each other with insignificant number of reflexive questions. If we remove the
condition of naturalness of transmitted speech and restrict the condition to the transmis-
sion of linguistic information only, then the speech quality is sufficient if we have good
speech intelligibility for adequate loudness of the received signal. The speech loudness
and intelligibility are independent from each other. The quality of communication is not
satisfactory in cases when both the sound is too low or too high even if transmitted in
a full band without distortions and when the loudness is adequate but the transmission
band is too narrow or the distortion too large. These two measures, taken separately or
together, are the base of subjective methods [22, 23].

Speech intelligibility is one of the basic quality parameters of speech transmission
in analogue and digital telephone transmission [3, 31–33, 39, 40], IP networks [4, 7, 8],
auditory rooms [9, 11, 24] and in the selection of hearing aids [18]. Despite the signif-
icant progress in instrumental techniques of measurement of this parameter, the only
reliable method is still time-consuming, expensive and requires high skilled users of
the subjective measure of intelligibility along with the participation of a trained team
of listeners. It is quite understandable that designers of speech transmission systems
or devices tend to use objective measurement techniques not always taking into con-
sideration the limitations of the application and precision which depend on the type of
a researched object and measurement conditions. Nevertheless, the final verification of
a speech transmission devices has always been done by their user: the man.

The subjective measure results should mostly depend on the physical parameters of
the tested transmission chain and do not depend on the structure of the tested language
material. The elimination of semantic information is done by means of logatom(1) lists
(i.e. pseudo-words) on the basis of which the logatom and phone intelligibilities are
obtained [1, 9, 33, 39, 40]. This is a reason for using average logatom intelligibility of
a group of listeners as a reference point of of the telecommunication chain quality for
the verification of objective methods.

2. Subjective methods of assessing the speech transmission quality

2.1. Logatom intelligibility measurement method

Subjective measurements of logatom intelligibility are recommended by ISO
“Acoustics – The construction and calibration of speech intelligibility tests” [33] and

(1) Logatom – (logos (gr) – spoken phrase, atom (gr) – indivisible) vocal sound, generally insignificant,
usually made by the sound of a consonant or the first consonant, then by an intermediate vowel, finally by
a consonant or a final consonant sound.



AUTOMATION OF SUBJECTIVE MEASUREMENTS OF SPEECH INTELLIGIBILITY . . . 343

the Polish Standards: PN-T-05100 “Analogue Communication Systems. Requirements
and Methods for Measurement of Logatom Intelligibility” [39] and PNV90002 “Digi-
tal Communication Systems. Requirements and Methods for Measurement of Logatom
Articulation” [40].

The measurement of logatom intelligibility is based on transmission of logatom
lists (100 logatoms) phonetically balanced, read out by a speaker, transmitted through
the tested channel, which are then written down by listeners. Listeners write down (in
orthographic form) the received logatoms on a special sheet of paper. The correctness of
the record group is checked by a group of experts. The procedure of checking the cor-
rectness of the received logatoms begins with a comparison of the orthographical form
of the logatom written down by the listener and the source one. In case of no difference,
it is assumed that the logatom has been correctly received. If there is a difference, the
expert creates a phonetically form of the source logatom. The existence of at least one
difference in both forms (at least one error in received logatom) means that the logatom
has not been received correctly.

In the next step, the experts, who check the lists, calculate the number of correct
responses for each listener and each logatom list, and then an average logatom intelligi-
bility is determined as a proportion between the number of correctly received logatoms
and all logatom transmitted. The obtained average logatom articulation value can be
used to the determine quality classes according to Table 1 [17, 21, 39].

Table 1. Classes of speech intelligibility quality for analog channels [39].

Quality
class

Description of quality class
Logatom

intelligibility
[%]

I Understanding transmitted speech without slightest concentration of at-
tention and without subjectively detectable distortions of speech signal

above 75

II Understanding transmitted speech without difficulty but with subjec-
tively detectable speech distortions

60 ÷ 75

III Understanding transmitted speech with concentration of attention but
without repetitions and return queries

48 ÷ 60

IV Understanding transmitted speech with great concentration of attention
and with repetitions and return queries

25 ÷ 48

V It is impossible to fully understand transmitted speech (breakdown of
communication)

to 25

For each quality class lowest logatom intelligibility values are lowest admissible values

2.2. Modified intelligibility test with forced choice

The subjective measurement of logatom intelligibility is very time- and cost-consu-
ming, because it is necessary to have a high-specialized group of experts as the lis-
tener staff in order to obtain the high reliability of measurement results. To avoid the
disadvantages of the subjective evaluation of the logatom intelligibility by means of
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the “traditional” method, a new measurement method was created and developed at
the Institute of Telecommunications and Acoustics of the Wrocław University of Tech-
nology. This method is called the “Modified Intelligibility Test with Forced Choice”
(MIT-FC) [1, 5, 9].

In the MIT-FC method, a computer controls all experiments. The automation of
the subjective measurement is connected with the basic change in the generation of
logatoms and in making the decision by a listener. The computer generates a list of utter-
ances (for logatom test the list consists of 100 phonetically balanced nonsense words),
presents the utterances to the listeners subsequently and for each spoken utterance there
are several logatoms visually presented (in orthographic form) that have been previously
selected as perceptually similar. It has been found that the optimal number of logatoms
presented visually to the listeners is seven (six alternative logatoms and one transmitted
logatom to be recognized) [6]. The listener chooses one logatom from the list visually
presented on the computer monitor. The computer counts the correct answers and cal-
culates the average logatom intelligibility and the standard deviation. The measurement
time for one logatom list consisting of 100 logatoms is 8–9 minutes. All the measure-
ment procedures are fully automated and an operator has flexible possibilities to set the
measurement parameters and options. It is also possible to upgrade the application that
realizes the MIT-FC method with more sophisticated scores processing.

3. Experiment

The goals of the experiment are as follows:
1) to verify whether the results of the traditional and modified with forced choice

methods enable to find the relation which would allow to convert the results from
one method to another one and to classify telecommunication chains tested with
both methods,

2) to verify whether the relation from point 1. depends or not on the working condi-
tions of the tested telecommunication chain,

3) to measure the approximated relations between the traditional and modified loga-
tom intelligibility methods.

Taking into account the comparative character of the experiment it was planned to
be done only in the function of the used logatom intelligibility method. With this end
in mind each measurement was done with both traditional and modified methods, not
changing:

• listeners,
• surroundings,
• measurement system (only the logatom lists and way of listeners stimulus regis-

tration),
• working conditions of the tested chain.
The group of listeners consisted of six people with normal hearing. The classifi-

cation was done based on the audiometric hearing tests. Before the proper measure-
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ments, the listeners were trained for 6 hours (2 measurement sessions, 3 for hours each).
The subjective logatom intelligibility measurements were done monaurally with elec-
trodynamics earphones and the optimal speech signal level, i.e. 80 dB(A) [39]. Each
measurement was done with one 100-logatom list. The lists were chosen at random.

The logatom intelligibility measurements were done for an analogue chain for var-
ious transmission conditions with the telephone channel model MKT-1 designed at the
Institute of Telecommunications, Teleinformatics and Acoustics of Wrocław Univer-
sity of Technology [3]. In the model the following interference and distortions can be
introduced into the transmitted signal:

1) additive interference whose level is adjusted continuously: white noise, pink noise,
hum and impulse interference with four different average values of the random
distribution generating a time interval between successive pulses;

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 changed from 100 Hz to 500 Hz in steps of 100 Hz, whereas that
of the low-pass filter can be within 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 independently switched on linear equal-
izers);

4) external interfering signals (intelligible crosstalk, unintelligible crosstalk, etc.); to
introduce the interference of this type, a separate input for an adder was included
in the channel model.

In the presented experiment, the effect of: white and pink noise in the 300–3400 Hz
and 400–2500 Hz band, hum in the 400–2500 Hz band and intelligible crosstalk (for
Polish and English) in the 400–2500 Hz was studied. The crosstalk was produced by
taping a text in Polish and English, which was read by a speaker and then reproduced
during articulation measurements. The reproduced text was fed into the telecommuni-
cation channel MKT-1 model through the input assigned for external interfering sig-
nals. The speech and interfering signal levels were controlled by means of the 2606
Bruel & Kjaer measuring instrument by measuring them on a logarithmic scale accord-
ing to the A-weighting curve. The speech signal level and the interfering signal rms
values corresponding to the assumed sound intensity values at the listener’s ear were
measured experimentally [3].

After the setting up the measurement conditions, the logatom intelligibility mea-
surement was done with both the traditional method and with the forced choice one
with the modification of the same position (i.e. the operator was changing options
in measurement system application). The measurements were done with the system
shown in Fig. 1.

The results of logatom intelligibility measurements done with traditional and modi-
fied methods in the function of the disturbing noise level for the analogue telecommuni-
cation chain are presented in Fig. 2. In this figure the relation between the logatom intel-
ligibility measured by the traditional method and the speech-to-noise given by ISO [33]
is presented. A very high compliance of the intelligibility verus signal to noise ratio
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Fig. 1. The measuring system for assessment of logatom intelligibility of telecommunication.

Fig. 2. Relationship between logatom intelligibility and signal/noise ratio

(S/N) is given by the ISO (for the English language) and the curve obtained in the
presented experiment (for the Polish language) can be observed. It means that the rela-
tionship between the logatom intelligibility obtained by the traditional method and that
one with the forced choice is correct either for the Polish language and for English. For
signal to noise ratio (S/N) from range 〈−3 dB, −15 dB〉 there is a big divergence be-



AUTOMATION OF SUBJECTIVE MEASUREMENTS OF SPEECH INTELLIGIBILITY . . . 347

tween the curve obtained by the traditional method and that one with the forced choice.
The divergence is caused by the difference in the idea of the logatom intelligibility mea-
surements in both methods. In the method with the forced choice (MIT-FC), the listener
chooses from a limited dictionary, picking 1 from 7; it means that the probability of ran-
dom choice of the correct logatom equals approximately 17%. The fact that in MIT-FC
methods, the listener receives not only the sound but also the visual information which
is also important. These factors have an influence on the growth of the logatom intelli-
gibility value in not favourable conditions (high level of distortions). The existence of
the disproportion in results obtained with the traditional and forced choice methods is
irrelevant to allow the device to be used because it should belong to I or II quality class,
which means that the logatom intelligibility should be over 60%.

It was stated that both tested methods gave significant differences in the statistical re-
sults and the differences are not constant. In order to find relations between intelligibility
obtained with tested methods, all the results were plotted on the logatom intelligibility
plane (traditional versus modified method) (Fig. 3). Although the obtained relationship
between the logatom intelligibility measured by the tradional method and that one by
the forced choice is not linear, the relationship is monotonical in the full range of the
logatom intelligibility values. It allows both methods to be used interchangeably. For
example, after doing the logatom intelligibility measurements using the method with
the forced choice and doing the recalculation of the results – according to the curve
presented in Fig. 3 – to the logatom intelligiblity value measured with the traditional
method one can define the quality of the device in accordance to Polish [39].

Fig. 3. Relationship between logatom intelligibility measured with traditional and MIT-FC method
for analog telephone channels.
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4. Conclusions

The experiments carried out to find the relations between the logatom intelligibility
measured with the traditional and the semi-automatic with forced choice methods for
the analog telecommunication chain have shown that there exists the multi-value and
repetitive relation between them. It allows both methods to be used interchangeably and
converting the results between them.

The characteristics (line 1 and 2) presented in Fig. 2 show a very close relation
between the results obtained for the English and Polish. It can be assumed that the
relation between the logatom intelligibility measured with traditional method and the
one with forced choice obtained may be used for Polish as well as for English.

In contrast to the aditional measurements the MIT-FC test satisfies the demands of
fast and effective intelligibility measurements and exhibits the following features, that
are especially useful under field conditions:

1) it permits individual measurements with multiple repetitions for different listen-
ers,

2) the test signal has a stable and repeatable quality under conditions of multiple
reproductions,

3) the time needed to carry out the measurement with the MIT-FC method is the
same as in the traditional one but we obtain the results right after finishing the
measurement process,

4) the scores are obtained just after the measurements are completed,
5) the software applied enables an easy installation of upgradeable applications as

a recalculation of the intelligibility scores to the MOS quality scale, the graphical
presentation of the results and a comparison of subjective scores with objective
predictors,

6) the intelligibility measurements may be carried out under conditions of direct
binaural reception of the test material or via headphones (single or double-ear
reception).
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