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Listening difficulty ratings, using words with high word familiarity, are proposed as a new
subjective measure for the evaluation of speech transmission in public spaces to provide realistic
and objective results. Two listening tests were performed to examine their validity, compared with
intelligibility scores. The tests included a reverberant signal and noise as detrimental sounds. The
subject was asked to repeat each word and simultaneously to rate the listening difficulty into one of
four categories: (1) not difficult, (2) a little difficult, (3) fairly difficult, and (4) extremely difficult.
After the tests, the four categories were reclassified into, not difficult [response (1)] and some level
of difficulty, (the other 3 responses). Listening difficulty is defined as the percentage of the total
number of responses indicating some level of difficulty [i.e. not (1)]. The results of two listening
tests demonstrated that listening difficulty ratings can evaluate speech transmission performance
more accurately and sensitively than intelligibility scores for sound fields with higher speech

transmission performance. © 2004 Acoustical Society of America. [DOI: 10.1121/1.1775276]

PACS numbers: 43.55.Hy, 43.71.Gv [MK] [NX]

1. INTRODUCTION

The acoustical design of rooms often involves optimiz-
ing speech transmission performance since speech commu-
nication is a basic function of most public spaces such as
classrooms, meeting rooms, auditoriums, railway stations,
airports, etc. In the past, many studies have tried to evaluate
the performance of these spaces using both physxcal and sub-
jective measures.

Some physical measures are based on the useful-to-
detrimental ratio, which was developed by Lochner and
Burger! and used in a simplified form as U50.2 Clarity> and

Deutlicheit* are closely related to useful-detrimental ratios

but without the influence of ambient noise. Bradley® showed
that measured values of these indices and the more recent
STI (Speech Transmission Index)® are closely related and
can be estimated from each other. Meanwhile, several studies
have developed subjective measures, such as the Rhyme
test,” the SPIN (Speech Perception in Noise) test,® the SRT
(Speech Recognition Threshold) and so on. Among them,
SRT is defined as the presentation level of speech necessary
for listeners to recognize the speech 50% correctly. Because
we are interested in the near perfect scores required for good
speech transmission and minimal communication dlfﬁculty,
- SRT values are not relevant to this study.

Conventional subjective measures can be roughly clas-
sified into two groups. One is the syllable articulation test
using mono-syllables, or tri-syllables, etc. A defect of syl-

YElectronic mail: mrmt@Kkobe-u.ac.jp

J. Acoust. Soc. Am. 116 (3), September 2004  0001-4966/2004/116(3)/1607/7/$20.00

Pages: 1607-1613

lable articulation tests is that it is difficult to imagine speech
transmission performance because test syllables used in lis-
tening tests lack the reality of real speech. The other choice
is intelligibility tests using words and sentences which assess
both phonetic and linguistic components of the process of
speech perception. Listeners indicate the percentage of words
or sentences that they recognize. In these tests it is easy to
imagine the actual speech transmission performance. How-
ever, the intelligibility score depends on the choice of words
and sentences used in the listening tests.® Thus, each of the
syllable articulation tests and intelligibility tests using words
and sentences has both merits and disadvantages. Further-
more, even if the intelligibility is perfect, the speech trans-
mission performance is not always satisfactory. Although a 0
dB useful-to-detrimental sound ratio corresponds to above
90% intelligibility,> this is not always adequate for ideal
speech communication in spaces. In response to these prob-
lems, subjective ratings of the ‘“‘easiness” of speech recogni-
tion were presented by Sato et al.'® as an alternative ap-
proach. However, “easiness’ ratings result in a relative scale
and one cannot say how easy is good enough or when a low
rating corresponds to unacceptably bad acoustical conditions.
In addition, ‘“easiness’ lacks objectivity and would be influ-
enced by personal preferences. It should probably be consid-
ered as related to speech quality.

From an engineering point of view, it is important to
obtain a physical measure, which can evaluate the speech
transmission performance. To achieve this purpose, it is nec-
essary to compare the subjective measures with objective
measures of realistic situations that could be a reference for
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FIG. 1. Impulse response of the test sound field. Pd and Pr is a sound
pressure level of a direct sound and a reverberation signal, respectively.

judging whether or not the physical measure is useful for
evaluating speech transmission performance.

To solve the problems mentioned above, the present au-
thors propose “listening difficulty” using words with high
“word familiarity,” as a subjective measure, which is ad-
equate to imagine the speech transmission performance and
does not depend on the test words. ‘“Word familiarity™ is a
subjective variable which indicates how familiar native
speakers are with the word. The familiarity of about eighty
thousand Japanese words has been rated from 1.0 (minimum)
to 7.0 (maximum) by Amano er al.!' Another reason why
high familiarity words are used is to minimize the effect of
the cognitive process on the difficulty rating since the main
object of interest in this study is only the speech transmission
performance of spaces and including these with public ad-
dress systems. Moreover, the reason why “difficulty” is in-
troduced, instead of “‘easiness” is that people more fre-
quently experience listening difficulty in daily life. In other
words, “difficulty” has reality and objectivity and matches
our normal feelings more than “easiness.”

Our purpose in this study is to examine the validity of
“listening difficulty,” and to compare it with intelligibility
scores.

Il. LISTENING TEST I: l.ISTENING DIFFICULTY AND
INTELLIGIBILITY FOR SOUND FIELDS WITH
REVERBERATION

First, the validity of listening difficulty is examined by
using a simple sound field that consisted of a direct sound
and a reverberant signal as detrimental sound.

A. Listening test
1. Test sound fields and test words

Figure 1 shows schematically the impulse response of
the test sound field. The sound field was composed of a
direct sound followed by a reverberant decay. The reverber-
ant decay started at 50 ms after the direct sound. As Bradley
et al.l? reported, increased early reflection energy arriving at
the listener within the first 50 ms after the direct sound has
the same effect on speech intelligibility scores as an equal
increase in the direct sound energy. In this study, simulated
sound fields are used including only the direct sound com-
ponent as useful sound energy and reverberant signals as
detrimental sound energy. The parameters were reverberation
time and the sound pressure ratio of the initial amplitude of
the reverberant decay to the direct sound amplitude de-

scribed as Pr/Pd. The reverberation time was set at 0.5, 0.9,
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TABLE 1. Eight kinds of sound field used in the first listening test.

Sound field

Parameter A B C D E F G H

Reverberation time (s) 0.5 09
Pr/Pd 0.5

09 09 20 20
05 025 0.1

20 60
05 025 01 05

2.0 and 6.0 s. The Pr/Pd was set at 0.5, 0.25, and 0.1. . Table
I shows the eight kinds of sound field used in the listening
test.

Two word lists with two different levels of word famil-
iarity in Japanese'""!> were used in this test. The word famil-
iarity, categorized from 1.0 to 7.0, as mentioned above was
divided into four levels. One was the word list with the level
4 familiarity corresponding to the categories from 7.0 to 5.5,
which was used for the subjective measure proposed here.
The other was the word list with the level 3 familiarity cor-
responding to the categories from 5.5 to 4.0. This word list
was added to the test in order to determine the effect of word
familiarity on the difficulty ratings. In this paper, the former
and the latter are called ‘“‘high familiarity” and “low famil-
iarity,” respectively. Each word list included SO phonetically
balanced words. Each word has four syllables.

2. Subjects

A total of 122 subjects were used in the test. They varied
in age from 19 to 31 years old. They did not report any
known hearing impairment. Thus the subjects were not care-
fully selected listeners, but were more representative of gen-
eral young listeners with normal hearing.

3. Procedure

In the test, five words of the 50 words with each famil-
iarity were presented to each subject for each of eight differ-
ent sound fields. Thus, each subject listened to a set of 80 test
signals in total (5 wordsX 2 familiarities X 8 sound fields) in
a random order. Moreover, each word was presented to a
subject only once. A different set of 80 test signals was pre-
sented to 122 subjects so that all 800 test signals (50 words
X 2 familiarities X 8 sound fields) might be presented in the
whole of the listening test. At the beginning of the test, 12
test signals, every other of six words with each familiarity
for each of three test sound fields A, E, and H, respectively,
were added as a practice trial. The interval for presentation
of each test signal was 9 s. The total length of the test was
about 19 min for each subject.

The test signals were presented to two subjects at a time
from a loudspeaker in an anechoic room. The listening posi-
tions were located at 3 m distance from the loudspeaker and
at +30 degrees from the central axis of the loudspeaker. The
frequency response of the loudspeaker was flat to within
+5dB from 100 to 10 kHz at both listening positions. The
sound pressure levels of the test signals were set at 65.0
dB A, fast, peak on the average of all test words at listening
positions when only the direct sound was presented. The
range of the levels of the test words was within =2.0 dB A.

Each subject was asked to repeat by writing down each
word as they listened and simultaneously to rate the listening

Morimoto et al.: Listening difficulty in speech transmission



TABLE II. Four categories for listening difficulty.

(1) Not difficult

(2) A little difficult
(3) Fairy difficult

(4) Extremely difficult

difficulty into one of the four categories shown in Table II.
The object of measuring listening difficulty is classifying
conditions as either to “no-difficulty” or “difficulty.” How-
ever, it was difficult for listeners to identify the boundary
between “‘no-difficulty” and “difficulty” and to answer in
terms of one of the two categories. The solution employed in
the listening test was to ask subjects to answer in terms of
one of four categories described in Table II and then to cal-
culate the difficulty rating with the boundary between ‘“no-
difficulty” and ‘““difficulty” set in analysis which is going to
be explained later.

B. Results and discussion
1. Definition of listening difficulty

Figure 2 indicates the results of the listening test for
sound fields with reverberation. Panel (a) is the result for the
high familiarity words and the panel (b) is that for the low
familiarity words. The abscissa indicates the sound field and
the ordinate indicates the score as a percentage. The number
of responses was 610 (5 words per sound field
X122 subjects). Open circles are the intelligibility scores.
Open triangles are the listening difficulty ratings “1.” Closed
circles are the sum of the difficulty ratings “1” and “2.”
Crosses are the sum of the difficulty ratings “1,” “2,” and
“3.” Both of these results.indicate that open circles do not
coincide with open triangles, but coincide well with closed
circles. This means that even if the subjects can repeat words
correctly, they feel them difficult to listen to in some cases.
In other words, even if the intelligibility is 100%, the speech
transmission performance in these cases cannot always be
regarded as satisfactory. The speech transmission perfor-
mance could be regarded as perfect when the percentage of
responses for listening difficulty is zero.

Accordingly, listening difficulty is defined as a subjec-
tive measure of speech transmission performance that indi-

(%) (a) High familiarity (b) Low familiarity
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FIG. 2. Results of the first listening test. Left panel: high familiarity. Right
panel: low familiarity. Open circles indicate the intelligibility scores. Open
triangles, closed circles and crosses indicate the responses of difficulty (1),
(1)+(2), and (1) +(2)+(3), respectively.
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FIG. 3. Listening difficulty ratings and the intelligibility scores. Left panel:
high familiarity. Right panel: low familiarity. Open circles indicate listening
difficulty ratings and closed circles indicate the intelligibility scores.

cates the percentage of the sum of the difficulty responses
“2,” “3,” and “4” (ie., except “1”—not difficult). From
this definition and the results mentioned above, it can be
considered that the listening difficuity can evaluate the
speech transmission performance more accurately than intel-
ligibility scores.

2. Relation between listening difficulty and
intelligibility _

Figure 3 shows listening difficulty ratings and the intel-
ligibility scores for each test sound field. Closed circles in-
dicate the listening difficulty ratings and open circles indi-
cate the intelligibility scores. For both word familiarities, it
can be seen that there is a negative correlation between lis-
tening difficulty and intelligibility, Figure 4 shows the corre-
lation between listening difficulty and intelligibility. Each
point represents a different sound field. As indicated in Fig.
4, correlation coefficients indicate a strong negative correla-
tion between them for both familiarities. The regression
equations were obtained such that “x” is the listening diffi-
culty and ““y” is the intelligibility. For the high familiarity,
the coefficient of x is 0.653 that is half of the coefficient of
y. This means that the listening difficulty can evaluate the
speech transmission performance more sensitively than the
intelligibility. Also the same tendency can be seen for the
low familiarity words, although the coefficient is a little
larger than for the high familiarity words. In summary, it is

(%)  (a) High Familiality (b) Low Familiality
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g 70 ’: -
I o
%’ 50 - -
E 40 a r
‘ gg | r=-0.951 1 L[ r=-0040
10LY= -0.653x +108.0 | y= -0.807x+115.6
0 | L | \ L1 |
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% %
Listening difficulty (%) Listening difficuity (%)

FIG. 4. The relation between listening difficulty and intelligibility. Left
panel: high familiarity. Right panel: low familiarity. In the resulting regres-
sion equations, “x’’ is the listening difficulty and *“y” is the intelligibility.
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FIG. 5. Relation between the high familiarity and the low familiarity. Left
panel: intelligibility. Right panel: listening difficulty. In the resulting regres-
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sion equations, “x” is the low familiarity and “y” is the high familiarity.

concluded that listening difficulty ratings can evaluate
speech transmission performance more accurately and sensi-
tively than intelligibility scores in this test region.

3. Effects of word familiarity on listening difficulty
and intelligibility

Figure 5 shows the correlation between results for words
with the high and the low familiarities for intelligibility
[panel (a)] and listening difficulty [panel (b)]. Each point
represents a different sound field. It can be seen that when
the word familiarity becomes lower, intelligibility becomes
lower and the listening difficulty becomes higher. The corre-
lation coefficients and the regression equations between re-
sults for the high familiarity and the low familiarity were
obtained. As shown in Fig. 5, there is a strong correlation
between both the intelligibility and listening difficulty for
low and high familiarity words. Furthermore, the coefficients
of x in the regression equations are almost equal. This means
that the effects of word familiarity on intelligibility and lis-
tening difficulty do not depend on the test sound fields.

lll. LISTENING TEST II: LLISTENING DIFFICULTY AND
INTELLIGIBILITY FOR SOUND FIELDS WITH
REVERBERATION AND NOISE

In this second experiment, the validity of listening diffi-
culty is examined by using sound fields consisting of a direct
sound, plus a reverberation signal and noise as detrimental
sound. Bradley® demonstrated that an optimum speech trans-
mission performance can be obtained when the signal-to-
noise (SN) ratio is at least 15 dB A for reverberation times
less than 0.5 s. In this section, the effects of noise level and
reverberation time on the listening difficulty are investigated
and compared with the effects on intelligibility scores to de-
termine acceptable SN ratios for good speech transmission.

A. Listening test
1. Test sound fields and test words

The impulse response of the test sound field is the same
as shown in Fig. 1. The Pr/Pd is kept constant at 0.1. The
sound pressure levels of the test signals were kept constant at
55.0 dB A, slow, peak for the average of all test words at
listening positions when only the direct sound was presented.
The range of the levels of test words was within =2.0 dB A.
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The parameters were reverberation time and background
noise level. The reverberation time was set at 0.5 and 2.0 s,
The background noise level was set at 0 (no noise was pre-
sented from the loudspeaker), 10, 25, 40, 55, and 60 dB A.
The ambient noise level in the experimental room was 17.8
dB A. The level corresponds to the speech signal (direct
sound) to noise ratio (SN ratio) of infinity (no additional
noise), 45, 30, 15, 0, and —5dB A, respectively. Hence the
total number of sound fields used in the listening test was
twelve (2 reverberation timesX 6 background noise levels).
The power spectrum of noise used as a background noise is
the same as that found by Hoth!* for each 1/1 octave band
from 125 Hz to 8 kHz.

Six word lists (300 words) with the high familiarity in
Japanese were used in the test. One of the lists was also used
in the first test.

2. Subjects

Thirteen university students with normal hearing acted
as the subjects in the test. They did not serve as subjects for .
the first test.

3. Procedure

In the test, 25 words of 300 words were presented to
each subject for each of 12 different sound fields. Thus each
subject listened to a set of 300 test signals in -total
(25 wordsX 12 sound fields). Moreover, each word was pre-
sented to a subject only once. Three hundred test signals
were arranged in a random order and divided into six units of
50 words. Six units were presented separately. Different sets
consisting of 300 test signals were presented to 13 subjects
so that all 3600 test signals (300 wordsX 12 sound fields)
might be presented during the whole of the listening test. The
duration of each word was around 700 ms. The duration of
each test signal depended on reverberation time. The dura-
tion of a background noise for each test signal was around 7
s depending on the duration of the test signal. The back-
ground noise was presented in advance of the test signal by
135 ms and was ended after each test signal ended. The
interval for presentation of background noise was 6 s. During
the interval no noise was presented. The total length of each
unit was about 10 min. ‘

The test signals were presented to two subjects at a time
from a loudspeaker in an anechoic room as in the first test.
The listening positions and the loudspeaker used for the test
were the same as those in the first test.

Each subject was asked to repeat by writing down each
test word as they listened and to rate the listening difficulty
into one of the four categories shown in Table I

B. Results and discussion

Figure 6 indicates the results of the listening tests for
sound fields with reverberation and noise. The abscissa indi-
cates the noise level and SN ratio and the ordinate indicates
the score as a percentage. The number of responses was 325
(25 words per sound field X 13 subjects). Circles indicate the

Morimoto et al.; Listening difficulty in speech transmission
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FIG. 6. Listening difficulty ratings and the intelligibility scores as a function
of noise level and speech signal to noise ratio. Open and filled symbols
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Circles represent the intelligibility and triangles indicate the listening diffi-
culty. A 0 dB A noise level means no additional noise was presented from
the loudspeaker. The ambient noise level in the experimental room was 17.8
dB A. )

intelligibility and triangles indicate the listening difficulty.
Open and filled symbols represent scores for the reverbera-
tion time of 0.5 and 2.0 s, respectively.

First, let us discuss both types of scores for the sound
fields with noise of less than 40 dB A (SN ratio>15dB A).
The intelligibility is close to 100%, regardless of the rever-
beration time. On the other hand, the listening difficulty for
the reverberation time of 0.5 s is better than that for 2.0 s.
The difference is about 20% for noise of 40 dB A (SN ratio
=15dBA) and 40% for less than 25 dB A (SN ratio
>30 dB A). Furthermore, the listening difficulty approaches
a fixed value for noise: of less than 25 dB A (SN ratio
>30dB A). The value is about 20% for the reverberation
time of 0.5 s and about 60% for 2.0 s. The listening difficulty
never reaches 0% with reverberation present, but the intelli-
gibility increases to 100% as the noise level decreases.

Next, let us discuss both scores for the sound fields with
noise of more than 55 dB A (SN ratio<(Q dB A). Listening
difficulty is affected by neither the noise level nor the rever-
beration time. Listening difficulty reaches 100% for noise of
more than 55 dB A (SN ratio<0dB A). On the other hand,
intelligibility is clearly affected by the noise level, but not by
the reverberation time. The intelligibility is about 80% and
50% for noise levels of 55 dB A (SN ratio=0dB A) and 60
dB A (SN ratio=—5 dB A), respectively.

These results suggest that listening difficulty is not al-
ways high when background noise is present. Listening dif-
ficulty ratings can evaluate speech transmission performance
more sensitively and accurately than intelligibility scores
when the background noise is lower than 40 dBA
(SN ratio>15 dB A). Conversely, intelligibility scores can
evaluate speech transmission performance more sensitively
than listening difficulty ratings when background noise is
higher than 40 dB A (SN ratio< 15 dB A). Namely, listening

J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004

difficulty ratings can evaluate speech transmission perfor-
mance more sensitively than the intelligibility when the per-
formance s high, and vice versa.

Finally let us discuss a necessary SN ratio for good
speech transmission when the speech level is 55 dB A.
Bradley” reported that the desired ratio is at least 15 dB A for
a reverberation time of 0.5 s. The results of this listening test
also demonstrated that the intelligibility is almost 100% un-
der the same condition as that mentioned above. However,
there is a difference of 20% in the listening difficulty be-
tween SN ratios of 15 and 30 dB A for the same reverbera-
tion time. In other words, listening difficuity evaluates the
speech performance more strictly than does intelligibility. As
a result, for the minimum listening difficulty, the necessary
SN ratio is higher than 15 dB A, when the speech level is 55
dB A.

Additionally, there is probably an inverse correlation be-
tween useful-to-detrimental energy and listening difficulty
but further study in various S/N and acoustical conditions is
required to find a clear relation between them.

IV. FURTHER DISCUSSION ON SUBJECTIVE
MEASURES OF SPEECH TRANSMISSION

The relation between subjective measures of speech
transmission and the performance of speech transmission of
sound fields is discussed based on the resuits obtained in the
present paper.

Figure 7 illustrates different relations between them.
Panel (a) presents the ideal relation between them. The sub-
jective value monotonically increases as the performance is
advanced. The subjective value reaches the lowest when the
performance is minimum and it reaches the highest when the
performance is maximum.

At present, however, no subjective measure demon-
strates such a relationship as shown in panel (a).

At present, the most common listening test material for
the subjective evaluation of speech transmission is an intel-
ligibility test such as the rhyme test. Most previous™'>!> pa-
pers have demonstrated relations as illustrated in panel (b).
Namely, that intelligibility scores can differentiate between
the performance of sound fields where the performance is
relatively low. On the other hand, it cannot clearly identify
differences in the performance of sound fields where the per-
formance is relatively high, because the intelligibility
reaches a plateau near to 100%.

Meanwhile, in the present paper we propose listening
difficulty ratings as a subjective measure for an evaluation of
the speech transmission performance and demonstrate that
(1) Listening difficulty and intelligibility scores show a
highly negative correlation and listening difficulty ratings
can evaluate speech transmission performance more sensi-
tively than intelligibility scores when the performance is
high, and intelligibility scores can evaluate speech transmis-
sion performance more sensitively than difficulty ratings
when the performance is low. (2) Intelligibility is high even
when the listening difficulty is close to 100%. (3) Listening
difficulty changes significantly and does not reach 0% even
if the intelligibility is 100%. These results yield the relation

Morimoto et al.: Listening difficulty in speech transmission 1611
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the intelligibility. Panel (c) shows the relation between the performance and
the listening difficulty. .

between listening difficulty and speech transmission perfor-
mance as shown in panel (c).

In summary, the relation between intelligibility and Iis-
tening difficulty can be explained reasonably by dividing the
speech transmission performance into four ranges from (I) to
(IV) as shown in Fig. 7. In the range (I) where the speech
transmission performance is the worst, the performance can
be evaluated sensitively by using the intelligibility. On the
other hand, the listening difficulty is around 100% in this
range and it cannot describe clearly the differences in perfor-
mance. This condition corresponds to the test sound fields
with noise levels of 55 and 60 dB A used in the second test.
In the range (II), the performance is a little higher, and lis-
tening difficulty and intelligibility show a highly negative
correlation. Furthermore, listening difficulty can evaluate the
speech transmission performance more accurately and sensi-
tively than does intelligibility. The eight test sound fields

1612 J. Acoust. Soc. Am., Vol. 116, No. 3, September 2004

used in the first test are in this range. In the range (III), where
the performance is higher, the intelligibility reaches 100%
and cannot differentiate among the conditions. On the other
hand, listening difficulty can evaluate the performance sen-
sitively. This condition corresponds to the test sound fields
with noise levels of less than 40 dBA used in the second test.
Actually, it is usually not required to evaluate the per-
formance of sound fields belonging to the range (I), since
actual sound fields to be evaluated, such as classrooms,
meeting rooms, railway stations, auditoriums, airports etc.,
have higher speech transmission performance than this range
(D). Therefore, it can be concluded that listening difficulty is
more suitable to evaluate speech transmission performance
in public spaces than intelligibility scores, because difficulty
can evaluate the performance more sensitively and accu-
rately than intelligibility scores in thé ranges (II) and (III).
Sound fields in the range (IV), in which nobody feels
listening difficulty (0% difficulty) and of course in which the
intelligibility is 100%, must be evaluated by using other
measures such as the speech quality which may have higher
sensitivity than listening difficulty ratings in this range.

V. CONCLUSIONS

In the present paper we have proposed listening diffi-
culty ratings using words with the maximum familiarity as a
subjective measure that can evaluate speech transmission
performance realistically and objectively. Two kinds of lis-
tening tests were carried out to validate listening difficulty
ratings compared with intelligibility scores. Sound fields
with reverberation and others with reverberation and noise
were used as test sound fields in the first and the second
listening tests, respectively. The results of the two listening
tests clarified that (1) Listening difficulty ratings can evalu-
ate speech transmission performance more accurately and
sensitively than intelligibility scores for sound fields with a
higher speech transmission performance. (2) Conversely, in-
telligibility scores can evaluate the performance more sensi-
tively than listening difficulty ratings for the sound fields
with lower performance. (3) It is possible to estimate the
listening difficulty for words of one word familiarity from

" those of another word familiarity in these test regions. (4) A

necessary speech signal to noise ratio for good speech trans-
mission is at least 15 dB A in terms of intelligibility, while it
is at higher than 15 dB A in terms of listening difficulty. In
conclusion, listening difficulty ratings are more suitable to
evaluate actual sound fields, such as classrooms, meeting
rooms, railway stations, auditoriums, airports etc., than intel-
ligibility scores.
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