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In our daily lives we are surrounded with a variety of sounds which vary with time and
spread in space. The configurations of sound along the temporal stream have the
meaning. The meaning will be destroyed if these sounds are divided into short seg‑
ments as used in conventional methods. The method of continuous judgement by
category and the method of continuous judgment by selected description have been
developed for examining the impression of temporally varying sounds along the temporal
stream. In this paper these methods are introduced with their procedures and applica‑
tions to the evaluation of helicopter noise.
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1. INTRODUCTION
In our daily lives we are surrounded with
a variety of stimuli which vary with time
and spread in space. The configurations of
sounds along the temporal stream have the
meaning. The meaning will be destroyed if
these sounds are divided into short seg‑
ments as used in conventional methods. It
is desirable to examine the impression of
temporally varying sounds along the stream.
The authors have developed new methods
called "the method of continuous judgment
by category" 1−3) and the method of selected
description 4 − 6 ) in order to evaluate con‑
tinuously the impressions of sounds which
vary with time.
The idea of these new methods was created
by Namba, who thought that the impressions
of musical performances can be expressed by
the movement of fingers since piano perfor‑
mances are played with fingers. It is not
unusual that some passages in piano music

are played faster than the critical rate
for identification. 7) This fact suggests
that it would be possible to measure the
impression of fluctuating sounds continu‑
ously by pressing a key on a response box as
quickly as critical rate, as is done in the
piano training.
Music has a Gestalt including all the
sounds already presented and coming in fu‑
ture, though each sound appears and disap‑
pears one after the other. The instanta‑
neous impression of the musical sound is
based not only on each sound presented at
that moment, but on the whole musical con‑
text. This holds good for speech or other
sounds. It can be easily understood that
the instantaneous impressions of speech
sounds are greatly dependent on the con‑
text.
Subjects are asked to judge not only the
instantaneous impressions, but the overall
impression of the sound, and the relation
between instantaneous judgments and over‑
all judgments are examined.

This may be helpful to understand the in‑
teraction between the instantaneous impres‑
sions and overall impression. Instantaneous
impressions exist in the reference frame of
whole stimulus and the overall impression
is largely dependent on the instantaneous
impressions. The method of continuous judg‑
ment by category and the method of continu‑
ous judgment plied to sounds without frame
of reference,
artificial sounds
without meaning.
In the experimental design using conven‑
tional psychological methods, the stimuli
are presented in random order in order to
avoid constant errors. It can be easily
understood that it is useless to apply the
methods of continuous judgment by category
and by selected description to such ran‑
domly presented short segments of stimuli.
The methods of continuous judgment can be
applied to sounds which have a meaningful
context and whose instantaneous impressions
exist along the temporal stream reflecting
the context, such as music, speech and sounds
from noise sources in our daily life. Music
and speech have context. Also noise sources
have context when they are moving such are
transportation noise. From the context we
can perceive from which direction the sound
source is coming, predict to which direc‑
tion it is moving, and we can smoothly re‑
act to the instantaneous condition of the
sound source.
The helicopter noise is a typical example
of this kind of noise, since the level and
timbre of helicopter noise drastically var‑
ies with time according to the distance
between helicopters and listeners. In order
to evaluate helicopter noise, it is neces‑
sary to measure instantaneous impressions
of the noise according to the flight pat‑
tern, and then examine the relation between
instantaneous and overall impressions.
In the present study, the method of con‑
tinuous judgment by category and the method
of continuous judgment by selected descrip‑
tion will be introduced and the measurement
of temporal stream of hearing will be dis‑
cussed by taking the evaluation of helicop‑
ter noise as an example.

2. EXPERIMENTS
2.1 Stimuli
A list of the helicopter noise used in
experiments is shown in Table 1. They were
in three flying mode; taking‑off, flyover
and landing. Stimuli No.1 to 4 in Table 1
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have no frequency equalization, stimuli No.5
to 21 were equalized with an frequency equal‑
izer (Victor SEA‑7070) so that the fre‑
quency characteristics of white noise might
be as flat as possible when presented through
the loudspeakers in the sound proof room,
and stimuli No.22 to 25 were equalized as
if they were transmitted through facades
having idealized sound transmission char‑
acteristics (‑3 dB/oct). These stimuli were
modified using a mixer to creat a panning
effect so that it might seem that the heli‑
copter was moving in space. In experiment
these stimuli were reproduced with a DAT
recorder (Victor XD‑Z1100) and presented to
subjects through an amplifier (technics
SU‑V100D) and two loudspeakers (Sony
APM‑33W) which are mounted on the ceiling
of the sound proof room.
2.2

Procedure: Experiment 1‑By the Method
of Continuous Judgment by Category
(1) Instruction
The instantaneous impression of noisi‑
ness was judged using the method of con‑
tinuous judgment by category. The instruc‑
tion given to subjects is shown below. The
outline of the method of continuous judg‑
ment by category will be understood by this
instruction.
"This is an experiment on the noisiness
of helicopter noise. Various helicopter
noises
will be presented to you from the loud‑
speakers. The noisiness of the sounds will
vary with time. Please judge the noisiness
at each moment using 7 categories from
"intolerably noisy" to "not noisy at all"
by touching the corresponding key. You need
not press the key if your impression of
noisiness does not change. The impression
on the monitor will remain. When your im‑
pression of noisiness changes, pleases press
the corresponding key."
(2) Response box
It is necessary to store the response of
subjects with the time when they respond.
For that purpose, a computer keyboard is
used as a response box.
(3) Number of categories
In our experiments using the method of
continuous judgment by category, seven cat‑
8)
egories are
usually used. In our earlier
experiment
using 5 to 11 categories, there
was no significant effect of the number of
categories one the judgments. However, there
is a case that subjects feel like to ex‑
press a slight change of their impression
which is too slight to use a different
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Table 1 Stimulus conditions.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Flight
mode
L/D
L/D
L/D
L/D
T/O
T/O
T/O
T/O
T/O
T/O
L/D
L/D
L/D
L/D
L/F
L/F
L/F
L/F
L/F
L/F
L/F
L/D
L/D
L/D
L/D

Number of
blades
2
2
5
2
2
5
5
3
2
2
2
2
5
2
2
5
5
3
3
2
2
2
2
5
2

Altitude
(ft)

Equalizing
−
−
−
−
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
flat
− 3 dB / oct.
− 3 dB / oct.
− 3 dB / oct.
− 3 dB / oct.

category. For such cases, it would be suit‑
able to use response methods which vary
continuously. One of such methods is a
crossmodality matching between an auditory
attribute and the length of a line. Scharf
has proposed successive magnitude estima‑
tion,9 ) but the use of numerals is not appro‑
priate to the rapid change of impressions.
Instead of using numerals, the length of a
line is used in our revised successive mag‑
nitude estimation.10 , 11 ) Subjetcs are asked to
adjust the length may correspond to the
impression of sounds. In order to avoid the
limitation of the length, it is desirable
to project the line on a large screen.
(4) Estimation of reaction time
There is a time lag (reaction time) be‑
tween the presentation of sounds and the
responses of subjects to them. The reaction
time can be estimated from the coefficient
of correlation between physical values and
subjects' responses. An example of the re‑
lation between the coefficient of correla‑
3)
tion and the time lag is shown in Fig.1.
The time lag when the highest correlation
can be obtained is regarded as the reaction
time.

1,000 → 458
1,500 → 528
1,500 → 828
1,000 → 438
395 → 1,000
315 → 1,000
465 → 1,500
315 → 1,500
325 → 1,000
555 → 1,000
1,000 → 458
1,500 → 528
1,500 → 828
1,000 → 438
925
925
1,425
925
1,425
925
1,425
1,000 → 458
1,500 → 528
1,500 → 828
1,000 → 438

2.3

Leq
( dBA )

.
813
82.5
72.3
.
821
.
734
68.3
68.0
67.4
77.4
.
753
78.9
80.2
70.0
.
801
72.9
.
655
.
633
.
618
58.5
.
738
70.9
76.2
77.4
.
659
77.3

Duration
(s)
.
610
57.4
.
415
58.4
56.6
45.0
54.4
.
512
44.9
50.4
60.4
.
571
.
413
58.2
68.6
46.9
57.4
.
641
52.4
57.3
.
555
58.9
.
535
37.2
52.6

Procedure: Experiment 2‑by the method
of continuous judgment by selected
description
(1) Method
The method of continuous judgment by cat‑
egory can only be used for measuring re‑
sponses in one dimension such as loudness
or noisiness. The impression of sounds such
as music or helicopter noise is multidimen‑
sional and temporally varying. In order to
measure the instantaneous multidimensional
impression continuously, the method of con‑
tinuous judgment by selected description
has been developed.4 − 6 ) Basically this method
is similar to the method of continuous judg‑
ment by category. In the experiment using
the method of selected description subjects
are asked to judge the instantaneous im‑
pression of timbre of sounds using adjec‑
tives in a prepared list and press the cor‑
responding key. When they feel two or three
descriptions are appropriate, they can use
two or three keys in quick succession, like
playing a trill or a broken chord on a
piano. In Experiment 2 the instantaneous
impression of timbre of helicopter noise
was measured continuously using the method

of continuous judgment by selected descrip‑
tion.
(2) List of adjectives
A list of adjectives is prepared on the
basis of the results of preliminary
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experiments. In the first preliminary ex‑
periment, subjects are asked to express their
impression to each sound using any adjec‑
tives they like. In the second preliminary
experiment subjects are asked to select ad‑
jectives appropriate to express the impres‑
sion of each sound from the list of adjec‑
tives which is prepared on the basis of the
results of the first preliminary experi‑
ment. Cluster analysis can be conducted on
the basis of the frequency with which the
adjectives are commonly selected. An ex‑
ample is shown in Fig.2.12)
The list of adjectives used in Experiment
2 is shown in Table 2 with their symbol
letters, the key of which subjects were
asked to press. These symbol letters were
determined so that subjects could easily
associate them with the adjectives. For ex‑
ample, "Y" is the first letter of "yakamashii"
(which means "noisy" in Japanese). It can
be noticed that these adjectives are the
representatives of each cluster shown in
Fig.2. Subjects are required to have a train‑
ing sufficient to get used to the keys with
Table 2 List of adjectives used in Experi ment 2.

Symbol
Fig. 1 relation between coefficient of cor 3)
relation and time interval. A systematic
change in the coefficient of correlation was
found in accordance with the time intercal
between sound levels and the instanta neous judgments.

Y
C
H
M
N
K

Adjective

noisy
soft
powerful
metallic
dull
hard

( やかましい )
( 小さい )
( 迫力のある )
( 金属性の )
( にぶい )
( かたい )

Fig. 2 The results of cluster analysis for adjectives in the experiment using the method of
12)

selected description.
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corresponding adjectives before experiments.
2.4

Procedure: Experiment 3‑Overall
Judgment Using Semantic Differential
Helicopter noises produce various impres‑
sion of timbre. Therefore the overall
impression of the helicopter noises were
multidimensionally examined using semantic
differential. The adjective scales used are
shown in Table 4. Subjects were asked to
judge their impression of timbre using these
7‑point adjective scales after listening to
each stimulus.
Experiments 1,2 and 3 were conducted in
different days in different order among
subjects.
2.5 Subjects
Five females and seven males, aged be‑
tween 20 and 41, with normal hearing abil‑
ity participated in the experiments as sub‑
ject.

3. RESULTS
3.1 Instantaneous Impression of Noisiness
The continuous judgments of each subject
to each stimulus were sampled every 100ms
and corresponded to the values of Leq of
every 100ms. The instantaneous judgments by
twelve subjects were averaged taking the
reaction time into account. The coefficients
of correlation between instantaneous judg‑
ments sampled every 100ms and the values of
Leq of every 100ms for each stimulus is shown
in Table 3. High correlation can be seen
between them for all the 25 stimuli. This
suggests that the instantaneous impression
of noisiness is mainly determined by the A‑
weighted sound pressure level.
The instantaneous judgments sampled ev‑
ery 100ms are plotted against the values of
Leq of every 100ms for all the 25 stimuli
together in Fig.3. A fairly high correla‑
tion can be found between them. However,
there are some deviations from the regres‑
sion line in some stimuli. These deviations
may be due to the difference in the types of
helicopter, flight modes, etc .
Examples of the relation between the in‑
stantaneous judgments and the values of Leq
of every 100ms for each stimulus are shown
in Figs.4 and 5. The stimulus No.9 shown in
Fig.4 is the noise from the helicopter in
taking‑off mode and with two blades. High
correlation can be seen, but there is a
systematic deviation from the regression
line. This may be due to the effect of
blade‑slap noise, which includes a large

Table 3 Coefficient of correlation between
instantaneous judgments and Leq of every
100ms.
Stimulus

r

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0.930
0.953
0.954
0.982
0.950
0.958
0.954
0.917
0.950
0.947
0.964
0.982
0.975
0.990
0.968
0.934
0.884
0.944
0.915
0.977
0.951
0.962
0.952
0.969
0.992

Fig. 3 Relation between the values of Leq
averaged for 100ms and the instanta neous judgments of noisiness sampled
every 100ms for all the 25 stimuli.
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Fig. 4 Relationship between the value of
Leq averaged 100ms and instantaneous
judgments of noisiness sampled every 100
ms of stimulus No.9 which is the noise
from the helicopter with two blades and in
taking - off mode. A high correlation can
be seen between them. However, there
can be seen a systematic deviation from
the regression line.

(a )

Fig. 5 Relation between the calues of Leq
averaged 100ms and instantaneous judg ments of noisiness sampled every 100ms
of stimulus No.16 which is the noise from
the helicopter with five blades and in fly over mode. A high correlation can be
seen between them ant there is no sys tematic deviations.

(b)

Fig. 6 Temporal characteristics of helicopter noise. Figure 6(a) shows the analysis of stimu lus No.9 which is the noise from the helicopter with two blades and in taking - off mode.
Large impulsive components can be noticed. Figure 6(b) shows the analysis of stimulus
No.16 which is the noise from the helicopter with five blades and in flyover mode.

impulsive component as is shown in Fig.
(6)a. The temporal variation of the devia‑
tions from the regression is shown in Fig.7.
When a helicopter is approaching, the blade‑
slap noise is greater. This may cause the
overestimation of noisiness. When a helicop‑
ter is moving away, the noisiness may be
underestimated in contract to the preceding
overestimation. The stimulus No.16 shown

in Fig.5 is the noise from the helicopter
in flyover mode and with five blades. In
the case of this helicopter, the blade‑slap
noise is not prominent as is shown in Fig.6
(a), and a good correlation can be seen
between the instantaneous judgments and the
values of Leq of every 100ms.
The blade‑slap noise may cause deteriora‑
tion of timbre of helicopter noise. The
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Fig. 7 temporal variation of the deviations from the regression line for the stimulus No.9.
It can be seen that noisiness was overstimated when the helicopter was approaching and
underestimation occurred just after the ocerestimation.

blade‑slap noise may cause deterioration of
timbre of helicopter noise. The effect of
timbre was examined in Experiments 2 and 3.
3.2 Instantaneous Impression of Timbre
The percentages for the selection to each
adjective for each five seconds by twelve
subjects were selected in a quick succes‑
sion, it was dealt that the two or three
adjectives were selected continuously. Ex‑
amples are shown in Figs.8 and 9. It can be
seen that the impression of timbre changes
temporally according to the flight pattern
and the type of helicopter. The example of
the results shown in Fig.8 is from the same
stimulus as shown in Fig.4, i. e. the noise
from the helicopter in taking‑off mode and
with two blades. When the helicopter was
approaching, subjects perceived the noise
as being dominant and when it left away the
noise was perceived as being "soft." For
the stimulus No.16 from the helicopter in
flyover mode and with five blades, the im‑
pression of timbre did not change so much
during the flight as is shown in Fig.9. The
results of Experiment 2 show that the tim‑
bre of some types of helicopter noise var‑
ies according to the flight pattern and the
flight mode.

3.3 Overall Judgment
Examples of semantic profiles averaged
for twelve subjects are shown in Figs.10
and 11. It was found that the overall im‑
pression of timbre of the noises were dif‑
ferent from each other. Stimulus No.9
(Fig.10) gives
negative impression: it was perceived as
being "loud," "metallic," "gruff," "impure,"
"annoying," "hard," "unpleasant," "strident,"
"powerful," and "unpleasing." On the other
hand, stimulus No.16 was judged as being
neutral as shown in Fig.11. The result of
factor analysis is shown in table 4. Factor
1 shows high loading for the adjectives
"loud‑soft," "gruff‑mild," "annoying‑not
annoying," "strident‑calm" and "weak‑
powerful." Factor 1 can be interpreted as
"powerful " factor. Factor 2 shows high
loading for the adjectives "metallic‑deep,"
"sharp‑dull" and "gentle‑hard," and can be
regarded as "metallic" factor. Factor 3 shows
high loading for the adjectives "pure‑
impure," "pleasant‑unpleasant" and
"unpleasing‑pleasing," and can be inter‑
preted as "pleasant" factor.
The coefficients of correlation of these
adjective scales with Leq and loudness level
based on ISO 532B 13) (abbreviated as LLz ) are
shown in the right‑hand columns in Table 4.
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Fig. 8 Temporal change of the timbre of the stimulus No.9 obtained in Experiment 2. It
is noticed that the impression of timbre varied according to the flight pattern.

Fig. 9 Temporal change of the timbre of the stimulus No.16. Little temporal change can
be seen in this case.
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Fig. 10 Semantic profile for the stimulus
No.9 in Experiment 3.

Fig. 11 Semantic profile for the stimulus
No. 16.

Table 4 Results of factory analysis.
Ⅰ
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

loud
metallic
gruff
pure
sharp
annoying
gentle
pleasant
strident
weak
unpleasing

− soft
− deep
− mild
− impure
− dull
− not annoying
− hard
− unpleasant
− calm
− powerful
− pleasing

0.849
− 0119
.
0.737
− 0.098
.
0103
0.681
− 0.516
− 0.339
0.732
− 0.878
0.316

LLz was calculated on the basis of the mean
14)
energy level of 1/3 octave band. Both Leq and
LLz show high coefficient of correlation
with the scales of Factor 1 and can be good
measures of "powerful" impression of heli‑
copter noise. Neither
norLeq
shows
LLz high
correlation with the scales of Factor 2.
"Metallic" impression can be dominant char‑
acteristics for some types of helicopters.
In such cases
or LLz is Lnot
a good index
eq
for the evaluation of helicopter noise. The
scales of Factor 3 show correlation with
and Leq , though
LLz not so high. This suggests
that low level sounds tend to be preferred
than high level sounds, though other fac‑
tors also may affect the

U

− 0.091
0.845
.
0170
.
0152
0.820
− 0.016
− 0.542
− 0.054
0.322
0.088
.
0142

Ⅲ

r
Leq

r
LLz

−0.255
− 0140
.
− 0.381
0.741
0.212
− 0.537
0.091
0.793
− 0189
.
.
0143
− 0.786

0.942
− 0137
.
0.947
− 0.696
− 0.061
0.885
− 0.784
− 0.858
0.920
− 0.906
0.821

0.945
− 0.064
0.950
− 0.676
0.048
0.915
− 0.828
− 0.869
0.936
− 0.914
0.856

impressions which belong to Factor 3.

4. DISCUSSION
4.1 Instantaneous Judgments
In Experiment 1 it was found that instan‑
taneous impressions of noisiness of heli‑
copter noises show a fairly good correla‑
tion with Leq and that they can be approxi‑
mately evaluated by Leq . However, when they
contained strong blade slap noise, there
were systematic deviations from the regres‑
sion lines. Though instantaneous judgments
of noisiness showed significantly higher
correlation with LLz of every 100ms than
with Leq , similar deviation was

found as shown in Fig.12. This suggests
that the overestimation of noisiness may be
to the deterioration of timbre caused by
the temporal effect of blade slap noise.
The temporal variations of noisiness
(Experiment 1) and timbre (Experiment 2)
can be compared, the examples of which are
shown in Figs.7 and 8. It is noticed that
the overestimated portions in Experiment 1
correspond to the portions where the adjec‑
tive "noisy" was selected with high per‑
centages in Experiment 2. This suggests that
the dominant impression of timbre of blade
slap noise was "noisy." Following underes‑
timated portions in Experiment 1 were judged
"dull" or "metallic," etc . in Experiment 2.
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between the results of continuous judgments
and overall judgments in the impression of
"powerful" as shown in Figs.13(a) and (b).
It was found in these figures that noises
from the helicopters with two blades and/or
in landing mode were judged as being more
"powerful" than those with three or five
blades, and/or in taking‑off or flyover
modes.

4.2

Comparison between Instantaneous and
Overall Impressions of Timbre
The percentages with which each adjective
was selected in continuous judgment in Ex‑
periment 2 were calculated for each stimu‑
lus and compared with the category scales
in overall judgments in Experiment 3. Ex‑
amples are shown in Figs.13 and 14.
A fairly high correlation can be seen
(a )

(b)
Fig. 12 Relation between LLz averaged 100
ms and instantaneous judgmentsof noisi ness sampled every 100ms of stimulus
No.9. Instantaneous judgments showed
a higher correlation with LLz than with
Leq . However, there still exists a systemat ic deviation from the regression line.

Fig. 13 Relation between overall judg ments and the percentages with which
each adjective was selected in continuous
judgments for the adjective "powerful."
Figure 13(a) shows the effect of the numver
of blades and Fig. 13(b) that of flight
mode.
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The overall impression may be based on the
interaction of weighted average of the
instantaneous impressions. It is also sug‑
gested that the impressions of noisiness
and timbre are temporally varying and it
may be useful to examine the countermea‑
sures of helicopter noises by relating the
instantaneous impressions with correspond‑
ing physical properties.

5. FINAL REMARKS

( a)

(b)
Fig. 14. Relation between overall judg ments and the percentages with which
adjective was selected in continuous judg ments for the adjective "metallic." Fig.
14(a) shows the effect of the number of
blades and Fig.14(b) that of flight mode.

It was found that the impression of "me‑
tallic" was not strong in overall judgments
and that the coefficient of correlation
is not so high between overall judgments
and instantaneous judgments as shown in
Figs.14‑a and b. No correlation was found
between instantaneous judgments and over‑
all judgments in the impression of "hard"
These results suggest that the overall
impression is not independent of the in‑
stantaneous impressions and that the rela‑
tion between them is not so simple.

The method of continuous judgment by cat‑
egory
and the method of continuous judgment by
selected description were introduced with
their procedures and applications as fol‑
lows.
1.
The instantaneous impression to the
sounds which vary along the temporal
stream can be measured reliably by
these methods.
2.
These methods can be applied to
everyday sounds, and the relation
between stimulus conditions and
subjective responses, and the trade‑
off effect among stimulus conditions
can be examined. This may be helpful
to examined the countermeasures for
preventing negative impressions of
noises.
3.
The overall impression of a sound is
highly related to the instantaneous
impressions. However, the overall
impression is not a simple average of
the instantaneous impressions. The
overall impression may be based on the
interaction of weighted average of the
instantaneous impressions.
4.
Instantaneous impression is affected
by the preceding portions of the sounds
as well as the corresponding
instantaneous sound levels. It was
shown how to estimate the time
interval which determines the
instantaneous impressions.
5.
It was discussed that the context of
the sounds has an important role in
constructing instantaneous impressions.
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