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This paper reports and discusses the results of the second stage of experiments of a 
round robin test on the evaluation of impact sounds. Two psychological attributes, 
loudness and noisiness, were dealt with in this study. The PSE's for both attributes 
were obtained by using the same experimental procedure. In this study, a repeated 
impulsive sound whose duration is 3 s at the longest was presented in a diotic listening 
condition. The results of the study are summarized as follows: 1) The coefficients for 
linear regressions of PSE on LpE (the frequency-unweighted sound exposure level) were 
0.62-0.63 for loudness, while they were 0.93-1.11 for noisiness. This seems to indicate 
that the time constant for integration of sensation is longer for noisiness than for loud-
ness. 2) For both loudness and noisiness, LpE showed a high correlation with PSE ob-
tained by our experiments, and thus loudness of repeated impulsive sounds might be 
described by LpE with some modifications, and noisiness can be expressed by LpE with 
minor modifications. 3) The difference between the results of carrier signals used in this 
study has little effects on the experimental data.

PACS number : 43. 66. Cb, 43. 50. Ba
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1. INTRODUCTION

In evaluating steady or slowly fluctuating noises, 
LAeq is widely used today.1,2) How to evaluate 
impulsive noise, however, has not yet been made 

 clear.3) Considering that we often encounter impul-
sive noise in our daily lives, such as the sound of 
slamming doors, typewriting, hammering and so 
forth, the need to establish a method for evaluating 
such noise is imperative. This paper describes the 
second set of results of a round robin test carried out 
in Japan, the purpose of which was to establish a 
method of evaluating the level of loudness and noisi-
ness of impulsive sounds. 

There is a method of evaluating impulsive noise 
which is being temporarily used. This is the method 
of using an impulsive adjustment as described in 
ISO R1996-1971,4) where 5 dB correction can be 
added to LAeq when the noise is impulsive. This 
value of correction, 5 dB, however, was omitted from 
ISO/DIS 1996/2-1985.5) 

Regarding instruments for measuring sound, a 
circuit with an 'I' detector-indicator characteristic of 
a sound level meter as described in IEC Pub. 6516) 
is well known. However, neither the adjustment nor 
the characteristic 'I' is based on experimental results 
acceptable to most researchers. 

The problem of how to evaluate impact sounds 
still remains unsolved, though many researchers 
have studied their loudness and noisiness, and the 
annoyance they cause.3,7-16) Psychophysical experi-
ments are often affected by several factors, such as 
instructions to subjects, apparatus, room acoustics 
of a laboratory, etc. Therefore, it is not easy to 
compare the results from different laboratories. The 
authors, who belong to different research institutes, 
made a plan to do joint experiments using the same 
stimuli, the same instruction, and the similar type 
of equipment, and tried to make clear the appro-

priate method for evaluating impulsive noises. The 
authors have continued participating in cooperative 
studies for finding a solution to this problem since 
1982. An experiment on loudness of single bursts of 
impulsive sound was the first step in the round robin 
test.3) The results of the experiment reveal that 
both LpE (to be discussed later) and the maximum 
output of an r.m.s. circuit with a time constant of 
125 ms or 1 s can explain the loudness of a single 
burst of impulsive sound which has a quick onset 

(1 ms for 20 dB change), a steady part (0 - 100 ms

Table 1 The names of the laboratories and 

the researchers that participated in the 

round robin test.

duration) and a trailing part (30 N 300 ms for 20 dB 
change). 

The experiment discussed here was carried out on 
repeated impulsive sounds. We actually experience 
repeated impact sounds such as noise from a diesel 

pile hammer, a concrete breaker, a typewriter or a 
helicopter.16) In order to clarify whether the same 
method of evaluation used with a single burst of 
impulsive noise is applicable to a repeated burst or 
not, we designed an experiment to measure loudness 
and noisiness of repeated impulsive sounds. 

Table 1 shows the names of the eleven laboratories 
with which the authors are affiliated.

2. LOUDNESS OF REPEATED 

IMPULSIVE SOUNDS

2.1 Experimental Procedure 

The constant method was used here in psycho-

acoustical experiments for both loudness and noisi-

ness of impulsive sounds. 

Table 2 describes the test stimuli used in the 

experiment where their levels are expressed in terms
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Table 2 Experimental conditions and the levels measured in different ways.

*1 The time with 20 dB change . 
*2 Carrier signal is 1 kHz sinusoidal wave . LpE is frequency-unweighted sound exposure level. I, F and S 

are the peak level through 'I,' 'F' and 'S' detector-indicator characteristic, respectively.

of loudness level. Figure 1 shows the envelopes of 
test stimuli which have exponentially rising and de-
caying parts. These forms were chosen on the basis 
of the analysis of actual impact sounds.11) The 
stimuli were digitally synthesized by means of a 32-
bit minicomputer (TOSBAC DS-600) in which a 
single burst of impulsive sound was superimposed on 
the original sound with some time delay to create 
a repetitive impulsive sound. When envelopes of 
bursts of impulsive sounds overlapped, they were 
synthesized based on the energy rule. 

Figure 2 shows an example of the time pattern of a 

pair of stimuli consisting of a test stimulus and a 
comparison stimulus. In this figure, the durations 
of the test stimuli range between 2 and 3 s ac-
cording to the decay time except for a stimulus 
of a single burst, since the time delay of the starting 

point of the last impulse was limited to 2.0 s from 
the beginning of the burst.

The carrier signals for stimuli were the same as 

those used in the previous experiment, i.e., a 1 kHz 

sinusoidal wave and a mixture of two asymmetric 

rectangular waves with fundamental frequencies of 

440 Hz and 1,175 Hz.3) The ratio of the amplitude 

of the 440 Hz component to that of the 1,175 Hz 

component was three to two. Both frequencies are 

in inharmonic relation and the amplitude ratio was 

chosen so as to bring about a fusion of both compo-

nents. The duty cycle for the rectangular waves was 

15% in order to reveal the wide frequency spectra. 

This complex signal will be hereafter referred to as 

the asymmetric rectangular wave. 

The peak level of an impulse was 85 phon for both 

carrier signals. This level is the same as that for 

continuous sound having a peak level equivalent to 

that of an impulsive sound. It is equivalent to SPL, 

85 dB in a 1 kHz sinusoidal wave and SPL, 82 dB 

in an asymmetric rectangular wave. This 3 dB

251



J. Acoust. Soc. Jpn. (E) 8, 6 (1987)

Fig. 1 The envelopes of the test stimuli. 
Rise and decay time is the time required 

for 20 dB change.

Fig. 2 The time pattern of the stimuli pair 

used in the test.

difference was subjectively obtained in a preliminary 
experiment. It should be noted that the maximum 
level of the synthesized envelope could be higher than 
85 phon for test stimuli with the higher repetition 
rate and/or the longer decay time. 

The comparison stimulus was a steady sound 
lasting 2 s, and its rise and decay time were both 
5 ms for a 20 dB change in level. The carrier 
signal of the comparison stimulus was always the 
same as that of the test stimulus with which it was 
compared. The level of the comparison stimulus 
was one of nine levels which differed by a step of 
2.5 dB. In the experiment both orders of stimulus 

presentation were randomized : 1) a test stimulus 
followed by a comparison stimulus, and 2) a compari-
son stimulus followed by a test stimulus. Since each 
pair of stimuli was presented to a subject three times, 
he/she responded to 54 pairs of stimuli for each 
stimulus condition. 

The synthesized stimuli were produced by a 16 
bits D/A converter at a sampling rate of 50 kHz and 
recorded on video tape in EIAJ format (44.056 kHz, 
14 bits) of PCM code for distribution among the 
cooperating laboratories. 

Our agreement upon experimental conditions were 
the following : 1) binaural hearing through head-

phones, 2) a subject sitting on a chair with his/her 
eyes closed during the experiment session, 3) back-

ground noise in a listening room less than 35 dB 
in A-weighted SPL, 4) a dead listening room, 5) a 
listening room in which there is enough light to read 
a book. 

Headphones used in the experiments were YAMA-
HA HP-1000 manufactured in the same batch, and 
their frequency response characteristics were ascer-
tained to be uniform beforehand. For the purpose 
of training subjects, a specially recorded tape was 

prepared. This tape contained combinations of 
stimuli which could be judged easily. The contents 
of the instruction given to subjects were prepared at
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Osaka University, and it was basically the same as 
that used in the previous experiment. We simply 
asked subjects to judge which stimulus in a pair was 
louder (2AFC paradigm). 

The experiments were executed between 1984 to 
1985, and the detailed results were recorded on 
OCR (Optical Card Reader) sheets or floppy discs for 
collection. The subjects were 111 young adults with 
normal hearing.

2.2 Results on Loudness 
Experimental results were first analyzed at Tohoku 

University. Two kinds of PSE (Point of Subjective 
Equality) averages were calculated from the data; 
one is the arithmetic mean of PSE's calculated for 
an individual subject, and the other is a PSE obtained 
from integrated data on the assumption that all 
responses of the subjects to stimuli are random sam-

ples from the same population. The former is called 
PSE(I) and the latter PSE(T) hereafter. PSE's were 
calculated by using the method of maximum likeli-
hood estimation.") 

Tables 3 and 4 show the frequency distribution of 
individual PSE's as well as the mean values (PSE(I)) 
and the standard deviations. 

There were a few data which could not be proces-

sed by the method of maximum likelihood estima-
tion. They were classified into two types : one was 
the type for which the psychometric function could 
not be fixed clearly because of the randomness of 
the responses, and the other was the type for which 
PSE's fell far outside the range of comparison stimuli 

prepared for the experiment. One subject's data 
belonging to the former type were discarded from 
loudness estimation due to his inability to discrimi-
nate the difference between two sounds. Regarding 
the latter type of data, almost all of the comparison 
stimuli were judged louder or softer than the test 
stimuli. Ten data out of the 3,270 were of the latter 
type for loudness, while about 9 % of the data was 
found to be of this type for noisiness. The latter type 
of response was concentrated on the single burst of 
impulsive sound, and furthermore, most of the 
PSE's in these cases seemed to be below the lowest 
level of the comparison stimuli prepared. The num-
ber of this type of data is indicated by UL and UG 
in Tables 3 and 4. UL is the number of data in 
which almost all test stimuli were judged softer than 
the comparison stimuli irrespective of their level, 
while UG is the number of data in which almost all 
test stimuli were judged to be louder than the com-

parison stimuli.

Table 3 Frequency distribution of subjects whose PSE's for loudness are within the ranges. 
Carrier signal is 1 kHz sinusoidal wave. PSE (I) is an arithmetic mean of individual PSE. 
UL and UG are the frequencies of inestimable data because of one-sided judgment. The 
data for UL may have PSE's less than 50 phon, while the data for UG may have PSE's 
greater than 92 phon.
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Table 4 The same table as Table 3 except that the carrier signals are asymmetric rectangular 

waves.

Table 5 PSE(T) for loudness of repeated 
impact sound.

Table 5 shows PSE(T)'s. Comparing this table 
with Tables 3 and 4, we can see that PSE(I) and 
PSE(T) are almost the same.

2.3 Discussion 
Table 6 (a) shows the results of the analysis of

variance of individual PSE's. The main sources for 
this analysis were the laboratories where experi-
ments were executed (10), the carrier signals of 
stimuli (2), the decay times (3) and the repetition 
rates (5) of stimuli. Sex was not considered in the 
analysis because it was insignificant in the prelimi-
nary analysis. SPSSx statistical package was used for 
this analysis. All the main sources were significant 
beyond 0.01 points. The results of multiple classifi-
cation analysis (Table 6 (b)), however, show that the 
contributions of the laboratories (0.012) and the 
carriers (0.002) were low as compared with those of 
the decay times (0.336) and the repetition rates 

(0.348). Moreover, the maximum deviation among 
categories of the laboratories (about ± 1 dB) and 
the carriers (± 0.2 dB) were far lower than those of 
the decay times (± 4 dB) and the repetition rates 
(± 5 dB). Therefore, the influences of the laborato-
ries and the carriers on the experimental results, 
though statistically significant, were considered to 
be small enough as their contributions and deviations 
were relatively small. 

As a result of the previous experiment of the round 
robin test, we concluded that LpE was appropriate 
for describing the loudness of a single burst of im-

pulsive sound, where LpE equals the frequency-
unweighted sound exposure level as expressed by Eq. 

(1).3,18) In this paper the relation between the ex-
perimental results and LpE is examined as well.
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Table 6 Result of analysis of variance and multiple classification analysis for loudness 
PSE(I).

(a) Result of analysis of variance.

* Significant beyond 0 .05 point.
** Significant beyond 0 .01 point.

(b) Result of multiple classification analysis. 
Grand mean = 79.90
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Fig. 3 Relation between LpE of the test 
stimuli (abscissa) and their PSE's of the 
loudness (ordinate). LpE means the level 
of the squared integral of sound pressure. 
In this figure, PSE's are PSE(I) that was 
an arithmetric mean of individual PSE's. 
This figure shows the results of the experi-
ments in which the carrier of stimuli was 
a 1 kHz sinusoidal wave. The solid line 
is a regression line. is the correlation 
coefficient. `S.E.' is the standard error 
of estimation.

(1)

To = 1 s, p(t): sound pressure, po = 20 //Pa 

Figures 3 and 4 show the relations between LpE 
and PSE(I)'s. From these figures it can be seen that 
LpE and PSE(I) are strongly correlated with each 
other. The regression coefficients of 0.63 and 0.62 
in Figs. 3 and 4 mean that PSE increases by about 
6 dB as LpE increases by 10 dB. This result is thought 
to arise from the character of our auditory system, 
i.e., the auditory time window for loudness is shorter 
than the whole length of stimuli used. 

Nevertheless, the strong correlation between LpE 
and PSE's suggests that LpE has the potential to be 
a descriptor of the loudness of repeated impulsive 
sounds used in our experiment, though some modifi-
cation might be needed. 

The correlation coefficients between experimental 
PSE(T)'s and LpE are 0.969 (1 kHz sinusoidal car-
rier) and 0.968 (asymmetric rectangular carrier), 
and regression coefficients are 0.63 and 0.62. These

Fig. 4 The same relation as in Fig. 3 except 

that the carrier was the asymmetric rec-
tangular wave.

values are much the same as those in PSE(I)'s. 
As for the effects of carriers, we have concluded 

that the difference in frequency spectrum has little 
influence on the results as far as our experiment is 
concerned.

3. NOISINESS OF REPEATED 
IMPULSIVE SOUNDS

In this phase of the round robin test, the experi-

ment on noisiness was also carried out to establish 

a method of evaluating impulsive noises from a 

rather practical point of view. This experiment was 

executed between late 1985 to early 1987.

3.1 Experimental Procedure 
The experimental procedure was basically the 

same as that used in the experiment on loudness. 
The instruction used here was also the same as that 
used in loudness evaluation except that the word 
"loud" was replaced by "noisy ." The instruction was 
reconsidered by co-workers of Osaka University. 

Since there was an interval of more than several 
months after the loudness experiment was concluded, 
subjects were chosen irrespective of their experience 
in the previous experiment. The number of subjects 
was 109 (83 males and 26 females) for the sinusoidal 
carrier, and 101 (79 males and 22 females) for the 
asymmetric rectangular carrier. All were young 
adults with normal hearing.
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3.2 Results on Noisiness 
Two types of statistics, PSE(I) and PSE(T), were 

calculated again. Tables 7 and 8 show the frequency 
distributions of individual PSE's as well as their mean 
values (PSE(I)) and the standard deviations. Table 
9 indicates PSE(T). A little difference is seen between 
PSE(I)'s and PSE(T)'s in the tables. 

As mentioned in the previous section, there were 
some data from which PSE's could not be estimated.

The actual number of this type of data was 270 out 
of 3,030 (8.91 %). Two hundred and sixty of the 270 
seemed to show that PSE's were far below the lowest 
level of comparison stimuli prepared. The remaining 
10 data suggested, on the contrary, that PSE's were 
far greater than the highest comparison stimulus. 
These data have some effects in estimating PSE(T), 
although PSE(I) could not be obtained clearly. The 
data of eight subjects (three for sinusoidal wave and

Table 7 Frequency distribution of subjects whose PSE's for noisiness are within the ranges. 
Carrier signal is 1 kHz sinusoidal wave. PSE(I) is an arithmetic mean of individual PSE. 
UL and UG are the frequencies of inestimable data because of one-sided judgment. The 
data for UL may have PSE's less than 50 phon, while the data for UG may have PSE's 
greater than 92 phon.

Table 8 The same table as Table 7 except that the carrier signals are asymmetric rectangular 

waves.
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Table 9 PSE(T) for noisiness of repeated 
impact sound.

five for asymmetric rectangular wave) were of the 
type for which the psychometric function could not 
be fixed clearly because of the randomness of the 
responses. Thus, these data were discarded from 
noisiness estimation.

3.3 Discussion on Noisiness 
Table 10 shows the results of the analysis of vari-

ance and the multiple classification analysis of indi-
vidual PSE's. All the main sources were significant 
beyond the 0.01 point, as well. Contributions were 
0.036 for the laboratories, 0.006 for the carriers, 
0.109 for the decay times and 0.436 for the repetition 
rates. The maximum deviation among categories 
were + 3 dB for the laboratories, + 0.8 dB for the 
carriers, + 4 dB for the decay times, + 9 dB for the 
repetition rates. The influences of the carriers on 
the experimental results, though statistically signifi-
cant, were considered to be small enough as the 
contribution and the deviation of the carriers were 
relatively small. On the other hand, the maximum 
deviation among the laboratories was fairly large. 
However, as shown in the right most column of Ta-
bles 3 and 4, the standard deviation of PSE among 
the subjects was larger than the deviation among 
the laboratories. Thus we attribute the marked in-
crease of the deviation in PSE of noisiness among

Fig. 5 Relation between LpE of the test 
stimuli (abscissa) and their PSE's of the 
noisiness (ordinate). LpE means the level 
of the squared integral of sound pressure. 
In this figure, PSE's is PSE(I) that was an 
arithmetric mean of individual PSE's. 
This figure show the results of the experi-
ments in which the carrier of stimuli was 
a 1 kHz sinusoidal wave. The solid line 
is a regression line. 'r' is the correlation 
coefficient. `S.E.' is the standard error of 
estimation.

Fig. 6 The same relation as in Fig. 5 except 

that the carrier was the asymmetric rec-

tangular wave.
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Table 10 Result of analysis of variance and multiple classification analysis for noisiness 
PSE(I).

(a) Result of analysis of variance.

* Significant beyond 0 .05 point.
** Significant beyond 0 .01 point.

(b) Result of multiple classification analysis. 
Grand mean=76.80
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laboratories over the deviation in PSE of loudness 
to the large variance of PSE among subjects rather 
than to the difference of experimental conditions 
among the laboratories.

Fig. 7 The same relation as in Fig. 5 except 
that PSE's were PSE(T)'s. PSE(T) is a 
mean of the distribution from accumulated 

judgments of all the subjects, assuming 
that the all the 2 AFC responses of the 
subjects are samples from a certain normal 
distribution.

Fig. 8 The same relation as in Fig. 7 except 

that the carrier was the asymmetric rec-

tangular wave.

Figures 5 and 6 indicate the relations between 
LpE and PSE(I), while Figs. 7 and 8 show the rela-
tions between LpE and PSE(T). The correlation 
coefficients between LpE and PSE(I) are 0.991 and 
0.987 for the sinusoidal and the asymmetric rec-
tangular carriers, respectively, and those between 
LpE and PSE(T) are 0.989 and 0.980, respectively. 
From these values, a strong correlation was found 
between LpE and PSE in this case as well. The regres-
sion coefficients are 0.93 (1 kHz sinusoidal wave) 
and 1.00 (asymmetric rectangular wave) for PSE(I), 
while those for PSE(T) are 1.04 and 1.11. These 
values are significantly greater than those for loud-
ness, and close to 1.0, which suggests that LpE is 
more suitable for describing noisiness.

3.4 Comparison of Noisiness with Loudness 

The standard deviations of the individual PSE's 

for noisiness (see Tables 7 and 8) is generally greater 

than those for loudness (see Tables 3 and 4). Fur-

thermore, the number of data from which we could 

not estimate PSE's came to 9 % for noisiness. These 

facts seem to show that the noisiness judgment is 

influenced by more complex factors than in the case 

of loudness judgment. 

Regarding the coefficients for linear regressions 

of PSE on LpE, those coefficients were 0.62 N 0.63 

for loudness, while they were 0.93•` 1.11 for noisi-

ness. This fact seems to indicate that the time con-

stant for integration of sensation is longer for noisi-

ness than for loudness, i.e., the difference in regres-

sion coefficients between loudness and noisiness can 

be explained by the difference in the length of an 

auditory time window.19-22) 

In any case, LpE showed a high correlation with 

PSE, obtained by our experiments, and thus loudness 

of repeated impulsive sounds whose duration is at 

most 3 s might be described by LpE with some modifi-

cation, and noisiness can be expressed by LpE with 

minor modification.

4. CONCLUSION

The present paper has discussed the results of the 

second stage of experiments of a round robin test on 

the evaluation of impact sounds. Two psychological 

attributes, loudness and noisiness, were dealt with 

in this study. The PSE's for both attributes were ob-

tained by using the same experimental procedure. 

The results of the study are summarized as 

follows :
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1) Loudness 
a) Correlation between PSE and LpE is high. 
b) Regression coefficients of PSE on LpE are 

about 0.6 which shows that the increase in loud-
ness level is less than that in sound energy level. 

c) From the above results it is seen that LpE 
might be used with some modification for describ-
ing loudness of repeated impact sounds that are 
at most 3 s long. 

2) Noisiness 
a) Correlation between PSE and LpE is high. 
b) Regression coefficients of PSE on LpE are 

close to 1.0. 
c) From the above results it is seen that LpE 

could be suitable for describing noisiness of re-

peated impact sounds that are 3 s at most. 
3) The difference between results of carrier 

signals used in this study has little effects on the 
experimental data.
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