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INTRODUCTION 

The loudness of various non-steady state sounds in our daily life 
usually shows good correlation with Leq when the duration of sounds is 
short(l,2). However, even when their Leq values are equal, subjective 
impressions of sounds with long duration can differ because of other 
factors. In this experiment, using sounds of long duration from a variety 
of sources, judgments of ins tantaneous and overall loudness were 
investigated in order to examine the relation of loudness to sound source 
and to Leq, and to examine the effects of the repetition of sounds. 
Cornparison between the judgments made by German and Japanese subjects was 
also conducted. 

EXPERIMENT 

Stimulus 

Nine kinds of sound source were used. They were: aircraft noise, 
super express train noise, ordinary train noise, road traffic noise, 
speech, music, impulsive noise, artificial level-fluctuating noise and 
steady state pink noise. Four levels were used for each sound source . The 
duration was abou~ 10 secs. except for impulsive noise. 

From these sound sources, aircraft noise, train noise and road traffic 
noise were selected for repeated presentation, as shown in Table 1. They 
were present~d together with background noise frorn a residential area at 
midnight, the level of which was about 30 dBA . The total duration of each 
stimulus was about 30 minutes. There were 10 stimuli, as shown in Table 1. 

Apparatus 

The sounds were reproduced from a DAT recorder and presented to 
subjects using an attenuator, mixer, amplifier, free-field equalizer and 
headphones (Beyer DT48) in a sound-proof room. Similar equipment was used 
in Munich and Osaka . 

Procerlure 

Judgments of instantaneous loudness were obtained using the method of 
continuous judgment by category(3-S). That is, subjects judged the 
loudness of the sound continuously using seven categories from "very soft" 
to "very loud" , by touching a key on a comput er key- board corresponding to 
one of the categories. Judgments were fed into a computer, and used for 
analysis. The same type of personal computer (Sharp MZ2500) was used in 
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both l aboratories . Subjects made judgments of instantaneous loudness fo r 
each of the 10 s timuli . In each case , when j udgment of instantatteous 
loudness was over, a ques tionn.aire was completed, v1hich included questions 

~ 

on the overall l oudness of t he 30- minu te St imulus, t he ove rall loudness of 
each sound saurce it cantained , and the difficul t y of making judgments. 

Subjects 

One female and seven male German sub j ects, aged between 27 and 44 , and 
three female and five male Japanese s ubjec ts, aged between 19 and 4l, all 
with normal hearing ability , par ticipated in the experiment . 

RESULTS AND DISCUSSION 

Instantaneous laudness 

For each subject and f or each stimulus calcula tion was made of t he 
coefficient of correla tion between eve r:y 100-msec . sec t ian af t he compu t er 
recor d of the ins tantaueaus judgment s and the Leq values of every 100-rnsec. 
section of the st i mu lus . St atis t i cal l y significan t cor relation was found 
between them in all cases, which indi cat es the coherence of t he judgrnents . 

The instant aneous judgment s by t he eight s ubj ects wer e averaged for 
eve ry 100-msec . sec tion of each stimulus a nd calculation made of the 
coeffic ient of correla t ion between the mean of instantaueaus j udgment s and 
the Leq va l ue af every 100 msec. section. As Table 2 shaws, in ba t h 
countri es a high corre lation was found for all t he st i mu l i. This s uggest s 
that ins t antaneous loudnes s i s determined by the physical value (Leq) of 
the s timulus . 

The average of instant aueaus j udgments wa s calculated for each JO
minute stimulus , giving we i ght t o the dura t i on of t he use of ea ch cat egor y . 
The relation between the average o f i nstantaneous j udgmen t s and the Leq 
values for t he 10 st imuli is s hown in Figs . l anti 2 . In both countries a 
high correlation between them is evident. 

The ave rage of i nstantaneous jadgment s far each sound saurce was a lso 
calcul ated us i ng tHe same pr ocedure . I n o rde r t o examine the e ff ect of 
repe tition , a ircra ft nai se, train noise and road t raf fic no i se were 
presented repeatedly . The averages of t he instantaneous judgment s for 
these saund sources were hardly af f ec t ed by the order i n which t hey were 
presen ted. Examples are s hown in Fi gs . 3 and 4. This finding sugges t s tha t 
the instantaneous iinpresslon of saunds does ~ot change even when the sounds 
a r e presented re peatedly in a situation where s ubjects pay a ttention 
continuously ta s timuli . 

The relation betwe en overall loudness and instantaneous l oudness 

The re l a tion be tween the judgmen t s o f averall loudness and the 
averaged judgments of instan taueaus laudness is shown in Fig . 5 . The 
figur es for ove r a ll l oudnes s are much higher t han t hose for the average of 
instan taneous loudness. The same res ult was found in one of our pr eviaus 
experiments(5 ). . This suggests that subjec t s t end t o judge overall l oudness 
on the basis af the prominent portion of t he s timul us , neglec ting the lower 
level portion . Fr om analysis of the dist ribution of ins tantaueau s 
j udgments , i t was found t hat only about 25% of t he higher catego r y 
judgments of ins tanta neous loudness were in the same range a s t he figyr~s 
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f or overall l oudnes s . 

Overall loudness 

The r e l a t ion between overall l oudness and Leq i s shown i n Fig.6. There 
is f a i r ly good correlation between them. Sinc e the Leq value s of 30- minut e 
s timul i i ncrease with the n umbe r of repetit i ons , t h e nurober of r epetitions 
can a f fect overal l loudness. However, overall l oudnes s of long-term stimul i 
i s judged on the basis of memor y and is i n fluenced by various f ac~ors . 

Further experiments us ing sys t ematic stimulus conditions and more de tailed 
analysis wil l be needed in order t o find an appropriate me thod for the 
asses smen t of environmental no i s e with mi xed sound sources. 
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Table l. Tab l e 2 

St.No . Number of repe t i t.ions Total N S t . No . r (G) r ( J ) 

l. each so und sourc e X 1 36 1 . .941 . 935 
2 . aircr a f t noi se X 2 40 2 . .942 .925 
3 . train noise X 2 '•0 3 . • 9L•O .935 
4 . roa d t raffic noise X 2 iiO 4 . .932 . 922 
5 . a ircraf t • 

no~se ~ 4 48 5. . 93'· . 922 
6. train noise X 4 48 6. . 943 .9 3~ 
7. roa d traf f i.c no i se X 4 48 7 . .934 .928 
8. aircraf t • noJ.se X 8 64 8 . . 946 .932 
9. tra in noise X 8 64 9. . 945 . 93 5 

10. roa.d t raff i c noise X 8 64 10 . . 935 .9 11 
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