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ABSTRACT

Humans represent sounds to others and receive information about sounds from others using onomatopoeia. Such rep-
resentation is useful for obtaining and reporting the acoustic features and impressions of actual sounds without having
to hear or emit them. But how accurately can we obtain such sound information from onomatopoeic representations?
To examine the validity and applicability of using verbal representations to obtain sound information, experiments
were carried out in which the participants evaluated auditory imagery associated with onomatopoeic representations
created by listeners of various environmental sounds. Furthermore, participants provided answers to questions asking
about the sound sources themselves or the phenomena that create the sounds associated with the onomatopoeic stim-
uli. Comparisons of impressions between real sounds and onomatopoeic stimuli revealed that impressions of sharp-
ness and brightness for both real sounds and onomatopoeic stimuli were similar, as were emotional impressions such
as “pleasantness” for real sounds and major (typical) onomatopoeic stimuli. The auditory imagery of powerfulness
associated with onomatopoeia was different from the same impression of real sounds. Furthermore, recognition of the
sound source from onomatopoeic stimuli affected the emotional impression similarity between real sounds and ono-

matopoeic representations.

INTRODUCTION

When we describe sounds to others in our daily lives, we
often use onomatopoeic representations related to the actual
acoustic properties of the sounds we listen. Moreover, be-
cause the acoustic properties of sounds induce auditory im-
pressions in listeners, onomatopoeic representations and the
auditory impressions associated with actual sounds may be
related.

In a number of previous studies, the relationships between the
temporal and spectral acoustic properties of sounds and ono-
matopoeic features have been discussed [1-4]. We have also
conducted psychoacoustical experiments to ascertain the
validity of using onomatopoeic representations to identify the
acoustic properties of operating sounds emitted from copy
machines and audio signals emitted from domestic electronic
appliances [5,6]. As a result, relationships between subjective
impressions, such as product imagery and functional imagery
evoked by machine operation sounds, audio signals, and the
onomatopoeic features were found. Furthermore, we also
investigated the validity of using onomatopoeic representa-
tions to identify the acoustic properties and auditory impres-
sions of various kinds of environmental sounds [7].
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Knowledge concerning the relationship between the ono-
matopoeic features and the acoustic properties or auditory
impressions of sounds is useful since it would allow one to
more accurately obtain or describe the auditory imagery of
sounds without actually hearing or emitting them. Practical
applications of such knowledge may include situations in
which electronic home appliances such as vacuum cleaners
and hair dryers break down and customers contact customer
service representatives and use onomatopoeic representations
of the mechanical problems they are experiencing; engineers
who listen or read accounts of such complaints may be able
to obtain more accurate information about the problems being
experienced by customers and better analyze the cause of the
problem through the obtained representations. Wake and
Asahi [8] conducted psychoacoustical experiments to clarify
how people communicate sound information to others. Sound
stimuli were presented to subjects, and they were asked to
freely describe the presented sounds to others. Their results
showed that verbal descriptions including onomatopoeic
representations, mental impressions expressed using adjec-
tives, sound sources, and situations were frequently used by
subjects. Thus it is possible to obtain sound information such
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as acoustic properties of sounds and auditory impressions for
sounds from representations created by listers of sounds.

Table 1. “Major” and “minor” onomatopoeic representations
for each sound source.

No

Sound source

“Major (1)” and “minor (2)”
onomatopoeic representations

12
13
14
15
16
17
18
19

20
21

22

23

24
25

26

27

28

29
30

31

32

33

34

35
36

whizzing sound
idling sound of
a diesel engine

sound of

water dripping
bark of a dog
ring of a telephone

owl hooting
vehicle starter
sound
hand clap
vehicle horn
baby crying
sound of
a flowing stream
jackhammer noise

sound of fireworks
sweeping tone
knock
chirping of a cricket
twittering of

a sparrow
harmonic

complex tone
sound like

a wooden gong
sound of a trumpet
sound of

a stone mill
siren of an ambu-
lance
shutter sound of

a camera
white noise
sound of

a temple bell
thunderclap

bell of

a microwave oven
sound of

a passing train
typing sound
beach sound

sound of
wind blowing

sound of

wooden clappers
sound of someone

slurping noodles
sound of

a wind chime
sound of a waterfall
footsteps

(1) /hyuN/, (2) /pyaN/

(1) /burorororo/,

(2) /karakarakarakarakara-
korokorokorokorokoro/

(1) /potyaN/, (2) /pikori/

(1) /waN/, (2) iwauQ/

(1) /pirororororo/,

(1) /kurururul/, (2) /fororoo/
(1) /bururuuN/,

(2) tyeQ baQ aaN/

(1) /paN/, (2) /tsuiN/

(1) /puul, (2) /faaQ/

(1) /Ngyaa/, (2) /buyaaaN/
(1) /zyorororo/,

(2) /tyupotyupoyan/

(1) /9agagagagagagagagagaga/,
(2) /gyurururururururu/

(1) /patsuQ/, (2) /putiiiN/

(1) /puiQ/, (2) /poi/

(1) /koNkoN/, (2) /taQtoQ/
(1) /ziiziil, (2) Ikyuriririririii/
(1) Ipiyol, (2) Ityui/

(1) /piil, (2) /piiQ/
(1) /pokaQ/, (2) /INkaQ/

(1) /puuuuuuN/, (2) /waaN/
(1) /gorogorogoro/, (2) /gaiaiai/

(1) /uuuu/, (2) luwaaaaa/
(1) /kasyaa/, (2) /syagiiN/

(1) /zaal, (2) /suuuuuu/
(1) /goonl/, (2) /gaaaaaaaaaaN/

(1) /baaN/,
(2) /bababooNbaboonbooN/
(1) /tiiN/, (2) IKINQ/

(1) /gataNgotoN/,

(2) /gararatataNtataN/

(1) /katakoto/, (2) tamutamu/

(1) /zazaaN/,

(2) IsyapapukupusyaapaaN/

(1) /hyuuhyuu/,

(2) /haaaououou ohaaa ouo-
haaao/

(1) /taN/, (2) /kiQ/

(1) /zuzuu/, (2) Ityurororo/
(1) /riN/, (2) IkiriiN/
(1) /gool, (2) /zaaaaa/

(1) /katsukotsu/,
(2) /kotoQ kotoQ/
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In practical situations in which people communicate sound
information to others using onomatopoeic representation, it is
necessary that the receivers of onomatopoeic representations
(in the above-mentioned case, for example, engineers) be
able to identify the acoustic properties and auditory impres-
sions of the sounds that onomatopoeia represent. The present
study examines this issue. Experiments were carried out in
which participants evaluated the auditory imagery associated
with onomatopoeic representations. The auditory imagery of
onomatopoeic representations was compared with the audi-
tory impressions for their corresponding actual sound stimuli,
which were obtained in our previous study [7].

Furthermore, one of the most primitive behaviors humans
engage in related to sounds is the identification of the sound
source [9]. If we recognize events related to everyday sounds
using acoustic cues [10-12], therefore, is it possible to also
recognize sound sources from onomatopoeic features instead
of acoustic cues? Moreover, such recognition of the source
may affect the auditory imagery evoked by onomatopoeic
representation. Although Fujisawa et al. [13] examined the
auditory imagery evoked by simple onomatopoeia with two
morae such as /don/ and /pan/ (“mora” is a standard unit of
rhythm in Japanese speech), the effect of sound source rec-
ognition on the auditory imagery evoked by onomatopoeia
was not discussed in their study. In the present study, there-
fore, we took sound source recognition into consideration
while comparing the auditory imagery of onomatopoeic rep-
resentations to the auditory impressions induced by their
corresponding real sounds.

EXPERIMENTS
Stimuli

In our previous study [7], 8 participants were aurally pre-
sented with 36 environmental sounds, and evaluated their
auditory impressions of sound stimuli. The sound stimuli
were selected based on their relatively high frequency of
occurrence both outdoors and indoors in our daily lives. Ad-
ditionally, participants expressed sound stimuli using ono-
matopoeic representations, as shown in Table 1.

For each sound stimulus, 8 onomatopoeic representations
which were described by participants in our previous psycho-
acoustical experiment [7] were classified into 2 groups based
on the similarities of onomatopoeic features. First, the ono-
matopoeic representations were encoded using 24 phonetic
parameters, consisting of combinations of 7 places of articu-
lation (labio-dental, bilabial, alveolar, post-alveolar, palatal,
velar, and glottal), 6 manners of articulation (plosive, frica-
tive, nasal, affricate, approximant, and flap) [14], the 5 Japa-
nese vowels (/a/, /il, Iul, lel, lol), voiced and voiceless conso-
nants, syllabic nasals, geminate obstruents, palatalized con-
sonants, and long vowels. Furthermore, for each sound, ono-
matopoeic representations were classified based on the simi-
larities of the abovementioned phonetic parameters using a
hierarchical cluster analysis in which the Ward method of
using Euclidean distance as a measure of similarity was em-
ployed. For the two groups obtained from cluster analysis,
two onomatopoeic representations were selected for each
sound. One was selected from the larger group (described as
the “major” representation), and the other from the smaller
group (the “minor” representation). A “major” onomatopoeic
representation is regarded as being frequently described by
many listeners of the sound, that is, a “typical” onomatopoeia,
whereas a “minor” onomatopoeic representation is regarded
as a unique representation for which there is a relative
smaller possibility that a listener of the sound would actually
use the representation to describe it. In selecting the “major”
onomatopoeic stimuli, a Japanese onomatopoeia dictionary
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[15] was also referenced. Consequently, 72 onomatopoeic
representations were used as stimuli, as shown in Table 1.

Procedure

Seventy-two onomatopoeic representations printed in random
order on sheets were presented to the 20 participants. They
were asked to rate their impressions of the sounds associated
with the onomatopoeic stimuli. The impressions of the audi-
tory imagery evoked by the onomatopoeic stimuli were
measured using the semantic differential method [16]. The 13
adjective pairs shown in Table 2 were used as the SD scales,
which were also used in our previous listening experiments
(i.e., in measurements of auditory impressions for environ-
mental sounds) [7]. Each SD scale had 7 Likert-type scale
categories (1 to 7). For example, for the scale “pleas-
ant/unpleasant,” the categories “1” and “7” corresponded to
“extremely pleasant” and “extremely unpleasant,” re-
spectively. The participants selected a number from 1 to 7 for
each scale for each onomatopoeic stimulus.

Participants were also requested to provide answers to ques-
tions asking about the sound sources themselves or the phe-
nomena that create the sounds associated with the onomato-
poeic stimuli by free description.

RESULTS
Analysis of subjective ratings

The rating scores were averaged for each scale and for each
onomatopoeic representation. To compare impressions be-
tween actual sound stimuli and onomatopoeic representations,
factor analysis was applied to the averaged scores for ono-
matopoeic representations together with those for the sound
stimuli (i.e., the rating results of auditory impressions) ob-
tained in our previous experiment [7].

By taking into account the factors for which the eigenvalues
were more than 1, a three-factor solution was obtained. Fi-
nally, the factor loadings for each factor on each scale were
obtained using a varimax algorithm, as shown in Table 2.

Table 2. Factor loading of each adjective scale for each fac-

tor.

Pair of adjectives Fac.1 Fac.2 Fac.3
tasteful - tasteless 0.905 0.055 0.154
deswou_s of - not desw_ous 0848 0292 0214

hearing of hearing
pleasant - unpleasant 0.788  0.458 0.254
rural - Urban 0.693 -0.210 0.294
soft - Hard 0.381 -0.101 0.327
muddy - Clear -0.165 -0.901 -0.288
bright - Dark -0.007  0.830 -0.018
smooth - Rough 0.190 0.726  0.356
sharp - Dull -0.393  0.712 -0.323
strong - Weak -0.259 -0.391 -0.860
modest - Loud 0.391 -0.020 0.805
powerful - powerless -0.153 -0.486 -0.805
slow - Fast 0.504 -0.208 0.538

The first factor is interpreted as the emotion factor because
adjective pairs such as “tasteful/tasteless” and “pleas-
ant/unpleasant” have high loadings for this factor. The sec-
ond factor is interpreted as the clearness factor because adjec-
tive pairs such as “muddy/clear” and “bright/dark” have high
factor loadings. The third factor is interpreted as the power-
fulness factor because the adjective pairs “strong/weak,”
“modest/loud,” and “powerful/powerless” have high factor
loadings. Similar factors were also obtained in our previous
psychoacoustical study [7].
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Furthermore, the factor scores for each stimulus for each
factor were computed. Figure 1(a) to (c) shows the factor
scores for the sound stimuli and the “major” and “minor”
onomatopoeic representations on the emotion, clearness, and
powerfulness factors, respectively.

Analysis of free description answers of sound
source recognition questions

From the free descriptions regarding sound sources associ-
ated with onomatopoeic representation, the percentage of
participants who correctly recognized the sound source or the
phenomenon creating the sound was calculated for each
onomatopoeic stimulus. In Gaver’s study on the ecological
approach to auditory perception [17], sound-producing events
were divided into three general categories: vibrating solids,
gasses, and liquids. Considering these categories, partici-
pants’ descriptions in which keywords related to sound
sources or similar phenomena were contained were regarded
as being correct. For example, for “whizzing sound (No.1)”,
descriptions such as “sound of an arrow shooting through the
air” and “sound of a small object slicing the air” were
counted as a correct answer. The percentages of correct an-
swers for sound sources associated with “major” and “minor”
onomatopoeic stimuli are shown in Fig. 2.

The percentage of correct answers averaged across all “ma-
jor” onomatopoeic stimuli was 64.3%, whereas the same
percentage for “minor” onomatopoeic stimuli was 24.3%.
“Major” onomatopoeic stimuli seemed to allow participants
to better recall the corresponding sound sources. These re-
sults suggest that sound source information might be com-
municated by “major” onomatopoeic stimuli more correctly
than by “minor” stimuli.

DISCUSSION

Comparison between onomatopoeic representa-
tions and real sound stimuli factor scores

Fig. 1(a) shows that sound stimuli such as “owl hooting
(No.6),” “vehicle horn (No.9),” “sound of a flowing stream
(No.11),” “sound of a noisy construction site (No.12),” and
“sound of a wind chime (No.34)” displayed highly positive or
negative emotion factor scores (e.g., inducing strong impres-
sions of tastefulness or tastelessness and pleasantness or un-
pleasantness). However, the factor scores for the onomato-
poeic representations of the same sound stimuli were not as
positively or negatively high. On the other hand, the factor
scores for the “major” onomatopoeic representations of stim-
uli such as “sound of water dripping (No.3),” “sound of a
temple bell (No.25),” and “beach sound (No.30)”” were nearly
equal to those of the corresponding real sound stimuli.

To compare between the auditory impressions of sounds and
the auditory imagery evoked by the corresponding onomato-
poeia, the absolute differences in factor scores between the
sound stimuli and the “major” or “minor” onomatopoeic
representations were averaged across all sound sources in
each of the three factors (see Table 3).

For the emotion factor, the factor scores for the real sound
stimuli were closer to those for the “major” onomatopoeic
representations than to those for the “minor” onomatopoeic
representations (see Fig. 1(a) and Table 3). The correlation
coefficient of the emotion factor scores between the real
sound stimuli and the “major” onomatopoeic stimuli was
statistically significant at p<0.01 (r=0.682), while the same
scores of the “minor” onomatopoeic stimuli were not corre-
lated with those of their real sounds.
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Table 3. Averaged absolute differences of factor scores be-
tween real sound stimuli and “major” or “minor” onomato-
poeic representations (standard deviations shown in parenthe-

Ses).
Onomatopoeic representation
“Major” “Minor”
emotion factor 0.66 (£0.61) 1.04 (x0.77)
clearness factor 0.65 (£0.43) 0.68 (£0.64)
powerfulness factor 0.90 (£0.76) 1.00 (+0.80)

As shown in Fig. 1(b), for the clearness factor, the factor
scores for the “major” and “minor” onomatopoeic representa-

tions were close to those for the real sound stimuli as a whole.

Table 3 also shows that the averaged differences of the clear-
ness factor score between the real sound stimuli and both the
“major” and “minor” onomatopoeia were the smallest among
the three factors. The correlation coefficients of the clearness
factor scores between the real sound stimuli and the “major”
or “minor” onomatopoeic stimuli were both statistically sig-
nificant at p<0.01 (sound vs. “major” onomatopoeia:
r=0.724; sound vs. “minor” onomatopoeia: r=0.544). The
impressions of muddiness (or clearness) and brightness (or
darkness) for the onomatopoeic representations were similar
to those for the corresponding real sound stimuli.

For the powerfulness factor, factor scores for the “major” and
“minor” onomatopoeia were different from those for the cor-
responding sound stimuli as a whole, as shown in Fig. 1(c)
and Table 3. Moreover, no correlation of the powerfulness
factor scores between the real sound stimuli and the ono-
matopoeic stimuli was found.

These results suggest that the receiver of onomatopoeic rep-
resentations can more accurately guess auditory impressions
of muddiness, brightness and sharpness (or clearness, dark-
ness and dullness) for real sounds from their heard onomato-
poeic representations. Conversely, it seems difficult for lis-
teners to report impressions of strength and powerfulness for
sounds using onomatopoeic representations.

In the present study, while onomatopoeic stimuli with highly
positive clearness factor scores included the Japanese vowel
/o/ (e.g., the “major” onomatopoeic stimuli Nos. 2 and 21),
those with highly negative clearness factor scores contained
vowel /i/ (e.g., the “major” and “minor” onomatopoeic stim-
uli Nos. 27 and 34). According to our previous study [7], the
Japanese vowel /i/ was frequently used to represent sounds
with spectral centroids at approximately 5 kHz, which induc-
ced impressions of sharpness and brightness. Conversely,
vowel /o/ was frequently used to represent sounds with spec-
tral centroids at approximately 1.5 kHz, which induced im-
pressions of dullness and darkness. From a spectral analysis
of the five Japanese vowels produced by speakers, the spec-
tral centroids of vowels /i/ and /o/ were actually the highest
and lowest, respectively, among all the five vowels [7]. Thus
it can be said that these vowels are at least useful in commu-
nicating information about the rough spectral characteristics
of sounds.

As mentioned above, a relatively small difference in addition
to a significant correlation of emotion factor scores between
the real sound stimuli and the “major” onomatopoeic stimuli
were found. Participants could identify the sound source or
the phenomenon creating the sound more accurately from the
“major” onomatopoeic stimuli (see Fig.2 and Table 3).

Preis et al. have pointed out that sound source recognition
influences differences in annoyance ratings between bus
recordings and “bus-like” noises, which were generated from
white noise to have spectral and temporal characteristics
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similar to those of original bus sounds [18]. Similarly, in case
of the present study, good recognition of sound sources may
be the reason why the emotional impressions of the “major”
onomatopoeic stimuli were similar to those for the real sound
stimuli. This point was discussed in the latter section.

Our previous study reported that the powerfulness impres-
sions of sounds were significantly correlated with the number
of voiced consonants [7]. However, as shown in Fig. 1(c), the
auditory imagery of onomatopoeic stimuli containing voiced
consonants (i.e., Nos. 26 and 35) was different from the audi-
tory impressions evoked by real sounds. Thus, we can con-
clude that it is difficult to communicate the powerfulness
impression of sounds by voiced consonants alone.

Effects of sound source recognition on the differ-
ences between the impressions associated with
onomatopoeic representations and those for real
sounds

As mentioned regarding the emotion factor in the previous
section, there is some possibility that differences in impres-
sions between real sound stimuli and onomatopoeic represen-
tations may be affected by sound source recognition. That is,
impressions of onomatopoeic representations may be similar
to those for real sound stimuli when the sound source can be
correctly recognized from the onomatopoeic representations.
To investigate this point for each of the three factors, the
absolute differences between the factor scores for the ono-
matopoeic representations and those for the corresponding
sound stimuli were averaged for each of two groups of ono-
matopoeic representations, that is, one group comprised of
onomatopoeic stimuli for which more than 50% of the par-
ticipants correctly identified the sound source question, and
another group comprised of those for which less than 50% of
the participants correctly answered the sound source question.
These two groups comprised 30 and 42 representations, re-
spectively, from the 72 total onomatopoeic representations
(See Fig. 2). The averaged differences of factor scores for
both groups mentioned above for each factor were shown in
Table 4.

Table 4. Absolute differences between factor scores for
onomatopoeic representations and those for real sound stim-
uli, averaged for each of the two groups of onomatopoeic
representations: those for which more than 50% of the par-
ticipants had correct sound source identifications, and those
for which less than 50% of the participants had correct identi-
fications (standard deviations shown in parentheses).

Groups
Above 50 % Below 50 %
emotion factor 0.60 (£0.53) 1.02 (+0.78)
clearness factor 0.65 (£0.41) 0.68 (£0.62)
powerfulness factor 0.90 (£0.64) 0.99 (£0.86)

The difference in the group of onomatopoeic representations
in which participants had higher sound source recognition
was slightly smaller than that in the other group for each
factor. In particular, regarding the emotion factor, the differ-
ence between the averaged differences in both groups was
statistically significant at p<0.05. For the other two factors,
no significant differences were found. These results revealed
that the recognition of a sound source from an onomatopoeic
representation may affect the difference between the emo-
tional impressions associated with an onomatopoeic represen-
tation and those evoked by the real sound that it represents.
Furthermore, it can be concluded that impressions of the
clearness, brightness and sharpness of both the sound and
onomatopoeic stimuli were similar, regardless of sound
source recognition.
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CONCLUSION

The auditory imagery of sounds evoked by “major” and “mi-
nor” onomatopoeic stimuli was measured using the semantic
differential method. From a comparison of impressions made
by real sounds and their onomatopoeic stimuli counterparts,
the clearness impressions for both sounds and “major” and
“minor” onomatopoeic stimuli were found to be similar, as
were the emotional impressions for the real sounds and the
“major” onomatopoeic stimuli. Furthermore, the recognition
of a sound source from an onomatopoeic stimulus was found
to influence the similarity between the emotional impressions
evoked by such onomatopoeic representations and their cor-
responding real sound stimuli. However, this effect was not
found for the factors of clearness and powerfulness. From
these results, it can be said that it was relatively easy to
communicate information about impressions of clearness,
including the muddiness, brightness and sharpness of sounds,
to others using onomatopoeic representations, regardless of
sound source recognition. These impressions were mainly
related to the spectral characteristics of the sounds [19]. The
present results also suggested that we could communicate
emotional impressions through onomatopoeic representations,
enabling listeners to imagine the sound source correctly.
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