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Abstract: Kawahara, Noto, and Kumagai (2018b) found that within the corpus of
existing Pokémon names, the number of voiced obstruents in the characters’ names
correlates positively with their weight, height, evolution levels and attack values.
While later experimental studies to some extent confirmed the productivity of these
sound symbolic relationships (e.g. Kawahara and Kumagai 2019a), they are limited,
due to the fact that the visual images presented to the participants primarily differed
with regard to evolution levels. The current experiments thus for the first time directly
explored how each of these semantic dimensions—weight, height, evolution levels,
and attack values—correlates with the number of voiced obstruents in nonce names.
The results of two judgment experiments show that all of these parameters indeed
correlate positively with the number of voiced obstruents in the names. Overall, the
results show that a particular class of sounds—in our case, a set of voiced obstruents—
can signal different semantic meanings within a single language, supporting the
pluripotentiality of sound symbolism (Winter, Pérez-Sobrino, and Brown 2019). We
also address another general issue that has been under-explored in the literature on
sound symbolism; namely, its cumulative nature. In both of the experiments, we
observe that two voiced obstruents evoke stronger images than one voiced obstruent,
instantiatingwhat is known as the counting cumulativity effect (Jäger and Rosenbach
2006).

Keywords: cumulativity; Japanese; pluripotentiality; Pokémon names; sound-
symbolism; voiced obstruents

1 Introduction

In recent years, we have witnessed a rapidly increasing body of studies on sound
symbolism—systematic iconic associations that hold between sounds and
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meanings (e.g. Dingemanse et al. 2015; Kawahara 2020b; Lockwood and Dinge-
manse 2015; Nuckolls 1999; Sidhu and Pexman 2018, 2019 for recent reviews).
Contrary to the received wisdom in modern linguistic thinking in the twentieth
century that the relationships between sounds and meanings are in principle
arbitrary (Hockett 1959; Saussure 1916), phonetic and psychological research
consistently shows that some systematic iconic relationships hold between these
two dimensions, which can arguably be construed as instances of more general
cross-modal associations, commonly observed in human cognition patterns
(Spence 2011).

Within this research paradigm, Kawahara et al. (2018b) studied the corpus of
existing Pokémon names in Japanese. Pokémon is a video game series which was
first developed by Nintendo Inc. in 1996, and has become very popular worldwide
since then. In this game series, players collect fictional creatures called Pokémon
(truncation of [poketto monsutaa] ‘pocket monster’), train them, and have them
fight with other Pokémon creatures. In this game series, some Pokémon characters
evolve into different characters (e.g. Pikachu becomesRaichu), andwhen they do so,
they generally become larger, heavier, and stronger. When Kawahara et al. (2018b)
analyzed the corpus of these Pokémon names in 2017, there were more than 700
characters. Shih et al. (2019) reported a replication of this study with an extended
dataset (N = 802), including those characters which came out after Kawahara et al.’s
(2018) analysis. Thisnewstudyalso targets thePokémonnames fromawide rangeof
languages, including Cantonese, English, Japanese, Korean,Mandarin andRussian;
theirfindings show intriguing cross-linguistic similarities anddifferences among the
sound symbolic patterns in these target languages.

The Pokémon corpus offers a nice testing ground for cross-linguistic studies of
sound symbolism for several reasons. One is that since each Pokémon character is
specified for its weight, height, evolution levels, and strength parameters, it allows
us to conduct quantitative analyses of possible sound symbolic patterns in real
names. Second, the size of the corpus ismuch larger thanwhat isusually analyzed in
the studies of sound symbolism in real words (e.g. 40 basic vocabulary items: Blasi
et al. 2016 andWichmann et al. 2010; 28 antonym pairs: Johansson and Zlatev 2013;
112 male names and 151 female names: Pitcher et al. 2013).1 The third virtue of using
the Pokémon universe to study sound symbolic patterns is that, since the Pokémon
universe isfixed across different languages, it allows for a systematic cross-linguistic
comparison of sound symbolic patterns (Shih et al. 2018, 2019)—this is not trivial, as

1 Some of these studies analyze basic vocabulary items in many languages, and we thus do not
intend to claim that studying the Pokémon lexicon is inherently superior to these other studies.
These different studies have different advantages, and aim to address different questions,
although ultimately, we are all interested in explicating the nature of sound symbolism in natural
languages.
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languages differ in the set of real-world attributes that they refer to. For example,
while Japanese lexically distinguishes “younger sisters” (imooto) from “older sis-
ters” (ane), Englishdoesnotmake this lexical distinction. This sort of cross-linguistic
difference makes the cross-linguistic comparison of sound symbolism difficult; on
the other hand, the Pokémon lexicon is fixed across all the languages and thus
avoids this problem (Shih et al. 2018, 2019).2

With these research advantages in mind, Kawahara et al. (2018b) found, for
example, that the number of voiced obstruents (e.g. [b], [d], [g], [z]) in the Japanese
Pokémon character names generally correlates positively with their weight,
height, evolution levels, and attack values. One of the questions that arose from
this study is the productivity of these sound symbolic relationships, the primary
research question being whether the sound symbolic patterns that exist in the
Pokémon corpus hold among general Japanese speakers, or whether they are
instead limited to the small group of the Pokémon designers. Several studies
therefore performed a forced-choice task by presenting a pair of new pre-evolution
and post-evolution Pokémon characters, sometimes the post-evolution characters
being about 1.5 times as large as the pre-evolution characters (Kawahara et al.
2018a; Kawahara and Kumagai, 2019a; Kumagai and Kawahara 2019). The general
findings of these studies were that native speakers of Japanese, both children and
adults, tend to associate nonce names having voiced obstruents with larger, post-
evolution characters.

While these studies offer some evidence for the productivity of sound
symbolic associations in the Pokémon names, what remains unclear is which
semantic dimension was symbolically signaled by voiced obstruents in these
experiments—evolution level or height, or both? It could be the case, for
example, that voiced obstruents were sound-symbolically associated with evo-
lution levels only, but since in the Pokémonworld, more evolved characters were
generally larger, we may have observed the effects of voiced obstruents on
height, but only indirectly. If that was the case, we should not conclude that
voiced obstruents symbolically represent large size in Japanese, independent of
evolution levels. Another aspect in which these previous experimental studies on
Pokémon names were limited is that they did not directly test the sound symbolic

2 This is true only to the extent that Pokémon is available in that language. However, even if
Pokémon names are not translated into a particular language, we can run an elicitation study to
examine howPokémon creatureswould be named in that language, thereby creating a new corpus
of Pokémon names. For an example of this sort of study targeting Brazilian Portuguese, see Godoy
et al. (2020). Kawahara and Kumagai (2019a), which Godoy et al. (2020) heavily built upon, also
report an elicitation study targeting Japanese speakers.
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effects of voiced obstruents on weight or attack values at all.3 To overcome these
limitations, the current study set out to address precisely which semantic
dimension is associated with voiced obstruents in Japanese.

Previous studies on the sound symbolic values of voicedobstruents in Japanese,
outside the context of the Pokémon-related research, point out some specific images
of voiced obstruents, such as dirtiness (Kawahara et al. 2008; Kawahara 2017),
general negative images (Kubozono 1999; Suzuki 1962) and largeness (Shinohara
and Kawahara 2016). Hamano (1998) suggests that in the Japanese ideophone sys-
tem (a.k.a. mimetics), voiced obstruents can mean “heavy,” “large,” “coarse” and
“thick” (p. 83). However, many of such studies are based on impressionistic ob-
servations (except for Kawahara et al. 2008; Shinohara and Kawahara 2016), and no
systematic experimental studies have been conducted to address what semantic
dimension can be signaled by voiced obstruents in Japanese. In this sense, the
current study expands on these previous observations and aims to advance our
understanding of what voiced obstruents can symbolically represent in Japanese.

However, the current research goes well beyond mere specific case studies of
sound symbolic patterns in Japanese, offering insights that bear on some current
issues in sound symbolism research. First, one prominent theory of sound sym-
bolism is the Frequency Code Hypothesis (Ohala 1983, 1994), which suggests that
sounds with high frequency energy denote something small, because the size of a
resonance chamber negatively correlates with its resonance frequency. Thus, the
Frequency Code Hypothesis alone predicts that it is size (but nothing else) that can
be signaled sound symbolically via manipulation of frequency. Since voiced
obstruents involve low frequency energy (e.g. Chodroff andWilson 2014; Kingston
and Diehl 1994, 1995; Stevens and Blumstein 1981), it makes sense from this point
of view that voiced obstruents are associated with image of largeness. However,
the Frequency Code Hypothesis alone does not predict anything about the rela-
tionship between frequency and weight, for example. One should note, however,
that Ohala (1983, 1994) himself goes beyond the matter of size alone—he argues,
for instance, that we generally smile with an “[i]-face” because [i] has high second
formant frequency energy, which signals smallness, and is thus suited to express a
lack of hostility. Gussenhoven (2004) suggests that many languages use a rising
intonation (i.e. a H-tone) for interrogative sentences, because a H-tone is, by virtue

3 In a related study, by way of a corpus study and a judgment experiment, Kawahara et al. (2020)
studied the effects of voiced obstruents on attack values using Pokémon’smove (“waza”) names,
which they use during their battles. In the judgment experiment, they found a positive effect of
voiced obstruents on judged attack values, although they did notmanipulate the number of voiced
obstruents in their stimuli, unlike the current experiments reported below. The effect of voiced
obstruents on attack values in the existing move names was tangible in the simple regression
analysis, but was not significant under the multiple regression analysis.
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of sounding “small,” suited to express “submissiveness,” a property that may
be desirable when one is looking for information (see also Nuckolls 1999;
Gussenhoven 2016).

It may be the case, then, that the Frequency Code associates resonance frequency
with size, but size can be semantically associatedwith other concepts, such asweight,
lack of animosity, or submissiveness. This nature of sound symbolism—that a certain
set of sounds can be associatedwithmultiplemeanings—has recently been referred to
aspluripotentiality of sound symbolism (Winter et al. 2019), andwe are only starting to
understand to what extent pluripotentiality holds in sound symbolic patterns in hu-
man languages. In short, despite the accumulation of case studies on sound sym-
bolism (Dingemanse et al. 2015; Kawahara 2020b; Lockwood and Dingemanse 2015;
Nuckolls 1999; Sidhu and Pexman 2018, 2019), exploration of what kinds of sounds
can symbolically represent what in what language remains an important yet still
under-explored question in the sound symbolism research. By way of a case study,
this paper attempts to address this general issue, using the Pokémon universe as the
testing ground. To this end, we report two experiments that examine the question of
which semantic properties voiced obstruents can symbolically represent in Japanese.

In addition to addressing the question of precisely what voiced obstruents can
symbolically represent in Japanese, the current experiments aim to address one
general issue that has been understudied in the literature on sound symbolism;
namely, the question of cumulativity. In the current context, this issue boils down
to the question of whether sound symbolic effects of multiple occurrences of the
same class of segments add up or not. This question of cumulativity is important to
address for two reasons. The first reason is empirical: we do not have sufficient
data to know about cumulative effects in sound symbolism. There are a few
impressionistic reports which suggest that sound symbolic effects are cumulative.
For example, Hamano (2013) reports that in the ideophone system of the Tsugaru
dialect of Japanese, two voiced obstruents evoke stronger iconic meanings than
one voiced obstruent. Likewise, Martin (1962), cited byMcCarthy (1983), points out
that in Korean ideophones, tense consonants function as intensifiers, and the
degree of intensification is stronger when there are two segments than when there
is one. Thompson and Estes (2011) built upon the observations that some sounds
are associated with images of largeness (e.g. Sapir 1929), and found by way of
experimentation that the larger the object, the more likely it is that the assigned
names contain such “large phonemes.” See Kawahara (2020a) for a recent sum-
mary for other possible cases of cumulative effects in sound symbolism.

For a theoretical reason also, studying cumulative effects in sound symbolism
is important. Indeed, cumulativity is one issue that is actively debated in current
linguistic theorization, especially in the context of comparing Optimality Theory
(Prince and Smolensky 1993/2004) and other related constraint-based theories,
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such as Harmonic Grammar (Legendre et al. 1990; Pater 2009). Optimality Theory,
which has been the dominant framework for phonological analyses since the early
90s, posits that constraints are ranked, whereas Harmonic Grammar posits that
constraints are weighted. The latter theory predicts cumulative behaviors of
constraint violations, whereas in Optimality Theory, this is not necessarily the
case. More specifically, in Optimality Theory, when Constraint A is ranked above
Constraint B, then a single violation of Constraint A is considered to be more
important than any number of violations of Constraint B—violations of Constraint
B are not cumulative. In Harmonic Grammar, on the other hand, even when
Constraint A has a higher weight than Constraint B, multiple violations of
Constraint B can be considered to be more severe than a single violation of
Constraint A. See Kawahara (2020a), Kawahara (2020c), Pater (2009), Prince and
Smolensky (1993/2004) and Jäger and Rosenbach (2006) for detailed explications
of this difference.

At amore general level, whether linguistic patterns show cumulative effects or
not is an important issue to address in current linguistic theorization, because it
crucially bears on the question ofwhat kind ofmechanism should be used tomodel
our linguistic knowledge. To the extent that sound symbolism is a part of the core
linguistic system (Alderete and Kochetov 2017; Kawahara et al. 2019; Kawahara
2020b), exploring whether sound symbolism shows a cumulative pattern or not
can shed light on this on-going debate (Kawahara 2020c). If cumulativity is the
norm, the mechanism that lies behind our linguistic knowledge should be the one
that naturally predicts cumulative effects, such as Maximum Entropy Harmonic
Grammar (e.g. Breiss 2020; Breiss andAlbright 2020; Goldwater and Johnson 2003;
Hayes andWilson 2008; Hayes et al. 2012; Kawahara 2020a, 2020c; McPherson and
Hayes 2016).

To address these two questions—pluripotentiality and cumulativity—we
report two experiments which tested whether voiced obstruents in Japanese are
symbolically associated with size, weight, strength and evolution levels; in these
experiments, we varied the number of voiced obstruents from zero to two, in order
to examine whether we observe cumulative effects of voiced obstruents in these
sound symbolic patterns.

2 Experiment 1

The first experiment explored whether weight and strength (=attack values) can be
signaled by voiced obstruents in the names. We did not test all four semantic
dimensions that are of interest (weight, height, evolution status, and strength) in a
single experiment, because we expected that that would put too much burden on
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our participants; we hence instead ran two separate experiments, each testing two
semantic dimensions. Since evolution levels and attack values are arguably
semantically more complex concepts than weight and height, they are separately
tested in different experiments.

The whole experiment was blocked into two sections. The first section tested
the effects of voiced obstruents on the judgment of weight; the second section
tested their effects on the judgment of attack values.

2.1 Methods

2.1.1 Procedure

In this experiment, the participants were told that the experiment was about
making judgments about new Pokémon names. They were told at the beginning of
the experiment that the experiment consists of two parts. In the first part, theywere
provided with one nonce Pokémon name per trial, and asked to judge its weight,
using a range from 1 to 100 kg. They provided their response by adjusting a slider.
In the second part, they were also provided with one nonce Pokémon name, and
were asked to judge its attack value, again using a slider ranging from 1 to 100
(no units were provided). The order of the questions within a block was random-
ized per participant. All of the stimulus names were presented in the katakana
orthography, which is used for nonce words as well as for real Pokémon names.
The experiment was conducted online using SurveyMonkey. Unlike the previous
Pokémonastics experiments (Kawahara and Kumagai 2019a; Kumagai and
Kawahara 2019), no pictures of Pokémon were presented, since those pictures that
were used in these experiments differ in terms of size, evolution levels, and more
generally, how they look.

2.1.2 Stimuli

All the stimuli were trisyllabic, consisting of light CV syllables only. The main
manipulation was the number of voiced obstruents (= [b], [d], [g], [z], [ʑ], [dʑ])
contained in the names, consisting of three conditions: no voiced obstruents, one
voiced obstruent, and two voiced obstruents. Ten nonce items were prepared for
each condition, as shown in Table 1. All the names were created using an online
nonce-word generator, in order to avoid the experimenters’ bias to pre-select
stimuli that were likely to work (Westbury 2005). This name generator randomly
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combines Japanese (C)V-moras to create novel names.4 In the one voiced obstruent
condition, the voiced obstruents occurred name-initially, as word-initial positions
have well-known psycholinguistic salience (e.g. Browman 1978; Hawkins and
Cutler 1988; Nooteboom 1981), and are known to evoke stronger sound symbolic
images than word-internal segments (Kawahara et al. 2008). In the two voiced
obstruent condition, they were placed in the first and second syllables. The same
stimuli were used in the first and second blocks.

2.1.3 Participants

The call-for-participant of this experiment was circulated on various SNS (Social
Networking Service) sites. Seventy native speakers of Japanese completed the
survey. However, five of them were eliminated from the subsequent analysis,
because they reported they had studied sound symbolism before. The data from
the remaining sixty-five participants entered into the following analysis. Twenty-
one of them reported that they are male speakers. Most of them (forty-nine
participants) were university students, and hence younger than 30 years old. No
participants reported that they had participated in a similar Pokémon related
experiment before.

Table : The list of stimuli used in the current experiments. [ʑ] = a voiced alveo-
palatal fricative; [dʑ] = a voiced alveo-palatal affricate.

No voi obs  voi obs  voi obs

[kuɕiju] [bitahe] [ɡebiki]
[suɸuma] [biɾejo] [zadoja]
[juɸui] [ɡanija] [ɡibuse]
[neɾiɾu] [bejumi] [zuɡawa]
[ɕihone] [bojatɕi] [zadani]
[kaɾutsu] [bikohe] [baboçi]
[jakama] [baheho] [dadeɾa]
[sawake] [ɡeseɕi] [zoʑike]
[ɾihojo] [dʑihana] [zedotɕi]
[sojuki] [bijuɾi] [dʑiboɾu]

4 This generator can be accessed at the following URL: http://bit.ly/2iGaKko (last access,
August 2020).
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2.1.4 Statistical analyses

Since different speakers used a different range for their responses, the re-
sponses were standardized within each speaker. For statistical assessment, a
linear mixed effects model was fit with standardized judged values as the
dependent variable and the number of voiced obstruents as the fixed inde-
pendent variable. The analyses were implemented using R (R Development Core
Team 1993) and the lme4 package (Bates et al. 2017). Both speakers and items
were included as random variables. A model with both random slopes and
intercepts was fit first (Barr 2013; Barr et al. 2013); however, since themodel with
maximum random structure failed to converge in several cases, we interpreted
the simpler model with random intercepts only in this paper. The p-values for
the fixed effect were computed using the lmerTest package (Kuznetsova et al.
2017). The reference level for the independent variable was set to be “1 voiced
obstruent,”whichmade it possible to compare the two pairs of the two adjacent
conditions (i.e. 0 vs. 1 and 1 vs. 2).

2.2 Results and discussion

Figure 1 is a boxplot which shows the distribution of average judged weight
values by participant for each condition; the grand averages in each condition
are shown as white circles (0 = −0.59; 1 = 0.00; 2 = 0.58); the error bars around the
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Figure 1: The boxplot representation
of the by-participant distributions of
the averaged judged weight values for
each condition (standardized). The
white circles represent the grand
averages. The error bars around the
averages represent the bootstrap 95%
confidence intervals.
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averages represent the bootstrap 95% confidence intervals. We observe that the
more voiced obstruents the names contain, the heavier they were judged to be.
The differences between the two adjacent levels were both significant (0 vs. 1:
β=−12.25, s.e.=2.48, t=−4.9, p<.001; 1 vs. 2: β=11.57, s.e.=2.48, t=4.66, p<.001).
The current result for the first time provides unambiguous experimental support
for the productivity of the weight-related sound symbolic association in
Japanese, which was shown to hold in the existing Pokémon names (Kawahara
et al. 2018b).

Figure 2 shows the results of judged attack values. Like the results onweight in
Figure 1, the judged attack values show steady increase, as the number of voiced
obstruents in the name increases (grand averages: 0 = −0.44; 1 = −0.08; 2 = 0.53).
The differences between the two adjacent conditions were both significant (0 vs. 1:
β= −7.22, s.e.=2.12, t= −3.40, p< .01; 1 vs. 2: β=12.44, s.e.=2.12, t=5.85, p< .001).
This result is compatible with the pattern observed in the existing Pokémon names
(Kawahara et al. 2018b). It also expands on the observation by Kawahara et al.
(2020), who show that Pokémonmove nameswith a voiced obstruent are judged to
be stronger than those names without voiced obstruents. Outside of the Pokémon
related research, furthermore, this result accords well with the study by Sell et al.
(2010), which found that a lower pitched voice is generally associated with
strength.

Overall, Experiment 1 shows that Japanese speakers associate voiced obstru-
ents with both weight and attack values. Moreover, the sound symbolic effects of
voiced obstruents instantiate clear cases of a counting cumulativity effect (Jäger and
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Figure 2: The boxplot representation
of the average judged attack values.
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Rosenbach 2006)5—it is not only the presence of voiced obstruents, but also the
number of voiced obstruents in the name that matters. This is not trivial, since
whether the sound symbolic effects of different segments of the same kind can add
up or not in a sound symbolic pattern is understudied (modulo Hamano 2013;
Martin 1962; Thompson and Estes 2011). To the extent that sound symbolic con-
nections constitute a part of core grammatical knowledge, similar to phonological
input-output mapping (Alderete and Kochetov 2017; Kawahara et al. 2019;
Kawahara 2020b, 2020c), it supports the idea that grammatical knowledge should
bemodeled using amechanismwhich naturally predicts such cumulativity effects,
of which Maximum Entropy Harmonic Grammar is a typical example (e.g. Breiss
2020; Goldwater and Johnson 2003; Hayes et al. 2012; Hayes and Wilson 2008;
Kawahara 2020c; McPherson and Hayes 2016). See Kawahara (2020a) who de-
velops analyses of various cases of cumulative effects in sound symbolism using
this Maximum Entropy Grammar framework.

3 Experiment 2

3.1 Methods

Experiment 2 tested the effects of voiced obstruents on height (or size) and
evolution levels. The procedure for Experiment 2 was almost identical to that of
Experiment 1, except that when the participants made judgments regarding
evolution levels, they were asked to make a binary choice (pre-evolution or post-
evolution) rather than using a scale, and hence accordingly, a logistic mixed
effects model was used for the statistical analysis (Jaeger 2008). The questions
regarding height were presented in the first block, and the questions regarding
evolution levels were presented in the second block. The scale that was used for
the height judgment ranged from 0 to 5 m.

Fifty-eight native speakers of Japanese completed Experiment 2, but twelve of
them had to be excluded because they either reported they had studied sound
symbolism or had participated in a Pokémon-related experiment before. Out of the

5 The other kind of cumulativity is ganging-up cumulativity, in which two different effects add up
(Breiss 2020; Jäger and Rosenbach 2006; Kawahara 2020a). A study by D’Onofrio (2014) exem-
plifies a clear case of ganging-up cumulativity in sound symbolism, in which vowel backness,
consonant place of articulation, and consonant voicing all contribute to the strength of the image
of roundness (Kawahara 2020a). See Ahlner and Zlatev 2010; Kawahara 2020c; Kawahara and
Breiss 2021 for other potential cases of ganging-up cumulativity in sound symbolism.

What voiced obstruents symbolically represent in Japanese 13



remaining participants, fourteen of themweremale speakers. Thirty-seven of them
were younger than 30.

3.2 Results and discussion

Figure 3 shows the results of the first block—the judged height values. Again,
we observe a clear increase in the judged height values as the number of
voiced obstruents in the names increases (grand averages: 0 = −0.58; 1 = 0.03;
2 = 0.54). The differences between the two adjacent levels were statistically
significant (0 vs. 1: β = −10.9,  s.e. = 2 .06,  t = −5.27,  p<.001; 1 vs. 2:
β = 10.5,  s.e. = 2 .06,  t = 5.08,  p<.001). This result is as predicted by the Fre-
quency Code Hypothesis—voiced obstruents, with their low frequency energy,
should be judged to be large (Ohala 1983, 1994). The result is also compatible with
the previous judgment experiment on sound symbolism, in which Japanese
speakers, as well as English and Chinese speakers, judged nonce words with
voiced obstruents to be larger than those without (Shinohara and Kawahara 2016).
The result also accords well with other previous studies on sound symbolism
such as Bruckert et al. (2006) and Collins (2000), who found that women asso-
ciate a low-pitched voice with larger body size. The pattern in Figure 3, moreover,
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Figure 3: The boxplot representation
of the average judged height values for
each condition.
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instantiates a clear case of counting cumulativity, in which the judged weight
values show a steady increase as a function of the number of voiced obstruents in
the stimuli.

Figure 4 represents the distribution of “evolved (=post evolution)” response
ratios, which increase as the number of voiced obstruents in the names increases
(grand average “post-evolution” response ratios: 0 = 0.27; 1 = 0.51; 2 = 0.64).
The differences between the two adjacent levels were both significant (0 vs. 1:
β= −1.1, s.e.=0.19, z= −5.77, p< .001; 1 vs. 2: β=0.57, s.e.=0.19, z=3.09, p< .01).
This result replicates the findings of the other experiments on Pokémon names, in
which Japanese participants generally associated names that have voiced
obstruents with evolved characters (Kawahara et al. 2018a; Kawahara and
Kumagai 2019a; Kawahara, 2020c; Kumagai and Kawahara 2019). Godoy et al.
(2020) show a similar effect of voiced obstruents on judged evolution status with
Brazilian Portuguese speakers.

While the effects of voiced obstruents on judged evolution levels were
generally cumulative, the inspection of the boxplot in Figure 4 shows that there
were some participants who judged names with one voiced obstruents to be suited
for post-evolution characters 100% of the time. For some Japanese speakers, then,
one voiced obstruent suffices to express evolution; i.e. there is a ceiling effect. The
comparison of the grand averages also shows that this effect of voiced obstruents is
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Figure 4: The boxplot representation
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sub-linear in the probability domain; i.e. the slope from 0 to 1 is steeper than the
slope between 1 and 2.6

4 General discussion

The current experiments have shown that Japanese speakers sound symbolically
associate voiced obstruents with four semantic dimensions—weight, height, evo-
lution levels and attack values—in the Pokémon universe. These results support
the productivity of the sound symbolic patterns that are found in the existing
Pokémon names; moreover, the current results are also generally compatible with
the findings of other studies on sound symbolism (e.g. Sell et al. 2010 on the
relationship between low-pitched voice and strength). While the previous
Pokémon-naming experiments (Kawahara et al. 2018a; Kawahara and Kumagai
2019a; Kumagai and Kawahara 2019) have demonstrated the productivity of sound
symbolic connections between voiced obstruents and height/evolution levels, the
current experimentswere the first to experimentally confirm the productivity of the
sound symbolic connections between voiced obstruents and weight/strength.

Generally speaking, the results show that one class of sounds—voiced
obstruents—can be associated with multiple semantic dimensions. This result in
and of itself may not be too surprising, given what Jakobson (1978), one classic
writing about sound symbolism in modern linguistics, already stated:

[o]wing to neuropsychological laws of synaesthesia, phonetic oppositions can themselves
evoke relations with musical, chromatic, olfactory, tactile, etc. sensations. For example, the
opposition between acute and grave phonemes has the capacity to suggest an image of bright
and dark, of pointed and rounded, of thin and thick, of light and heavy, etc (p.113)

See also Dingemanse et al. (2015), Hamano (1998), Lindauer (1990), Perlman and
Lupyan (2018), Saji et al. (2019), Sidhu and Pexman (2018) and others for multi-
dimenstionality of sound symbolism. In a recent study, Winter et al. (2019)
conclude that “the same speech sound is reliably associated with various
perceptual, affective, and social meanings. This demonstrates what we call the
‘pluripotentiality’ of iconicity, that is, the same speech sound is able to trigger a
web of interrelated mental associations across different dimensions.” The current
study further strengthens this conclusion by showing that voiced obstruents in
Japanese can symbolically represent various semantic meanings.

6 This sort of sub-linearity in the probability domain does not present an analytical problem for
Maximum Entropy Model. See Breiss (2020), Breiss and Albright (2020) and Kawahara (2020a) for
related discussion.
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While the main purpose of the paper was to explore which semantic di-
mensions voiced obstruents can symbolically represent in Japanese, we would
like to offer an—admittedly speculative—hypothesis regarding how these
multi-dimensional sound symbolic patterns come about. The Frequency Code
Hypothesis (Ohala 1983, 1994), one of the most widely discussed theories of
sound symbolism, predicts that there is a relationship between size and fre-
quency. Since voiced obstruents involve low frequency energy (Chodroff and
Wilson 2014; Kingston and Diehl 1994, 1995; Stevens and Blumstein 1981), they
should be associated with large images. Since everything else being equal,
large things/animals are heavy (assuming equal density), by extension voiced
obstruents can be associated with heavy images (Figure 5). Likewise, large
animals are generally expected to be stronger, and similarly, it is not too sur-
prising that the notion of evolution is associated with larger size.

Future studies should seek independent evidence of this two-stage model.
We believe that this model is worth further exploration, since as pointed out by
Sidhu and Pexman (2018), size (together with shape) is one of the two sound
symbolic patterns that is most widely attested in natural languages (see also
Berlin 2006; Jespersen 1922; Newman 1933; Nuckolls 1999; Ohala 1983, 1994;
Sapir 1929; Shinohara and Kawahara 2009; Taylor and Taylor 1962; Thompson
and Estes 2011; Ultan 1978 among many others). Size may be a “privileged”
semantic dimension among those meanings that are signaled by sound sym-
bolism, because it is directly inferable from differences in acoustic frequency in
the sound.7 As stated above, this hypothesis is still speculative, but we believe
that it is worth further exploration, given that pluripotentiality of sound

Frequency Size
Frequency Code

Strength

Evolution level

Weight

Semantic associations

Figure 5: Sound symbolic
associations via the Frequency
Code and possible semantic
extensions. A solid line
represents the sound symbolic
relationship established via the
Frequency Code. Dotted lines
represent semantic associations.

7 There may be an acquisition stage in which children are sensitive to size-related sound sym-
bolism, but not to other sound symbolic patterns, say, those concerningweight or evolution levels,
as the latter relationships need to be mediated by an extra mechanism (e.g. further semantic
associations). See Peña et al. (2011) who present evidence that 4-month old infants are demon-
strably sensitive to size-related sound symbolism.
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symbolism may be one important general feature of sound symbolic patterns in
natural languages (Winter et al. 2019).

An anonymous reviewer suggested one type of follow-up experiment that can
be used to examine the primacy of a semantic dimension (i.e. size in Figure 5). We
could present a pair of two Pokémon characters, in which, for example, one
character is larger but lighter, weaker, and less evolved than the other.8 If names
with voiced obstruents were to be chosen for the larger character, despite it being
lighter, weaker, and less evolved, it may show that size, as predicted by the Fre-
quency Code, is the primary semantic dimension associated with voiced obstru-
ents in Japanese. We find this line of research very interesting and promising, but
leave this task for future exploration.

Amechanism like the one illustrated in Figure 5maybe atwork for other sound
symbolic patterns. For example, a distinction between obstruents and sonorants is
associated with a visual distinction between angular and round shapes (Köhler
1929 et seq.). Later studies show that the same phonological distinction can also
signal personality differences; i.e. “unfriendly and inaccessible type” vs. “friendly
and accessible type” (Kawahara et al. 2015; Lindauer 1990; Shinohara and
Kawahara 2013; Sidhu et al. 2019), as well as difference in gender (Cassidy et al.
1999; Shinohara and Kawahara 2013; Slater and Feinman 1985). The sound sym-
bolic associations between obstruency and visual shapes may have an acoustic
basis—acoustic shapes of obstruents look literally angular onwaveforms (Jurafsky
2014; Kawahara and Shinohara 2012; Nobile 2015). On the other hand, the idea that
obstruents are “unfriendly” or “male” has no apparent phonetic basis, although it
may be not be too surprising if angular shapes can be semantically associatedwith
unfriendliness and maleness. Thus, obstruency can be directly associated with
angularity because of acoustic characteristics, and unfriendliness and maleness
may be only indirectly associated with obstruency, via semantic associations.

Another case that instantiates pluripotentiality of sound symbolism is that of
labial consonants. In Japanese, labial consonants are associatedwith the notion of
babies, appearing very often in diapers’ names both in existing words and new
words that were created in an elicitation experiment (Kumagai and Kawahara
2020). This association is likely to arise from the fact that labial consonants are
those consonants that appear very early in babies’ speech and babbling (Jakobson
1941; MacNeilage et al. 1997). A later study has shown, moreover, that labial
consonants, in particular [p] and [m], are judged to be “cute” (Kumagai 2019), and
are very often used in the names of PreCure fighters (Kawahara 2019) as well as in

8 In the existing Pokémon world, height and size are generally correlated with one another, but
such correlation is not perfect. For example, ootachi (1.8 m; 32.5 kg; Pokédex number 162) is larger
but lighter than yoogirasu (0.6 m; 72 kg; Pokédex number 246).
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the fairy type Pokémon names (Hosokawa et al. 2018; Kawahara and Kumagai,
2019b; Uno et al. 2020), i.e., characters who are generally “cute.” It is likely that
there is nothing inherently “cute” about the articulation or acoustics of labial
sounds—labial consonants may be symbolically associated with babies directly,
because that is how they acquire speech; this symbolic association can be
extended to other “cute” characters, by virtue of the fact that babies are generally
perceived to be cute.

In summary, exploring these cases may allow us to address general mecha-
nisms with which certain sets of sounds acquire their sound symbolic meanings.
The first step may be via iconic mapping between the phonetic properties of the
sounds and their meanings, and these meanings can be further extended via
semantic associations. Explicating these mechanisms may shed light on the
question of whywe observe pluripotentiality of sound symbolism in the first place,
and it also opens up interesting research questions. For instance, it would not be
too surprising if iconicity-based sound meaning relationships hold across lan-
guages, because we use the same articulators in the same physical world. How-
ever, semantic associations may not be universal—e.g. it may not be the case that
all cultures associate maleness with angularity. The tentative proposal advanced
here thus makes specific predictions regarding universality and language-
specificity of sound symbolism. We iterate that the hypothesis presented in
Figure 5 is still speculative, which arose from the post-hoc inspection of the current
results, but we nevertheless believe that it is worth further exploration.

In addition to confirming the pluripotentiality of sound symbolic values of
voiced obstruents in Japanese, another general finding of the current experi-
ments is that the effects of voiced obstruents are cumulative—for each of the
semantic dimensions tested, two voiced obstruents systematically evoked
stronger images than one voiced obstruents, instantiating what is known as
counting cumulativity (Jäger and Rosenbach 2006). This result is compatible
with previous findings (Hamano 2013; Kawahara 2020a; Martin 1962; Thompson
and Estes 2011), and may support the view that linguistic knowledge, including
sound symbolic knowledge, should be modeled with a mechanism that naturally
predicts this sort of cumulativity effects, e.g. Maximum Entropy Harmonic
Grammar (Kawahara 2020a, 2020c).
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