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Verbal sounds can be associated with speciﬁc meanings, a phenomenon called sound
symbolism. Previous ﬁndings of sound symbolism have shown that words including
speciﬁc consonants or vowels or mouth shapes to pronounce speciﬁc vowels
associate with speciﬁc and subjective physical and emotional evaluations. The purpose
of this study was to examine whether each written vowel in a given language was
individually associated with speciﬁc subjective evaluations. Six hundred and thirteen
participants used ﬁve-point semantic differential scales for 10 features (size, closeness,
thickness, width, weight, height, depth, affection, excitement and familiarity) to rate written
Japanese vowels (a, i, u, e, and o). The results showed that the size, closeness, thickness
and width of a, u and o were signiﬁcantly higher than those of i and e, whereas the affection
and familiarity of a were higher than the others. These results were consistent with previous
ﬁndings in which vowels in sound-symbolic words have been associated with physical
(i.e., size, closeness, thickness and width) and emotional (i.e., affection) evaluations. Our
ﬁndings suggest that each written Japanese vowel itself, with its individual characteristics,
could individually contribute to speciﬁc and subjective physical and emotional evaluations.
These ﬁndings provide insights on how we could better use letters for communicative
relationships among writers and readers.
Keywords: semantic differential scales, vowels, sound symbolism, japanese, physical evaluation, emotional
evaluation

INTRODUCTION
In psycholinguistic studies, while the dominant phenomenon would be arbitrariness–that words are
arbitrarily associated with referents (De Saussure, 1916)—the parallel or competing phenomenon,
which may appear more strongly in some languages than others, is sound symbolism. This means
that words, including speciﬁc vowels and consonants, are non-arbitrarily associated with speciﬁc
sensorimotor and emotional features (Hamano, 1998; Imai and Kita, 2014; Sidhu and Pexman, 2019;
Kawahara, 2020). Psycholinguistic studies have assumed that the occurrence of the sound-symbolic
phenomena would connect to the oral shape during the production of verbal sounds (e.g., Sapir,
1929; Namba and Kambara, 2020). Thus, the sound-symbolic phenomena can occur not only in a
word, but also in a verbal sound itself, like a vowel. In fact, sound-symbolic phenomena occur in both
real words and pseudowords (Sidhu and Pexman, 2019). For example, speciﬁc pseudowords (e.g.,
maluma or bouba) are signiﬁcantly associated with round ﬁgures, while other speciﬁc pseudowords
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(e.g., takete or kiki) are associated with pointy ﬁgures (bouba-kiki
effect, Köhler, 1947; Ramachandran and Hubbard, 2001;
Westbury, 2005; Styles and Gawne, 2017; Aryani et al., 2020).
In addition, French speakers associate pseudowords including
round sounds or grammatically feminine endings with round
shapes (Sidhu et al., 2019). The non-arbitrary relationships
between pseudowords and referents also occur based on
orthographically
non-arbitrary
relationships
between
pseudowords and ﬁgures. Cuskley et al. (2017) showed that
both spoken and written pseudowords (e.g., gege)
orthographically associate with meaningless ﬁgures (e.g., a
round shape). Another study also found that participants
quickly matched spiky frames with angular fonts (De Carolis
et al., 2018). These ﬁndings suggest that while sound symbolism is
not an illusion that would actually be explained by purely visual
phenomena involving the shape of letters (especially since sound
symbolism occurs in human communities who do not have a
written system for their languages), the visual shape of written
stimuli might lead to additional effects that might partially blur
sound symbolic associations. Sound symbolism has been
examined in behavioral experiments for word evaluation
(Kambara and Umemura, 2021) and word learning (Imai
et al., 2008; Kantartzis et al., 2011), and neuroscientiﬁc
experiments for word comprehension (Osaka, 2011) and word
learning (Asano et al., 2015; Yang et al., 2019). For instance,
mismatched relationships between words (e.g., kipi) and referents
(e.g., a round ﬁgure) increase mismatch negativity of eventrelated brain potentials around 400 ms after stimulus onset
(N400) for 11-month-old infants compared to matched
relationships between words (e.g., moma) and referents (e.g., a
round ﬁgure; see Asano et al., 2015). Sound symbolism also
facilitates word learning in ﬁrst and second languages (Imai et al.,
2008; Kantartzis et al., 2011; Imai and Kita, 2014; ), although
previous ﬁndings have also suggested that participants also
arbitrarily associate novel words, including unfamiliar and
meaningless words, with referents (e.g., Kambara et al., 2013;
Takashima et al., 2014; Takashima et al., 2017; Liu et al., 2021). A
previous study reported that a group, who implicitly learned
congruently sound-symbolic relationships between pseudowords
and meaningless ﬁgures, performed matching pseudowords with
meaningless ﬁgures better than another group, who explicitly
learned incongruently sound-symbolic relationships between
pseudowords and meaningless ﬁgures (Nielsen and Rendall,
2012). The voicing of consonants in sound-symbolic words
affects subjective evaluations of the words (Kambara and
Umemura, 2021). Vowels inﬂuence perception of objects and
faces (Sapir, 1929; Newman, 1933; Perfors, 2004) and brand
names/brand personalities (Klink, 2000; Yorkston and Menon,
2004; Wu et al., 2013). Klink (2000) reported that participants
evaluated brand names with front vowels (e.g., i) as more bitter,
colder, faster, more feminine, friendlier, lighter (relative to
darker), lighter (relative to heavier), milder, prettier, smaller,
softer, thinner and weaker than those with back vowels (e.g.,
o). Phonemes in European languages can connect to speciﬁc
emotional features (especially, affection and arousal) in
behavioral (Adelman et al., 2018; Aryani and Jacobs, 2018;
Aryani et al., 2018a; Myers-Schulz et al., 2013) and neural
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processing (Aryani et al., 2018b; Aryani et al., 2019). Although
these previous studies have reported that vowels and consonants
in sound-symbolic words contribute to subjective evaluations
including physical and emotional features, there is still no
evidence of such subjective evaluations of written vowels.
The purpose of this study was to investigate differences
among subjective evaluations of Japanese vowels. Many
researchers have examined Japanese sound symbolism in
terms of word evaluation, word comprehension and word
learning (e.g., Hamano, 1986; Hamano, 1998; Imai et al.,
2008; Shinohara and Kawahara, 2010; Osaka, 2011; Imai and
Kita, 2014; Asano et al., 2015; Hoshi et al., 2019; Kawahara,
2020; Motoki et al., 2020; Kambara and Umemura, 2021), while
many other researchers have also examined sound symbolism in
other languages, especially in European languages (e.g., Sapir,
1929; Newman, 1933; Klink, 2000; Perfors, 2004; Yorkston and
Menon, 2004; Myers-Schultz et al., 2013; Wu et al., 2013;
Adelman et al., 2018; Aryani and Jacobs, 2018; Aryani et al.,
2018a; Ariyani et al., 2018b; Aryani et al., 2019). One of the
reasons why sound symbolism researchers have focused on
Japanese is the large number of sound-symbolic words in
Japanese (Hamano, 1986; Hamano, 1998; Imai and Kita,
2014). One dictionary lists 4,500 sound-symbolic words in
Japanese (Ono, 2007). In addition, the Japanese writing
system includes ﬁve written vowels (a, i, u, e, and o; see
Goetry et al., 2005). Thus, in this study, Japanese participants
evaluated ﬁve written Japanese vowels using ﬁve-point semantic
differential scales for 10 features: size, closeness, thickness,
width, weight, height, depth, affection, excitement and
familiarity. We made three predictions, based on previous
ﬁndings (Sapir, 1929; Newman, 1933; Klink, 2000; Shinohara
and Kawahara, 2010; Namba and Kambara, 2020). First,
participants would evaluate that the vowel i is smaller than
the vowel a. This prediction was based on previous ﬁndings that
participants evaluated words with the vowel i as smaller than
words with the vowel a in certain languages (Sapir, 1929;
Newman, 1933; Klink, 2000; Shinohara and Kawahara, 2010).
Second, the vowel i would be rated more preferable and more
familiar than other vowels. This prediction was consistent with
other studies in which words including the front vowels were
evaluated more positively, for instance prettier, than those
including back vowels (Klink, 2000), and the mouth shape
used to produce the vowel i was preferable and more familiar
than that used for other vowels (Namba and Kambara, 2020).
Third, we also predicted that there would be other differences
among physical (size, closeness, thickness, width, weight, height,
and depth) or emotional evaluations (affection, excitement, and
familiarity) of vowels, as well as correlations among them.
Although this survey study was an exploratory approach for
globally assessing the sound symbolism of different vowels in a
language (Japanese), some studies have theoretically suggested
differences among subjective evaluations of vowels in words
(e.g., Hamano, 1986; Hamano, 1998). In addition, because
psycholinguistic features of words (e.g., familiarity,
imageability, affection, and excitement) correlate with each
other (e.g., Kambara et al., 2020), those of vowels would also
correlate with one another.
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FIGURE 1 | An example of 10 semantic differential features for a Japanese katakana letter (ア, a). In the questionnaire, all the items were shown in Japanese.

METHODS

were associated with size (1: small; 5: big), closeness (1: far; 5:
close), thickness (1: thin; 5: thick), width (1: narrow; 5: wide),
weight (1: light; 5: heavy), height (1: low; 5: high), depth (1:
shallow; 5: deep), affection (1: dislike; 5: like), excitement (1: calm;
5: excited) and familiarity (1: unfamiliar; 5: familiar). Participants
evaluated each vowel on each scale, on A4 paper (Figure 1). The
font size and style were 10.5 and Yu Mincho, respectively. The
order of stimuli presentation was a, i, u, e, and o. The instruction
at the beginning of the questionnaire was “Please select and circle
a number associated with the most appropriate sensation or
feeling to each katakana letter (a, i, u, e, and o).”

Participants
Six hundred and thirteen Japanese participants (482 female;
Mage  16.98; SDage  6.28) participated in this survey study.
The participants were people that attended a lecture on
introductory psychology in department of psychology at
Hiroshima University. This survey study was conducted
practically to introduce one example of psychological methods
in the lecture. There was a majority of female participants due to
enrollment in the psychology degree. Informed consent was
obtained from each participant before the survey. After the
lecture on introductory psychology, all participants received an
A4 paper to complete the survey task voluntarily. Before the
survey task, an author (TK.) explained this survey study approved
by the ethical committee of the Graduate School of Education at
Hiroshima University (approval code: 2019554).

Analyses
Non-parametric one-way analysis of variance (ANOVA) tests
(Friedman’s tests) were applied to each scale to assess the
subjective evaluations of vowels. When the ANOVA test was
signiﬁcant, the post hoc analyses (Wilcoxon signed rank tests)
were applied using a Benjamini-Hochberg correction (Benjamini
and Hochberg, 1995). With the Benjamini-Hochberg (False
Discovery rate: FDR) correction, the adjusted p-values (q-values)
ranged from 0.005 (the statistical threshold of the ﬁrst rank) to 0.05
(the statistical threshold of the tenth rank). Listwise deletions were
applied for missing values in the ANOVA tests. These analyses were
performed using the SPSS software on a desktop computer running
Windows. In addition, we conducted Spearman rank correlation
analyses among mean scores of the 10 subjective evaluations in order
to examine the relationships among the subjective evaluations, using
SPSS software on a Windows-based laptop. When the BenjaminiHochberg correction (Benjamini and Hochberg, 1995) was also
applied to Spearman rank correlation analyses, the adjusted
p-values (q-values) ranged from 0.001 (the statistical threshold of
the ﬁrst rank) to 0.05 (the statistical threshold of the forty-ﬁfth rank).
Pairwise deletions were applied for missing values in the Spearman
rank correlation analyses.

Materials and Procedures
Five written Japanese vowels were used in this study. The ﬁve
written Japanese vowels were associated with a (ア), i (イ), u (ウ),
e (エ), and o (オ) sounds. The written Japanese letters were
presented with Japanese katakana characters. Katakana includes a
wide range of applications for the Japanese writing system,
compared to other Japanese characters such as hiragana and
kanji (e.g., Goetry et al., 2005). For example, in Japanese, katakana
would be applied for both loanwords and non-loanwords
including sound-symbolic words, while hiragana and kanji
would be generally applied to non-loanwords only. Therefore,
we decided to use katakana, not hiragana and kanji. The 10
semantic differential scales were based on previous studies in
theoretical linguistics and psycholinguistics (Osgood et al., 1957;
Hamano, 1998; Klink, 2000; Kambara et al., 2020; Namba and
Kambara, 2020; Kambara and Umemura, 2021). These scales
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FIGURE 2 | Scatter plots for correlations between mean scores of subjective evaluations (r > 0.30). An upper left ﬁgure shows a correlation between size and
thickness. An upper right ﬁgure shows a correlation between size and width. A lower left ﬁgure shows a correlation between thickness and width. A lower right ﬁgure
shows a correlation between affection and familiarity.

of i (Z  −10.29, p <0.001), u (Z  −6.91, p <0.001), e (Z  −9.71,
p <0.001), and o (Z  −5.87, p <0.001). The ratings of u were
higher than those of i (Z  −4.84, p <0.001) and e (Z  −4.27,
p <0.001). The ratings of o were higher than those of i (Z 
−4.18, p <0.001) and e (Z  −4.16, p <0.001). No signiﬁcant

RESULTS
Size (1: Small; 5: Big)
The Friedman’s test showed that there was a signiﬁcant difference
among the size ratings of the ﬁve Japanese written vowels (X2F(4) 
972.11, p < 0.001; Table 1). Medians (Inter Quartile Range: IQR)
of a, i, u, e, and o were 4.00 (3.00–5.00), 2.00 (1.00–2.00), 3.00
(3.00–4.00), 3.00 (2.00–4.00), and 5.00 (4.00–5.00), respectively.
The ratings of o were signiﬁcantly higher than those for those of a
(Z  −6.69, p <0.001), i (Z  −19.15, p <0.001), u (Z  −11.47,
p <0.001), and e (Z  −13.92, p <0.001). The ratings of a were
higher than those of i (Z  −18.78, p <0.001), u (Z  −5.29,
p <0.001), and e (Z  −10.92, p <0.001). The ratings of u were
higher than those of i (Z  −17.54, p <0.001) and e (Z  −6.28,
p <0.001). Finally, the ratings of e were higher than those of i
(Z  −15.27, p <0.001).

TABLE 1 | Mean scores and standard deviations of subjective evaluations of ﬁve
written Japanese vowels.
M (SD)
a
Size
Closeness
Thickness
Width
Weight
Height
Depth
Affection
Excitement
Familiarity

Closeness (1: Far; 5: Close)
There was a statistically signiﬁcant difference among the
closeness ratings of the ﬁve vowels (X2F(4)  134.52, p <0.001;
Table 1). Medians (IQR) of a, i, u, e and o were 4.00 (3.00–4.00),
3.00 (2.00–4.00), 3.00 (2.00–4.00), 3.00 (2.00–4.00) and 3.00
(2.00–4.00), respectively. The ratings of a were higher than those
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3.73
3.55
3.50
3.68
3.03
3.20
2.90
3.71
2.83
4.04

(1.06)
(1.13)
(1.06)
(1.13)
(1.24)
(1.13)
(1.13)
(1.00)
(1.21)
(1.06)

i
1.93
2.78
1.82
2.28
1.85
3.39
2.32
3.35
2.79
3.31

(0.88)
(1.16)
(0.84)
(1.09)
(0.91)
(1.18)
(1.02)
(0.95)
(1.10)
(1.11)

u
3.40
3.12
3.56
3.39
3.59
2.61
3.43
3.21
2.69
3.35

(1.08)
(1.11)
(1.06)
(1.12)
(1.06)
(0.99)
(0.95)
(0.98)
(1.09)
(1.12)

e
2.98
2.83
2.97
3.13
2.98
2.72
2.78
3.19
2.81
3.27

(1.15)
(1.13)
(1.14)
(1.20)
(1.15)
(1.15)
(1.12)
(0.97)
(1.07)
(1.13)

o
4.12
3.13
4.02
3.71
4.08
2.51
3.81
3.31
2.86
3.56

(1.14)
(1.40)
(1.03)
(1.17)
(1.07)
(1.29)
(1.03)
(0.98)
(1.30)
(1.12)

M, mean scores; SD, standard deviation.
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difference was observed between u and o (Z  −0.26, p  0.80) or
between i and e (Z  −0.77, p  0.45).

ratings of e were higher than those of o (Z  −2.68, p  0.007). The
other comparisons (u vs. e, Z  −1.56, p  0.12; u vs. o, Z  −1.59,
p  0.11) were not satisﬁed for the statistical threshold corrected
with the Benjamini-Hochberg (FDR) method.

Thickness (1: Thin; 5: Thick)
There was a statistically signiﬁcant difference among the
thickness ratings of the ﬁve vowels (X2F(4)  969.33, p <0.001).
Medians (IQR) of a, i, u, e, and o were 4.00 (3.00–4.00), 2.00
(1.00–2.00), 4.00 (3.00–4.00), 3.00 (2.00–4.00), and 4.00
(3.00–5.00), respectively. The ratings of o were higher than
those of a (Z  −8.99, p <0.001), i (Z  −19.39, p <0.001), u
(Z  −8.04, p <0.001) and e (Z  −13.90, p <0.001). The ratings of
u were higher than those of i (Z  −18.56, p <0.001) and e (Z 
−8.98, p <0.001). In addition, the ratings of a were higher than
those of i (Z  −18.50, p <0.001) and e (Z  −8.09, p <0.001).
Finally, the ratings of e were higher than those of i (Z  −15.43,
p <0.001). There was no signiﬁcant difference between a and u
(Z  −0.97, p  0.33).

Depth (1: Shallow; 5: Deep)
There was a statistically signiﬁcant difference among depth
ratings of ﬁve vowels (X2F(4)  546.92, p <0.001; Table 1).
Medians (IQR) of a, i, u, e, and o were 3.00 (2.00–4.00), 2.00
(2.00–3.00), 3.00 (3.00–4.00), 3.00 (2.00–4.00), and 4.00
(3.00–5.00), respectively. The ratings of o were higher (deeper)
than those of a (Z  −12.44, p <0.001), i (Z  −16.01, p <0.001), u
(Z  −6.74, p <0.001), and e (Z  −13.37, p 0.001). The ratings of u
were also higher than those of a (Z  −8.77, p <0.001), i (Z 
−15.20, p <0.001), and e (Z  −10.04, p <0.001). The ratings of a
were also higher than those of i (Z  −9.15, p <0.001). The ratings
of e were also higher than those of i (Z  −7.21, p <0.001). In
addition, a comparison between the ratings of a and e (Z  −1.87,
p  0.06) was not satisﬁed for the statistical threshold corrected
with the Benjamini-Hochberg (FDR) method.

Width (1: Narrow; 5: Wide)
There was a statistically signiﬁcant difference among the width
ratings of the ﬁve vowels (X2F(4)  441.41, p <0.001; Table 1).
Medians (IQR) of a, i, u, e, and o were 4.00 (3.00–5.00), 2.00
(1.00–3.00), 3.00 (3.00–4.00), 3.00 (2.00–4.00), and 4.00
(3.00–5.00), respectively. The ratings of o were higher than
those of i (Z  −15.06, p <0.001), u (Z  −4.95, p <0.001) and
e (Z  −7.96, p <0.001). The ratings of a were also higher than
those of i (Z  −15.44, p <0.001), u (Z  −4.09, p <0.001) and e
(Z  −7.93, p <0.001). The ratings of u were higher than those of i
(Z  −14.39, p <0.001) and e (Z  −4.03, p <0.001). In addition,
the ratings of e were higher than those of i (Z  −11.43, p <0.001).
There was no signiﬁcant difference between the ratings of a and o
(Z  −0.45, p  0.65).

Affection (1: Dislike; 5: Like)
There was a statistically signiﬁcant difference among affection
ratings of ﬁve vowels (X2F(4)  144.45, p < 0.001; Table 1).
Medians (IQR) of a, i, u, e, and o were 4.00 (3.00–5.00), 3.00
(3.00–4.00), 3.00 (3.00–4.00), 3.00 (3.00–4.00), and 3.00 (3.00–4.00),
respectively. The ratings of a were higher (more preferable) than
those of the other vowels: i (Z  −6.63, p <0.001), u (Z  −8.82,
p <0.001), e (Z  −8.79, p <0.001), and o (Z  −7.31, p <0.001). The
ratings of i were higher than those of u (Z  −2.64, p  0.008) and e
(Z  −3.10, p <0.005). In addition, the ratings of o were also higher
than those of e (Z  -2.16, p  0.03). The other comparisons (i vs. o,
Z  -0.50, p  0.62; u vs. e, Z  −0.24, p  0.81; u vs. o, Z  −1.77, p 
0.08) were not satisﬁed for the statistical threshold corrected with the
Benjamini-Hochberg (FDR) method.

Weight (1: Light; 5: Heavy)
There was a statistically signiﬁcant difference among the weight
ratings of the ﬁve vowels (X2F(4)  880.32, p <0.001; Table 1).
Medians (IQR) of a, i, u, e, and o were 3.00 (2.00–4.00), 2.00
(1.00–2.00), 4.00 (3.00–4.00), 3.00 (2.00–4.00), and 4.00
(3.00–5.00), respectively. The rating of o was higher than those
of a (Z  −13.36, p <0.001), i (Z  −19.03, p <0.001), u (Z  −8.43,
p <0.001), and e (Z  −13.90, p <0.001). The ratings of u were
higher than those of a (Z  −8.24, p <0.001), i (Z  −18.38,
p <0.001), and e (Z  −8.71, p <0.001). In addition, the ratings of a
were higher than those of i (Z  −14.77, p <0.001). Finally, the
ratings of e were higher than those of i (Z  −15.23, p <0.001). There
was no signiﬁcant difference between a and e (Z  −0.64, p  0.53).

Excitement (1: Calm; 5: Excited)
There was not a statistically signiﬁcant difference among the
excitement ratings of the ﬁve vowels (X2F(4)  5.58, p  0.23;
Table 1). Medians (IQR) of a, i, u, e, and o were 3.00 (2.00–4.00),
3.00 (2.00–4.00), 3.00 (2.00–3.00), 3.00 (2.00–4.00), and 3.00
(2.00–4.00), respectively.

Familiarity (1: Unfamiliar; 5: Familiar)
There was a statistically signiﬁcance among familiarity ratings of
ﬁve vowels (X2F(4)  222.29, p <0.001; Table 1). Medians (IQR) of
a, i, u, e, and o were 4.00 (3.00–5.00), 3.00 (3.00–4.00), 3.00
(3.00–4.00), 3.00 (2.00–4.00), and 4.00 (3.00–4.00), respectively.
The ratings of a were higher (more familiar) than those of i (Z 
−10.79, p <0.001), u (Z  −10.30, p <0.001), e (Z  −11.48,
p <0.001) and o (Z  −7.82, p <0.001). In addition, the rating of o
was also higher (more familiar) than those of i (Z  −4.04,
p <0.001), u (Z  −3.69, p <0.001) and e (Z  −5.02,
p <0.001). The other comparisons (i vs. u, Z  −0.82, p 
0.41; i vs. e, Z  −0.89, p  0.37; u vs. e, Z  −1.71, p  0.09)
were not satisﬁed for the statistical threshold corrected with the
Benjamini-Hochberg (FDR) method.

Height (1: Low; 5: High)
There was a statistically signiﬁcant difference among height
ratings of ﬁve vowels (X2F(4)  224.59, p < 0.001; Table 1).
Medians (IQR) of a, i, u, e, and o were 3.00 (2.00–4.00), 4.00
(3.00–4.00), 3.00 (2.00–3.00), 3.00 (2.00–4.00), and 2.00
(1.00–3.00), respectively. The ratings of i were higher than
those of the other vowels, including a (Z  −3.15, p <0.005), u
(Z  −11.00, p <0.001), e (Z  −9.61, p <0.001) and o (Z  −10.42,
p <0.001). The ratings of a were higher than those of u (Z  −9.36,
p <0.001), e (Z  −6.87, p <0.001) and o (Z  −9.62, p <0.001). The
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TABLE 2 | Results of Spearman rank correlation analyses among mean scores of each subjective evaluation.

Size
Closeness
Thickness
Width
Weight
Height
Depth
Affection
Excitement
Familiarity
a

Size

Closeness

Thickness

Width

Weight

Height

Depth

Affection

Excitement

0.18a
0.40a
0.41a
0.21a
−0.04
0.24a
0.09
−0.04
0.04

0.12a
0.14a
0.06
0.06
0.03
0.15a
0.01
0.14a

0.34a
0.29a
−0.11a
0.17a
0.09a
0.00
0.05

0.20a
−0.04
0.13a
0.08
−0.05
0.11a

−0.12a
0.26a
−0.10a
0.06
−0.03

−0.01
0.08
0.00
0.09

−0.03
0.07
0.06

−0.13a
0.43a

-0.11a

Familiarity

A signiﬁcant correlation corrected by Benjamini-Hochberg procedure (Benjamini and Hochberg, 1995).

Correlations Among the Mean Scores of
Subjective Evaluations

contribute to speciﬁc subjective evaluations. Furthermore,
current ﬁndings contribute to developing a theory of
orthographically non-arbitrary associations between new
spoken or written letters and referents (e.g., Cuskley et al.,
2017).

There were signiﬁcant correlations among the mean scores of
subjective evaluations of vowels. All signiﬁcant correlations are
shown in Table 2. The effect sizes (rs) of four signiﬁcant positive
correlations between subjective evaluations (size and thickness;
size and width; thickness and width; affection and familiarity)
ranged between 0.30 (medium effect size) and 0.50 (large effect
size; Cohen, 1988). In addition, the effect sizes (rs) of all the other
signiﬁcant positive correlations between subjective evaluations
(size and closeness; size and weight; size and depth; closeness and
thickness; closeness and width; closeness and affection; closeness
and familiarity; thickness and weight; thickness and depth; width
and weight; width and depth; width and familiarity; weight and
depth) ranged from 0.10 (small effect size) to 0.30 (medium effect
size; Cohen, 1988), except for thickness and affection, while the
effect sizes (rs) of the signiﬁcant negative correlations between
subjective evaluations (thickness and height; weight and height;
weight and affection; affection and excitement; excitement and
familiarity) also ranged from 0.10 (small effect size) to 0.30
(medium effect size; Cohen, 1988). Although the effect size (r)
of the signiﬁcant positive correlation between thickness and
affection was lower than 0.10 (small effect size; Cohen, 1988),
the positive correlation satisﬁed the statistical threshold of the
Benjamini-Hochberg (FDR) correction.

Subjective Evaluation of Physical Features
We found that the size, closeness, thickness and width of a, u, and
o were signiﬁcantly higher than those of i and e, as noted. In
addition, there were signiﬁcant correlations among the mean
scores of the subjective evaluations. These ﬁndings were
consistent with previous ﬁndings of sound symbolism. Based
on previous studies of sound symbolism, vowels with high second
formant (F2) are i and e, while vowels with low F2 are a, u, and o
(Ohala, 1994; Berlin, 2006; Nishi et al., 2008). Vowels with high
F2 are called front vowels (i and e), whereas low-F2 vowels are
called back vowels (a, u, and o; see Berlin, 2006). Previous studies
have reported that words including front vowels were ‘smaller’
than words including back vowels in certain languages (Sapir,
1929; Newman, 1933; Ohala, 1994; Klink, 2000; Berlin, 2006;
Shinohara and Kawahara, 2010) and that size evaluations of
vowels in words are associated with the size of the oral cavity
or mouth shape when pronouncing them (Sapir, 1929; Ohala,
1984; Ohala, 1994; Shinohara and Kawahara, 2010; Namba and
Kambara, 2020). Ohala (1994) called such associations between
high acoustic frequency and smallness, and associations between
low acoustic frequency and largeness, the “frequency code.” The
current study suggests that physical evaluations (size, closeness,
thickness and width) of written individual vowels could also be
associated with the size of the oral cavity or mouth shape used to
produce the vowels.
Regarding the relationship between stimulus effects and
subjective evaluations to written vowels, the results of this
study would also be affected by the orthographical features of
the stimuli. The verbal stimuli of this study were written in
katakana vowels in Japanese (i.e., a: ア; i: イ; u: ウ; e: エ; and o:
オ), which might be in particular more angular than other
Japanese characters (e.g., in hiragana, which is one of the
Japanese character scripts, a: あ; i: い; u: う; e: え; and o: お).
For instance, regarding subjective evaluations of physical features,
participants might feel that the orthographical shape of i (イ) is
thinner than the others. In fact, they judged the thickness ratings

DISCUSSION
The aim of the current study was to identify whether each
written Japanese vowel was individually associated with speciﬁc
subjective evaluations on 10 semantic differential scales (size,
closeness, thickness, width, weight, height, depth, affection,
excitement, and familiarity). Japanese native speakers rated
the 10 features on ﬁve-point semantic differential scales for
ﬁve presented written Japanese vowels (a, i, u, e, and o). The
results showed that the size, closeness, thickness and width of a,
u, and o were signiﬁcantly higher than those of i and e, whereas
the affection and familiarity of a was signiﬁcantly higher than
for the other vowels. In addition, we found correlations among
the mean scores of subjective evaluations. These ﬁndings
suggest that each written Japanese vowel could individually
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of i as lower (thinner) than the others. A study supports
orthographically non-arbitrary associations between verbal stimuli
and referents. Cuskley et al., (2017) prepared written and spoken
pseudowords with curved graphemes (e.g., dede) and written and
spoken pseudowords with angular graphemes (e.g., zeze) as verbal
stimuli, while they also prepared round ﬁgures and spiky ﬁgures as
ﬁgure stimuli (Cuskley et al., 2017). Participants judged how well a
spoken or written pseudoword matches with a presented ﬁgure in
their experiments (Cuskley et al., 2017). They found that both
spoken and written pseudowords (e.g., dede) orthographically and
non-arbitrarily associate (match) with meaningless ﬁgures (e.g.,
round shapes; see Cuskley et al., 2017). Grapheme-color
synesthesia would also support orthographical associations
between letters and referents (e.g., Rouw and Scholte, 2007;
Asano and Yokosawa, 2013). Since the orthographical shapes of
written stimuli might include additional effects that might partially
blur sound symbolic associations, future studies also need to use
spoken vowels, and examine orthographically non-arbitrary
associations between spoken vowels and referents (subjective
evaluations of physical and emotional features).
Our ﬁndings were also associate with the stimulus presentation
order. In this paper-based survey study, the order of stimulus
presentation was ﬁxed. The presentation order of the vowels was a,
i, u, e, and o, respectively. The ﬁxed presentation order of stimuli
might affect the results of this study. At least, effects of stimulus
presentation order occur in spoken stimuli (Francis and Ciocca,
2003). Although randomizing the presentation of vowels does not
guarantee an absence of such meta-strategies, it controls for the
effects of the presentation order. If the order of presentation were
randomized, order effects could be controlled for.
In addition, although previous ﬁndings have shown that both
vowels or consonants in sound symbolic words and pseudowords
associate with referential features (e.g., Klink, 2000; Cuskley et al.,
2017; Kambara and Umemura, 2021), current ﬁndings focus on
how an isolated written vowel associates with subjective
evaluations of physical and emotional features. From here,
vowels occurring in words or pseudowords could be further
investigated. Also, since consonants in sound symbolic words
and pseudowords have also been shown to associate with speciﬁc
evaluations of physical and emotional features (e.g., Klink, 2000;
Cuskley et al., 2017; Kambara and Umemura, 2021), interactions
between vowels and consonants may occur in words and be
further studied. Japanese might be a speciﬁc case here, since most
katakana and hiragana characters associate a consonant and a
vowel (Goetry et al., 2005). The comparison between katakana
and hiragana could also be meaningful, and approached in future
studies with the methods of this study.
Finally, as we mentioned in the Methods, all participants
received an A4 paper to perform the survey task voluntarily
after a lecture of introductory psychology. The participants might
have directly compared between their subjective evaluations of
vowels with this survey method. If so, their evaluations could
reﬂect such meta-strategies of comparison. Thus, the explicit
nature of judgments in this study might have affected the ﬁndings
(e.g., Nielsen and Rendall, 2012). On the other hand, the
participants might feel mental or physical fatigues before the
survey study. Additionally, their mental or physical fatigues
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might affect subjective evaluations of vowels. In addition, since
the majority of participants were female, the sample composition
might have affected the ﬁndings of the current study.

Subjective Evaluation of Emotional
Features
Affection and familiarity for the vowel a were higher than those
of the other vowels (i, u, e, and o). In addition, the mean scores
of affection positively correlated with those of familiarity. These
results are associated with the order of vowels in the Japanese
writing system, where a comes ﬁrst of all vowels and all letters
(Goetry et al., 2005), although a is also the ﬁrst letter (vowel) in
the Latin alphabet. Stockman et al. (1981) found that listeners
could detect low front vowels including (e.g., /a/), back
consonants (e.g., /h/), and schwa /ə/, which were about 70
percent of all the transcribed data on early baby vocalization
from 7 to 21 months old, although vowels which infants produce
in babbling would change in each period of infant development
(Smith and Oller, 1981). Phonological segments a and i in
languages have high frequency in a repository of crosslinguistically phonological inventory data (Moran and
McCloy, 2019; see https://phoible.org/). The letter a might be
cross-linguistically familiar and detectable for people. In
addition, the mean scores of affection and familiarity
correlated positively with those of closeness. Since the
subjective evaluations of closeness are associated with other
physical evaluations, the initial effect of the order of the vowels
in the Japanese writing system might also be associated with the
physical evaluation of vowel sounds. However, our ﬁndings
were inconsistent with previous ﬁndings in which words with
front vowels (e.g., i) were evaluated as associated with more
positive emotions (e.g., prettier) than were those with back
vowels (e.g., o; see Klink, 2000), and also in which the mouth
shape used to pronounce a front vowel (e.g., i) was considered
connected with being more positive, calm, and familiar about
pronouncing a front vowel than that with a back vowel (e.g., o;
Namba and Kambara, 2020). Although Ohala (1984) also
claimed facial expressions sound-symbolically affect
relationships between vowels and emotional features, the
current ﬁndings did not support these previous studies. The
ﬁrst possible reason for this inconsistency between this and
previous ﬁndings might be related to differences between
languages. Indeed, some studies do not support universal
sound symbolism (Maltzman et al., 1956; Brackbill and Little,
1957; Atzet and Gerard, 1965). The phonological information of
words associates with word classes (e.g., nouns and verbs), but
the phonological information is differently distributed in
different languages (Monaghan et al., 2007). Thus, the
current ﬁndings of written Japanese vowels might only show
non-universal sound symbolic associations. The second possible
reason for inconsistency between current and previous studies
might be whether the presented stimuli were words (Klink,
2000), mouth shapes to pronounce vowels (Namba and
Kambara, 2020), or vowels alone in this study. For example,
in cases where the presented stimuli are full words, they would
include both consonants and vowels, and the consonants in the
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words would involve their own sound-symbolic effects (e.g.,
Klink, 2000; Kambara and Umemura, 2021), which might in
turn affect subjective evaluations of vowels in the words.

Education at Hiroshima University. Written informed consent
from the participants’ legal guardian/next of kin was not required
in accordance with the national legislation and the institutional
requirements.
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