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Abstract
Nishimura (2003) first pointed out that in Japanese loanwords, voiced geminates devoice
optionally when they co-occur with another voiced obstruent i.e. when they violate OCP(voice)
(e.g. /baggu/ → [bakku] ‘bag’). This devoicing of geminates has been used to make several theoretical claims in the recent phonological literature. However, these claims have so
far largely been based on intuition-based data provided by Nishimura (2003) and Kawahara
(2006). Kawahara (in press) addressed this problem by conducting a rating study. The first
aim of this study, building on Kawahara (in press), is to further support the empirical foundation of these theoretical claims by way of a large-scale rating study. The current study shows
that (i) the OCP and geminacy each affect naturalness rating of devoicing, and (ii) that there is
nevertheless something special about the combination of the OCP and geminacy.
The second aim is to test an assumption behind the recent literature on this phenomenon.
The assumption is that this devoicing pattern is monolithic—i.e. all voiced geminates uniformly undergo devoicing in a certain phonological environment. The current experiment
shows that this assumption is too simplistic. In particular it shows (i) speakers rate the devoicing of affricates as natural as that of stops, (ii) speakers find devoicing of items that merge
with other lexical items less natural, (iii) speakers rate devoicing as more natural when there
are multiple triggers, (iv) speakers find devoicing of [dd] more natural than that of [gg], and
(v) speakers find devoicing of more frequent items more natural.
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1 Introduction
1.1 The phenomenon
Nishimura (2003) first pointed out that in Japanese loanword phonology, voiced geminates optionally devoice when they occur with another voiced obstruent, as in (1).1 This devoicing of geminates
is caused by a restriction against two voiced obstruents within the same stem, which is known as
the OCP(voice) (henceforth the OCP) (for the OCP in Japanese, see Itô and Mester 1986, 2003 as
well as discussion below). Nishimura (2003) and Kawahara (2006) contrast OCP-violating geminates with voiced consonants in two other contexts: non-OCP-violating voiced geminates and
OCP-violating singletons, which are claimed not to undergo devoicing, as in (2)-(3).
(1) Geminates can optionally devoice if they co-occur with another voiced obstruent
a. baddo → batto ‘bad’
b. doreddo → doretto ‘dread’
c. deibiddo → deibitto ‘David’
d. baggu → bakku ‘bag’
e. doggu → dokku ‘dog’
(2) Geminates do not devoice otherwise
a. sunobbu → *sunoppu ‘snob’
b. reddo → *retto ‘red’
c. eggu → *ekku ‘egg’
(3) Singletons do not devoice when they violate the OCP
a. gibu → *gipu ‘give’
b. bagu → *baku ‘bug’
1

In an online adaptation experiment reported in Kaneko and Iverson (2009), Japanese speakers did not show evidence for this OCP-induced devoicing when they adapted new loanwords. Their finding shows that this devoicing
occurs in loanword phonology, not in the process of loanword adaptation (Kaneko and Iverson, 2009; Kawahara, 2006,
2008, in press). In other words, devoicing does not happen when Japanese speakers borrow these loanwords, but it
does after they borrow them.
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c. dagu → *daku ‘Doug’
Since Nishimura (2003), the patterns in (1)-(3) have received much attention in the theoretical literature (Coetzee and Pater, to appear; Crawford, 2009; Farris-Trimble, 2008; Haraguchi,
2006; Hayes, 2009; Itô and Mester, 2008; Kaneko and Iverson, 2009; Kawahara, 2005, 2006,
2008; McCarthy, 2008; Nishimura, 2006; Pater, 2009; Pycha et al., 2006; Rice, 2006; Steriade,
2004; Tanaka, 2010; Tateishi, 2002; Tesar, 2007). To briefly summarize the debates concerning
(1)-(3), one debate addresses how the difference between singletons and geminates arises. Kawahara (2005, 2006) demonstrates through an acoustic experiment that Japanese voiced geminates
are phonetically half devoiced. The follow-up perception experiment further demonstrates that a
voicing contrast is perceptually less salient in geminates than in singletons. Kawahara (2005, 2006,
2008) argues based on these results that this low perceptibility is the source of the higher neutralizability of geminates. Rice (2006) on the other hand argues that a voicing contrast in geminates
is more neutralizable than the one in singletons because the former is not contrastive in Japanese
native phonology. These studies argue therefore that a difference in phonological neutralizability
arises from either a difference in phonetic perceptibility (Steriade, 2001/2008) or contrastiveness
elsewhere in the phonology (Dresher, 2010).
The second debate focuses on the cumulative behavior of devoicing in (1), which is also known
as a “gang effect”. Nishimura (2003) and Kawahara (2006) claim that neither geminacy nor the
OCP alone can cause devoicing, as in (2) and (3), but that when both factors are relevant devoicing
can take place. This gang effect may bear on a general debate about how to model constraint
interaction (Coetzee and Pater, to appear; Farris-Trimble, 2008; Hayes, 2009; Nishimura, 2003;
Pater, 2009; Tesar, 2007). This sort of gang effect cannot be modeled in a ranking-based theory
of constraint interaction, such as Optimality Theory (Prince and Smolensky, 1993/2004), without
additional mechanisms.2 However, a theory with weighted constraints can model the cumulative
pattern without extra mechanisms (Pater, 2009).
2

Two solutions have been proposed: (i) to posit a complex locally-conjoined (Smolensky, 1995) markedness constraint that is violated only when both the OCP and a constraint against voiced geminates are violated (Nishimura,
2003, 2006), or (ii) to posit different faithfulness constraints for singletons and geminates (Kawahara, 2006, 2008).
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The final debate is about how the emergence of the loanword devoicing in (1) bears on a theory of lexical stratification. The OCP is active in native Japanese phonology (Itô and Mester,
1986), and the data in (1) shows that the OCP produces an emergent phonological pattern in loanword phonology. This connection may shed light on how loanword phonology derives from native
phonology (Crawford, 2009; Itô and Mester, 2008; Tateishi, 2002).
In summary, the patterns in (1)-(3) have evoked many theoretical debates. However, one problem identified by Kawahara (in press) is that these theoretical claims have been primarily based
on intuitions of Nishimura (2003) and Kawahara (2006). Several studies have shown potential
pitfalls of an approach purely relying on authors’ introspections (see, among others, Alderete and
Kochetov 2009; Dabrowska 2010; Gibson and Fedorenko 2010; Griner 2001; Kawahara in press;
Labov 1975, 1996; Myers 2009; Ohala 1974, 1986; Schütze 1996; Vance 1980 and references cited
therein). Since several important theoretical claims have been made based on the Japanese devoicing data, their empirical foundation should ideally be supported by systematic experimentation
with a number of theoretically-unbiased native speakers. To address this problem, Kawahara (in
press) conducted a rating experiment with a number of native Japanese speakers. The experiment
indeed showed that Japanese speakers generally find devoicing of OCP-violating geminates more
natural than devoicing in other environments. Kawahara (in press) thus succeeds in securing the
empirical basis of the claims made based on the patterns in (1)-(3).
However, Kawahara (in press) found two aspects which go beyond what Nishimura (2003) and
Kawahara (2006) report based on their intuitions. First, Japanese speakers distinguish the grammaticality of two processes that were both judged to be “ungrammatical” by Nishimura (2003)
and Kawahara (2006): devoicing of non-OCP violating geminates and devoicing of OCP-violating
singletons. Given that there is a three way distinction in acceptability between OCP-violating geminates, non-OCP-violating geminates, and OCP-violating singletons, Kawahara (in press) contends
that it is difficult to draw an objective line between grammatical processes and ungrammatical processes. One of the aims of this paper is to test whether this fine-grained grammatical distinction
holds in a wider set of data than Kawahara (in press).
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Second, Kawahara (in press) found that the devoicing of OCP-violating geminates may not be
as monolithic as the previous studies have assumed. In other words, the experiment found that there
are specific types of words with certain properties—phonological and otherwise—which showed
higher/lower ratings than other items. The results thus cast doubt on the assumption that the devoicing of OCP-violating geminates is a uniform, monolithic phonological pattern, as Nishimura
(2003) (and subsequent studies following the work) have assumed.3 Rather, various factors may
contribute to the naturalness of devoicing of OCP-violating geminates. This paper therefore reports a follow-up experiment to address questions that are raised—and remained unanswered—in
Kawahara (in press) (and beyond).

1.2 Seven hypotheses tested
The specific hypotheses about Japanese devoicing that this paper addresses are listed in (4).
(4) Hypotheses tested
a. Singletons: Does the OCP affect naturalness of devoicing of singletons? If so, does it
uniformly affect singletons and geminates?
b. Affricates: Do Japanese speakers find devoicing of voiced affricates as natural as that
of voiced stops?
c. Merger: Do Japanese speakers rate devoicing less natural if devoicing would result in
merger with another lexical item?
d. Locality: Does the distance between the trigger and the voiced consonants affect naturalness of devoicing?
e. Multiple trigger: Do the numbers of the triggers affect naturalness of devoicing?
f. Place effects: Does place of articulation affect naturalness of devoicing?
3
This paper is not meant to undermine the value of the discovery by Nishimura (2003). Idealization is a standard
methodology in linguistics (and other fields). This paper attempts to reveal a more realistic nature of devoicing in
Japanese loanwords. “[I]dealization is only the starting point of inquiry, not its goal” (Riemer 2009: 626, emphasis in
original).
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g. Lexical frequency effects: Do lexical frequencies of the words affect naturalness of
devoicing?
First, Kawahara (in press) found that the OCP does make the devoicing of geminates more natural, but that study did not test whether the OCP makes devoicing of singletons more natural. The
assumption was that devoicing of OCP-violating singletons was already “bad enough”; i.e. devoicing of singletons would be ungrammatical regardless of whether they violate the OCP or not.
However, Kawahara (in press) found that Japanese speakers distinguish between two “ungrammatical processes” (e.g. devoicing of non-OCP-violating geminates and devoicing of OCP-violating
singletons), and therefore, it is of some interest whether Japanese speakers would treat devoicing of singletons differently depending on whether the words under question violate the OCP or
not. A related question, to the extent that the OCP does influence the naturalness of devoicing of
singletons, is whether the OCP affects singletons and geminates to the same degree.
Second, the status of devoicing of affricates has not been explicitly tested.4 Neither Nishimura
(2003) nor Kawahara (2006) report their intuitions about affricates. Haraguchi (2006) treats some
of intervocalic affricates as fricatives (which allophonically do alternate in this position; see footnote 4), and judges their devoicing to be “?*”. Nishimura (2006) treats affricates on a par with
voiced stops. Kawahara (in press) did not include affricates in the stimuli. Therefore, whether
affricates and stops pattern in the same way or not is an open question.
Third, some items can result in merger with already-existing lexical items ([baggu] ‘bag’ vs.
[back] ‘back’). Ichimura (2006) argues that (Japanese) speakers avoid such mergers of two existing lexical items. More generally, such anti-merger constraints have been proposed by many
researchers for various languages (Blevins, 2005; Crosswhite, 1999; Itô and Mester, 2004; Kaplan, 2010; Lubowicz, 2007; Padgett, 2002; Urbanczyk, 2005), especially within the context of
Optimality-Theoretic (Prince and Smolensky, 1993/2004) Dispersion Theory (Flemming, 1995).
Kawahara (in press) found a non-significant tendency toward the expected direction, and a follow4

Voiced affricates in Japanese alternate with fricatives intervocalically. Whether this alternation is free-variation
or allophonic alternation is controversial (Maekawa, 2009, 2010; Vance, 1987); for the sake of exposition, I treat them
as affricates in this paper. See Maekawa (2009, 2010) for phonetic factors that influence this alternation.
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up study with more relevant lexical items was claimed to be necessary.
Fourth, there are items in which the trigger of devoicing is distant from the devoicing geminates (e.g. [doreddo] ‘dread’). Dissimilartory force is cross-linguiatically known to be stronger
between two closer elements i.e. with less intervening segments (Frisch et al., 2004; Itô and Mester,
2003; Suzuki, 1998; Tanaka, 2007). In fact, there is evidence within Japanese that locality may
matter: in a phenomenon known as Rendaku, the initial consonant of the second member of a
compound becomes voiced (e.g. /nise+tanuki/ → [nise-danuki] ‘fake raccoon’); however, if there
is already a voiced obstruent in the second member, this voicing is blocked (i.e. Lyman’s Law)
(e.g. /nise+tokage/ → [nise-tokage] ‘fake lizard’) (Itô and Mester, 1986, 2003; Lyman, 1894).
Vance (1980) found in a nonce-word experiment that the closer the blocker consonant, the less
likely that Rendaku occurs. Therefore, we expect that in words in which the trigger and geminates
are non-local, speakers may find devoicing of OCP-violating geminates less natural. Kawahara (in
press) in fact found such a tendency, although it did not reach statistical significance. However,
the stimuli contained only two relevant items ([doreddo] ‘dread’ and [doraggu] ‘drug’), leaving the
possibility that that experiment did not have enough statistical power.
Fifth, there are items that contain two triggers of devoicing (e.g. [deibiddo] ‘David’). Tesar
(2007) points out that in such words, devoicing of geminates would still violate the OCP (e.g.
[deibitto]). It is possible that the OCP militates against each pair of voiced obstruents, and therefore
devoicing of geminates does ameliorate the violation of the OCP (Kawahara, 2008; Tesar, 2007).
For example, [deibiddo] incurs three violations ([d]-[b], [d]-[dd], [b]-[dd]) whereas [deibitto] incurs only one ([d]-[b]). Nevertheless, it is also possible that speakers may find devoicing of
geminates less natural in this kind of words, because of the remaining violation(s) of the OCP.
Kawahara (in press) found a non-statistical tendency toward this direction; however, the stimuli
contained only two relevant items ([deibiddo] ‘David’ and [deddobooru] ‘deadball’), again leaving
the possibility that the experiment lacked enough statistical power to reveal a real difference.
Sixth, according to the data in Nishimura (2003), [gg] is more likely to devoice than [dd]
(Kawahara, 2006). In terms of the aerodynamic difficulty that voiced geminates present, this ob-
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servation makes sense (Hayes and Steriade, 2004; Jaeger, 1978; Ohala, 1983; Ohala and Riordan,
1979; Westbury, 1979). To maintain voicing, it is necessary to keep the intraoral air pressure lower
than subglottal air pressure. However, with stop closure, airflow required to maintain voicing increases the intraoral air pressure. The rise in intraoral air pressure occurs more quickly for [gg]
than for [dd] because the intraoral cavity behind the constriction is smaller and less flexible to expand for [gg]. Transglottal air pressure drop necessary to sustain voicing should then decease more
quickly for [gg] than for [dd] (see the references cited above). On the other hand, Kawahara (in
press) did not find this asymmetry in the judgment patterns; in fact, the experiment found a nonsignificant tendency toward Japanese speakers rating the devoicing of [dd] more natural than that
of [gg]. This follow-up experiment is designed to address this conflict by including more relevant
items.
Finally, Kawahara (in press) found that lexical frequencies of the target items affect the naturalness of devoicing in that devoicing of more frequent words was judged to be more natural. Moreover, this positive correlation was found only in certain grammatical contexts (OCP-violating geminates and word-internal OCP-violating singletons) but not in other contexts (non-OCP-violating
geminates and word-initial OCP-violating singletons). However, this limited effect of lexical frequencies on naturalness rating should be taken with caution because some condition had only nine
items in Kawahara (in press). The current study is thus designed to confirm the limited effect of
lexical frequencies with a larger set of data. This question is in part motivated by a growing body of
interests in to what extent lexical frequency affects phonological regularity (for different proposals
on this issue, see e.g. Boersma and Hayes 2001; Bybee 1999, 2001; Coetzee 2009b; Coetzee and
Kawahara 2010; Coleman and Pierrehumbert 1997; Frisch et al. 2000; Hay et al. 2003; Hayes and
Londe 2006).
These are the seven questions that the current experiment aims to address. To summarize,
Kawahara (in press) aimed to make a general comparison between OCP-violating geminates and
other consonants, and it indeed showed that Japanese speakers treat OCP-violating geminates differently from other consonants. It also found hints of interesting variations within OCP-violating
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geminates. However, the study was limited in its power because it did not have enough lexical
items. The current experiment thus follows up on Kawahara (in press) to address these remaining
questions. The current experiment therefore includes many more lexical items to guarantee enough
statistical power.

2 Method
2.1 Stimuli
Table 1 lists the entire stimuli. (In this paper I use romanized representation of Japanese except for
the affricate [Ã].) To address the questions reviewed in section 1.2, the stimuli were constructed as
follows. The design had four conditions: OCP-violating geminates, non-OCP-violating geminates,
OCP-violating singletons, and non-OCP-violating singletons. The current experiment included
many relevant lexical items because, for some hypotheses discussed above, Kawahara (in press)
only had a few relevant items. To that end, first, many words containing OCP-violating geminates
were collected, partly based on three previous studies (Kawahara, in press; Nishimura, 2003, 2006),
which resulted in 28 items. Within these items, one item contained [bb], 16 items contained [dd],
6 items contained [gg], and 5 items contained affricates. There is only one item containing [bb],
because [bb] barely appears in Japanese loanwords in the first place; on the other hand, there
are many words containing [dd], because [dd] is most commonly found (Kaneko and Iverson,
2009; Katayama, 1998; Shirai, 2002). After collecting items for the OCP-violating gemination
condition, for the other three conditions, 28 items were collected with the same numbers of items
with matching place of articulation. This resulted in 112 items in total (cf. Kawahara in press had
33 items).
The items in which the target consonants come after nasal consonants were avoided because
nasals encourage voicing—and may hinder devoicing—in the following consonants (Hayes and
Stivers, 1995; Pater, 1999). Since the OCP-violating geminates generally appear in word-final syllable, the target consonants in the other conditions were placed in word-final syllables as much
10

as possible. In the OCP-violating geminate condition, those that have non-local triggers are
[buraddo], [bureddo], [doreddo], [guriddo], [haiburiddo], [madoriddo], [sarabureddo], [doraggu],
[biredÃi], [buridÃi], and [kemburidÃi]. Those that have multiple triggers are [bagudaddo], [deibiddo],
[sindobaddo], and [debaggu]. Those that would result in merger with other existing lexical loanword items are [baddo] vs. [batto] ‘bat’, [daddo] vs. [datto] ‘DAT’, [baggu] vs. [bakku] ‘back’,
and [doggu] vs. [dokku] ‘dock’.5

5

Since the instructions of the experiment made it clear that the experiment is about loanwords, merger with nonloanwords was not considered to be merging. For OCP-violating geminates, there were two such items: [budda] and
[guddo] could be considered as merging with phrases [but-ta] ‘hit (past)’ and [gut-to] ‘patiently’ (the latter with an
accentual difference).

11

Table 1: The list of the stimuli.
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OCP-violating geminates
gebberusu
‘Göbbels’
baddo
‘bad’
bagudaddo ‘Bagdad’
budda
‘Buddha’
buraddo
‘blood’
bureddo
‘bread’
daddo
‘dad’
deddo
‘dead’
deibiddo
‘David’
doreddo
‘dread’
goddo
‘god’
guddo
‘good’
guriddo
‘grid’
haiburiddo
‘hybrid’
madoriddo
‘Madrid’
sarabureddo ‘thoroughbred’
sindobaddo ‘Sindbad’
baggu
‘bag’
biggu
‘big’
debaggu
‘debug’
doggu
‘dog’
doraggu
‘drag’
badÃi
‘budge’
biredÃi
‘village’
buridÃi
‘bridge’
ÃadÃi
‘judge’
kemburidÃi ‘Cambridge’
gudzzu
‘goods’

Non-OCP-violating geminates
habburu
‘Hubble’
hariuddo
‘Hollywood’
huddo
‘hood’
heddo
‘head’
kiddo
‘kid’
maddo
‘mad’
mesoddo
‘method’
middo
‘mid’
reddo
‘red’
rikiddo
‘liquid’
roddo
‘rod’
shureddaa ‘shredder’
sureddo
‘thread’
teddo
‘Ted’
uddo
‘wood’
yunaiteddo ‘United’
piramiddo ‘pyramid’
eggu
‘egg’
furaggu
‘flag’
furoggu
‘frog’
reggu
‘leg’
sumoggu
‘smog’
maridÃi
‘marriage’
hedÃi
‘hedge’
rodÃi
‘lodge’
edÃi
‘edge’
karedÃi
‘college’
kidzzu
‘kids’

OCP-violating singletons
Ãobu
‘job’
baado
‘bird’
bado
‘badminton’
baraado
‘ballad’
barikeedo ‘barricade’
bideo
‘video’
biriyaado ‘billiard’
biroodo
‘velvet’
boodaa
‘border’
boodo
‘board’
daioodo
‘dyode’
gaaden
‘garden’
gaado
‘guard’
gaido
‘guide’
goorudo
‘gold’
gureedo
‘grade’
zoido
(common name)
bagu
‘bug’
Ãogu
‘jog’
burogu
‘blog’
giga
‘giga’
tagarogu ‘Tagalog’
dameeÃi ‘damage’
engeeÃi
‘engage’
gareeÃi
‘garage’
geeÃi
‘gauge’
ÃooÃi
‘George’
Ãazu
‘jazz’

non-OCP-violating singletons
ibu
‘eve’
haado
‘hard’
haido
‘hide’
huudo ‘food’
kaado
‘card’
koodo ‘cord’
moodo ‘mode’
muudo ‘mood’
niido
‘need’
nuudo ‘naked’
raado
‘raado’
raidaa
‘rider’
waado ‘word’
roodo
‘rode’
saido
‘side’
shiido ‘seed’
saado
‘third’
hagu
‘hug’
riigu
‘league’
magu
‘mug’
ragu
‘rag’
tagu
‘tag’
keeÃi
‘cage’
peeÃi
‘page’
raaÃi
‘large’
imeeÃi ‘image’
chaaÃi ‘charge’
ruuzu
‘loose’

2.2 Task
In this experiment Japanese speakers rated the naturalness of devoicing in the four grammatical
conditions. The instructions explained that the questionnaire was about the naturalness of devoicing in Japanese loanwords. For each question, the participants were presented with one stimulus,
and were asked to judge the naturalness of the form that undergoes devoicing of word-internal consonants (e.g. given [baddo], how natural would you find it to pronounce it as [batto]?). For stimuli with two singleton voiced consonants, the devoiced forms were those that devoice the second
voiced consonant. The target stimuli as well as their devoiced forms were all presented in Japanese
katakana orthography. (See Kawahara 2011 for a comparison between orthography-based rating
and audio-based rating of the devoicing patterns under discussion.)
Following Kawahara (in press), the speakers judged the naturalness of devoicing on a 5-point
scale: A. “very natural”, B. “somewhat natural”, C. “neither natural nor unnatural”, D. “somewhat
unnatural”, and E. “very unnatural”. (The software used to present the stimuli (sakai; see below)
could not present the scale numerically, so the responses were converted to a numerical scale later).
They were asked to read the stimuli before answering each question, and to base their decision on
their auditory impression rather than on orthography. The devoiced form of affricates—although
they can alternate with fricatives intervocalically (see footnote 4)—were represented as voiceless
affricates, rather than voiceless fricatives, following Nishimura (2006).

2.3 Procedure
Sakai (https://sakai.rutgers.edu/portal) was used to run the online experiment (see Reips 2002 for
general discussion on online experimentation). The first page of the experimental website presented a consent form for a human subject experiment, and then they were forwarded to a testing
site. After that, each page presented one stimulus. The instructions and the options were provided
in Japanese orthography. Sakai randomized the order of the stimuli. At the end of the experiment,
they were asked if they knew the devoicing of OCP-violating geminates discussed in Kawahara’s
work; data from those who answered positively to this question were excluded from the follow13

ing analysis, in order to prevent the results from being affected by the participants’ theoretical
orientation.

2.4 Participants
To obtain enough statistical power, the experiment was run until 52 native speakers of Japanese
completed the study. Three speakers were however familiar with the devoicing phenomenon, and
therefore were excluded from the following analysis.

2.5 Frequency measures
The frequencies of the stimuli were taken from a Japanese lexical corpus, Amano and Kondo
(2000). Following the standards of psycholinguistic studies (Rubin, 1976; Smith and Dixon, 1971),
the natural log frequencies of these values were calculated (ln(0) was replaced with 0). The mean
log-frequencies of the four grammatical conditions were as follows: OCP-violating geminates:
4.39; non-OCP-violating geminates: 4.01; OCP-violating singletons: 4.51; non-OCP-violating
singletons: 5.51.

2.6 Statistics
The responses were first converted to numerical values in the following way: “very natural”=5;
“somewhat natural”=4; “neither natural nor unnatural”=3; “somewhat unnatural”=2; “very unnatural”=1. For statistical analyses, first, a general linear mixed model was run (Baayen et al., 2008;
Baayen, 2008; Bates, 2005; Jaeger, 2008) using R (R Development Core Team, 1993-2010) with
the lme4 package (Bates and Sarkar, 2007).
The first analysis included all the data points. Rating scores were regressed against a general
model in which OCP, geminacy, affricacy (i.e. affricates vs. stops), the possibility of merger,
and the lexical frequency were fixed factors, and speakers and items were random factors. Two
other factors—the number of intervening syllables and the number of triggers—were not included
in this general model, because they concern only OCP-violating words. Place was not coded for
14

affricates—hence not included in this general model either—because the place of affricates was
largely predictable. This general model included many fixed factors, partly to test whether two
grammatical factors—OCP and geminacy—would have effects on naturalness rating beyond the
other factors. The general model also included the interaction term between the OCP and geminacy. A significant interaction would mean that there is something special about the combination
between the OCP and geminacy i.e. there is something special about OCP-violating geminates, as
Nishimura (2003) and Kawahara (2006) claim.
The second analysis only analyzed OCP-violating geminates, the grammatical condition that is
of most interest to us. This model included the possibility of merger, the multiplicity of triggers, the
number of intervening syllables, and lexical frequency as fixed factors. Affricacy was not included
in this model, because it highly correlated with lexical frequency (r = 0.37), and the inclusion of
affricacy would have resulted in a multicollinearity problem. More specific hypotheses that were
not covered by these general linear mixed models were addressed by simple t-test based contrast
analyses. The alpha level was not adjusted because different tests test different, independent preplanned hypotheses.
The lme4 package does not automatically compute p-values because the exact procedure to
calculate degrees of freedom has not been known for linear mixed model analyses. Therefore,
they were instead calculated by the Markov chain Monte Carlo method using the pval.func()
function of the languageR package (Baayen, 2009). Finally, the correlation between the ratings
and the frequencies was tested by a Spearman correlation test using R.

3 Results
3.1 The four grammatical conditions
Figure 1 illustrates the average ratings of the four grammatical conditions (OCP-violating geminates: /baddo/ → [batto], non-OCP-violating geminates: /heddo/ → [hetto], OCP-violating singletons: /baado/ → [baato], and non-OCP-violating singletons: /haado/ → [haato]). Here and
15

throughout, the error bars represent 95% confidence intervals based on the variability across all

4
3
2
1

Naturalness of devoicing

5

relevant items and speakers and a t-distribution.

OCP+Gem

Gem

OCP+Sing

Sing

Figure 1: The average naturalness ratings of OCP-violating geminates, non-OCP-violating geminates, OCP-violating singletons, and non-OCP-violating singletons. The error bars represent 95%
confidence intervals.

Japanese speakers find the devoicing of OCP-violating geminates most natural (average=3.84),
more natural than devoicing of non-OCP-violating geminates (average=3.24). They also rate the
devoicing of non-OCP-violating geminates more natural than that of OCP-violating singletons (the
average=2.39). The comparisons between the first three cases replicate the results of Kawahara (in
press). Moreover, the speakers judged devoicing more natural when singletons violate the OCP
(averages=2.39 vs. 2.08).
Table 2 shows the results of the general linear mixed model. The effects of the OCP and geminacy are both significant, each contributing to the naturalness judgments. Their interaction term is
significant, which shows that the OCP affects ratings significantly more in the geminate condition
than in the singleton condition (the difference in the geminate conditions=0.60 (3.84-3.24) vs. the
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difference in the singleton condition=0.31 (2.39-2.08)). Affricacy and lexical frequency have an
effect on overall naturalness ratings. The possibility of merger do not have a significant impact in
this general model.
Table 2: The results of the genearl linear mixed model.
OCP
Gem
OCP:Gem
Affricacy
Merger
Frequency

coefficients t-value significance
0.324596
7.358
p < .001
1.191316 27.492
p < .001
0.254924
4.240
p < .001
-0.094928 -2.398
p < .05
-0.022312 -0.558
n.s.
0.026240
3.659
p < .001

Table 3 illustrates the linear mixed model analysis only on OCP-violating geminates. In this
analysis, multiplicity of trigger and lexical frequency have a significant effect. In the following
sections, we look at the specific hypotheses that were reviewed in section 1.2.
Table 3: The results of the linear mixed model on OCP-violating geminates.
coefficients t-value significance
Merger
-0.116150 -1.314
n.s.
Multiplicity of trigger
0.233651
2.312
p < .05
# of intervening syllables -0.001614 -0.020
n.s.
Frequency
0.122237
8.615
p < .001
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3.2 Affricates
Figure 2 compares naturalness ratings between stops and affricates. The difference between stops
and affricates is small (stops: 2.91 vs. affricates: 2.79) but significant overall (t = −2.398, p <
.05.). Within OCP-violating geminates, speakers rate the devoicing of affricates slightly more
natural than the devoicing of stops. However, the difference is very small (stop 3.83 vs. affricate
3.86) and non-significant according to a post-hoc test comparing the rating scores of OCP-violating
geminate stops and those of OCP-violating geminate affricates (t(1362) = 0.387, n.s.). This result
is consistent with Nishimura’s (2006) treatments of voiced affricates in that Japanese speakers treat

5

devoicing of affricates at least as natural as that of stops (cf. Haraguchi 2006).
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Figure 2: A comparison between affricates and stops in terms of naturalness ratings.
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3.3 An anti-Merger effect

5

Figure 3 compares the naturalness ratings of items that result in merger and those that do not.
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Figure 3: A comparison between items that would result in merger and those that would not.

Speakers in general disfavor devoicing that would result in merger (averages: 2.79 vs. 2.91),
but the overall effect does not reach significance (t = −0.558, n.s.). A liner mixed model on
OCP-violating geminates does not reveal a significant different either (the averages: 3.65 vs. 3.87:
t = −1.314, n.s.). However, given the non-overalpping error bars in Figure 3, a post-hoc test
was run to compare OCP-violating geminates that would result in merger and those that would
not. This analysis revealed a significant difference (t(1362) = −2.286, p < .05). At least within
OCP-violating geminates, therefore, speakers find devoicing that result in merger less natural than
that do not.
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3.4 Locality
Figure 4 illustrates, for OCP-violating singletons and OCP-violating geminates, the effect of intervening syllables on the naturalness ratings of devoicing; each bar represents cases with different
number of intervening syllables.
For OCP-violating geminates, the number of intervening syllables does not have any effects
(3.83 vs. 3.84: t = −0.020, n.s.). For OCP-violating singletons, surprisingly, the more intervening
syllables exist, the more natural the devoicing is rated. Post-hoc analyses show that devoicing of
singletons is rated more natural when there is one intervening syllable than when there is none
(2.57 vs. 2.23: t(1266) = −4.575, p < .001); the comparison between 1 syllable and 2 syllables
is also significant (2.57 vs. 2.94: t(535) = −2.486, p < .05.).
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Naturalness of devoicing

3
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Naturalness of devoicing

4

5

OCP−violating singletons

5

OCP−violating geminates

0

1

0

Number of intervening syllables

1

2

Number of intervening syllables

Figure 4: The average naturalness ratings according to the numbers of intervening syllables. Left
figure=OCP-violating geminates; Right figure=OCP-violating singletons.
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3.5 Words with multiple triggers
Figure 5 illustrates, for OCP-violating geminates, the effects of the numbers of trigger on naturalness ratings (in the current stimuli, there are no items for the OCP-violating singleton condition in
which there are multiple triggers). Speakers rate devoicing more natural when there are multiple
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1

Naturalness of devoicing

5

triggers than when there is only one trigger (4.05 vs. 3.80: t(288) = 2.764, p < .01).

Multiple trigger

Single trigger

Figure 5: The effect of the numbers of triggers on naturalness ratings (OCP-violating geminates
only).
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3.6 Place effects
Figure 6 illustrates the effect of place on naturalness ratings for stops. The Japanese speakers
rate devoicing of coronal stops more natural than devoicing of dorsal stops, and rate devoicing
of labials lower than that of dorsals (labial: 2.38, coronal: 3.01, dorsal: 2.73). Place shows a
significant impact on naturalness rating overall (t = 7.187, p < .001). Post-hoc analyses show
that within OCP-violating geminates, speakers rate devoicing of [dd] higher than that of [gg] (3.91
vs. 3.67: t(1022) = 2.462, p < .05). The difference between [bb] and [gg] is also significant
(3.16 vs. 3.67: t = 3.666, p < .001); however, there is only one item containing [bb] in each
condition, and therefore it is difficult to make any conclusive generalizations about the labial vs.

5

dorsal comparison.
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Figure 6: The average naturalness ratings by place of articulation.
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Sing

3.7 Lexical frequency effects
Finally, the scatterplots in Figure 7 illustrate the effect of lexical frequencies on naturalness ratings in the four grammatical conditions. Each scatterplot plots, for each lexical item, its average
naturalness rating on the y-axis against its natural-log frequency on the x-axis (the y-axis scales
are different in different scatterplots). In OCP-violating geminates, naturalness ratings positively
correlate with lexical frequencies (ρ = .59, p < .001): Japanese speakers rate devoicing more
natural when the word in question is more frequent.6 On the other hand, lexical frequencies do
not show any significant effects on naturalness ratings in the other three conditions (non-OCPviolating geminates: ρ = .16, n.s.; OCP-violating singletons: ρ = −0.23, n.s.; non-the OCP
violating singletons: ρ = .02, n.s.).

6

See Coetzee and Kawahara (2010) for an attempt to model this frequency effect.
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Figure 7: The effects of lexical frequency on naturalness ratings in the four grammatical conditions: OCP-violating geminates, non-OCP-violating geminates, OCP-violating singletons, nonOCP-violating geminates. Each dot represents one lexical item. The y-axis scales are different in
different sub-figures.
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4 Discussion
4.1 The OCP and geminacy
The current rating study first of all has shown that the OCP and geminacy each contribute to the
naturalness ratings of devoicing for Japanese speakers. Moreover, the OCP and geminacy interact
to a statistically significant degree, indicating that the effect of the OCP is stronger on geminates
than on singletons, i.e. the effects of the OCP and geminacy are not additive. This significant
interaction is perhaps what underlines the intuition of Nishimura (2003) and Kawahara (2006) that
devoicing is only “possible” in OCP-violating geminates (though see section 4.2).
This significant interaction can present a challenge to an analysis of the patterns in (1)-(3)
using weighted constraints (Pater, 2009). In this analysis, two simple markedness constraints—the
OCP and a constraint against voiced geminates—have lower weights than a faithfulness constraint
that prevents devoicing. However, the weights of these markedness constraints add up to coerce
devoicing of OCP-violating geminates. The analysis derives devoicing of OCP-violating geminates
from addition of violations of two lower-weighted constraints. However, the current rating results
show that the effects of the OCP and geminacy are not additive.

4.2 Gradiency: Beyond a grammatical/ungrammatical dichotomy
The rating patterns of the four grammatical conditions show that grammatical ratings follow a
gradient pattern, as Kawahara (in press) contends. Nishimura (2003) and the following studies
have assumed that only devoicing of OCP-violating geminates is grammatical, while context-free
devoicing of geminates and OCP-induced devoicing of singletons are ungrammatical, as in (2)-(3).
In other words, a grammatical/ungrammatical dichotomy was assumed to exist.
However, the current results show that there is a distinction among “ungrammatical processes”:
(i) speakers find context-free devoicing of geminates better than OCP-induced devoicing of singletons, and (ii) speakers find devoicing of singletons more natural when they violate the OCP.
Given this result, it is hard to draw a line between “grammatical” devoicing and “ungrammat25

ical” devoicing. These results therefore demonstrate that judgments do not operate as a grammatical/ungrammatical diachotomy, but instead follow a more fine-grained gradient pattern (for
relevant discussion, see among others Albright 2009; Berent et al. 2007; Coetzee 2008, 2009a;
Goldrick to appear; Hayes 2000, 2009; Pertz and Bever 1975; Pierrehumbert 2001; see Adli 2010;
Chomsky 1965; Myers 2009; Schütze 1996; Sorace and Keller 2005 for a similar observation in
syntactic judgments.)7
One may argue that the current experiment resulted in a gradient rating pattern because the
scale used in the current experiment was gradient. To address this question, Kawahara (2011) ran
a series of follow-up experiments on the same devoicing patterns in Japanese. One experimental
variable tested in the study was a mode of judgment, comparing a judgement pattern using a scale,
as in the current experiment, and a judgement pattern using a binary forced-choice paradigm. In the
latter mode, the participants were asked to judge whether devoicing was possible or impossible in
various phonological environments. The results show that the four-way grammatical distinction we
observed in the current experiment still holds even with a binary forced-choice task. The results in
Kawahara (2011) thus demonstrate that the four-way grammatical distinction found in the current
experiment is not an artifact of an experimental task.
To the extent that the acceptability patterns show the four-way distinction, a further question
arises: why Japanese speakers make the two distinctions other than the one identified by Nishimura
(2003) ((i) context-free devoicing of geminates is better than OCP-induced devoicing of singletons,
and (ii) devoicing of singletons is more natural when they violate the OCP). The second case makes
sense because Japanese native phonology does avoid words containing OCP-violating singletons
(Itô and Mester, 1986, 1995, 1999), and this avoidance may have led to the higher naturalness of
devoicing of OCP-violating singletons even in loanwords.
The first distinction is less straightforward to explain. It may be that, since Japanese voiced
geminates are semi-devoiced phonetically and since they are perceptually more similar to voiceless
counterparts than singleton voiced consonants are (Kawahara, 2005, 2006), Japanese speakers may
7

An interesting question that arises given this result is how this four-way grammatical judgment distinction is
reflected in actual production patterns. A systematic production experiment is called for to address this question.
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prefer devoicing of geminates in general to devoicing of singletons. An alternative would be to say
that voiced geminates are “more marked” than OCP-violating singletons, although there is no
evidence for this postulation in Japanese phonology: they are both prohibited in native phonology,
and they are both permitted in loanword phonology (Itô and Mester, 1995, 1999).

4.3 A summary of other effects
In addition to revealing the nature of the contributions of the OCP and geminacy on naturalness
ratings, the current experiment reveals several aspects of devoicing of OCP-violating geminates:
(i) speakers rate the devoicing of affricates as natural as that of stops, (ii) speakers rate devoicing
more natural when it does not result in merger with other lexical items, (iii) speakers rate devoicing
of voiced geminates more natural when there are more than one trigger, (iv) speakers rate devoicing
[dd] more natural than [gg], and (v) speakers rate devoicing of more frequent lexical items more
natural.8

4.4 Locality of OCP
The current experiment does not find an effect of intervening syllables on the naturalness of devoicing in OCP-violating geminates, although cross-linguistically dissimilatory forces are known to be
stronger between two closer elements (Frisch et al., 2004; Itô and Mester, 2003; Suzuki, 1998;
Tanaka, 2007). The results may imply, at least in the case of devoicing of OCP-violating geminates in Japanese, that the domain of the OCP is unbounded—as long as two voiced obstruents
are within the same domain, the equal amount of force applies (though see below for a potential
8

Kazu Kurisu and Gunnar Hanson (p.c.) independently asked if accents can affect the naturalness of devoicing. If
accented syllables are phonologically strong (Beckman, 1997) (although such evidence is scarce in Japanese accented
syllables), then speakers may disfavor devoicing in accented syllables. However, since heavy syllables attract accents
in Japanese loanwords (Kubozono, 2006), in the OCP-violating geminate condition, voiced geminates are generally
in the syllable coda of accented syllables; e.g. [bággu] ‘bag’ and [dorággu] ‘drag’. Three exceptions are [déibiddo]
‘David’, [badÃi] ‘budge’, and [bı́redÃi] ‘village’. The averages confirm the expectation that devoicing is less natural
in accented syllables: 3.83 (accented syllable) vs. 3.91 (non-accented syllable). However, a more systematic study
with auditory stimuli is necessary to address this question more carefully, because some loanwords can be pronounced
without an accent when they become familiar, especially in a particular group of people (Inoue, 1998) (e.g. [debaggu]
‘debug’ can be pronounced without an accent when used by computer experts), and there is no way of knowing if/when
this deaccenting occurred for particular items for particular speakers.
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confound). This conclusion may not come as a surprise, given that blockage of Rendaku due to the
OCP occurs across intervening syllables (e.g. /nise+tokage/ → [nisetokage] ‘fake lizard’: Itô and
Mester 1986, 2003). This non-local nature of the Japanese OCP constraint, however, is not what is
predicted from the results of Vance’s (1980) nonce-word study in which blockage of Rendaku occurred more frequently when the blocker consonant is closer to the consonants that would undergo
Rendaku.
Recall next that speakers rate devoicing of singletons more natural when there are intervening
syllables. Andries Coetzee (p.c.) pointed out that there could be an assimilative effect in voicing
between consonants across vowels (see Hansson 2004; Rose and Walker 2004 for some cases of
long-distance voicing assimilation). If it were the case, then it would disfavor devoicing when two
voiced consonants appear close to each other. This is an interesting hypothesis that is worth testing
in future research, although no evidence is known for this sort of long-distance assimilative effect
in Japanese phonology.
Another possibility, raised by Kyoko Yamaguchi (p.c.), is to resort to an idea of positional
faithfulness (Beckman, 1997). Words with OCP-violating singletons with intervening syllables are,
by virtue of having intervening syllables, long (longer than two syllables) (e.g. [baraado] ‘ballad’,
[barikeedo] ‘barricade, and [biriyaado] ‘billiard’). It may be that in general speakers may allow
neutralizing a contrast in late syllables in long words, because preceding syllables provide enough
cues for lexical access (as predicted by, for example, a cohort model of lexical access: MarslenWilson 1975; Marslen-Wilson and Welsh 1978). Put in phonological terms, later syllables in long
words are positionally weak, so that they are more likely to undergo phonological alternations (see
Becker and Nevins 2010 for a similar observation about the correlation between word-length and
neutralizability in Turkish, and its positional-faithfulness based explanation; see Kawahara and
Shinohara 2011 for evidence for the positional strength of initial syllables in Japanese).
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4.5 The effect of multiple triggers
The initial hypothesis about words containing multiple triggers was that their devoicing would be
rated less natural than that of words that contain only one trigger, because words with multiple
triggers would still incur violation(s) of the OCP after they undergo devoicing (Kawahara, 2008;
Tesar, 2007). However, the actual result goes in the opposite direction. Devoicing in words with
multiple triggers is considered to be more natural.
The higher rating of words with multiple triggers may stem from the fact that there are multiple
forces that coerce dissimilation. Suppose the OCP constraint assesses its violation by a pair of
two voiced obstruents (Kawahara, 2008; Tesar, 2007). Then words with two triggers have three
violations (e.g. [deibiddo] has three violations: [d]-[b], [d]-[dd], [b]-[dd]), and devoicing the
geminates reduces the violations by two (e.g. [deibitto] has one violation: [d]-[b]). On the other
hand, words with one trigger has one violation (e.g. [baddo] has one violation: [b]-[dd]) and
devoicing would resolve that violation. The former case therefore ends up resolving more of the
OCP violations, and hence it could be judged more natural.
This scenario predicts that there can be a case in which dissimilation is coerced only when
there are two triggers—Itô and Mester (2003) deny that such a pattern is possible (p. 265, endnote
23) (see also Tanaka 2007; Tesar 2007). However, there are patterns of vowel harmony that are
triggered only when there is more than one trigger: e.g. Classical Manchu (Dresher, 2010; Walker,
2001; Zhang, 1996). In Hungarian, moreover, harmony strength is stronger when there are multiple
triggers (Hayes and Londe, 2006; Hayes et al., 2009). The result may show that the same tendency
holds in dissimilation, although this hypothesis needs to be examined more extensively in light of
cross-linguistic patterns of dissimilation.

4.6 Place effects
This study replicated Kawahara (in press) in that Japanese speakers find the devoicing of [dd]
more natural than that of [gg]. This pattern, however, goes counter to the direction that is expected
from the aerodynamic challenge imposed on voiced stops (see section 1.2). One possibility is
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the difference actually comes from the following vowel: in Japanese loanwords, word-final [d] in
source words is followed by [o] and [g] is followed by [u] (Katayama, 1998). Moreover, wordfinal high vowels preceded by voiceless consonants are devoiced (Tsuchida, 1997). Therefore,
devoicing of [gg] word-finally would feed the devoicing of the following [u], whereas devoicing
of [d] does not, because the vowel is non-high. As a consequence, Japanese speakers may disfavor
devoicing of [gg] to that of [dd] because devoicing of [gg] would cause a further phonological
change. A problem of this explanation is that the previous study by Kawahara (in press) did not
find the effect of devoicability of the following vowel in naturalness rating. Another problem of
this explanation, which was raised by an anonymous reviewer, is the fact that the devoicing of [bb]
was rated lower than that of [gg], despite the fact that the following vowel is not devoicable in the
geminate conditions ([gebberusu] ‘Göbbels’ and [habburu] ‘Hubble’). (Recall however that we
should take this pattern with caution because there is only one lexical item with a labial stop per
each condition.)
An alternative explanation is that words containing [dd] are more frequent than those that
contain [gg] (average log frequencies: 4.72 vs 3.44). However, this frequency-based explanation
does not hold for OCP-violating geminates ([dd]: 3.99 vs. [gg]: 4.79). Another potential factor
is that [dd] is more frequent as a sound than [gg] in Japanese loanword phonology in general (i.e.
it has a high phoneme frequency). Kawahara (2005) finds, based on Amano and Kondo (2000),
that [dd] appears 22,896 times (10.04 in log) whereas [gg] appears 1,201 times (7.09 in log). This
higher phoneme frequency of [dd] may be a reason for why Japanese speakers judged the devoicing
of [dd] to be more natural. To the extent that this explanation is on the right track, the frequencies
of sounds in general—rather than the frequencies of the words per se—may affect the naturalness
ratings, although this hypothesis needs to be tested in future experimentation.

4.7 Lexical frequency effects
Finally, the current study has found that lexical frequencies affect grammatical judgments only in a
limited grammatical condition, replicating Kawahara (in press) with a much larger pool of stimuli.
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The results show that it is not the case that lexical frequencies govern judgment patterns entirely;
only in limited grammatical environments can lexical frequencies exert their effects.
Modeling the limited effect of frequency provides a challenging and interesting task for future
research. Jason Shaw (p.c.) raised the following possibility: since the type frequency of words
containing OCP-violating geminates is smaller than the type frequencies of other kinds of words,
the devoicing pattern is less regularized for OCP-violating geminates. In other words, in the three
environments other than words with OCP-violating consonants, there are sufficient number of
words so that their phonological properties are stabilized, resulting in less phonological variation.
On the other hand, since words containing OCP-violating geminates are still small in number
(this study contained “only” 28 words with OCP-violating geminates), its phonological property
as a group is yet to be stabilized leaving a room for lexical frequencies to affect the phonological
variation (see Albright and Hayes 2003; Bybee 2001; Bybee and Pardo 1981; Pierrehumbert 2001
for a relevant discussion). This hypothesis provides an interesting line of approach to model the
limited influence of lexical frequencies on the naturalness judgement pattern, but verifying the
hypothesis is left for future research.

4.8 Overall summary
The current experiment shows that the OCP and geminacy each affect naturalness rating of devoicing in Japanese. It moreover reveals a significant interaction between these two factors, suggesting
that the OCP affects rating more in geminate consonants, supporting the original observation of
Nishimura (2003). In addition, this study reveals that various factors—the possibility of merger,
place of articulation, and the lexical frequencies of the words—affect naturalness ratings of devoicing. The current study shows that devoicing of OCP-violating geminates is not as monolithic
as the previous phonological studies have assumed, and in this regard, it highlights the importance
of an experimental approach to theoretical linguistics.
One final remaining question that arises given the current results is which factors are due to
grammar and which factors are due to task effects. It seems safe to conclude that the influence
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of the OCP, geminacy, affricacy, and place, are due to grammatical factors, because these are
notions intrinsic to phonology (i.e. any phonological system must encode these notions in grammar). Some other cases are not so clear-cut. The anti-merger effect, for example, may be due to
the fact that Japanese speakers are consciously avoiding lexical mergers, not necessary that this
effect is encoded in the grammar. The length effect we observed in section 4.4 can also be interpreted as speakers “consciously not caring” about neutralizing a contrast in late syllables in long
words, without this effect being grammaticalized. Teasing apart grammatical effects from nongrammatical ones is not always an easy task (e.g. Berent et al. 2007; Featherson 2005; Goldrick
to appear; Schütze 1996), and the decision often depends on the entire architectural structure of
grammar. Addressing this question is thus an important issue in future linguistic research.
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