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1 The rationale

This volume “Papers on Japanese puns” is a collection of papers on Japanese imperfect puns that I
wrote between 2007 and 2009 (often in collaboration with Professor Kazuko Shinohara, the Tokyo
University of Agriculture and Technology), although most of the papers appear in print in 2009
and 2010. There are several reasons to put together a volume like this. First, I believe that I have
done a wide range of analyses on Japanese imperfect puns, and it is convenient to have a collection
of relevant papers. Second, although as much as I liked—and still do like—the project, I feel that
I have done enough and am ready to move on to other projects. This collection would thus serve
as a closure on my side (though I plan to build my future research partially on this project). Third,
related to the first two reasons, I hope that building on these works, somebody interested in this
project can take up some remaining issues, and that this volume serves as a useful reference.!

2 A brief history

Here is a somewhat personal history of how the research was developed. I was first inspired by
a colloquium talk by Professor Donca Steriade at the University of Massachusetts in 2003, and
started working on Japanese rap rhyming, the result of which is included as the final paper of this
volume. Professor Kazuko Shinohara and I applied the same methodology to Japanese imperfect
puns, and wrote the third paper in this volume. Then, we decided that imperfect puns has lots of
potential, providing a rich resource for linguistic analyses.

In developing this research program, we also realized its pedagogical values because of its
accessibility. For example, the sixth paper included in this volume was based on a BA thesis study
by Nobuhiro Yoshida at the Tokyo University of Agriculture and Technology under the supervision
of Professor Shinohara. Two of my undergraduate students at Rutgers, Ayanna Beatie and Allan
Schwade, worked on Korean tongue twisters from a similar perspective and they presented their
work at the undergraduate linguistic conferences at Harvard. Moreover, the materials attract the
interest of students in introductory classes, and also the interest of audience outside the field—I
have been asked to give my talk on Japanese rap rthymes and puns to various non-professional
audiences.

'Interested readers are also referred to my website for further information as well, which I will try to update
frequently.



3 The structure of this volume

Although readers are welcome to start with any paper in the volume, I ordered them in such a way
that readers will see how the research is developed and why I did what I did.

The first two papers are “overview papers”.

The first paper “Faithfulness, correspondence, and perceptual similarity: Hypotheses and experi-
ments” explains why people —including myself —are working on verbal art patterns. In the paper I
attempt to tie this general research program with the notion of faithfulness constraints in Optimal-
ity Theory. Theoretically-informed readers may start from here.

The second paper “Probing knowledge of similarity through puns” is based on a lecture that I
gave at Sophia University in summer of 2008, and provides an overview of this research program.
It should be noted that some contents in sections 3 and 4 are a bit outdated, and superseded by the
subsequent papers in this volume.

The next four papers present more concrete analyses.

The third paper “The role of psychoacoustic similarity in Japanese puns” reports an analysis of
consonant mismatches in Japanese puns.

The fourth paper “Calculating vocalic similarity through puns” does the same with vowels.

The fifth paper “Syllable intrusion in Japanese puns, dajare” analyzes cases in which one phrase
internally contains an extra syllable which does not appear in the other phrase.

The sixth paper “Phonetic and psycholinguistic prominences in pun formation: Experimental ev-
idence for positional faithfulness” investigates positional effects. We address whether Japanese
speakers care about positions of mismatches in puns. We show that they do and discuss why that
is interesting.

At the end, I include my (relatively old) paper on half rhymes in Japanese rap songs, because
this paper was a precedent of this general research program.

4 A disclaimer
Putting together this volume does not constitute publication; it is equivalent to circulating off-

prints. In other words, copyrights belong to whoever has published/will publish each paper. The
reference information is given below.
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Faithfulness, Correspondence, and Perceptual Similarity:
Hypotheses and Experiments™

Shigeto Kawahara, Rutgers University
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1 Introduction

The principle of faithfulness—one of the many characteristics specific to Optimality Theory (OT Prince and
Smolensky, 1993/2004) —has opened up new lines of research. The questions addressed in these lines of
research have been difficult or even impossible to address in previous theories of phonology. This paper
discusses how the principle of faithfulness sheds light on the issues surrounding the phonetics-phonology
interface. After reviewing new theories and hypotheses that were made possible to address by principle of
faithfulness, this paper reports two similarity judgment experiments that test some of the premises of these
theories.

OT has two types of constraints: markedness constraints and faithfulness constraints. OT liberates
output markedness problems from solutions by which those problems are solved, whereas a rule-based
theory packages markedness problems and solutions into one format. This characteristic of OT has allowed
grammar to encode phonetic reasons behind phonological alternations in the formulation of markedness
constraints (Hayes and Steriade, 2004; Myers, 1997).! Since the issue of encoding phonetic naturalness via
markedness constraints has been extensively discussed in the literature already, this paper instead discusses
how faithfulness constraints have provided us with a novel way to investigate the relation between phonetics
and phonology.

This paper starts with brief discussion of faithfulness constraints in OT in section 2, and moves on
to discuss how the principle of faithfulness allows grammar to directly express perceptibility effects in
phonology (section 3). Section 4 discusses Correspondence Theory, which has provided a fresh view on
the parallel between phonology and verbal art. Section 5 and 6 report similarity judgment experiments that
test some premises of the hypotheses discussed in Section 3 and 4. Throughout this paper, I touch on many
current issues in OT, but some of these may distract the main flow of the paper—I thus leave the discussion
of those current debates in footnotes.?

*Some issues that I discuss in this paper came to my attention during my graduate training at the University of Massachusetts,
for which I am grateful to John Kingston, John McCarthy, Joe Pater, and Lisa Selkirk. I am also grateful to the participants of my
seminar in Spring 2009 at Rutgers University who helped me organize my thoughts on the related issues. Many thanks to Kazu
Kurisu, Dan Mash, Maki Shimotani, Kazuko Shinohara, Donca Steriade, Kyoko Yamaguchi, and the reviewer Haruka Fukazawa
for comments on earlier versions of this paper. This project is partly funded by a Research Council Grant from Rutgers University.
All remaining errors are mine.

'OT for this reason has brought about a renewed interest in research on phonetically-driven phonology. However, OT itself is a
theory of constraint interaction, which has nothing to do with phonetic naturalness in phonology. Therefore it is mistaken to extend
one’s argument against phonetically-driven phonology to an argument against OT in general.

*Footnotes are great places to find research topics in general (McCarthy, 2008a, p.163).



2 Faithfulness constraints in Optimality Theory

Faithfulness constraints in OT militate against changes from underlying forms (input) to surface forms
(output) (see de Lacy, to appear, for a recent overview). As intuitive as this principle sounds, previous rule-
based theories of phonology did not explicitly recognize this principle. In fact Halle (1995, p.28) asserts that
“... the existence of phonology in every language shows that Faithfulness is at best an ineffective principle
that might well be done without.” The principle of faithfulness is crucial in OT (see Prince 1997 for a reply
to Halle 1995), because otherwise all input forms would be reduced to the most unmarked form of that
language, say [ba] (Chomsky, 1995, p.380). One of the characteristics of OT, therefore, is that it explicitly
recognizes the role of faithfulness in its theory. This principle was first formulated as Containment Theory
(Prince and Smolensky, 1993/2004). In this theory, no segments are literally deleted or added; instead
deletion is captured as unparsing to a higher prosodic level and epenthesis as an unfilled prosodic position.
However Containment Theory of faithfulness has largely been replaced by the by-now standard theory in
the current literature, Correspondence Theory (McCarthy and Prince, 1995).

Correspondence Theory of faithfulness has two characteristics: (i) any two representations can stand
in correspondence, and (ii) faithfulness constraints prohibit disparity between the two representations, i.e.,
maximize the similarity between them. The following discussion illustrates how these two characteristics
have allowed us to express certain generalizations in our linguistic behavior that previous theories of phonol-
ogy failed to capture.

3 Maximizing perceptual similarity

Acknowledging the principle of faithfulness in phonological theory has allowed us to entertain and pur-
sue the hypothesis that speakers maximize the psychoacoustic or perceptual similarity between inputs and
outputs. Perhaps the most influential —and also provocative—formulation of this hypothesis is the P-map
hypothesis proposed by Steriade (2001/2008; 2001a). The problem that she tackles is the observation that
languages resolve coda voiced obstruents by devoicing them, but not by any other means (say epenthesis or
nasalization). Kenstowicz (2003) likewise observes that when speakers whose language lacks voiced stops
borrow words with voiced stops, they borrow them as voiceless stops, never as nasal stops. This example is a
tip of an iceberg, a problem that has come to be known as a “too-many-repairs/solutions” problem.? Steriade
argues that languages prefer coda devoicing over other phonological resolutions because devoicing involves
a less perceptible change than other phonological changes would. Given the principle of P-map—i.e. speak-
ers maximize the perceptual similarity between input and output—speakers should resort to devoicing, to the
extent that devoicing involves the least perceptible change.* In its most general form, the more perceptible
the change a phonological alternation involves, the higher the rank of the faithfulness constraint it violates.

*It would be mistaken to blame OT for predicting too many solutions for particular markedness problems. On the contrary,
OT has allowed us to see that there is a problem to be solved. OT in its original formulation does predict that any markedness
problem can in principle be resolved by multiple phonological means, while in actuality we observe certain limited ways in which
some markedness problems can be solved. However, a rule-based theory of phonology makes the same prediction; this too-
many-solutions problem is an issue that any adequate theory of phonology must account for (Blumenfeld 2006; Lombardi 2001;
McCarthy 2008a; Steriade 2001/2008). Some proposals regarding the too-many-solutions problem within and out of OT include the
fixed-ranking approach based on P-map (Steriade, 2001/2008), OT with Candidate Chains (OT-CC) (McCarthy, 2008b), Targeted
constraints (Wilson, 2001), procedural markedness constraints (Blumenfeld, 2006), MAX feature constraints (Lombardi, 2001), and
restrictions on diachronic paths leading to phonologization (Myers, 2002).

*The original P-map hypothesis predicts that languages would always choose one phonological change for a particular marked-
ness problem, the one chosen being the one that is the least perceptible. However, some markedness problems are solved by various
phonological alternations. A typical example is nasal-voiceless stop clusters, which can be resolved by post-nasal voicing, nasaliza-
tion of stop, denasalization of nasal, etc (Pater, 1999) (see also Zuraw and Lu 2009). One emerging theory to address this problem
is to say that constraint rankings projected from P-map are default rankings rather than fixed rankings (Steriade, 2001b; Wilson,
2006). The prediction of this amendment is that novel, emerging phonological patterns follow the ranking predicted by the P-map.



This principle may seem like a simple restatement of the principle of faithfulness, but it is innovative in that
it reformulates the notion of similarity as perceptual similarity.?

Another example in which perception-based faithfulness constraints have proven useful is the obser-
vation that nasal consonants are more likely to assimilate in place than oral consonants (Mohanan, 1993).
There are no languages in which only oral consonants assimilate in place, but there are languages in which
only nasal consonants assimilate (e.g. Malayalam: Mohanan 1993). In standard phonological feature theo-
ries, the asymmetry remains a puzzle because [place] in nasal and [place] in oral consonants are not distinct,
and in fact should not be distinct to the extent that homorganic nasal-stop clusters share the same [place]
feature, as assumed in standard autosegmental phonology (Goldsmith, 1976). So where does the asymmetry
come from?

Jun (2004) argues that the asymmetry comes from the perceptibility of [place] in nasal and oral conso-
nants. He argues that [place] in nasals is less perceptible than [place] in oral consonants and that speakers
rank the faithfulness constraint for oral [place] higher than the faithfulness constraint for nasal [place]. The
difference in perceptibility of [place] in nasal and oral consonants is supported by some phonetic consid-
erations. Jun (2004), following Malécot (1956), argues that the place contrast in nasals is obscured due to
coarticulatory nasalization. Weaker perceptibility of place in nasals finds some evidence in previous psy-
cholinguistic studies. A similarity judgement task shows that speakers judge nasal minimal pairs as more
similar to each other than oral consonant minimal pairs (Mohr and Wang, 1968). Pols (1983) shows that
Dutch speakers perceive the place contrast more accurately in oral consonants than in nasal consonants
(though see the experiments reported below for complications).

Not only has the P-map hypothesis provided insights into cross-linguistic patterning of phonologys, it has
provided explanations of novel phonological patterns as well. The native phonology of Japanese does not
allow voiced obstruent geminates. However, when Japanese speakers borrow words from other languages,
mainly from English, they geminate (some) word-final consonants (Shirai, 2002), which resulted in voiced
obstruent geminates (e.g. doggu ‘dog’ and eggu ‘egg’). Having borrowed these words, Japanese speakers
have spontaneously started devoicing voiced geminates when they appear with another voiced consonant
(Nishimura, 2003), as in (1).

(1) Geminates can devoice if they co-occur (2) Singletons do not devoice in the same

with another voiced obstruent environment

a. baddo — batto ‘bad’ a. gibu — *gipu ‘give’
b. baggu — bakku ‘bag’ b. bagu — *baku ‘bug’
c. doggu — dokku ‘dog’ c. dagu — *daku ‘Doug’

The devoicing in (1) takes place due to a dissimilative constraint against two voiced obstruents within the
same stem, a constraint known as Lyman’s Law in the native phonology of Japanese (Itd and Mester, 1986).
However, two voiced singleton obstruents do not devoice in loanwords, as in (2).

Kawahara (2006) argues that this difference between singletons and geminates arises from the ranking
IDENT(VOI)-SING > OCP(VOI) > IDENT(VOI)-GEM, where IDENT(VOI)-SING and IDENT(VOI)-GEM
are faithfulness constraints for voicing for singletons and geminates, and OCP(VOI) is a constraint against
two voiced obstruents within the same stem.® Speakers would project the ranking IDENT(VOI)-SING >
IDENT(VOI)-GEM if a voicing contrast is less perceptible in geminates than in singletons. Kawahara (2006)

3Other proposals encode phonetic perceptibility in markedness constraints by prohibiting non-perceptible contrasts (Flemming,
1995). However, the maximization of perceptual similarity between two corresponding representations can be only formulated
in terms of faithfulness constraints, because markedness constraints evaluate the wellformedness of a structure at one-level of
representation (Kawahara and Shinohara, to appear).

A markedness based approach is undesirable because the relevant markedness constraint would have to penalize voiced gemi-
nates only when they also violate OCP(VO01), a constraint like *[ VOICEOBSGEM&OCP(VOI)]stem (Nishimura, 2003) (see Kawa-
hara 2006, sec. 3.3). Pater (to appear) develops a reanalysis of (1) and (2) using Harmonic Phonology with weighted, rather than
ranked, constraints, which dispenses with such a complicated markedness constraint. See Tesar (2007) for a reply.



supports the premise about the perceptual asymmetry between voicing in singletons and voicing in gem-
inates in acoustic and perception experiments. Voiced geminates in Japanese are semi-devoiced because
of their aerodynamic difficulty (Ohala, 1983), and the semi-devoicing leads to a lower perceptibility of the
voicing contrast in geminates. This case shows that the perceptibility of a phonological contrast can shape a
novel phonological pattern.” In summary, the principle of faithfulness provides a bridge between phonetic
perceptibility and phonological grammar?

4 Generalizing Correspondence theory

The principle of maximization of similarity has brought about the formulation of the P-map hypothesis,
which has interesting—and controvertial —consequences. Another way in which faithfulness constraints
have opened up a new line of research is the study of verbal art including rhyming and puns.

Correspondence Theory in principle allows any two representations to stand in correspondence. In their
original proposal, McCarthy and Prince (1995) argue that correspondence holds not only between inputs
and outputs, but also between base and reduplicants. Ever since then, the correspondence relation has been
argued to hold in many dimensions e.g. between based and derived words (Benua, 1997) (see de Lacy to
appear for a recent review). This generality of Correspondence Theory has also resulted in the renewed
interests in the study of verbal art (Holtman, 1996; Steriade, 2003).

To discuss an example that relates to the previous discussion on place assimilation, Kawahara (2007)
and Kawahara and Shinohara (2009) found that when Japanese speakers pair two consonants in rap thyming
and punning, they are far more likely to pair [m]-[n] than [p]-[t]. Thus there exists an interesting parallel be-
tween this observation and the phonological pattern discussed in section 3. Correspondence Theory allows
us to capture the parallel in a straightforward manner: both in input-output correspondence and word-word
correspondence in rhyming and puns, speakers are more comfortable having the [m]-[n] pair in correspo-
dence than the [p]-[t] pair in correspondence, because the former pair involves more perceptually similar
consonants.

We find another interesting parallel between phonology and verbal art. Recall that Steriade (2001/2008)
has argued that a voicing contrast is least perceptible among those contrasts made by spectral continuity; that
is, speakers neutralize the voicing contrast more than any other contrasts, because minimal pairs differing
in voicing are most perceptually similar to each other. This hypothesis finds independent support from
rhyme and pun patterns in Japanese; speakers are most willing to pair consonants that differ only in voicing,
arguably because they are perceptually similar.

Yet another way in which Correspondence Theory reveals an interesting parallel between verbal art and
phonology is positional effects. In phonology speakers avoid making changes in initial syllables (Beckman,
1998), perhaps because initial syllables are psycholinguistically prominent, and such changes would con-
sequently make lexical access difficult (Hawkins and Cutler, 1988). For example in Sino-Japanese, initial
syllables allow many consonants but non-initial syllables allow only [t] and [k] (Tateishi, 1990). Assuming

"One debate concerning the general issue of phonetic naturalness in phonology is whether such perceptibility effects are en-
coded in synchronic grammar or result from diachronic changes. The first position, which has been implicitly assumed here, asserts
that speakers possess knowledge of perceptibility and have the principle of minimization of perceptual disparity between the cor-
responding segments. An alternative is to say that listeners simply misperceive contrasts that are not perceptible, which result in a
sound change (Blevins, 2004; Myers, 2002). In this theory speakers do not need to have explicit knowledge of perceptibility. How-
ever, some studies have argued that when speakers innovate novel phonological patterns, they show phonetically natural patterns,
even when historical misperceptions are not at issue (Kawahara, 2006; Wilson, 2006; Zuraw, 2007). To the extent that historical
changes can bring about unnatural phonological patterns, it would be crucial to look at novel, emergent phonological patterns which
speakers spontaneously create in order to support the thesis of phonetic naturalness in phonology.

8There is potentially a chicken-and-egg problem here, because our linguistic knowledge affects our speech perception as well
(Massaro and Cohen, 1983; Moreton, 2002): Does speech perception affect phonology first? Or does phonology affect speech
perception first? The answer would probably be that the influence is bi-directional. The challenge therefore is how to model this
bi-directionality (Boersma, 2006; Hume and Johnson, 2001).
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the Richness of the Base (Prince and Smolensky, 1993/2004), speakers need to map an input like /sasu/ to
[satu] in Sino-Japanese, as in (3a).

(3) The parallel between phonological mapping and pun pairing

a. Phonological input-output mapping b. Pun pairing
Input /s a; s u |/ Word1l [ s; a; s w |
Output [ s; a; tp u | Word2 [ s; a; t, w

Kawahara and Shinohara (to appear) have shown via a wellformedness judgment experiment that the
same pattern—the avoidance of disparity in initial segments—is observed in puns. We have found that
speakers judge a pun involving an initial mismatch (e.g. sasetsu-ni zasetsu ‘1 gave up turning left’) as
less wellformed than a pun involving an internal mismatch (e.g. hisashi-ni hizashi ‘Sunlight on the sun
roof’). Correspondence Theory allows us to generalize the two observations, as in (3): speakers avoid
having a mismatched correspondence pair in initial positions, more so than having a mismatched pair in
internal positions. In other words, Correspondence Theory models two separate patterns—resistance of
initial syllables being changed in phonology and the wellformedness judgment pattern in puns—using a
single principle.

To summarize, Correspondence Theory formalizes the parallel between phonology and verbal art.” Fur-
thermore, this finding has given rise to a new research program: to the extent that the same principle governs
both phonology and verbal art, we can investigate our phonological knowledge through verbal art. See
Kawahara and Shinohara (2009) for references, and Kawahara (2009) as well as the author’s website for
suggestions for future research regarding Japanese puns.

S Testing some premises: Experiment 1

The maximization principle of similarity incorporates the effect of perceptibility in phonology. The gener-
ality of Correspondence Theory captures the parallel between phonology and verbal art. In addition to some
open questions that I outlined in the preceding footnotes, one important line for future research is to test
hypotheses about perceptual grounding of phonology by experiments. There have been several studies that
specifically test such hypotheses (see Kawahara, to appear, for a review), but there are several hypotheses
that remain to be tested. For example, Winter (2003) points out that the evidence for lower perceptibility of
[place] in nasal is weak, and he himself did not find convincing evidence for a perceptibility difference be-
tween nasal [place] and oral [place] in a difference magnitude estimation task or an AX discrimination task.
This debate shows that it is important to test the premises for perception-based explanations of phonological
patterns. To this end I report (admittedly preliminary) similarity judgment experiments that attempt to test
the assumptions about perceptual similarity discussed in the preceding sections.

5.1 Method

The first experiment was a paper-based forced-choice similarity judgment task. The experiment addressed
two hypotheses: (i) nasal minimal pairs are more similar to each other than oral consonant minimal pairs
(Jun, 2004) (ii) pairs differing in voicing are more similar than pairs differing in other manner features
(Kawahara, 2007; Kawahara and Shinohara, 2009; Kenstowicz, 2003; Steriade, 2001/2008). The stimuli

°The observation about the parallel between phonology and verbal art is not new, explicitly noticed at least as early as Kiparksy
(1973) and Zwicky (1976) (in fact, the origin of literary linguistics dates back to even older time: Fabb 1997). However, Corre-
spondence Theory has provided a tool with which to formulate the parallel explicitly. Another point that is worth mentioning is that
some proposals have claimed for a return to Containment Theory (e.g. van Oostendorp, 2008). As far as I can see, it is impossible
to capture the parallel between phonology and verbal art in this theory, because Containment Theory does not provide a general
mechanism to relate two representations.
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consisted of two pairs of consonants (e.g. [ba]-[pa] vs. [ba]-[ma]) to allow participants to judge which
pair involved more similar consonants. The task of the participants was thus analogous to comparing (the
similarity of) two input-output pairs. The list of the stimuli is given in (4). In addition to these 8 target
comparisons, 12 filler dummy comparisons were added. The order of two pairs was counterbalanced by
preparing two types of questionnaire.

(4) The stimuli used to address the two hypotheses
a. The weaker perceptibility of nasal [place]: [ma]-[na] vs. [ba]-[da], [ma]-[na] vs. [pa]-[ta]
b. The weaker perceptibility of [voice]: [ba]-[pa] vs. [ba]-[va], [ba]-[pa] vs. [ba]-[ma], [da]-[ta]
vs. [da]-[za], [da]-[ta] vs. [da]-[na], [za]-[sa] vs. [za]-[na], [za]-[sa] vs. [za]-[da]

The participants were students taking an introductory psychology class at Rutgers University and two
graduate students in the linguistics department. None of them were familiar with the related P-map hy-
potheses tested in this study. They were encouraged to read the stimuli silently before responding to each
question and base their judgment on auditory quality rather than orthographic similarity. The entire process
took about 20 minutes. No compensation was given to the participants. Excluding non-native speakers of
English, the data from 34 speakers entered into the subsequent statistical analysis. To statistically assess
the obtained data, after excluding non-responses, a binomial test was run against the null hypothesis that
the participants’ responses were random (that is, the probability of one particular pair to be chosen as more
similar is .5). The alpha-level was adjusted to 0.05/8=0.006 by a Bonferroni adjustment.

5.2 Result

Table 1 tallies the results. “Expected responses” are those that are expected from the two hypotheses being
tested: nasal minimal pairs are more similar to each other than oral consonant minimal pairs, and minimal
pairs differing in voicing are more similar to minimal pairs differing in other manner features (nasality and
continuany). Statistical significance is signaled by an asterisk.

Table 1: The number of expected, unexpected, and no-responses in Experiment 1.

Pairs Expected responses  Unexpected responses  No responses P
a. [ma]-[na] vs. [pa]-[ta] 25 (74%) 9 0 =.003*
b. [ma]-[na] vs. [ba]-[da] 26 (79%) 7 1 <.001*
c. [bal-[pa] vs. [ba]-[ma] 27 (79%) 7 0 < .001*
d. [da]-[ta] vs. [da]-[na] 22 (65%) 12 0 n.s.
e. [za]-[sa] vs. [za]-[na] 30 (88%) 4 0 < .001*
f. [bal-[pa] vs. [ba]-[va] 24 (71%) 10 0 n.s.
g. [da]-[ta] vs. [da]-[za] 25 (74%) 9 0 =.003%*
h. [za]-[sa] vs. [za]-[da] 29 (85%) 5 0 < .001*

5.3 Discussion

As observed in the first two rows in Table 1, the first hypothesis is statistically confirmed— participants
judged the nasal minimal pair more similar to each other than oral consonant minimal pairs at a more than
chance frequency. The rows (c, e) statistically show that speaker judge the minimal pair differing in voicing
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more similar than the minimal pair differing in nasality, and the comparison (d) shows the same tendency
(p = .03). Finally, the rows (f, g, h) show that speakers tend to judge the minimal pair differing in voicing
more similar than the minimal pair differing in continuancy, although the comparison in (f) did not reach
significance (p = .007).

6 Experiment 2

6.1 Introduction

Although Experiment 1 supports the two hypotheses about the phonetic grounding of phonological patterns—
weaker perceptibility of [place] in nasal and weaker perceptibility of [voice] —the results could have been
affected by orthographic similarity, although the participants were encouraged to use auditory impression.
Furthermore, the phonological alternations under question—nasal place assimilation and coda devoicing—
occur in coda, and therefore we should test the hypotheses about perceptibility in coda as well. Therefore
the second experiment tested these hypotheses both in onset and coda using auditory stimuli.

In addition to the two hypotheses tested in Experiment 1, this experiment tested two more hypotheses,
summarized in (5).

(5) The four hypotheses tested in Experiment 2

a. The [place] contrast is weaker in nasals than oral consonants.

. The [voice] contrast is weaker than [nas] contrast.!”

b
c. The redundant [+voice] feature in sonorants promote their similarity with voiced obstruents.
d

. Glides and [h] are not highly audible and hence similar to ¢ whereas a strident like [s] is highly
audible and not similar to ¢.

The hypothesis in (5c) was proposed to explain the observation that in languages that avoid similar
consonants in adjacent positions, sonorants are considered to be more similar to voiced obstruents than to
voiceless obstruents (Frisch et al., 2004; Kawahara and Shinohara, 2009). Hypothesis (5d) explains why
languages prefer to use glottal consonants and glides for epenthesis while no languages epenthesize [s]:
speakers prefer consonants that are most similar to ¢ for epenthesis, and [s] is too different from ¢ (Kawahara
and Shinohara, 2009; Steriade, 2001a). The hypothesis (5d) also explains why [s] is unlikely to be deleted
in loanword adaptation (Steriade, 2001a), again because [s] is too different from ¢. The high audibility of
[s] also explains why [s] can violate the sonority sequencing requirement in English onset clusters (Wright,
2004). The format of the experiment is the same as Experiment 1; speakers were presented with two pairs
of sounds within each comparison and asked to judge which pair involved more similar consonants.

6.2 Method

The stimuli consist of 12 pairs to test the four hypotheses in (6).

(6) The stimuli in Experiment 2
a. Hypothesis (5a): [ma]-[na] vs. [pa]-[ta], [ma]-[na] vs. [ba]-[da] , [am]-[an] vs. [ap]-[at], [am]-
[an] vs. [ab]-[ad]
b. Hypothesis (5b): [ba]-[pa] vs. [ba]-[ma], [da]-[ta] vs. [da]-[na], [ab]-[ap] vs. [ab]-[am], [ad]-
[at] vs. [ad]-[an]
c. Hypothesis (5¢): [ba]-[ma] vs. [pa]-[ma], [da]-[na] vs. [ta]-[na],

10Experiment 2 did not compare [voice] and [cont], because this comparison is not relevant to the P-map hypothesis. Recall that
the hypothesis addresses why languages only resort to devoicing to resolve coda voiced obstruents; however, spirantization would
not eliminate coda voiced obstruents, because voiced fricatives are still voiced obstruents.
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d. Hypothesis (5d): [wa]-[a] vs. [sa]-[a], [ha]-[a] vs. [sa]-[a]

In order to create the stimuli, a native speaker of English pronounced all the stimulus syllables in a frame
sentence ‘Please say the word X again’. Each syllable was written on a separate index card, and the order was
randomized. His speech was recorded through an AT4040 Cardioid Capacitor microphone with a pop filter
in a sound-attenuated recording booth and amplified through an ART TubeMP microphone pre-amplifier
(JVC RX 554V). The speech was digitized with 44k sampling rate upon recording using GoldWave. After
the recording, the syllables were extracted from the frame sentence at zero crossing. Since the speaker
did not assign a uniform pitch contour to all syllables, the pitch contour was artificially made uniform
by imposing a flat contour at 110Hz using PSOLA in Praat (Boersma and Weenink, 1999-2009). Their
amplitude was also made uniform at the peak of 0.6. The syllables were then windowed with on- and off-
ramps of 0.005 ms. The resynthesized syllables were then combined to form pairs with 100 ms of silence
in between. Two pairs were finally combined with 500 ms in between. The ordering of pairs was controlled
by preparing two orderings.

The participants were students of introductory linguistics classes at Rutgers University. The stimuli were
played through HK 195 multimedia speaker systems from a Macintosh computer in quiet rooms, and they
were asked to choose which pair sounded more similar to each other. The inter trial interval was 5 seconds,
although the participants were encouraged to use their first auditory impression. In order to avoid the effect
of orthography, the answer sheet did not provide the orthographic representations of the stimuli. The overall
experiment took about 15 minutes. They were paid one dollar for their time.

The data from non-native speakers of English were excluded from the analysis. Also, data from two
participants who chose the first pair as more similar in all but one comparison were excluded. As a result,
data from 36 participants entered into the statistical analysis. The statistical significance of the results was
assessed via a binomial test. The alpha-level was set at .01 for the following reason; some results were
expected from Experiment 1, so that a drastic Bonferronization would increase Type 2 error (Myers and
Well, 2003, p.243-244); on the other hand, since there were 12 comparisons, not adjusting the alpha-level
may result in the inflation of Type 1 error.

6.3 Results

Table 2 tallies responses that are expected from the hypotheses in (5). Unlike Experiment 1 there were no
non-responses. Again asterisks signal statistical significance. The asterisks in parentheses show significant
results that are opposite from expectation.

6.4 Discussion

The first hypothesis, the weaker perceptibility of [place] in nasal, is not supported by the results. Only the
onset comparison (a) supports it, but the other three pairs (c-d) did not support the hypothesis. Surprisingly,
given the comparison (d) in coda, English speakers judged the oral consonant pair as more similar than the
nasal consonant pair. The second hypothesis, the weaker perceptibility of [voice] compared to [nasal], is
observed only in coda pairs. The onset results (e, f) are not compatible with the results in Experiment 1 or
with Japanese pun or rhyme patterns (Kawahara, 2007; Kawahara and Shinohara, 2009). However, the coda
results (g, h) are consistent with the idea that speakers prefer coda devoicing to coda nasalization because
the former involves smaller perceptual changes (Steriade, 2001/2008). The third hypothesis that voicing in
sonorant promotes their similarity with voiced obstruents was not supported—neither pairs showed statisti-
cally significant skew. The fourth hypothesis that glides and [h] are closer to ¢ than [s] is supported.

In summary, the experiment supported only a subset of phonetically-based hypotheses about phonolog-
ical patterns. The results, however, were not conclusive and further experimentation is warranted. First,
since one comparison ([A]-[B] vs. [C]-[D]) was presented only once, the listeners may have had difficulty



14

Table 2: The number of expected and unexpected responses in Experiment 2.

Pairs Expected responses  Unexpected responses P
a. [ma]-[na] vs. [ba]-[da] 29 (81%) 7 < .001*
b. [ma]-[na] vs. [pa]-[ta] 19 (53%) 17 n.S.
c. [am]-[an] vs. [ab]-[ad] 16 (44%) 20 n.S.
d. [am]-[an] vs. [ap]-[at] 8 (22%) 28 < .001(%)
e. [bal-[pa] vs. [ba]-[ma] 11 (31%) 25 < .01(%)
f. [da]-[ta] vs. [da]-[na] 15 (42%) 21 n.S.
g. [ab]-[ap] vs. [ab]-[am] 29 (81%) 7 < .001%*
h. [ad]-[at] vs. [ad]-[an] 26 (72%) 10 < .01*%
i. [ba]-[ma] vs. [pa]-[ma] 23 (64%) 13 n.S.
j- [da]-[na] vs. [ta]-[na] 15 (42%) 21 n.S.
k. [wa]-[a] vs. [sa]-[a] 30 (83%) 6 < .001*
I. [wa]-[a] vs. [sa]-[a] 31 (86%) 5 < .001%*

in remembering the first pair by the time they heard the second pair. Therefore, a follow-up experiment is
planned in which the same comparison will be repeated multiple times.

Second, the current experiment is based on one token of each comparison, and in order to further verify
the generality of the results, it would be desirable to prepare multiple tokens of the same contrast pairs pro-
nounced by multiple speakers. In particular, the speaker recorded for the current experiment did not release
the word-final stops. The lack of release may be responsible for low perceptibility of oral [place] contrasts,
because release bursts convey place distinctions (Stevens and Blumstein, 1978). The result is in fact com-
patible with what Winter (2003) found—when speakers were asked to estimate differences of minimal pairs,
if stop minimal pairs do not have audible release, they were considered as similar as nasal pairs. It would
therefore be interesting to test the perceptibility of both released and unreleased oral consonants.

Third, since place assimilation takes place in preconsonantal positions rather than in word-final posi-
tions, it would be interesting to include comparisons like [amka]-[anka] vs. [abka]-[adka]. However, since
English has nasal place assimilation, and since this property affects English speakers’ speech perception
patterns (Darcy et al., 2009), this comparison needs to be tested in languages which do not show any place
assimilation.

More generally, the studies reported here are admittedly preliminary, and we need to test listeners from
other languages to investigate the robustness of the perceptual asymmetries under question. We also need to
test the hypotheses about perceptibility of different contrasts in other experimental methods such as identifi-
cation/discrimination experiments under noise and magnitude estimation tasks. In summary, the experiments
support only a subset of proposed hypotheses but open up possibilities for further experimentation.

7 Conclusion

Optimality Theory has allowed us to address issues that have been hitherto impossible to ask. The principle
of faithfulness has opened up the possibility that phonology may encode phonetic perceptibility in phonol-
ogy. Correspondence Theory’s formalization of faithfulness captures both our quotidian speech behavior
and verbal art patterns. While these research programs have produced interesting results, the hypotheses on
the phonetic grounding of phonological patterns should be tested experimentally.
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Abstract

This paper outlines the aims, results and future prospects of a gen-
eral research program which investigates knowledge of similarity through
the investigation of Japanese imperfect puns (dajare). I argue that speak-
ers attempt to maximize the similarity between corresponding segments in
composing puns, just as in phonology where speakers maximize the sim-
ilarity between, for example, inputs and outputs. In this sense, we find
non-trivial parallels between phonology and pun patterns. I further argue
that we can take advantage of these parallels, and use puns to investigate
our linguistic knowledge of similarity. To develop these arguments, I start
with an overview of the results of some recent projects, and follow that with
patterns that provide interesting lines of future research. I hope that this
paper stimulates further research in this area, which is much understudied
in the linguistic literature.

*Acknowledgements: I would like to thank Donca Steriade, whose colloquium talk at UMass,
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sented at LCC. I am grateful to Yuuya Takahashi for his technical assistance, as well as to Kazu
Kurisu, Kazuko Shinohara, Takahito Shinya, Kyoko Yamaguchi, and Betsy Wang for comments
on earlier versions of this draft. Some of the results reported below are preliminary—those who
are interested in taking up any of the projects outlined below should feel free to contact the
author at kawahara@rci.rutgers.edu.



20

1 Introduction

The notion of “similarity’” plays an important role in recent phonological theo-
ries. For example, speakers seem to maximize the similarity between inputs and
outputs, and this observation is expressed as a general notion of faithfulness con-
straints in Optimality Theory (Prince & Smolensky, 1993/2004). Speakers are also
known to maximize the similarity between morphologically related words (Benua,
1997; Kenstowicz, 1996; Steriade, 2000). However, a question remains as to what
kind of similarity speakers deploy to shape phonological patterns. Some recent
proposals argue that speakers make use of psychoacoustic or perceptual similarity
(Fleischhacker, 2005; Kawahara, 2006; Steriade, 2000, 2001; Zuraw, 2007, among
others) while others argue for the importance of more abstract, phonological simi-
larity (see Bailey & Hahn, 2005; Frisch, Pierrehumbert, & Broe, 2004; Kawahara,
2007; LaCharité & Paradis, 2005, for various models of similarity).

Against this background, this paper provides an overview of a general research
project, which aims to investigate our linguistic knowledge of similarity through
the study of Japanese imperfect puns. The first goal of this project is to describe
and analyze the patterns of Japanese imperfect puns. The second goal of this
project is to show that speakers minimize the differences between corresponding
elements in puns, just as in phonology where speakers minimize the differences
between corresponding segments. The third goal is, based on that premise, to
investigate our knowledge of similarity through the analysis of imperfect puns. To
achieve these goals, in this paper I summarize two major projects that have been
completed. In section 2, I show that speakers attempt to maximize psychoacoustic
similarity between corresponding segments in puns, and in section 3, I show that
speakers avoid disparities in phonetically and psycholinguistically strong positions.
It is my hope that this paper stimulates further research in this area, which has
been understudied in the literature. To this end, in section 4 of this paper, I
outline some patterns of imperfect puns that are yet to be investigated.

In the rest of this introductory section, I briefly introduce how Japanese speak-
ers create puns. Japanese puns, or dajare, are very common. Speakers compose
puns by creating sentences using identical /similar words or phrases, as in (1) and

(2).!

ISpeakers can also change an underlying form to achieve better resemblance with the corre-
sponding word. For example, in Hokkaidoo-wa dekkai do ‘Hokkaido is big.’, speakers change the
final conversational particle /zo/ to [do] to make /dekkai zo/ more similar to [hokkaido]. Speak-
ers can also replace a part of proper names, clichés, or famous phrases with a similar sounding
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(1)  Arumikan-no ue-ni aru mikan.
Aluminum can-GEN top-LOC exist orange

‘An orange on an aluminum can.’

(2) Aizu-san-no aisu.
Aizu-from-GEN ice cream

‘Ice cream from Aizu.’

The first example in (1) involves an identical sequence of sounds, [arumikan].?
The second example on the other hand involves a pair of two similar phrases,
atzu and aisu. I will henceforth refer to the examples that involve non-identical
matching sequences as “imperfect puns”. Intuitively, we can already see that
speakers attempt to maximize the similarity between two corresponding elements
in puns. In the first example, the corresponding sound sequences are identical,
and in the second example, the two words are almost identical except for the [z]-
[s] pair, which involves nevertheless similar consonants (see Fleischhacker, 2005;
Zwicky & Zwicky, 1986, for a similar observation about English imperfect puns).
However, two questions still remain: (i) is the intuition supported by independent
evidence beyond our intuition? (ii) if so, what kind of similarity is important in
shaping pun patterns? Section 2 addresses these questions.

2 Consonant correspondence

This section® reviews a previous analysis of consonant correspondence in imperfect
puns by Kawahara & Shinohara (2009). The aim of this general project was to
answer the following question: what kind of similarity do speakers use to make

word. For instance, one finds a pun like Maccho-ga uri-no shoojo ‘A girl who’s proud to be a
macho’, which is based on Macchi uri-no shoojo ‘The Little Match Girl'—macchi is replaced
with maccho-ga. We have not analyzed these patterns yet, but they are certainly worth further
investigations.

2 Accents differ, however. The first [arumikan] is unaccented, whereas the second [arumikan)]
has accents on the first [a] and [i]. It would be interesting to investigate how accentual mis-
matches affect the formation of puns.

3Due to space limitation, the following discussion is brief. For further methodological details,
discussions and references, see Kawahara & Shinohara (2009) (Kawahara, Shigeto & Kazuko
Shinohara “The role of psychoacoustic similarity in Japanese imperfect puns”, Journal of Lin-
guistics, 45(1), ©Cambridge University Press, forthcoming (March 2009)). I am grateful to
Cambridge University Press for allowing me to reproduce the data and Figure 1 from the paper.
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puns? Before moving on, a remark on our methodology is in order. A traditional,
‘introspection-based’ approach to generative phonology seems inappropriate to
address this question, because the distinction between, say, featural similarity and
psychoacoustic similarity can be subtle, and one can hardly be unbiased about
this sort of judgments (see Schiitze, 1996, for critical discussions on a purely
introspection-based approach to linguistics). Instead we took on a corpus-based
approach to find general, statistical patterns in pun pairing.

2.1 Method

To investigate how similarity influences the formation of Japanese imperfect puns,
Kawahara & Shinohara (2009) collected 2371 examples of imperfect puns from on-
line websites and consultations with native Japanese speakers. We defined corre-
sponding domains in imperfect puns as sequences of moras in which corresponding
vowels are identical.* For example, in Aizu-san no aisu, the corresponding do-
mains include the first three moras (aizu and aisu). In the domains defined as
such, we compiled pairs of corresponding consonants between the two words. We
ignored identical pairs of consonants, because we were interested in similarity,
not identity. Therefore, from the example Aizu-san no aisu, for instance, we
extracted the [z-s] pair. We coded the consonant pairs based on surface forms,
instead of phonemic forms. For instance, [[i] is arguably derived from /si/, but
we considered its onset consonant as [[] (in this regard, we followed Kawahara,
Ono & Sudo (2006) and Walter (2007) who suggest that similarity is based on
surface forms rather than phonemic forms). We counted only onset consonants,
because Japanese coda consonants place-assimilate to the following consonants
(Ito, 1986). We ignored singleton/geminate differences, because we were focusing
on segmental similarity.

The aim of this project was to investigate what kinds of consonant pairs speak-
ers like to use in imperfect puns. For this purpose, one needs a measure of combin-
ability between two segments. Absolute frequencies are of little use (Trubetzkoy,
1969). Consider the following analogy. The probability of ‘coming to school” and
‘having breakfast’ is perhaps higher than the probability of ‘going to a supermar-
ket” and ‘being hit by lightning’. However, just because the former combination

4There are examples like Haideggaa-no zense-wa hae dekka? ‘Was Heidegger a fly in his
previous life?” in which the corresponding words have one internal vowel mismatch. At the
time of data collection, we did not find many examples of this kind, so we took the definition
as defined above—however, see section 4.1 for the analysis of examples with vowel mismatches.
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has a higher probability, it does not mean that ‘coming to school’ and ‘having
breakfast’ are better combined than ‘going to a supermarket’ and ‘being hit by
lightning’: the probability of ‘being hit by lightning’ is low in the first place. In-
stead of absolute frequencies, therefore, we need a measure of the frequencies of
two combined events relativized with respect to their individual frequency.

For this reason, we used O/E ratios as a measure of how well two consonants
combine. O/E ratios are ratios between how often a pair is observed (O-values)
and how often it is expected to occur if two elements are combined at random
(E-values) (e.g. Frisch et al., 2004). Mathematically, the O-value of a sound [A]
is how many times [A] occurs in the corpus, and the E-value of a pair [A-B] is
P(A) x P(B) x N (where P(X) = the probability of the sound [X] to occur in
the corpus; N = the total number of consonants). The higher the O/E ratios,
the more likely the two consonants are combined. In performing an O/E analysis,
we excluded consonants whose O-values are less than 20 because including them
yielded exceedingly high O/E ratios: combining two rare consonants yields a very
low E-value, and any observed pair of that type would result an artificially high
O/E ratio (e.g. the O/E ratio of the [p’-b/] pair is 1121.7). Therefore, we excluded
[ts], [d3], [i], [n’], [r/], and all non-coronal palatalized consonants. As a result, 535
pairs of consonants were left for the subsequent analysis.

2.2 Featural similarity

To statistically verify the correlation between combinability in puns and similarity,
as a first approximation, Kawahara & Shinohara (2009) estimated the similarity of
consonant pairs in terms of how many feature specifications they share in common
(e.g. Bailey & Hahn, 2005). (I later discuss the importance of psychoacoustic
similarity in section 2.3 and argue that featural similarity fails to account for
some detailed aspects of the pun patterns. I nevertheless start with this simple
version of featural similarity in order to first statistically establish the correlation
between similarity and combinability.)

To estimate the numbers of shared feature specifications among the set of dis-
tinctive consonants in Japanese, Kawahara & Shinohara (2009) deployed eight fea-
tures: [sonorant|, [consonantal], [continuant], [nasal|, [strident], [voice], [palatal-
ized|, and [place]. According to this system, for example, [s] and [[] are considered
to be highly similar because they share seven distinctive features, whereas a pair
like [[]-[m] agrees only in [cons|, and is considered as a highly non-similar pair.

Figure 1 shows the correlation between featural similarity and combinability in
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Figure 1: The correlation between featural similarity (the number of shared fea-
ture specifications) and combinability (log.((O/F) * 10)).

puns. For each consonant pair, it plots the number of shared feature specifications
on the x-axis and plots the natural log-transformed O/E ratios multiplied by 10
(log .((O/E)%10)) on the y-axis. We applied log-transformation so as to fit all the
data points in a small graph. Since log(0) is undefined, we replaced log .(0) with
0. However, the log of O/E ratios smaller than 1 are negative, and hence would
be incorrectly treated as values smaller than zero (e.g. .5 > 0, but log .(.5) < 0).
Therefore, we multiplied O/E ratios by 10 before log-transformation. The plot
excludes pairs in which one member is null (e.g. [pal-[ta]) since it is difficult to
define ¢ in terms of distinctive features; I discuss these pairs in section 2.3.

Figure 1 shows the positive correlation between combinability and featural sim-
ilarity: the more feature specifications a pair shares, the higher the corresponding
O/E ratio is (p = .497,t(134) = 6.63,p < .001). This statistically significant
correlation shows that speakers tend pair similar consonants when they compose
puns.

2.3 Psychoacoustic similarity

The analysis in section 2.2 used distinctive features to estimate similarity. Kawa-
hara & Shinohara (2009) argue however that featural similarity ultimately fails to
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Table 1: The O/E ratios of minimal pairs differing in place.

m-n: 885 b-d: 1.09 p-t: 1.11
b-g: .65 p-k: 1.08
d-g: .39 t-k: .87

capture some of the detailed aspects of pun pairings. Rather Japanese speakers
use psychoacoustic similarity or perceived similarity between sounds, which refers
to acoustic details. One example that supports the role of psychoacoustic similar-
ity is the [r-d| pair, whose O/E ratio is 3.99. According to the featural similarity
measure, the pair agrees in six features (all but [son] and [cont]), but the average
O/E ratio of other consonant pairs agreeing in six distinctive feature is 1.49. The
95% confidence interval of the O/E ratios of such pairs is .39-2.59, and 3.99 is
outside of the interval. Thus the high O/E ratio of the [r-d] pair is unexpected in
terms of featural similarity, but makes sense from a psychoacoustic perspective.
Japanese [r] is a flap which involves a ballistic constriction (Nakamura, 2002). [r]
and [d] auditorily resemble each other in that they are both voiced consonants
with short constrictions (Price, 1981).

Below I present four more kinds of arguments for pun composers exploiting
psychoacoustic—rather than featural—similarity. First, speakers treat [place] in
oral consonants and [place| in nasal consonants differently (2.3.1). Second, speak-
ers consider a [voice] mismatch less serious than a mismatch in other features
(2.3.2). Third, speakers are sensitive to similarity contributed by voicing in sono-
rants, a phonologically inert feature (2.3.3). Finally, pun-makers pair ¢ with
consonants that sound similar to ¢ (2.3.4).

2.3.1 Sensitivity to context-dependent salience of [place]

The first piece of evidence for the importance of psychoacoustic similarity is the
fact that speakers treat [place] in oral consonants and [place] in nasal consonants
differently. Table 1 lists the O/E ratios of minimal pairs of consonants differing
in place.

In Table 1, the [m-n] pair has a higher O/E ratio than any other minimal pair
(by a binomial-test, p = .5% =.034). This pattern shows that Japanese speakers
treat the [m-n| pair as more similar than any minimal pairs of oral consonants:
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they treat the place distinction in nasal consonants as less salient than in oral
consonants.

We find support for the lower perceptibility of [place] in nasals in some previ-
ous phonetic and psycholinguistic studies. First, a similarity judgment experiment
shows that nasal minimal pairs are considered perceptually more similar to each
other than oral consonant minimal pairs (Mohr & Wang, 1968). Second, it has
been shown that Dutch speakers perceive [place] in nasals less accurately than
[place] in oral consonants (Pols, 1983). Place cues are less salient in nasal con-
sonants than in oral consonants for two reasons: (i) formant transitions into and
out of the neighboring vowels are obscured by coarticulatory nasalization and (ii)
burst spectra play an important role in distinguishing different places of articu-
lation (Stevens & Blumstein, 1978), but nasals have weak or no bursts (see Jun,
1995, 2004, for relevant discussion).

In short, speakers take into account the lower perceptibility of [place] in nasals,
and the lower perceptibility of [place] in nasals has a psychoacoustic root: the
blurring of formant transitions and weak bursts. The data in Table 1 therefore
shows that speakers use psychoacoustic similarity in composing puns.

2.3.2 Sensitivity to different saliency of different features

The second argument that speakers deploy psychoacoustic rather than featural
similarity comes from the fact that they treat a mismatch in [voice] as less disrup-
tive than a mismatch in other manner features. This patterning accords well with
previous claims about the perceptibility of [voice] and its phonological behavior.
The weaker perceptibility of [voice] is supported by previous psycholinguistic find-
ings, such as Multi-Dimensional Scaling (Peters, 1963; Walden & Montgomery,
1975), a similarity judgment task (Broecke, 1976; Greenberg & Jenkins, 1964),
and an identification experiment under noise (Wang & Bilger, 1973). Steriade
(2001), building on this psycholinguistic work, argues that [voice] is phonologi-
cally more likely to neutralize than other manner features because the change in
[voice] is less perceptible. Kenstowicz (2003) further observes that in loanword
adaptation, when the recipient language has only a voiceless stop and a nasal,
the original voiced stops always map to the stop—i.e. [d] is always borrowed as
[t] but not as [n]. Again, this observation follows if the change in [voice] is less
perceptible than the change in other features, assuming that speakers attempt to
minimize the perceptual changes caused by their phonology.

Given the relatively low perceptibility of [voice|, if speakers are sensitive to
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Table 2: The O/E ratios of minimal pairs differing in three manner features.

cont nasal voice

p-¢: 558 b-m: 4.68 p-b: 851
t-st .90 dmn: 112 t-d: 7.64

d-z: 1.68 k-g:  8.03
S-7: 11.3
J-3: 6.81

psychoacoustic similarity, we expect that pairs of consonants that are minimally
different in [voice] should combine more frequently than minimal pairs that dis-
agree in other manner features. Table 2 compares the O/E ratios for the minimal
pairs defined by [cont|, [nasal], and [voice].

The O/E ratios of the minimal pairs that differ in [voice] are significantly
larger than those of the minimal pairs that differ in [cont] or [nasal] (Wilcoxon
W = 15,z = 2.61,p < .01). Speakers treat minimal pairs that differ only in
[voice| as very similar, which indicates that they know that a disagreement in
[voice] does not disrupt perceptual similarity as much as other manner features.’
In other words, Japanese speakers know the varying perceptual salience of different
features.

2.3.3 Sensitivity to similarity contributed by voicing in sonorants

The third piece of evidence that speakers resort to psychoacoustic similarity is
that speakers are sensitive to similarity contributed by voicing in sonorants—

5The following question was raised during my talk at Sophia University: wouldn’t we be able
to explain the high O/E ratios of the minimal pairs differing in [voice] by saying that they are
orthographically similar? Indeed, Japanese orthography distinguishes these minimal pairs by a
diacritic (two raised dots). While orthography may play a role, the high combinability of minimal
pairs differing in [voice] is attested in pun and rhyming patterns of other languages (Eekman,
1974; Steriade, 2003; Zwicky, 1976; Zwicky & Zwicky, 1986), suggesting that orthography is not
the only factor. Moreover, in Japanese orthography, [h] and [b] are distinguished by the same
diacritic, but the O/E ratio of this pair is 2.6, which is lower than the values of pairs differing
in voicing in Table 2. T thus conclude that orthography cannot be the only reason for the high
combinability of consonants differing in [voice].
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Table 3: The combinability of voiced and voiceless obstruents with sonorants.

Voiced obstruents Voiceless obstruents

Paired with sonorants 63 (18.2%) 30 (6.0%)
Total 346 497

a phonologically inert/redundant feature. Table 3 shows how often Japanese
speakers combine sonorants with voiced obstruents and voiceless obstruents in
our database.

63 out of 346 tokens of voiced obstruents are paired with sonorants, whereas
30 out of 497 tokens of voiceless obstruents are paired with sonorants. The prob-
ability of voiced obstruents corresponding with sonorants (.18; s.e.=.02) is higher
than the probability of voiceless obstruents corresponding with sonorants (.06;
s.e. = .01) (z = 5.22,p < .001). Table 3 thus suggests that Japanese speak-
ers treat sonorants as being more similar to voiced obstruents than to voiceless
obstruents

The claim that speakers use psychoacoustic similarity when forming puns cor-
rectly predicts sonorants are closer to voiced obstruents than to voiceless ob-
struents. First, both sonorants and voiced obstruents have low frequency energy
during the constriction, but voiceless obstruents do not. Second, Japanese voiced
stops, especially [g], are often lenited intervocalically, resulting in formant conti-
nuity, much like sonorants (see Kawahara, 2006; Kawahara & Shinohara, 2009,
for acoustic evidence). For these reasons, voiced obstruents are acoustically more
similar to sonorants than voiceless obstruents are.

On the other hand, if speakers were using featural, rather than psychoacoustic,
similarity, the pattern in Table 3 is not predicted, given the behavior of [+voice] in
Japanese sonorants. Phonologically, voicing in Japanese sonorants behaves differ-
ently from voicing in obstruents: Japanese requires that there be no more than one
“voiced segment” within a stem, but only voiced obstruents, not voiced sonorants,
count as “voiced segments”. Previous studies have thus proposed that in Japanese,
[+voice] in sonorants is underspecified (It6 & Mester, 1986), sonorants do not bear
the [voice] feature at all (Mester & It6, 1989), or sonorants and obstruents bear
different [voice] features (Rice, 1993). No matter how we featurally differentiate
voicing in sonorants and voicing in obstruents, sonorants and voiced obstruents

10
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do not share the same phonological feature for voicing. Therefore, the featural
similarity view—augmented with underspecification or structural differences be-
tween sonorant voicing and obstruent voicing—makes an incorrect prediction that
sonorants are equidistant from voiceless obstruents and voiced obstruents.

2.3.4 Sensitivity to similarity to ¢

As a final piece of evidence for the importance of psychoacoustic similarity, Kawa-
hara & Shinohara (2009) show that consonants that correspond with ¢ are those
that are psychoacoustically similar to ¢. In some imperfect puns, consonants in
one phrase do not have a corresponding consonant in the other phrase (i.e. one
syllable is onsetless), as in Hayamatte ¢payamatta ‘1 apologized without thinking
carefully’. (3) lists the set of consonants whose O/E ratios with ¢ are larger than
1 (recall that these are consonants which are paired with ¢ more frequently than
expected).

(3) [w]: 6.25, [r]: 4.59, [h]: 3.72, [m]: 2.54, [n]: 1.49, [k]: 1.39

Kawahara & Shinohara (2009) argue that the consonants listed in (3) sound
similar to ¢. First, since [w] is a glide, the transition between [w] and the following
vowel is not clear-cut, which makes the presence of [w] hard to detect. Myers
& Hanssen (2005) demonstrate that given a sequence of two vocoids, listeners
may misattribute the transitional portion to the second vocoid, which effectively
shortens the percept of the first vocoid. Thus, due to the blurry boundaries and
consequent misparsing, the presence of [w] may be perceptually hard to detect.

Next, Japanese [r] is a flap, which involves a ballistic constriction (Nakamura,
2002). The short constriction makes [r] sound similar to ¢. Third, the propensity
of [h] to correspond with ¢ is expected because [h] lacks a superlaryngeal constric-
tion and hence its spectral properties assimilate to neighboring vowels (Keating,
1988), making the presence of [h] difficult to detect.

Fourth, for [m] and [n], Kawahara & Shinohara (2009) speculate that the
edges of these consonants with flanking vowels are blurry due to coarticulatory
nasalization, causing them to be interpreted as belonging to the neighboring vow-
els. Downing (2005) argues that the transitions between vowels and nasals can
be misparsed due to their blurry transitions, and that the misparsing effectively
lengthens the percept of the vowel. As a result of misparsing, the perceived du-
ration of nasals may become shortened.

11
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Finally, [k] extensively coarticulates with adjacent vowels in terms of tongue
backness (de Lacy & Kingston, 2006). As a result it fades into its environment
and becomes perceptually similar to ¢.

To summarize, speakers pair ¢ with segments that sound similar to ¢p—especially
those that fade into their environments—but not with consonants whose presence
is highly perceptible. Stridents like [s] and [f], for example, do not often corre-
spond with ¢ because of their salient long duration and great intensity of the
noise spectra (Wright, 1996). Coronal stops coarticulate least with surrounding
vowels (de Lacy & Kingston, 2006) and hence they perceptually stand out from
their environments. These consonants are unlikely to correspond with ¢.

On the other hand, featural similarity does not offer a straightforward ex-
planation for the set of consonants in (3). One may point out that (3) includes
sonorants, with the exception of [h] and [k], but there is no sense in which sonorous
consonants are similar to ¢ phonologically (Kirchner, 1998). We should in fact not
consider ¢ as being sonorous; although languages prefer to have sonorous segments
in syllable nuclei (Dell & Elmedlaoui, 1985; Prince & Smolensky, 1993/2004), no
languages prefer to have ¢ nuclei. Sonority thus fails to explain why speakers
prefer to pair ¢ with the set of consonants in (3). Rather the list of consonants in
(3) includes sonorants because their phonetic properties make them sound like ¢.

2.4 Summary and discussion

Japanese speakers perceive similarity between sounds based on acoustic informa-
tion, and use that knowledge of psychoacoustic similarity to compose imperfect
puns. I have presented four kinds of arguments: (i) context-dependent salience
of the same feature, (ii) relative salience of different features, (iii) similarity con-
tributed by a phonologically-inert feature, and (iv) similarity between consonants
and ¢.

Finally, let me discuss non-trivial parallels which we found between the imper-
fect pun patterns and phonological patterns. For example, in Japanese imperfect
puns, [m] and [n] are more likely to correspond with each other than [p] and [t]
are, just as in other languages’ phonology in which [m| and [n] alternate with each
other (i.e. nasal place assimilation) while [p] and [t] do not (Jun, 2004; Mohanan,

6The next step would be to obtain a matrix of perceived similarity through a psycholinguistic
experiment (e.g. a similarity judgment task, an identification/discrimination experiment under
noise) and use that matrix to analyze the pun patterns. This is one of the open lines of future
research, which an interested reader is more than welcome to take on.
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1993). In both verbal art and phonology, nasal pairs are more likely to correspond
with each other than oral consonant pairs.

Similarly, in the pun pairing patterns, minimal pairs that differ in voicing
are more