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ABSTRACT

This paper presents the results of a production
experiment on the syntax–prosody mapping in
Tokyo Japanese, whereby the phonetic realization
of syntactic phrase and clause boundaries were
systematically compared. The data consist of
672 utterances of read speech from fourteen
subjects. The results corroborate earlier findings on
the mapping of syntactic phrases to phonological
phrases, but do not support the claim that clauses
are mapped to intonational phrases. Data from a
few subjects suggest instead that there may be a
mapping of discourse-related domains (such as topic
and comment) to intonational phrases.
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1. INTRODUCTION

Recently proposed theories of intonation [1, 2, 3,
4, 5] put forward a strong version of the syntax–
prosody mapping hypothesis, which states i) that
there are, language universally, three prosodic
categories—phonological word (ω), phonological
phrase (ϕ) and intonational phrase (ι)—above the
foot, and ii) that these three prosodic categories
show correspondence to three syntactic categories,
words, phrases, and clauses, respectively. Match
Theory [5], for example, explicitly hypothesizes that
syntactic phrases are mapped to ϕs and clauses to ιs.

In the case of (Tokyo) Japanese, however, it is still
unclear whether there is such a clear-cut distinction
between the phrase-level and clause-level syntax–
prosody mapping. Previous studies have shown that
left edges of syntactic constituents—be it phrasal
or clausal—are realized with high fo-peaks. For
example, the left edge of a relative clause has shown
to be marked by a high fo-peak [6, 7]. [8] showed
that left edges of syntactic phrases (XPs) are realized
with an fo-boosting phenomenon called metrical
boost and that metrical boost is larger when there
are two syntactic boundaries at one position than
when there is only one syntactic boundary. In these
studies, however, no distinction was made between

phrase and clause boundaries, or between ϕ and ι .
According to [9], five phonetic cues in (1)

distinguish ιs from ϕs.

(1) a. ι-final fo-lowering
b. creaky vowels at the end of ι

c. obligatory pauses at the end of ι

d. stronger pitch resets at the onset of ι

e. larger pitch rises at the onset of ι

Using these cues, [9] showed that syntactic clauses
are mapped as ιs in Japanese, as clause boundaries
are prosodically marked differently from phrase
boundaries. However, since the coordinated clauses
tested in this study were all main clauses, it still
remains to be examined whether embedded clauses,
such as clausal objects, exhibit phonetic cues in
(1). This point is particularly important because
it has already been acknowledged [4] that some
languages do not map embedded clauses to ι despite
the proposed mapping hypothesis.

Opposite results have also been reported (though
with a caveat). In the study of the prosody of
embedded clauses [10] and relative clauses [11]
containing a single content word, it was found that
the embedded/relative clause undergoes downstep1

relative to the preceding material, indicating that
they are contained in a single ϕ , which entails
that these clauses are not mapped to ιs. However,
since Japanese is known to be subject to the so-
called rhythmic (a.k.a. binarity) effect [8, 12], which
triggers grouping of two phonological words into a
single ϕ , the one-word embedded/relative clauses
may have been grouped together with the preceding
word, forming a ϕ , due to this effect. It remains
to be seen if downstep can be observed in longer
embedded clauses.

2. EXPERIMENT

2.1. Methodology

A phonetic production experiment was conducted
with fourteen native speakers of Japanese (nine
females, five males). They were undergraduate or
graduate students at a university located in Tokyo
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and were from Tokyo or surrounding areas.
Four conditions (named 0xp, 1xp, 2xp, and cp)

were tested with 4 lexical items each. The stimuli
(target sentences + 192 fillers) were presented on
a computer screen one sentence at a time. Each
subject read all of the stimuli three times, in three
different pseudo-randomized orders. This procedure
yielded a total of 672 samples of the target sentences
(14 speakers×4 conditions×4 items×3 repetitions).

The recorded target sentences were annotated
using Praat [13]. They were first forced aligned
for segment and word boundaries using Julius ver.
4.5 [14], Julius Segmentation Kit ver. 4.3.1, and
pyjuliusalign ver. 2.0 [15]. Word boundaries were
checked and corrected manually. Then, for each
word, fo-maximum and fo-minima before and after
the fo-maximum were measured, with the help of
Praat scripts. fo-maxima were chosen either from
a point that is judged as corresponding to the peak
of a lexical pitch accent (H*+L in X-JToBI notation,
[16]) or on the BPM at the end of each word. In
addition, the presence of a detectable pause after
Word1 and Word2 was checked by listening to the
data and by visually examining pitch contours.

2.2. Stimuli

The four conditions share the same first four nouns
(Word1–Word4) and the verb, which are all lexically
accented. The cp condition additionally contained
a complementizer (to) and a verb. (2)–(5), which
are one of the four sets of lexical items used in the
study, differ in terms of the number and the type
of syntactic boundaries in front of the target word,
Word2 (Naoya).

(2) No XP boundary (0xp)
[NP Yuuta-to

Y.-and
Naoya-wa]
N.-TOP

[VP imooto-o
sister-ACC

paatii-ni
party-to

maneita]
invited

‘Yuta and Naoya invited their sisters to the
party.’

(3) One XP boundary (1xp)
Yuuta-wa
Y.-TOP

[VP Naoya-o
N.-ACC

[NP imooto-no
sister-GEN

paatii-ni]
party-to

maneita]
invited

‘Yuta invited Naoya to his sister’s party.’

(4) Two XP boundaries (2xp)
Yuuta-wa
Y.-TOP

[VP [NP Naoya-no
N.-GEN

imooto-o]
sister-ACC

paatii-ni
party-to

maneita]
invited

‘Yuta invited Naoya’s sister to the party.’

(5) Clause boundary (cp)
Yuuta-wa
Y.-TOP

[CP Naoya-ga
N.-NOM

imooto-o
sister-ACC

paatii-ni
party-to

maneita
invited

to]
that

omotteita
was.thinking

‘Yuta believed that Naoya invited his sister to
the party.’

In 0xp (2), there is no XP-boundary between Word1
and Word2 as they form an NP together. In 1xp (3),
there is a VP-boundary between Word1 and Word2.
In 2xp (4), in addition to the VP-boundary, there is a
boundary of the NP containing Word2 and Word3.
Lastly, in cp (5), there is an embedded clause
boundary. If the number of syntactic boundaries
(0xp, 1xp, 2xp) and/or the type of boundary (phrase
or clause) affects prosody, the realization of the
target word is expected to reflect these effects.

2.3. Predictions

Based on the the previous findings summarized in
§1, two predictions can be made as to the realization
of the target word (Word2) in the four conditions
(0xp, 1xp, 2xp, cp). The first prediction concerns
the mapping of syntactic phrases to ϕs. When
comparing 0xp, 1xp, and 2xp, the fo-peak of Word2
in 0xp is predicted to be lower than that of 1xp and
2xp, because Word2 of 0xp is subject to downstep
due to the lack of syntactic boundary to its left
[8, 17, 18]. Furthermore, when 1xp and 2xp are
compared, it is predicted that the fo-peak of Word2
in 2xp is realized higher than that in 1xp, because
metrical boost is stronger when more than one
syntactic boundary co-occurs at one position [8].

(6) Predictions 1: 0xp < 1xp < 2xp

The second prediction concerns the mapping of
clauses to ιs. According to (1), an ι-boundary
shows a higher pitch rises than a ϕ-boundary. If
the embedded clause in cp is mapped to an ι , it is
expected that the fo-peak of Word2 is higher in cp
than in 1xp and 2xp.

(7) Predictions 2: 1xp, 2xp < cp

In addition to the expected differences in fo-peak
height, pauses are expected consistently before
word2 in cp, as per (1c), if the embedded clause is
mapped to ι and preceded by another ι .
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3. RESULTS

The pooled data of all the fourteen subjects
confirmed Prediction 1 while they did not confirm
Prediction 2. Figure 1 shows the normalized means
of the fo-maximum on the target word (Word2) in
each condition. 0xp, in which no metrical boost
but downstep is expected, shows the lowest fo-
maximum. 1xp and 2xp show higher fo-peaks
compared to 0xp. Furthermore, 2xp is significantly
higher than 1xp (2-sided t-test: t = −3.9389,df =
333.1,p = 9.974e − 05). In contrast, there is no
significant difference between 2xp and cp (2-sided
t-test: t = 0.11212,df = 327.79, p = 0.9108).
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Figure 1: Boxplot of normalized means of fo-
maximum on Word2 for all subjects

Table 1 shows the frequency of detectable pauses
after Word1 and Word2. The frequency of pauses
after Word1 in cp (41.7%) is comparable to those
in 1xp and 2xp (36.3% and 38.7%, respectively),
which suggests that there is no sign of ι-boundary at
this position. Another point to note is that there are
much fewer pauses after Word1 in 0xp (5.4%) and
after Word2 in 2xp (17.3%) than other places. This
is presumably because these positions are between
two coordinated nouns (Yuuta-to Naoya-wa ‘Yuta-
and Naoya-TOP’ in (2); Naoya-no imooto-o ‘Naoya-
GEN sister-ACC’ in (4)), that is, where there is
no syntactic XP boundaries. At these positions,
downstep was also observed (as in 0xp in Figure 1).

There were inter-speaker variations that need to
be noted. In what follows, speakers are numbered
(01–14) and indexed with f/m to indicate the gender.

Word1 Word2
0xp 5.4% (9) 72.6% (122)
1xp 36.3% (61) 53.0% (89)
2xp 38.7% (65) 17.3% (29)
cp 41.7% (70) 33.9% (57)

Table 1: Percentages (and counts) of pauses
detected after Word 1 and Word2 in each
condition. The number of total data points in each
position and condition is 168.

As for Prediction 1 in (6), while all but one
speaker (05m) showed a significant contrast in
0xp < 1xp, a half of the speakers did not show the
expected contrast 1xp < 2xp.

(8) a. Significant difference (1xp < 2xp):
Speakers 01f, 03f, 04m, 06f, 07m, 09m, 10f

b. No significant difference (1xp ≮ 2xp):
Speakers 02f, 05m, 08m, 11f, 12f, 13f, 14f

Regarding Prediction 2 in (7), i.e, the comparison
of 2xp and cp, the subjects can be divided into
three groups, as in (9). The first group (9a) did
not show any significant difference between 2xp and
cp, similarly to the pooled data in Figure 1. The
second group (9b) showed a significantly lower fo-
max in cp than in 2xp (2xp> cp), i.e., in the opposite
direction to the prediction. Only the last group (9c)
showed the expected difference, 2xp < cp. This
means that the first two groups, (9a) and (9b), do not
confirm the prediction of the clause-level mapping,
while group (9c) is in line with it.

(9) a. No significant difference between 2xp and
cp (2xp ≮ cp,2xp ≯ cp):
Speakers 02f, 03f, 08m, 09m, 13f

b. cp significantly lower than 2xp (2xp > cp):
Speakers 01f, 04m, 06f, 07m, 10f

c. cp higher than 2xp (cp > 2xp)
Speakers 05m, 11f, 12f, 14f

There is a noteworthy correlation between the
grouping in (8) (1xp vs. 2xp) and that in (9) (2xp vs.
cp): Group (9b) speakers all belong to Group (8a),
while Group (9c) speakers belong to (8b).

Sample pitch tracks of cp taken from these two
groups illustrate this difference. Pitch tracks from
Group (9b) tend to show a lower Word2 fo-peak in
relation to the preceding word (Word1) in cp (Figure
2). This group also showed a similar pattern in
1xp. The Word2 fo-peak values in 1xp and cp were
therefore comparable to each other. Figure 2 shows
downstep from Word1 to Word2 followed by the
pitch resetting on Word3, which means that Word1
and Word2 are phrased together within a single ϕ .
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Figure 2: Sample pitch track of cp from a speaker
in Group (9b). Word2 is downstepped relative to
Word1.

This phrasing is presumably due to the rhythmic
effect [8, 12], which can be explained as avoidance
of ϕ containing a single prosodic word. Since both
Word1 and Word2 are single-word NPs in 1xp and
cp, they are phrased together due to this effect. This
phrasing pattern excludes the possibility to have an
ι boundary between Word1 and Word2, both in 1xp
and cp conditions.

In contrast to Group (9b), Group (9c) speakers
showed a high fo-peak on Word2, as exemplified
in Figure 3. Furthermore, these speakers showed
a tendency to insert a pause between Word1 and
Word2 in cp. Given that pauses are one of the
phonetic cues of ι boundary (see (1c)), it can be
concluded that there is an ι boundary at this position.
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Figure 3: Sample pitch track of cp from a speaker
in Group (9c). Word2 shows a high fo-peak,
preceded by a pause.

In their data, however, high fo-peaks and pauses
were observed in other conditions as well. Group
(9c) speakers showed a high fo-peak in 1xp and 2xp
as well as cp. Note that none of the Group (9c)
speakers showed the contrast 1xp < 2xp, as in (8b).

In fact, the location of pauses seems to be rather
correlated with the location of topic marker wa. The
topic marker wa is attached to Word1 in 1xp, 2xp,
and cp, and to Word2 in 0xp. Three of the four
speakers in Group (9c) show a clear tendency to
place a pause after a noun marked with -wa. Table
2 shows that pauses are consistently found in all the
locations with -wa in these speakers’ data.

Word1 Word2
0xp 0.0% (0) 100.0% (36)
1xp 75.0% (27) 36.1% (13)
2xp 80.6% (29) 25.0% (9)
cp 100.0% (36) 11.1% (4)

Table 2: Percentages (and counts) of pauses
detected after Word 1 and Word2 in each condition
by speakers 11f, 12f, and 14f.

4. DISCUSSION

The results of this study suggest that there is no
mapping of embedded clause to ι in Japanese.
Although this conclusion is still in line with Match
Theory, as claimed by [5], the results also showed
a stronger correlation between the location of the
topic marker wa and the presence of pauses for
some speakers, which seems to suggest that ιs may
be more directly correlated with discourse-related
notions such as topic and comment.

It has been claimed that ιs correlate with
illocutionary forces, or speech acts associated with
them [19, 20, 21, 22]. There is also a claim that the
introduction of topics is a type of speech act [23].
Taking these claims into consideration, Ishihara
[24] proposes that, contrary to the syntax–prosody
mapping hypothesis presented in §1, ι is not part
of the syntax–prosody mapping, and that it is rather
part of the discourse–prosody mapping: Speech acts
are mapped as ιs in the prosodic representation.
Further investigation is needed to test this claim.

Another point to be noted is the rhythmic effect
observed in Group (9b) speakers’ data. Downstep
on Word2 in cp (Figure 2) suggests that two single-
word NPs can be grouped into a single ϕ even when
there is a clause boundary in between. This results
explains the otherwise puzzing results in [10, 11].
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