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Abstract

Spoken language often includes ambiguity in meaning.
Compounds such as “green teacup” can be interpreted with two
different meanings: “green colored teacup” and “cup for green
tea.” We can assume there are two different underlying
syntactic structures. Phonetic aspects have been studied in the
disambiguation process of such ambiguous phrases, but the
roles of nonlinguistic information such as gestures have not
been explored yet. We investigated whether people use
gestures differently when they were asked to describe the
meanings of Japanese compounds that can be interpreted as
two different meanings. We found that the timing of gestures
in relation to the target words of accompanying speech was
different between right branching compounds and left
branching compounds. Gestures seem to be used to suggest
upcoming two words (adjective and noun) as a unit in
branching. Gestures can be a useful means to disambiguate the
meanings of compounds.
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Introduction

A phrase consists of concatenation of words that are produced
sequentially. It is known that compounds can be interpreted
to have multiple meanings. For example, “green teacup” can
be interpreted either as a green-colored teacup or as a cup of
green tea. A phrase structure with the meaning “teacup for
green tea” can be classified as left branching (LB); that is,
“green” and “tea” are first grouped to “green tea” and then
together play an adjective role in “cup.” The phrase structure
with the meaning of “green-colored teacup” can be classified
as right branching (RB); that is, “tea” and “cup” are first
grouped together, and the word “green” plays an adjective
role in “teacup” (Figure 1). Because speech is produced
sequentially, the surface structure does not have enough
information to show the underlying syntactic structure.
Therefore, phrases inevitably have ambiguity in meaning.
Nevertheless, people usually seem to have little difficulty in
discerning the meanings of such phrases. Humans may use
some disambiguation cues to resolve ambiguities in such
ambiguous structures.

Previous studies have focused on prosodic cues as a means
of disambiguation (Ito, Arai, & Hirose, 2015; Hirose &
Mazuka, 2015; Venditti, 1994). Native Japanese speakers
prefer LB interpretation over RB interpretation for slightly
simpler Japanese compound constructions and to make RB
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interpretation more accessible. A clear prosodic demarcation
that raises the pitch range of the second word has been found
effective (Ito, et al, 2015; Hirose & Mazuka, 2015; Venditti,
1994). However, the exact disambiguation cues are still
unknown. In the present study, we focused on nonverbal cues,
in particular, gestures that have not been examined yet in the
disambiguation mechanism of syntactic structures.

green tea cup green tea cup
Figure 1: Two different syntactic structures, left
branching (left) and right branching (right), in the
compound “green teacup”

Gestures play an important role in communication.
Humans simultaneously use gestures and language to convey
information to others. Gestures are usually produced slightly
earlier than associated speech, and this can make the hearer
anticipate the information in the upcoming speech (MacNeill,
1987). Iconic gestures (e.g., depicting objects by movement
trajectories) and pointing gestures can reflect aspects of the
speaker’s nonlinguistic spatial representations (Majit,
Bowerman, Kita, Haun & Levinson, 2004). Gestures can
spontaneously accompany speech and make communication
smooth (Kita & Saito, 2002). Representational gestures (i.e.,
iconic and deictic gestures) can express spatial contents or
metaphorically express temporal concepts (Kita, 2009).
Additionally, gestures express information even when it is
difficult to express in language (Alibali, Evans, Hostetter,
Ryan & Mainela-Arnold, 2009). Various functions are
known about gestures, but the topic of whether gestures can
contribute  disambiguation mechanisms of syntactic
structures has been largely unexplored.

Previous studies on interpretation of compounds of
possibly different branching structures have showed that
people prefer a certain branching over other branching when
two (or more than two) different branchings are possible (e.g.,
Ito et al, 2015). In our study (accepted) on Japanese
participants’ interpretation of Adjective; + Noun;, +
Adjective, + Noun, compounds, we found that some
adjectives are interpreted more dominantly than other
adjectives for certain nouns. For example, “long” can be a



typical adjective for “tail,” but an atypical one for “cat.” It is
possible that “long cat” may mean that the cat’s body is long,
but this sounds somewhat strange. The typicality of the
adjective + noun combination may affect the predominant
interpretation.

The present study investigated whether gestures are used
as a clue to resolve ambiguities in branching structures of
Japanese compounds. We examined whether the productions
of participants’ gestures differ in the case of compounds of
either LB or RB. Our prediction was that participants might
make gestures with different timings when verbally
producing the compounds of LB or RB.

We also examined whether people may exaggerate their
gestures by taking more time for relevant gestures when they
are aware that more than one interpretation is possible for
ambiguous compounds. To examine this exaggeration aspect,
we compared a one-picture condition (Alone condition) that
denoted either LB or RB meaning and a two-picture condition
(side-by-side condition) that denoted both LB and RB
meanings side by side so that people could more easily notice
the different interpretations.

Further, we also examined another source for possible
exaggeration, the combination of nouns and adjectives. We
decided to compare the two adjectives “big” and “long.” The
adjective “big” can be typically applied to “cat” (big cat) or
“tail” (big tail), whereas the adjective “long” can be typically
applied to only “tail” (long tail) and not “cat” (??long cat).
We expected the participants to feel less ambiguity when they
interpreted phrases with “long” rather than phrases with “big,”
so the participants would take less time for “long” condition
and the timing of the gestures may also be different between
the “big” and “long” conditions.

Method

Participants

Sixteen Japanese monolingual students who spoke Japanese
as a first language participated (M age = 21.6, SD = 1.32; 1
female). This study was approved by the ethics committee of
the participants’ university.

Stimuli

A total of 32 slides were prepared using Adobe Illustrator.
Sixteen slides were prepared for the side-by-side picture
condition, and another 16 slides were prepared for the alone
picture condition. In the side-by-side condition, two
comparable objects were drawn side by side in each slide
(Figure 2). One was the object (animal) according to LB
interpretation, and the other was the object (animal)
according to RB interpretation. The slide in the side-by-side
condition consisted of one target phrase on the top, two

illustrations (i.e., LB and RB interpretations) in the middle,
and explanatory notes for each illustration on the bottom
(Figure 3). A compound had two possible interpretations: an
LB interpretation and RB interpretation. For example,
[Kuroi] [Sippono] [Ookina] [Neko] in Japanese (i.e., [Black]
[Tailed] [Big] [Cat]) can be interpreted either as “a big cat
with black tail” (LB) or as “a black cat with a big tail” (RB)I.
The difference of meaning can be explained as follows: in the
case of LB, the “tailed” branch connects to “black” branch.
In the case of RB, the “tailed” branch connects to the “big cat”
branch (Figure 4). The position of the LB object and RB
object in each slide was counterbalanced. In the alone
condition, there was only one object of either LB
interpretation or RB interpretation on each slide. There were
eight side-by-side slides and eight alone slides. The slide in
the alone condition consisted of one target phrase on the top,
one illustration in the middle, and an explanatory note for the
illustration on the bottom.

In the stimulus compounds, 16 slides included the adjective
“big,” and another 16 slides included the adjective “long.”

Left branching Right branching

Figure 2: An example of object sets

kuroi shippo no ookina neko

«shippo ga kuroi karada no ookina neko

[Big cat with black tail]

karada ga kuroi shippo no ookina neko

[Black cat with big tail]

Figure 3: An example of side-by-side slide

1
Japanese |kuroi |shippo |no lookina |neko
Word class |[adjective] |[noun] |[particle] |[adjective] |[noun]
English [black [tail | big |cat
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kuroi shippo-no ookina neko kuroi shippo-no ookina neko
[Black] [Taill [Big] [Cat] [Black] [Tail] [Big] [Cat]
Figure 4: Branching structure. (a): LB interpretation; (b): RB interpretation
Procedure

The participants were divided into two experimental groups:
alone slide group and side-by-side slide group. Each group
looked at eight slides on a computer monitor.

After filling in the consent form, the participants were seated
in front of a monitor (Figure 5).

The participants took part in one practice trial to be
familiarized with the task, and then the experiment was
started. On each trial, a fixation cross appeared in the center
of the monitor. After the cross was fixated for one second, a
slide appeared for 10 seconds. Then, only the top phrase was
displayed. At that moment, participants were asked to make
gestures to describe the presented picture while verbally
producing the phrase (Figure 6).

Participants’ gestures and utterances participants were
recorded by a video recorder (Microsoft LifeCam). In the
side-by-side slides, one of the two objects was presented with
a surrounding red frame, and the participants were asked to
describe the indicated object.

-

J

Figure 5: Experimental layout

T
20.000 00:00: 00 500

kuroi shippo no ookina neko
([adj:black] [n:tal] [particle][adj:big] [n:cat])

kuroi shippo no ookina neko
[n:tail] [parti j:big] [n:cat])

Making gesh

Figure 6: Flowchart of slides

Coding

We annotated utterances and gestures using ELAN 2017
(Version 5.1). The timing and duration of each gestures were
recorded (Figure 7). We used the coding scheme modified
version of Kita, Gijn, and Hulst’s (2014) gesture coding. In
this scheme, a gesture consists of a preparatory movement,
followed by a stroke, and then finally, a finishing movement.
We recorded the time of onset and end of each gesture stroke
to determine the timing and duration of each gesture. The
third word was the critical adjective “big” or “long” that was
grouped with either the second word (e.g., “tail”) or the final
word (e.g., “cat”).

00:00: 01 .000 00:00: 01 500 00:00: 02 000 00:00: 02 500 00:00: 03 000 00:00: 03 500
A o o o
A APafpane-
L S B B I B L B B R LI L B B B L LI R B B B LI A R A B A LI A A A LI A A LI L
20.000 00:00:00.500 00:00:01.500 00:00:02.000 . 00‘,0'0:02.500 00:00:03.000 00:00:03.500
Word |kuron[BIack] | sh|ppo-no[Ta|I] |_ookina[Big] nekol[Cat
Tst 2nd o I 3rd I | &tﬁ
Gesture |

Onset of the critical word (tail)
Figure 7: An example of the annotation using ELAN
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Results

Timing of the first gesture

To find out whether the onset of gestures differed between
LB and RB, between the alone slide and side-by-side slide,
and between the adjectives “big” and “long,” the difference
in time (seconds) between the onset of the critical word
“shippo (tail)” on the branching point and the onset of the
first gesture in each slide in the participant’s performance was
measured and taken as a dependent measure. A 2 (Slide:
Alone, Side-by-side) x 2 (Adjective: Big, Long) x 2
(Branching: LB, RB) three-way ANOVA was performed on
the measure. Slide (Alone, Side-by-side) was the between-
participants variable. Adjective (Big, Long) and branching
(LB, RB) were the within-participants variables.

There was a marginally significant effect of branching
(F(1,14)=3.6925, p = .075, 172 =0.0956). This meant that the
onset of the first gesture was earlier in RB (M= -0.55) than in
LB (M= -0.07). Furthermore, there was a significant Slide x

Adjective x Branching interaction (£(1,14) = 6.3258, p <.05).

To explore the significant Slide x Adjective x Branching
interaction, the simple interaction effects of Slide, Adjective,
and Branching within each condition were calculated (Figure
8).

The simple main effect of branching in the “long” condition
was marginally significant (F(1,14) =3.1574, p = .097, n° =
0.0842). This meant that when the third word was “long,” the
onset of the first gesture tended to be earlier in RB (M= -0.49)
than in LB (M= -0.08).

There was a simple Slide x Branching interaction in the
“long condition” (F(1,14) = 4.9359, p < .01). Simple-simple
main effects of Slide and Branching within the “long”
condition were calculated. There were simple-simple main
effects of branching (£(1,7) = 7.0215, p < .05) and slide
(F(1,14) = 4.4872, p = .052, ° = 0.2427). The simple-simple
main effect of slide was marginally significant. It meant that
when the third word was “long” and the slide was “alone,”
the onset of the first gesture was earlier in RB (M= -0.88)
than in LB (M= 0.04). When the third word was “long” and
branching was RB, the onset of the first gesture was more
behind when slide was side by side (M= -0.11) than when
slide was alone (M= -0.88).

Total duration of the gestures

Using the video recordings, we calculated the total
duration of gestures (seconds) produced in each slide. We
predicted that the duration of gestures was different between
LB and RB.

A 2 (Slide: Alone, Side-by-side) x 2 (Adjective: Big,
Long) x 2(Branching: LB, RB) three-way ANOVA was
performed on the total duration of gestures.
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There was a marginally significant effect of slide (F(1,14) =
3.935, p = .067, #° = 0.0512). The total duration time of
gestures was longer when the slide was alone (M=2.16) than
when the slide was side by side (M=1.82). There was also a
significant Slide XxAdjective x Branching interaction (F(1,14)
= 15.9588, p < .01). To explore the significant Slide x
Adjective x Branching interaction, simple interaction effects
of slide, adjective, and branching within each condition were
calculated.

There was a simple main effect of Slide in the “big”
condition (F(1,14) = 5.6515, p < .05) and adjective in the
alone condition (F(1,7)=4.8931, p=.062, #° = 0.0171). The
simple main effect of the adjective in the alone condition was
marginally significant. When the third word was “big,” the
total duration time of gestures was longer when the slide was
alone (M= 2.27) than when the slide was side-by-side (M=
1.70). When the slide was alone, the total duration time of
gestures was longer when the third word was “big” (M=2.27)
than when the third word was “long” (M=2.06).

There were simple Adjective X Branching interactions in
the alone condition (F(1,7) = 6.9771, p < .05, 5° = 0.0368)
and in the side-by-side condition (F(1,7) =9.1492, p < .05, 5’
= 0.1196). The simple-simple main effects of adjective and
branching within the alone condition and side-by-side
condition were calculated. There were simple-simple main
effects of the branching in the alone condition (F(1,7) =
33.2153, p < .001, #° = 0.1386) and in the side-by-side
condition (F(1,7) = 7.6180, p < .05, #° = 0.2495). When the
slide was alone and branching was LB, the total duration time
of gestures was longer when the third word was “big” (M=
2.39) than when the third word was “long” (M= 1.89). When
the slide was side by side and the third word was “long,” the
total duration time of the gestures was longer in LB (M=
2.32) than in RB (M= 1.55).

There was a simple Slide x Branching interaction in the
“long” condition (F(1,14) = 5.0550, p < .05). The simple-
simple main effect of slide and branching within the “long”
condition was calculated. There was a simple-simple main
effect of branching that was marginally significant (£(1,14)
= 4.0335, p < .05). When the third word was “long,” and
branching was RB, the total duration time of the gestures was
longer when the slide was alone (M= 2.23) than when the
slide was side by side (M= 1.55).

There was a simple Slide x Adjective interaction in the LB
condition (F(1,14) = 7.8598, p < .05). The simple-simple
main effect of slide and adjective within the LB condition
was calculated. There was a simple-simple main effect of
slide (F(1,14) = 5.9902, p < .05). When branching was LB
and the third word was “big,” the total duration time of the
gestures was longer when the slide was alone (M= 2.39) than
when the slide was side by side (M = 1.60).
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Figure 8: The start time point, the end time point, and the
duration of the gestures in each condition. Zero denotes the
starting time point of the target word “shippo (tail)” in
accompanying speech. The thin error bars denote standard
errors in the onset of gesture. The thick error bars denote
standard errors in the duration of gesture.

Discussion

The most important finding was that the onset of the first
gesture in relation to the critical word (the second word
“tail”) was earlier in the RB condition than in the alone slide.
This means that the participants started a gesture earlier when
they wanted to mean “a black cat with a big tail” (RB) than
they wanted to mean “a big cat with a black tail” (LB). We
interpreted this result as follows: in RB, the meaning “the tail
is big” is important to convey, so participants started the
gesture earlier to easily bring “tail” and “big” together as
words that belonged to the same branch. Usually, the
participants’ gesture in this RB slide involved extending and
moving their arm horizontally to describe a long big tail. Thus,
the participants seemed to emphasize “big tail” by this
gesture. In contrast, the gesture used in LB slide involved
moving both hands widely up and down to describe the shape
of the big cat. Thus, the participants seemed to emphasize
“big cat.” The point is that the critical adjective “big” must
be grouped with either “tail” (RB) or “cat” (LB). As for the
duration data, we found that the duration of the gestures was
shorter in the side-by-side slides than in the alone slides. The
participants might have thought that certain gestures would
be enough for disambiguation when an alternative picture
was explicitly presented. In the side-by-side/long/RB
condition, participants might not have thought that
disambiguation was necessary because “long cat” (LB
interpretation) sounded too atypical compared with “long tail”
(RB interpretation).
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In conclusion, using Japanese compounds, we found that
the timing and duration of gestures in relation to the target
words in accompanying speech were different between RB
compounds and LB compounds. Gestures seemed to be used
to suggest two upcoming words in speech (adjective and
noun) as a unit in branching. Gestures can be a useful means
to disambiguate the meaning of compounds.
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