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Abstract 
An influential claim about co-speech gestures is that they are 
used as a supplement to unsaid meaning in speech. However, 
when the gesture is fully synchronized with speech, the 
supplementary role appears unnecessary. The present study 
examined whether people use gestures differently when they 
produce Japanese noun phrases that contain verbs. This study 
compared an ambiguous noun phrase “Rakka-shiteiru (falling) 
otoko-no (man’s) keitai (cell-phone),” which can be interpreted 
following the left branching (LB) structure as “The falling 
man’s cell-phone ({{falling, man}, cell-phone})” or the right 
branching (RB) structure as “The man’s cell-phone, which is 
falling ({falling, {man, cell-phone}}).” This study predicted 
that the onset of the first gesture would be delayed with the RB 
structure, as the important chunk {man, cell-phone} is 
produced later in the utterance than in the LB structure. The 
results supported the prediction, indicating that the onset of the 
first gesture tended to be delayed when RB was produced. This 
finding suggests that people may disambiguate syntactically 
ambiguous linguistic structures through gesture use. 

Keywords: gesture; disambiguation; branching; syntactic 
structures 

Introduction 
A sentence consists of a series of words composing phrases, 
which can be interpreted as having multiple meanings. For 
instance, the phrase “green tea cup” demonstrates the 
hierarchical nature of language, as it can be interpreted as a 
green teacup or a cup of green tea (Fujita, 2014). Left 
branching (LB) creates a phrasal structure with the meaning 
“tea-cup for green-tea” by first grouping “green” and “tea” 
into “green-tea” and then grouping “cup” separately. On the 
other hand, right branching (RB) results in a phrasal structure 
with the meaning “green-colored tea-cup” by first grouping 
“tea” and “cup” and then grouping “green” separately. 

Although language has a hierarchical structure, the surface 
structure (words arranged in chronological order) is observed 
prominently in speech, as it is produced in a phonological 
sequence. Therefore, it is possible that the hierarchical 
structure of a language is difficult to fully utilize when speech 
is processed sequentially. Thus, previous research has 
focused on prosodic cues, including pauses as a means of 
disambiguation (Ito, Arai, & Hirose, 2015; Hirose & Mazuka, 
2015; Misono, Mazuka, Kondo, & Kiritani, 1997; Venditti, 
1994). Although native Japanese speakers prefer LB to RB, 

they tend to interpret phrasal structures with a metrical boost 
that raises the pitch range of the second word as RB (Ito et al., 
2015; Hirose & Mazuka, 2015).  

In addition, gestures may play a role in disambiguation. 
Gestures are human communicative body movements that are 
produced with or without speech in communication and 
thinking (Goldin-Meadow, 2002). Researchers have 
proposed that any gesture consists of several phases, such as 
three phases of preparation, stroke, and retraction (McNeil, 
1992) or four phases of preparation, stroke, hold, and 
retraction (Kita, van Gijn, & van der Hulst, 1998). In the 
analysis of gestures, the stroke phase, usually assumed to be 
the major part, is coded to categorize or describe the gesture 
of interest. It is known that adults use redundant and non-
redundant gestures with speech (Alibali, Evans, Hostetter, 
Ryan, & Mainela-Arnold, 2009). The purpose of redundant 
gestures is debated, with the supplement of unsaid speech 
being one of the most frequently proposed purposes. One 
purpose that is less frequently proposed is disambiguation of 
speech (So, Kita, & Goldin-Meadow, 2009) 

Kashiwadate, Yasuda, and Kobayashi (2019) investigated 
gesture cues that occur as co-speech gestures and found that 
the participants used gestures differently when producing LB 
and RB structures. For instance, gestures were used to 
express the stimuli of the Japanese phrase structure “Kuroi 
shippo-no ookina neko” (black tail big cat, i.e., adjective1 + 
noun1 + adjective2 + noun2). The results indicated that the 
timing of gestures occurred earlier in RB than in LB, 
suggesting that the gestures were generated in accordance 
with the branching structure. Using the same Japanese four-
word phrases, Kashiwadate, Yasuda, Fujita, Kita, and 
Kobayashi (2020) demonstrated that the gestures produced 
by the participants tended to be synchronized with the word 
chunks, suggesting that gestures could be used as a means of 
disambiguation of phrases with multiple meanings.  

This study investigated how people produce gestures when 
they utter ambiguous phrase structures that contain verbs. 
Gestures are frequently used when people intend to describe 
the motions of humans, animals, and objects (Kita & Özyürek, 
2003). In addition, the syntactic role of verbs may be 
ambiguous, such as in the English sentence, “Flying airplanes 
can be dangerous,” which may be interpreted as, “Airplanes 
that are flying can be dangerous,” or as, “If someone flies 
airplanes, this behavior can be dangerous.” While the surface 
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structure is identical, there are two possible meanings. 
However, if a person produces co-speech gestures, such as a 
gesture that focuses on the flying objects or on the flying 
behavior, listeners can interpret this sentence accordingly. 
This study used Japanese phrases that consisted of verb + 
noun 1 + noun 2, such as “Rakka-shiteiru (falling) otoko-no 
(man’s) keitai (cellphone),” which could mean a falling 
man’s cellphone or a man’s cellphone that is falling (Figure 
1). The LB structure created the meaning “the falling man’s 
cell-phone” through initial grouping of “falling” and “man’s,” 
followed by grouping “cell-phone.” The RB structure created 
a phrase with the meaning “the phone held by the man who 
is falling” by grouping “man’s” and “cellphone” first, 
followed by “falling.”  
 

 
Figure 1: An example of two different phrasal structures of 
the Japanese phrase “Rakka-shiteiru otoko-no keitai.” This 
phrase can be interpreted either as “the falling man’s 
cellphone” (LB) or “The man’s cellphone, which is falling” 
(RB). 

 
Verbal expressions are relatively easy to represent using 

gestures. This study investigated whether gestures 
contributed to structural disambiguation when verbs were 
included in the stimuli. To examine this, this study used 
phrasal structures that could be interpreted as LB and RB as 
stimuli and predicted that the timing of gestures would be 
delayed in RB compared to LB phrasal structures, as the first 
chunk of the RB, made of two constituents {man, cellphone}, 
occurred later than the first chunk of the LB {falling, man}. 

If the use of gestures is important in producing these 
phrases, ease of gesture production may influence the number 
of gestures that people use. Therefore, we investigated 
whether gestures contributed to the disambiguation of the 
structure differently when the verbs providing the 
explanation had different ease of imagery. To examine this, 
the verb “falling,” which was presented as a stimulus in this 
study, had approximately the same meaning in both LB and 
RB. In the phrase “falling man cellphone,” both the man (LB) 
and the cellphone (RB) are falling, with the same 
fundamental physical movement. On the other hand, for 
verbs “flying” and “running,” the movement itself changes 
depending on the intended meanings. For instance, “Tonde-
iru (flying) tori-no (bird’s) shashin (photo)” can be 
interpreted either as a picture of a flying bird in LB or a 
picture of a bird, which picture is flying, in RB. In LB, the 

bird itself is flying with its own motion; however, in RB, the 
picture is flying due to an external force, such as wind. This 
study intended to examine disambiguation in gestures by 
controlling the ease of imagining the gesture in addition to 
phrase structures. The prediction was that phrase structures 
using verbs such as “flying” would generate a greater number 
of gestures than phrase structures using “falling.” 

Method 

Participants 
Twenty Japanese monolingual students who spoke Japanese 
as their first language participated (Mage = 21.4, SD = 0.97). 
Two of the participants failed to complete some parts of the 
task; therefore, these data were not included and only the data 
of the other 18 participants were analyzed. 

Stimuli  
Four ambiguous phrasal structures with verbs were created. 
Two contained “Rakka-shiteiru (falling)” and two contained 
“Tonde-iru (flying)” and “Hashitte-iru (running).”  

Two comparable illustrations were drawn side by side on 
each slide: an illustration of LB and an illustration of RB. The 
slide consisted of one target phrase on top and the two 
illustrations in the middle (Figure 2). 

As stated, each phrase had two possible interpretations: one 
for LB and one for RB. For instance, “Rakka-shiteiru (falling) 
otoko-no (man’s) keitai (cellphone)” could be interpreted 
either as “a falling man’s cellphone” (LB structure) or “a 
man’s cellphone, which is falling” (RB structure). The 
difference in meaning can be explained as follows: in the case 
of LB, the “man’s” branch connected to the “falling” branch. 
In the case of RB, the “man’s” branch connected to the 
“cellphone” branch.  

The positions of the LB and RB illustration in each slide 
were counterbalanced. 

 

 

 
 
Figure 2: An example of a stimulus. This stimulus 
represents the Japanese phrase “Rakka-shiteiru (falling) 
otoko-no (man’s) keitai (cellphone).” in the RB condition. 
The participants were asked to make gestures to convey the 
meaning of the illustration marked in red. 
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Procedure 
The experiment was conducted using Zoom, a web-based 
video conferencing system (ver. 5.4.7). The participants were 
asked to set up their video camera in such a way that their 
entire upper body, including arms, could be filmed 
appropriately. The participants’ gestures and utterances were 
recorded using the recording function of the system.  

The participants were divided into two experimental 
groups: LB and RB. A between subject design was used to 
avoid excessive focus on both possibilities. After each group 
completed a consent form, they shared their screens, and the 
experimental stimuli were presented on Zoom.  

To examine the synchronicity of the video and audio 
information of the participant, at the beginning of the 
experiment, the procedure was explained and the video and 
audio information produced by the participant were observed. 
There were two confirmation points: sharing the screen and 
recording the participant’s image. The experimenter checked 
the synchronization of the video and audio using the 
participant’s mouth movement and the sound of the 
participant’s confirmation responses, such as “It’s okay” “No 
problem.” If they did not match, the experiment would be 
terminated; however, this did not occur. All video data were 
used for analysis. 

 
 

 
 
Office 365 PowerPoint (Microsoft, 2020) was used to 

present the experimental stimuli. The participants were told 
in Japanese, “The video will later be viewed by a third party 
and graded by them, so please gesture and read aloud as much 
as possible so they will understand you.” After the 
experimenter’s instructions, the participants looked at four 
slides on a computer monitor. After the presentation of the 
illustrations and 10 seconds’ memorization period, the 
participants were asked to make gestures to describe one of 
the illustrations, which was marked with a red frame, while 
verbally producing the phrase. Figure 3 illustrates the flow of 
the experiment. 

Coding 
The utterances and gestures were annotated using ELAN 
(Version 6.0). The timing and duration of each gesture and 
utterance were annotated.  

A modified version of Kita, Gijn, and Hulst’s (2014) 
gesture coding was used. According to this scheme, a gesture 
consists of a preparatory movement, followed by a stroke, 
hold, and, finally, retract or finishing movement. The time of 
onset and end of each gesture stroke were recorded to 
determine the timing and duration of each gesture. 

Data were examined using a two-way analysis of variance 
(ANOVA) utilizing ANOVA 4 (https://www. hju.ac.jp/ 
~kiriki/anova4/).  

Results 
Figure 4 shows the participants’ performance in each 
condition. Four verbs were classified into two types: those 
with “less variety” (i.e., the movement is relatively 
straightforward, such as falling) and those with “more variety” 
(i.e., the movement may vary according to the agent, such as 
flying or running). 
 
 

 
Figure 4: The participants’ gesture timing and frequency. (a) 
shows differences between the onset of the first speech and 
the first gesture for each condition. (b) shows the number of 
gestures produced for each condition. 
 

 
Figure 3: The flow of the experiment. There were four 
trials for each participant.  
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Timing of the first gesture 
Difference in time (s) between the onset of the first word and 
the onset of the first gesture was calculated for each condition 
(Figure 4a).  

A 2 × 2 two-way ANOVA was performed on the onset of 
the first gesture as a dependent measure. The branching (LB, 
RB) and verb-type (less variety, more variety) were the 
between-participants variables. There was a marginally 
significant effect of branching (F(1,16) = 3.856, p = .0672, η2 

= .11) with a middle effect size, indicating that the onset of 
the first gesture tended to be earlier in LB (M = 0.147) than 
RB (M = 0.467). 

Frequency of gestures 
In addition, the frequency of gestures produced under each 
condition was calculated (Figure 4b).  

This study predicted that the participants would produce 
more gestures in RB, in which verb meanings have more 
variety than LB. A 2 × 2 two-way ANOVA was performed 
on the frequency of gestures as a dependent measure. 
Branching and verb-type were the between-participants 
variables. 

There was a significant interaction effect of branching × 
verb-type (F(1,16) = 6.086, p < .05, η2 = .06). To explore this 
interaction effect, the simple interaction effects of branching 
and verb-type within each condition were calculated. 

The simple main effect of verb-type in the RB condition 
was significant (F(1,16) = 4.526, p < .05). When branching was 
RB, more gestures were produced with the verb-type of more 
variety (M = 2.0) than with verb-type of less variety (M = 1.7). 

Discussion 
This study examined the use of co-speech gestures, focusing 
on gesture onset timing and the frequency of produced 
gestures. This study analyzed whether these two features 
corresponded to the underlying syntactic structures of 
utterances by comparing two interpretations of a Japanese  
ambiguous phrasal structure with a verb, “Rakka-shiteiru 
otoko-no keitai,” which consists of three constituents: 
({falling}, {man}, and {cellphone}). The LB interpretation 
of this structure yielded {{falling, man}, cell-phone}), 
resulting in, “The falling man’s cellphone,” while the RB 
interpretation yielded ({falling, {man, cellphone}}), 
resulting in, “The man’s cellphone, which is falling.” This 
study predicted that the onset of the first gesture would be 
later with RB than LB. Using video data analysis, this study 
demonstrated that, as predicted, the onset of the first gesture 
tended to be delayed when the participants produced RB 
structures, regardless of the type of verb. This suggests that 
the timing of co-speech gestures for phrasal structures with 
verbs depends on the type of branching. This is in line with 
Kashiwadate et al. (2019), who suggested that the early 
production of important linguistic chunks, including nouns, 
corresponded to early co-speech gesture production. The 
present study demonstrated that this phenomenon occurred 
with linguistic chunks, including verbs. 

Overall, more gestures were produced with RB than LB. 
Item analysis revealed that when using the RB structure, 
more gestures were produced for “flying” (e.g., a picture of a 
bird is flying) than “falling” (e.g., the man’s cellphone is 
falling), indicating that the frequency of gestures using the 
RB structure depended on the ease of imagining the verb. 
Falling is relatively easy to imagine, as all objects, both 
animate and inanimate, may fall in the same way, following 
physics rules. However, flying appeared to be relatively 
difficult to imagine, as flying behavior depends on the agent, 
such as birds and inanimate objects. When grouping the agent 
and verb is critical for generating appropriate gestures, people 
may produce more gestures. 

This study had several limitations. First, the number of 
participants and trials was relatively small, including 18 
participants and four trials for each participant. Future studies 
should aim to include more trials and participants. Second, 
gesture type was not coded. An iconic gesture such as “falling” 
can be different depending on the agent, such as “a man 
falling” or “a cellphone falling”; therefore, types of gestures 
may be informative for observers in addition to timing. Third, 
the sound used by the participants was not analyzed. The use 
of prosodic cues and pauses may also play a role in 
disambiguation. Okahisa and Shirose (2018) suggested that 
when people use gestures to describe syntactically 
ambiguous structures, prosodic distinction tends to 
deteriorate. Future studies should investigate the interaction 
of prosodic cues and gestures in disambiguation. 

In conclusion, this study indicated that the timing and 
frequency of co-speech gesture production for ambiguous 
phrasal structures with verbs varied depending on the 
branching structure. These results support the hypothesis that 
syntactically ambiguous linguistic structures may be 
disambiguated using gestures. 
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