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Abstract
This study examined whether listeners keep spatial story
representations created by speaker’s cohesive gestures beyond
the concurrent sentence. Participants were presented with a
three-sentence discourse with two protagonists. In the first
and second sentences, gestures consistently located the two
protagonists in the gesture space: one to the right and the
other to the left. The third sentence (without gestures) referred
to one of the protagonists, and the participants responded with
one of the two keys to indicate the relevant protagonist. The
response keys were either spatially congruent or incongruent
with the gesturally established locations for the two
participants.
Experiments 1 and 2 showed that the
performance in the congruent condition was better than the
incongruent condition. Thus, listeners make a spatial story
representation based on gestures, and the spatial
representation persists beyond the concurrent sentence, and
the information is still activated in a subsequent sentence
without a gesture.
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Introduction
People often produce gestures while speaking. Research on
such co-speech gestures has revealed that a listener can take
information from gestures produced by a speaker and make
use of it to comprehend concurrent overall message
conveyed by the speaker (Kendon, 1994). This study
examined whether a listener uses spatial information
expressed in gestures even after the gesture has disappeared.
Most of the previous research on gesture comprehension
focused on the processing of a single gesture at word or
sentence level. The findings from these studies suggest that
adults and children can pick up information conveyed
exclusively in gestures (e.g. Broaders & Goldin-Meadow,
2010) and integrate it with information from the concurrent
speech (e.g., Kelly, Özyürek, & Maris, 2010; Sekine,
Sowden, & Kita, under review). However, comprehension
of speech and a sequence of gestures at discourse level have
been under-studied.
Studies on gestures in discourse have revealed that during
a narrative, an adult speaker creates coherent discourse by
using linguistic devices and speech-accompanying gestures
(McNeill, 1992). Gestures can contribute to cohesion by
repeating the same form or the same location to indicate
continuity (McNeill, 1992). For example, when introducing

new protagonists in a narrative, adult speakers often assign
them to a specific area by a pointing gesture or an iconic
gesture (iconic gestures are gestures that depict objects,
actions and movements on the basis of similarity). When the
same referent is mentioned again later, the same location is
gesturally indicated. These gestures used in the discourse to
introduce and track references are called cohesive gestures
in this study.
Two studies showed that cohesive gestures can influence
the interpretation of otherwise ambiguous sentences.
Goodrich & Hudson Kam (2012) examined whether
pronoun interpretation is affected by cohesive gestures.
Participants watched an actor narrating a short story of two
same gender protagonists with a sequence of cohesive
gestures. Listeners normally tend to interpret the ambiguous
pronoun as a first-mentioned protagonist when two samegender protagonists were referred to by same pronoun.
However, the result showed that when the participants saw
an alternative protagonist suggested in the narrator’s
cohesive gesture while listening to an ambiguous pronoun,
they tended to interpret the pronoun as the secondmentioned protagonist.
Another study showed that the ability to interpret
cohesive gestures develops during elementary school
periods. Sekine and Kita (under review) examined how well
5-, 6-, 10-year-olds and adults integrated information from
spoken discourse and cohesive gestures. The participants
were presented with a combination of spoken discourse and
a sequence of cohesive gestures. The discourse consisted of
three short sentences. In the first two sentences, the actor
referred to two protagonists in the subject position and an
event involving them. She produced gestures to consistently
locate each of the two protagonists in two distinct locations
(left and right) when referring to the protagonists. In the
third sentence, she described a protagonist’s movement, but
did not explicitly mention any protagonists. When
describing it, she iconically depicted one of the protagonists'
movements within the right or left space. Thus, participants
should be able to infer which character did the movement by
looking at gestures. They were asked to select an
interpretation of the final sentence that best matched the
preceding spoken and gestural contexts. The result showed
that adults and 10-year-olds performed above chance and
better than 5-year-olds, who were at chance. Thus, these two

studies indicate that adults and older children gleaned
information from cohesive gestures. However, it is not clear
whether participants can maintain spatial information that
cohesive gestures convey and use it to understand a
subsequent sentence without accompanying gestures.
A few studies have investigated how gesture can
influence interpretation of subsequently presented words or
pictures. In these studies, an ambiguous word, like "ball"
(e.g., for dance and for sports; Holle & Gunter, 2007) or
"double door" (e.g., two openings side by side or on top of
each other; Wu & Coulson, 2007), was disambiguated by an
accompanying iconic gesture, and the reference resolution
had an influence on how the listener processed a subsequent
target word (Holle & Gunter, 2007) or picture (Wu &
Coulson, 2007). However, it still remains unclear whether
spatial information encoded in gestures was still active at
the subsequent target. It is possible that the iconic gestures
were used to resolve the ambiguity of words, but just the
propositional representation, not spatial representation, of
disambiguated concept was kept in the memory and used to
understand the subsequent target.
To summarise, the previous literature left the following
question open: Is the spatial information encoded in
cohesive gestures kept and automatically activated in
subsequent sentences without any gestures? The present
study investigated this question. In order to do this, we
conducted two experiments by adopting the Simon effect for
stimulus-response compatibility (Simon & Small, 1969).
In Experiment 1 and 2, participants in two conditions
(Congruent vs. Incongruent) were presented with video clips
where a female actor tells a short story about a male and a
female protagonist. The participants were required to select
one of the protagonists involved in the accident by pressing
the corresponding key. In the congruent condition, the
locations of the response keys for each protagonist were on
the same side as the locations to which the actor assigned
each protagonist with her gestures. In the incongruent
condition, the locations of the response keys for each
protagonist were on the opposite side to the locations to
which the actor assigned each protagonist with her gestures.

Hypothesis and Prediction
We tested two competing hypotheses. The Active gestural
discourse representation hypothesis proposes that the spatial
story representation created by the speaker’s cohesive
gestures (referents assigned to locations in gesture space)
remains active throughout the discourse, even in sentences
without any gestures, and the representation can influence
the listener's comprehension. According to this hypothesis,
the locations of protagonists in the gesture space are active
when the participants encounter the last sentence in a
stimulus discourse without a gesture. Thus, the congruency
the performance in the congruent condition should be better
than the incongruent condition. The alternative Inactive
gestural discourse representation hypothesis proposes that
the spatial story representation created by the speaker’s
cohesive gestures becomes inactive once the cohesive

gestures finish and this can be re-activated only with a new
gesture. According to this hypothesis, the spatial story
representation should not be activated in the last sentence
without gestures in stimulus discourse; thus the
performances between the congruent and the incongruent
condition should not be different.

Experiment 1
Method
Participants
Twenty native English speakers (10 female and 10 male)
took part in this study. The participants’ age ranged from 18
to 37 years (M = 21.10, SD = 4.39). They reported having
normal or corrected-to-normal vision and audition.

Material and Apparatus
An actor was filmed producing combinations of gestures
and short passages. Twenty-three stories were made in total
(three for practice, twenty for the main experiment). Each
story had different story but the protagonists were always
Gary and Betty. The lower part of the actor's face was
covered by a mask to conceal lip movements (Figure 1).
Each story consisted of three short sentences and gestures.
Gestures were accompanied with speech in boldface in the
following example. In the first sentence, the actor
introduced two protagonists of different genders with their
proper names (e.g., “Gary and Betty were preparing to go
out”) in the subject position. In the second sentence, she
described two different events that each protagonist was
involving in with pronouns (e.g., “He was brushing his teeth
and she was drying her hair”). In the third sentence, which
always started with the word "unfortunately", she described
one of the protagonist’s movements as an accident in the
event that one of the two protagonists was involved in with
a pronoun (e.g., “Unfortunately, the tooth paste spilled on
him”). In the sentence, she mentioned the key object for the
accident in the subject slot and the protagonist’s name in the
object slot. Thus, participants can understand which
protagonist was the one involved in the accident if they
listen until the end of the third sentence. When the key
object was introduced (“the tooth paste” in the above
example), the protagonists’ names in black squares appeared
with the word “unfortunately” (Picture 4 in Figure 1). The
black squares lasted until the end of the visual stimuli. The
location where the protagonists’ names appeared was
counterbalanced. Throughout the experiment, Gary was
introduced first in each story.
As for gestures, in the first two sentences, gestures were
produced to assign the two protagonists to the actor’s right
and left frontal spaces with her right and left hand
respectively when each protagonist was mentioned by the
proper names in the first sentence. This was repeated for the
pronouns in the second sentence, as if the actor placed the
two entities in the space (Picture 2 and 3 in Figure 1). The
locations of the gestures for both protagonists were fixed. In

other words, Gary was always assigned on the right side and
Betty was assigned on the left side from a viewer’s
perspective. The actor did not produce any gestures in the
third sentence (Picture 4 in Figure 1).

Figure 1: An example of a visual stimulus used in Ex 1.
The congruent and incongruent conditions were created
as follows. In the congruent condition, the locations of the
response keys for each protagonist were on the same side as
the locations to which the actor assigned each protagonist
with gestures. In the incongruent condition, the locations of
the response keys for each protagonist were on the opposite
side to the locations to which the actor assigned each
protagonist by gestures. The experiment was conducted on a
Dell laptop computer using E-prime software. The actor’s
speech was heard from Bose stereo headphones. The display
was at a distance of 60-cm from the subjects. The left
response key was the ‘E’ key, and the right response was the
‘P’ key.

Procedure
All participants were tested individually. The participants
were instructed that they would see the protagonists’ names
in black squares appearing in the last part of each story, and
that the locations of the black squares for Gary and Betty
might change from trial to trial. They were also asked to
press the key on the same side as the protagonist’s name that
was involved in the accident appeared, as quickly and as
accurately as they could. Each participant completed six
practice trials and 40 experimental trials. The forty
experimental trials consisted of two blocks, and they were
presented without any break. The two blocks had the same
20 stories, and the presentation order of the stories was
randomized within a block. In each block, half of stories
were the congruent version and the other half stories were
the incongruent version in each block. Before each trial, an
asterisk appeared as the fixation point in the center of the
screen for 500ms. Then a video stimulus was presented in
full screen. The response-to-cue interval contained a resting
period of 1000ms to give participants the opportunity to
blink and relax the eyes. Each trial had an approximate
duration of 20 seconds, and was ended upon any response
given by the subject after stimulus offset. No feedback was
given to the participants concerning the accuracy of their
responses. Reaction time (RT) was recorded as the time
between the onset of the subject NP in the third sentence
and the moment a response key was pressed.

Results
We calculated the mean correct RTs (ms) and error
percentage for the two conditions (Table 1). Responses
within the first 100ms after stimulus onset were classified as
error and excluded from reaction time analysis. Responses
that were more than three standard deviations from the mean
of each participant were also excluded from the analysis.
The number of correct trials was not statistically difference
between the two conditions, t (19) = .89, n.s. However, the
mean RTs in the congruent condition was significantly
faster than that in the incongruent condition, t (19) = 2.68, p
= .02. We also tested the difference in RTs between the two
conditions in the first block (the first 20 trials) and in the
second block (the last 20 trials) separately. The mean RTs in
the congruent condition was significantly faster than that in
the incongruent condition in the first block, t (19) =5.36, p
< .001; however, the mean RTs in the congruent condition
was significantly slower than that in the incongruent
condition in the second block, t (19) =5.36, p =.04.
Table 1. The mean (SD) of correct trials and RTs in the
congruent and incongruent conditions in Experiment 1.
Condition
Congruent
Incongruent
Number of correct trials
19.1 (1.6)
18.9 (1.8)
RTs (the entire exp.)
1741 (592)
1804 (545)
RTs in the first block
1813 (557)
2020 (546)
RTs in the second block
1659 (672)
1565 (622)

Discussion
The aim of this experiment was to examine whether the
spatial information of cohesive gestures are still active in a
subsequent sentence without a gesture. There are two main
findings. Firstly, when participants saw a target
protagonist’s name on the screen on the same side as the
gesture for that protagonist had appeared in earlier sentences,
their responses were faster than when they saw it on the
opposite side to which the gesture appeared. Secondly,
however, this compatibility effect disappeared in the second
block.
These findings indicate that listeners can create a spatial
representation of a protagonist based on speaker’s gestures,
and, more importantly, that the representation is still active
in a subsequent sentence without a gesture. The Simon
effect was found in the first block, but not in the second
block. This may be because the participants realised that
they could pick the correct response only from only speech
information and gestures were sometimes incongruent with
the response key arrangement. Thus, they might reduce
attention to gestures over the course of the trials.
Given that gestures for the two protagonists always
appeared on the same sides (Gary on the right side and Betty
on the left side), the participants might have built up spatial
representation of the protagonists’ layout slowly over the
trials (at least in the first block). Thus, in the next
experiment, we changed the names of protagonists and their

location in the gesture for each trial to see whether a listener
could create a spatial representation within each story. In
addition, because the Simon effect was found only in the
first block (20 trials), we reduced the number of trials from
forty to twenty trials in the next Experiment.

Experiment 2
Method
Participants
Twenty native English speaker (15 female and 5 male), took
part in this study. The participants’ age ranged from 18 to
25 years (M = 19.65, SD = 1.42). They reported having
normal or corrected-to-normal vision and audition.

Material, Apparatus, and Procedure
The material, apparatus, and procedure were identical to
Experiment 1 except for the following three things. First,
while the same 20 stories were used as Experiment 1, but
each story had a different pair of a male and a female
protagonists (e.g., Tina and Colin). Thus, except for the
protagonists’ name, the speech was the same as Experiment
1. Second, the locations of the gestures for each gender
protagonist were not fixed. Thus, in half of the stories, the
male protagonist was assigned by gestures on the right side,
but in the other half of the stories, the male protagonist was
assigned on the left side. Third, there were only 20 trials as
opposed to 40 trials in Experiment 1.

when the speaker’s gestures appeared for a short time, and
the representation remained active in a subsequent sentence
without a gesture.

General Discussion
We examined whether spatial information of gestures
persists beyond the concurrent sentence, and whether the
information is still active in a subsequent sentence without a
gesture. This was investigated by manipulating the
congruency between the gesturally established locations of
the protagonists and the locations of the response keys that
specified which protagonist was referred in a sentence
without a gesture. Experiment 1 and 2 showed that
performance in the congruent condition was better than in
the incongruent condition. This finding supports the Active
gestural discourse representation hypothesis. That is,
listeners generate a spatial story representation based on the
speaker’s cohesive gestures within a relatively short span (a
three-sentence story), and the spatial representation persists
beyond the concurrent sentence. Furthermore, the
information remains active in subsequent sentences without
a gesture.
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Table 2: The mean and standard deviation of correct trials
and RTs in each condition.
Condition
Congruent
Incongruent
Number of correct trials
9.9 (0.4)
9.5 (0.6)
RTs
2411 (564)
2615 (480)

Discussion
The aim of this experiment was to replicate the finding from
Experiment 1 with stimuli in which the spatial story
representation had to be built up within a single trial. We
again found the compatibility effect between the gesturally
assigned locations of the protagonists and the locations of
the response keys. Even if the protagonist’ names changed
and the location of the gestures for each gender protagonist
differed for each story, when participants saw a target
protagonist’s name on the screen on the same side as the
gesture for the protagonist had appeared, their responses
were faster than when they saw it on the opposite side to
which the gesture had appeared. This finding indicates that
listeners create a spatial representation of protagonists even

