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Task-Specific Iconic Gesturing During
Spoken Discourse in Aphasia

Brielle C. Stark®

Purpose: In persons living with aphasia, we will explore
the relationship between iconic gesture production during
spontaneous speech and discourse task, spoken language,
and demographic information.

Method: Employing the AphasiaBank database, we coded
iconic gestures in 75 speakers with aphasia during two
spoken discourse tasks: a procedural narrative, which
involved participants telling the experimenter how to
make a sandwich (“Sandwich”), and a picture sequence
narrative, which had participants describe the picture
sequence to the experimenter (“Window”). Forty-three
produced a gesture during both tasks, and we further
evaluate data from this subgroup as a more direct comparison
between tasks.

Results: More iconic gestures, at a higher rate, were
produced during the procedural narrative. For both tasks,
there was a relationship between iconic gesture rate,
modeled as iconic gestures per word, and metrics of
language dysfluency extracted from the discourse task as

and Caroline Cofoid?

well as a metric of fluency extracted from a standardized
battery. Iconic gesture production was correlated with
aphasia duration, which was driven by performance during
only a single task (Window), but not with other demographic
metrics, such as aphasia severity or age. We also provide
preliminary evidence for task differences shown through the
lens of two types of iconic gestures.

Conclusions: While speech-language pathologists have
utilized gesture in therapy for poststroke aphasia, due to
its possible facilitatory role in spoken language, there has
been considerably less work in understanding how gesture
differs across naturalistic tasks and how we can best utilize
this information to better assess gesture in aphasia and
improve multimodal treatment for aphasia. Furthermore, our
results contribute to gesture theory, particularly, about the
role of gesture across naturalistic tasks and its relationship
with spoken language.

Supplemental Material: https://doi.org/10.23641/asha.
14614941

esture is a powerful tool that accompanies and,

sometimes, replaces speech. Gestures lie along a

continuum (Kendon’s continuum; McNeill, 1992),
ranging from gestures with no linguistic association to
gestures associated with speech (“language-like gestures”™),
to gestures conveying meaning in the absence of speech
(“pantomimes”), and to gestures holding independent sta-
tus as symbolic forms (“emblems”; e.g., the “OK” sign).

Gesturing in Aphasia

In the case of persons living with acquired aphasia
(a language disorder), gesturing may serve a particularly
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communicative purpose, as a means of compensating for
spoken language difficulties or, indeed, as a mechanism
to overcome word-finding difficulties—reminiscent of what
Luria (1970) termed intersystemic reorganization (Dipper
et al., 2015; Hadar & Butterworth, 1997; Krauss, 1998; Rose
& Douglas, 2001). There is emerging evidence that people
with aphasia use gestures to accompany/be redundant with
(Kong et al., 2017) or supplement (e.g., disambiguate, add;
Dipper et al., 2015) speech. The relationship between lan-
guage and gesture has also been explored in neurotypical
populations, more often finding that gesture is redundant
with speech (Dargue et al., 2019; Holle & Gunter, 2007;
Hostetter, 2011; Kelly et al., 1999).

In this study, we focus on iconic gestures. Iconic ges-
tures are language-like gestures that are related to the content
of speech and have a form (e.g., motion, hand shape, loca-
tion) that is related to this content; they typically are not
meaningful in the absence of speech (Hadar & Butterworth,
1997). Iconic gestures are highly common in aphasia. In-
deed, a study in 95 persons with aphasia demonstrated that
all subjects employed at least one type of iconic gesture during
a fictional story retell (Cinderella story), further emphasizing
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reliance on iconic gesture to convey, disambiguate, or add
meaning during discourse by persons with otherwise impo-
verished spoken language (Sekine & Rose, 2013).

Theories of Gesture’s Relationship With Language
in Aphasia

There are several theories that have been used to de-
scribe gesture use in aphasia. The Sketch model suggests
that, when gesturing gets harder, speakers will rely relatively
more on speech and that, alternatively, when speaking gets
harder, speakers will rely relatively more on gestures (de
Ruiter, 2006; de Ruiter et al., 2012). This theory shares
similarities with the growth point theory, which postulates
that gesture and language share prelinguistic conceptual
stage resources before diverging—with language taking a
linguistic path and gesture taking a motoric one (McNeill,
1992). Broadly, these theories fit with evidence comparing
iconic gesture usage in aphasia to gesture usage in matched
samples of persons without aphasia, finding almost always
that persons with aphasia gesture more often while also
producing less speech (Sekine & Rose, 2013). In an alter-
native hypothesis, the lexical retrieval hypothesis, gestures
are thought to directly facilitate lexical retrieval processes
(Krauss, 1998; Krauss & Hadar, 2001). Iconic gestures, in
particular, are thought to originate in the processes that
precede conceptualization/formulation of the preverbal mes-
sage and, as such, can precede even in cases of blockages or
damage to later stages. Importantly, this theory hypothe-
sizes that the imagistic information from iconic gesture may
facilitate lexical retrieval by “defining the conceptual input
to the semantic lexicon; by maintaining a set of core features
while reselecting a lexical entry; and by means of directly
activating phonological word-forms” (Hadar & Butterworth,
1997). Indeed, iconic gesturing has been shown to improve
object naming (Rose & Douglas, 2001) and occur alongside
word-finding problems (Kong et al., 2015; Pritchard et al.,
2013). Notably, gesture is also thought to reflect underlying
thoughts and knowledge not verbalized in speech (Church &
Goldin-Meadow, 1986; Goldin-Meadow & Alibali, 2013),
which allow persons with aphasia to communicate and dem-
onstrate competence despite a language production barrier.

The Relationship of Iconic Gesture With Spoken
Language Fluency

Not surprisingly, given the theories above, language
dysfluency is thought to correlate with greater gesture use
in aphasia. Most research evaluating the relationship between
language dysfluency and iconic gesture in aphasia use has
focused on the differing frequency of iconic gesture use
stratified by aphasia type, that is, a comparison of iconic
gesturing in persons with nonfluent as compared to fluent
aphasia (a dichotomous type of fluency classification) or
a comparison of iconic gesturing in persons with aphasia
types based on standardized testing batteries (i.e., a classifi-
cationist type of fluency classification, e.g., Broca’s, con-
duction, Wernicke’s). In general, this research has been
mixed, with some studies finding significantly more iconic

gesture use in nonfluent populations, primarily Broca’s
aphasia (Goldblum, 1978; Hadar, 1991; but see Cicone
et al., 1979), while other studies have observed a high inci-
dence of iconic gestures across all aphasia types (Feyereisen,
1983; Sekine & Rose, 2013).

Cicone et al. (1979) found that people with nonfluent
aphasia produced fewer gestures (yet these were clear and
informative), which contrasted with the frequent gestures
produced by people with fluent aphasia, which were vague.
In a relatively large sample of people with aphasia complet-
ing a story retell task, people with Broca’s aphasia (a type
of nonfluent aphasia) produced overall more gestures and
were more likely to produce iconic gestures (Sekine & Rose,
2013). In a single-case study of a person with conduction
aphasia (a type of fluent aphasia), it was found that, when
recounting a cartoon, the individual with conduction apha-
sia produced more iconic gestures than a comparison sam-
ple of controls during word searching behavior (Pritchard
et al., 2013). Interestingly, this individual produced a similar
frequency of iconic gestures compared with control partici-
pants when the person with aphasia was producing fluent,
errorless language. In a larger sample of persons with apha-
sia and matched controls, iconic gestures were produced in
similar frequencies and forms by both groups, but the apha-
sia group utilized iconic gestures alongside their otherwise
semantically impoverished language (Pritchard et al., 2015).
While this evidence seems relatively straightforward (empha-
sizing the use of more gestures, particularly the iconic type,
by persons with nonfluent and/or Broca’s aphasia), some
studies have provided alternative findings. For example,
one study found that persons with Wernicke’s aphasia (a
fluent type) produce more iconic gestures per unit of time
(Carlomagno & Cristilli, 2006).

Overall, it is difficult to draw conclusions based on
iconic gesture frequency and rate by evaluations leveraging
aphasia type because of the vast intragroup differences in
language ability within aphasia types (Dalton & Richardson,
2019; Stark & Fukuyama, 2020). For example, iconic
gestures likely rely on some intact prelinguistic components,
such as prelinguistic conceptual knowledge (Hadar &
Butterworth, 1997). Some persons with Wernicke’s apha-
sia can present with impoverished prelinguistic conceptual
ability, while other persons with Wernicke’s aphasia can
present with relatively intact prelinguistic conceptual abil-
ity (Kertesz, 2007). This makes drawing overarching con-
clusions about gesture usage stratified by aphasia type
inherently difficult and, perhaps, not meaningful.

Instead, evaluations of gesture use, particularly iconic
gesture use, may be more sensitively investigated by evalu-
ating the relationship of gesture with metrics of language
derived from the task itself (e.g., dysfluencies) and with
some extra-task metric of fluency that provides a category or
metric of fluency, as opposed to an aphasia type. Restricting
gesture use in neurotypical adults has demonstrated reduced
speech fluency, measured by an association of gesture use
(or nonuse) with time spent pausing, number of words,
number of pauses, mean pause length, and number of hesi-
tations (Graham & Heywood, 1975), with relative frequency
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of nonjuncture filled pauses in speech with spatial content
(Rauscher et al., 1996) and with a slower speech rate
(Morsella & Krauss, 2004). A study by Kong et al. (2015)
evaluated 48 Cantonese-speaking persons with aphasia,
comparing gesture use with several linguistic measures pro-
duced during narrative tasks, including type-token ratio,
percentage of simple utterances, percentage of complete ut-
terances, and percentage of dysfluency (defined as repeti-
tions of words or syllables, sound prolongations, pauses,
self-corrections, and interjections, as a proportion of total
utterances). Those who tended to produce higher numbers
of gestures were also those who demonstrated a higher pro-
portion of dysfluencies and a lower number of complete
and simple utterances. There was not a significant differ-
ence between high/low gesture groups in regard to lexical
diversity (type-token ratio; Kong et al., 2015). A more
recent study by Kong et al. (2017) further emphasized the
relationship between dysfluency and gesture use in Cantonese
speakers with aphasia, finding that percentages of complete
sentences and dysfluency strongly predicted the gesturing rate
in aphasia. Both Kong et al. (2017, 2015) and other studies
evaluating language dysfluency’s relationship with gesture in
aphasia (e.g., Sekine & Rose, 2013) have collapsed across
gesture types, so further work evaluating iconic gesture’s re-
lationship with language dysfluency in aphasia is warranted.

The Role of Task in Gesture Use

While the literature has made clear that iconic ges-
tures are heavily used in aphasia, there exist critical gaps.
The primary gap targeted by our project is on task specific-
ity of iconic gesture use in aphasia. Most studies evaluating
iconic gesture in aphasia have focused on gesturing during
a single narrative task (e.g., fictional story retell; Kistner
et al., 2019; Pritchard et al., 2015; Sekine & Rose, 2013).
However, restricting evaluation of iconic gestures to a single
narrative task likely lends us an impoverished understanding
of how, when, and why iconic gestures are employed in natu-
ralistic contexts. For example, speakers (without aphasia)
gesture more when a task is cognitively or linguistically
complex (Kita & Davies, 2009). Indeed, evidence from
participants with amnesia and healthy comparison participants
suggests that both subject groups gesture at lower rates during
procedural discourse tasks compared to autobiographical/
episodic narratives, likely because autobiographical/episodic
narratives reflect rich episodic details (Hilverman et al.,
2016). Persons with aphasia have also been shown to use
more iconic gestures during a cartoon narration task com-
pared with a spontaneous conversation (de Beer et al., 2019),
supporting the Gesture as Simulated Action framework,
which predicts that speakers gesture more when speech is
based on imagery (Hostetter & Alibali, 2019).

Evaluating task effects is clinically and theoretically
meaningful. It is well acknowledged that spoken language
is task specific, that is, that the microlinguistic and functional
(macrostructural) aspects of spoken language shift according
to task demands (Dalton & Richardson, 2019; Li et al., 1996;
Shadden et al., 1990; Stark, 2019; Ulatowska et al., 1981).

For that reason, it is best practice to employ a variety of
tasks to most comprehensively evaluate spoken language
ability (Brookshire & Nicholas, 1994; Stark, 2019). It fol-
lows that employing a variety of tasks to assess a person’s
co-speech gesturing is important.

Furthermore, evaluating the extent to which task in-
fluences gesture can lend valuable information toward
planning treatment, for example, provide information to
the clinician regarding typical gesture use and atypical
or inaccurate gesture use at a task-specific level. Presently,
gesture-based or gesture-integrative therapies are few, and
these therapies have largely not resulted in significant im-
provement in spoken language in aphasia (Rose et al., 2013).
One such reason may be our lack of understanding about
task-specific gesturing. Therefore, directly comparing ges-
ture use between tasks in the same person will allow us to
understand gesture use more sensitively and comprehen-
sively, as well as the relationship between task and gesture.
Doing so in naturalistic tasks can also lend critical insight
about how gesture is used in a spontaneously communica-
tive sense, rather than in a more heavily constrained or
structured task. Finally, if we can understand the extent
to which gestures are produced across a range of naturalis-
tic tasks in aphasia and how these gestures relate to spoken
language competency, we can more accurately formulate
predictive hypotheses regarding language recovery. For ex-
ample, we can answer clinically critical questions such as
“To what extent does iconic gesturing during narrative in
the acute phase of aphasia predict communicative success
in the chronic stage of aphasia (or indeed, predict in which
individual’s aphasia will resolve)?”

Evaluating task-specific gesturing also has critical
importance for theories related to gesture use in typical
populations, as well as those with language impairments.
Some discourse tasks employ pictures, which in turn may
facilitate different patterns of gesturing—for example, a
trend toward more concrete/deictic gestures, rather than
iconic gestures. In tandem, picture-oriented tasks may elicit
more nouns and simpler language structure than other tasks
(Stark, 2019). For speakers with more severe aphasia, cer-
tain tasks can elicit more spoken output than less structured
tasks (Stark & Fukuyama, 2020). It is therefore of interest
to compare gesture usage across tasks with varying cognitive
and linguistic complexity and to evaluate the interaction
between gesture production, task, and the linguistic and
cognitive characteristics of speakers. For example, iconic
gesturing may be used more often and with a greater success
rate when tasks do not involve other visual stimuli (e.g., pic-
ture descriptions), as iconic gestures may “stand in” for the
absent visual, concrete imagery. However, this may only
hold true for individuals who have impoverished postcon-
ceptual linguistic processes, but not necessarily those who
have impoverished preconceptual knowledge.

Research Questions

In this study, we address some of these research gaps,
comparing iconic gestures made by persons with aphasia
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during two monologic discourse tasks: a procedural narrative
and an expository, picture sequence description. We inves-
tigate two research questions:

1. To what extent do frequency and rate of iconic ges-
ture differ between two spoken discourse tasks, that
is, is there a main effect of task on gesture?

2. To what extent do frequency and rate relate to spoken
language, and is this relationship specific to task?

Methodology and Design
Participants

Participant data were collected from AphasiaBank, a
password-protected database for researchers interested in
spoken discourse use in aphasia (MacWhinney et al., 2011).
Inclusion criteria included members of the Aphasia subset
within AphasiaBank, all of whom had acquired brain dam-
age and aphasia (or latent aphasia) as per clinical assess-
ment and standardized testing scores. Included participants
spoke English as their primary language and had audio-
visual data for both tasks (N = 303 persons had data for
the picture sequence task and N = 234 persons for the pro-
cedural task; N = 233 people had data for both tasks). In
AphasiaBank, some participants have data for multiple
time points (tagged as “a” [first time point], “b” [second
time point], and so on). For this study, we included data
from only the first time point for each participant.

We then excluded participants for whom their video
(for either task) did not show the entirety of both upper
limbs or where the angle of the video did not allow for
complete gesture viewing. This was necessary to ensure
accurate gesture coding. We then excluded persons with
aphasia who did not produce an iconic gesture during at
least one task of interest. With these exclusion criteria, ap-
proximately 98 were excluded. Finally, participants were
excluded if they were given a picture aid for the “Sandwich”
procedural discourse (described in more detail in the Stimuli
section). This decision was made because not every indi-
vidual was given this additional visual support (roughly
20% of the database received a picture during the Sand-
wich task, N = ~60). As we wanted to evaluate the differ-
ence in gesture usage between discourse genres and only
the picture sequence task was meant to include a visual aid,
inclusion of those individuals with a visual aid during the
procedural Sandwich task was inconsistent. Following the
parameters described above, this study included a total of 75
persons with aphasia, who are further described in Table 1.

Stimuli

To evaluate our first research question (evaluate a main
effect of task on iconic gesture frequency and rate), gestures
were analyzed during two spontaneous speech discourse tasks,
drawn from the AphasiaBank protocol (MacWhinney et al.,
2011), called the Sandwich and Window tasks. These
two tasks were chosen (a) based on prior research out of
our lab implicating cognitive and linguistically different

requirements per task (Stark, 2019; Stark & Fukuyama,
2020) and (b) because these tasks are less frequently ex-
plored in aphasia gesture research.

The Sandwich task was a procedural narrative, in
which participants described how to make a peanut butter
and jelly sandwich. As noted earlier, this task did not include
any visual aids. The instructions for the Sandwich task were
as follows: “Let’s move on to something a little different.
Tell me how you would make a peanut butter and jelly
sandwich.” If no response in 10 s was given, the examiner
gave a second prompt: “If you were feeling hungry for a pea-
nut butter and jelly sandwich, how would you make it?” If
no response was given, the examiner utilized a set of trouble-
shooting questions (available on aphasia.talkbank.org).

The “Broken Window” task (shortened here to “Win-
dow”) was a descriptive task (specifically, a picture sequence
description) in which participants described a sequence of
four pictures: a boy kicking a soccer ball through a picture
window, knocking over a lamp and surprising a sitting man
(Menn et al., 1998). The instructions for the Window task
were as follows: “Now, I'm going to show you these pic-
tures.” The examiner then presents a picture series. “Take
a little time to look at these pictures. They tell a story. Take
a look at all of them, and then I'll ask you to tell me the
story with a beginning, a middle, and an end. You can look
at the pictures as you tell the story.” If no response was
given in 10 s, the examiner gave a second prompt: “Take
a look at this picture (point to first picture) and tell me
what you think is happening.” If needed, the examiner pointed
to each picture sequentially, giving the prompt: “And what
happens here?” For each panel, if no response, the exam-
iner provided the prompt: “Can you tell me anything about
this picture?” If no response was given to any of these prompts,
the examiner utilized a set of troubleshooting questions
(available on aphasia.talkbank.org).

Gesture Coding

Gesture Types

Iconic gestures represent meaning that is closely re-
lated to the semantic content of the speech that they ac-
company—indeed, these forms of gesture can only be
interpreted within the context of speech, unlike other ges-
tures that are imitations of motor actions (i.e., pantomimes)
or carry culturally specific meaning on their own (i.e., em-
blems; McNeill, 1992). We drew our definition and coding
parameters from Sekine and Rose (2013), classifying view-
point, referential, and metaphoric gesture types as iconic.
Viewpoint gestures are those that depict a concrete action,
event, or object as though the speaker is observing it from
afar (observer viewpoint) or as though he is the character/
object itself (character viewpoint; McNeill, 1992). Referen-
tial gestures are those that place objects, places, or charac-
ters in the story into the space in front of a speaker where
any concrete object is absent, typically taking the form of
a pointing gesture or of the hand “holding” some entity
(Gullberg, 2006). Metaphoric gestures convey meaning in
a nonliteral, abstract way and are typically regarded as a
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Table 1. Demographics of subject group (N = 75).

Demographics

M (SD) or frequency

Age (years)

Education (years)

Aphasia severity (WAB AQ)?

Aphasia duration (years)

Years of speech-language pathology therapy
Race

Ethnicit
Genderg
Handedness (premorbid)

Language status

Presence of dysarthria and/or apraxia of speech

Presence of hemiparesis or hemiplegia

60.70 (11.22)

15.43 (2.58)

73.73 (14.37)

5.01 (4.31)

3.26 (2.44)

8 African American

1 Asian

1 Native Hawaiian or Other Pacific Islander

62 White

3 Hispanic or Latinx

34 females

3 ambidextrous

7 left-handed

64 right-handed

1 unknown

6 childhood bilinguals (English plus 2nd language by 6 years old)
6 late bilinguals (English plus 2nd language after 6 years old)
62 monolinguals

1 multilingual (speaks 3 or more languages fluently)
43 with apraxia of speech

8 with dysarthria (3 unknown)

23 no motor impairment

21 right-sided hemiplegia (i.e., paralysis)
28 right-sided hemiparesis (i.e., weakness)
2 left-hemisphere hemiparesis (i.e., weakness)

1 unknown
Aphasia etiology 73 stroke, 2 other or unknown
Types of aphasia 27 anomic

19 Broca’s

18 conduction

0 global

0 mixed transcortical

3 transcortical motor

1 transcortical sensory

2 Wernicke’s

5 not aphasic by WAB (i.e., scoring > 93.8 on WAB)

Note. WAB AQ = Western Aphasia Battery Aphasia Quotient.

aAs measured by the Western Aphasia Battery—Revised Aphasia Quotient, where 100 = no aphasia. “Gender” is the
terminology used by AphasiaBank as of publication, but only two options were given to respondents: male or female.
This therefore may not reflect other genders (e.g., nonbinary, transgender) reflected in the data set.

form of iconic gesture with abstract content (Kita, 2014).
Note that, during our gesture coding, we did not differenti-
ate between referential and metaphoric gestures. These were
scored as a single type (referential + metaphoric type). Ex-
amples of iconic gestures demonstrated in this study are
shown in Supplemental Material S1.

Note that we also coded three other gesture types,
which are not reported in detail here but can be found in
Supplemental Material S2. These were concrete deictic (i.e.,
a concrete referent in the physical environment, such as a
picture; McNeill, 1992), emblem (i.e., a culturally specific
gesture where form and meaning can usually be understood
without speech; Kendon, 1980), and number (i.e., using the
speaker’s fingers to represent numbers; Cicone et al., 1979).

Gesture Coding
Gestures were coded using the online Browsable
Database on AphasiaBank. The Browsable Database time

locks each spoken utterance with the video of the partici-
pant, allowing the experimenter to watch the video while
also reading verbatim transcribed speech. C. C. (second
author) was the primary coder. She watched all videos
through once prior to coding. Then, she watched each
video in 10-s chunks, tallying frequencies by gesture type
(viewpoint, referential + metaphoric, concrete deictic,
number, and emblem). Each video was coded in this way
twice, to check for coding consistency. A unit of gesture
was defined as the duration from the start of a movement
until the hand(s) returned to its resting position (McNeill,
1992). If the hand(s) did not return to the resting position,
gestures were divided by either a pause in the movement
or an obvious change in shape or trajectory (Jacobs &
Garnham, 2007). Note that many gesture types were not
recorded for the purposes of this study, including beats and
other nongesture movements (e.g., self-adjusting, touching
hair, touching table).
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Raters and Reliability

The primary rater (C. C.) trained two additional un-
dergraduate raters in gesture coding. These raters practiced
coding on a random sample of 10 subjects (they trained on
a combination of samples from an aphasia group and a
neurotypical group from AphasiaBank). C. C. then cross-
checked coding to establish interrater reliability of at least
80% agreement on these practice samples. Any disagree-
ments were discussed between all raters, and a consensus
was arrived at. Following resolution of any outstanding
issues, raters were then assigned approximately 25 total in-
dividuals (22% of total sample, not including any samples
used to practice) to rate. Though reliability was established
on a training set, we further established interrater reliability
on 10% of this sample (N = 3 subjects). Interrater reliability
exceeded a Pearson’s correlation of r > .75 between pri-
mary rater C. C. and each auxiliary rater, for frequency
of each gesture type. In summary, all raters trained on a
training set prior to rating achieving > 80% agreement across
the entire training set, and then interrater agreement was
calculated for 10% of the study sample, demonstrating that
training set reliability extended to the study sample. Given
complexities and idiosyncrasies of gesture rating (e.g., some
level of subjectivity, as described by McNeill, 1992), we
consider this favorable evidence of rater reliability, while
also acknowledging the small n on which reliability was
computed.

Spoken Language Data and Fluency

To evaluate our second research question (evaluate
the relationship between iconic gesture frequency and rate
with spoken language), we acquired information about spo-
ken language produced during the discourse tasks and
extracted extra-task information about language fluency
from a standardized testing battery. Our primary interest
was to measure the relationship between iconic gesture
and language dysfluency, by task. When gesture is prohibited
in neurotypical speakers, more dysfluencies (e.g., pauses,
slower speech rate, false starts, fillers) are produced. In per-
sons living with aphasia, increased frequency of gesture is
thought to improve lexical retrieval. That is, gestures are
produced in higher rates when language is particularly dys-
fluent. Here, we postulate that production of iconic gestures
will accompany greater dysfluencies, in accordance with this
hypothesis. For the purposes of this study, we explore common
dysfluencies found in aphasic speech and that have been
previously evaluated in studies of gesture use in persons
with aphasia and neurotypical participants (Carlomagno &
Cristilli, 2006; de Beer et al., 2019; Feyereisen, 1983; Kong
et al., 2017, 2015; Rauscher et al., 1996): hesitations (com-
posed of filled and unfilled pauses of greater than 3 s, false
starts, and fillers) and words per minute (a metric of speak-
ing rate). Hesitations were computed as a proportion of
total words produced, inclusive of retracings and repetitions.
We likewise evaluated metrics of gross language output, in-
cluding speaking time and total utterances, to evaluate the
relationship of iconic gesture with speech. To obtain this

spoken language data, we extracted variables from each
task’s language sample using CLAN (MacWhinney, 2018).

Complementary to the linguistic information extracted
from the discourse tasks, we also used a metric of language
fluency obtained from a neuropsychological test battery as
a means of evaluating extra-task spoken language fluency
(i.e., a metric of language fluency derived from a different
task and scored based on a standardized scale). Specifi-
cally, we extracted extra-task information about language
fluency from the Fluency, Grammatical Competence, and
Paraphasias of Spontaneous Speech score (we will call this
the “Fluency” score for short) of the Western Aphasia
Battery—Revised (WAB-R). The Fluency score is obtained
by first having subjects answer conversational questions
(e.g., “Have you been here before?” and “What is your
occupation?”), followed by having subjects describe a pic-
ture. The test administrator then ranks subjects’ fluency
from 0 to 10, described below. Using these Fluency scores,
we created three fluency groups: a group containing sub-
jects with low fluency (“low fluency” group, scores 0-4); a
group containing subjects who are fluent but whose speech
is characterized by errors, jargon, and empty speech (“flu-
ency with errors” group, scores 5-7); and a group whose
subjects are highly fluent with few errors (“high functional
fluency” group, scores 8-10). The fluency descriptions from
the WAB-R are briefly described (Kertesz, 2007):

. Low fluency group (scores 0—4): A score of 0 reflects
no words or short, meaningless utterances; a score of
1 reflects recurrent, brief, stereotypic utterances with
varied intonation, where emphasis or prosody may
carry some meaning; a score of 2 reflects single words,
usually errors (paraphasias), with speech being effort-
ful and hesitant; a score of 3 reflects longer, recurrent
stereotypic or automatic utterances lacking in infor-
mation; and a score of 4 reflects halting, telegraphic
speech containing mostly single words, paraphasias,
and some prepositional phrases, with severe word-
finding difficulty. A stipulation for a score of 4 is
that no more than two complete sentences may be
present (excepting automatic sentences).

. Fluent with errors group (scores 5-7): A score of 5
reflects telegraphic but more fluent speech, containing
some grammatical organization, though still with
marked word-finding difficulty and paraphasias; a
score of 6 reflects more propositional sentences with
normal syntactic patterns, coupled with paraphasias
(optional) and significant word-finding difficulty and/or
hesitations; and a score of 7 reflects fluent, phonemic
jargon with semblance to English syntax and rhythm,
alongside varied phonemes and neologisms.

. High functional fluency group (scores 8-10): A score
of 8 reflects circumlocutory, fluent speech, with mod-
erate word-finding difficulty, with or without parapha-
sias, and may present with semantic jargon; a score
of 9 reflects mostly complete, relevant sentences, with
occasional hesitations and/or paraphasias and some
word-finding difficulty; and a score of 10 reflects
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sentences of normal length and complexity, without
definite slowing, halting, or paraphasias.

Analyses and Research Questions

All analyses were conducted in SPSS 27. The data
were, overall, not normal in distribution, and we therefore
employed nonparametric statistics (specifically, Spearman
correlation, chi-square tests, Wilcoxon signed-ranks tests
for repeated measures, and Kruskal-Wallis H tests of inde-
pendent samples). Specific tests are described in more de-
tail in each appropriate section. All analyses were corrected
for multiple comparisons using Bonferroni correction; spe-
cific correction p values are noted in the text. The current
study was not preregistered, which we acknowledge as a
limitation.

Recall that we had two primary research questions.
The first research question is theoretically driven: Do iconic
gesture frequency and rate significantly differ between two
narrative tasks, that is, is there a main effect of task on
gesture, similar to the effect of task demonstrated on the
speech of persons living with aphasia (Stark, 2019; Stark
& Fukuyama, 2020)? The second research question is also
theoretically driven, given prior work examining the rela-
tionship of iconic gesture with spoken language in aphasia
(Dipper et al., 2011; Pritchard et al., 2015; Sekine & Rose,
2013). Therefore, our second research question is “To what
extent are task-specific iconic gesture frequency and rate
related to spoken language?” As such, the primary depen-
dent variables of this study were iconic gesture frequency
(i.e., how many gestures were produced) and rate (i.e., how
many gestures were produced per spoken word, including
repetitions/retracings of words and paraphasias with no
known targets; see Table 1).

In addition to evaluating our primary research ques-
tions, we explore the relationship of iconic gesture frequency
with demographic variables (e.g., age). We additionally pro-
vide exploratory analyses that divide iconic gestures into
two types ([a] viewpoint and [b] referential + metaphoric),
which is motivated by differences in theoretical constructs
between gesture types. Given that the study of gesture in
aphasia is a blossoming field, it remains unclear the extent
to which factors such as gesture type and/or discourse task
may be meaningful in delineating the relationship of spo-
ken language and gesture usage in this population. We did
not explicitly differentiate between referential and meta-
phoric gestures for the purposes of this study, and thus,
they will be presented as a combined group. The goal of
this exploratory analysis is to provide preliminary evidence
for future investigations about the relationship of iconic
gesture type frequency with task and with language vari-
ables, in persons with aphasia.

Results

Below, we present analyses for the whole (N = 75)
sample. Additionally, we present results for a smaller sample
(N = 43), who gestured during both Window and Sandwich

tasks; we call this sample the “matched” group. We present
both sets of results to provide future researchers with a
wealth of data. Throughout the results, we will draw atten-
tion to instances where the findings from these two groups
diverge.

Relationship Between Iconic Gesture
and Demographic Information

We evaluated the relationship between iconic gesture
frequency and demographic and neuropsychological informa-
tion. After multiple comparison correction using Bonferroni
correction (p < .01, five comparisons), none of the following
significantly associated with total iconic gesture frequency,
summed across the two tasks: aphasia severity (measured by
WAB-R Aphasia Quotient; Kertesz, 2007; N = 75, r; = .10,
p = .38), years of speech-language therapy (N = 75, ry = .21,
p = .07), education (N = 75, r, = .21, p = .08), or age
(N =175, rg = =.26, p = .02). Aphasia duration—that is,
the amount of time one has lived with aphasia—did sig-
nificantly correlate with total iconic gesture frequency
(N =175, rg = .36, p = .002), indicating that persons with
more chronic aphasia tended to produce iconic gestures
more frequently. Further exploration by discourse task
suggested that the relationship between aphasia duration
and gesture frequency was mostly related to iconic gesturing
on the Window task (N = 75, ry = .37, p = .001) and not
the Sandwich task (N = 75, ry = .21, p = .07). Hemiparesis
could be one reason why gestures are not produced fre-
quently or at a high rate (although this typically is not
the case; e.g., Kong et al., 2015). We evaluated the impact
of physical status (no motor impairment, unilateral hemi-
paresis, unilateral hemiplegia) on iconic gesture frequency
pooled across tasks, finding no significant difference in
iconic gesture frequency across different motor impair-
ments (independent-samples Kruskal-Wallis test, N = 74
[1 missing data point], W = 2.16, p = .34). We also per-
formed an explorative analysis on the impact of gender
on iconic gesture frequency, as there is evidence from psy-
chology that women tend to employ more nonverbal com-
munication (Hall & Gunnery, 2013), finding no significant
difference in iconic gesture frequency between males and fe-
males (Mann—Whitney U test, N = 75, U = 0.63, p = .53).

We likewise evaluated the relationship of gesture rate
with demographic and neuropsychological information.
After multiple comparison correction using Bonferroni cor-
rection (p < .01, five comparisons), average iconic gesture
rate (i.e., rate averaged across tasks) was found to not sig-
nificantly associate with aphasia severity (N = 75, ry = —.19,
p =.10), age (N = 75, ry = —.28, p = .01), or education
(N =175, r,=-.11, p = .36), but significantly with years
of speech-language therapy (N = 75, ry = .37, p = .001)
and aphasia duration (N = 75, ry = .40, p < .001). Further
exploration by task indicated that aphasia duration was
positively related to gesture rate for each task (Window,
N =75, r; = .40, p < .001; Sandwich, N = 75, r, = .25, p =
.03), while the relationship between years of speech-language
therapy and gesture rate was driven by performance on the
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Sandwich task (Window, N = 75, ry = .22, p = .06; Sand-
wich, N = 75, ry = .31, p = .007). We did find a significant
relationship between motor impairment and gesture rate
(independent-samples Kruskal-Wallis test, N = 74 [1 miss-
ing data], W = 13.85, p = .001). Pairwise comparisons (cor-
rected at Bonferroni p < .01 for three comparisons) in N = 74
showed that persons with hemiplegia tended to gesture at a
higher rate than persons with no motor impairment (p < .001),
which seems counterintuitive but makes sense in the context
that those with hemiplegia also tend to be those who pro-
duce fewer words (W = 7.47, p = .02; where persons with
hemiplegia produced significantly fewer words than those
with no motor impairment, p = .006). We did not find a
significant difference in gesture rate between males and fe-
males (Mann—Whitney U test, N =75, U = —1.87, p = .006).

Note that our matched group (N = 43) had a similar
correlation matrix. Correlation tables between demographic
variables, language variables, and gesture variables are
shown in Supplemental Materials S3 (N = 75 group) and
S4 (N = 43 group).

Main Effect of Task on Iconic Gesture

Here, we evaluate our primary research question,
which is the main effect of task on iconic gesture frequency
and rate. Of our entire sample (N = 75), 57.3% of subjects
made an iconic gesture during the Window task, while
100% made an iconic gesture during the Sandwich task
(see Table 2).

Employing Wilcoxon signed-ranks tests, which is a
nonparametric repeated-measures analysis, we identified
a significant difference between tasks in gesture frequency
(N=175,7Z=345p=.001; N=43,7Z =498, p <.001)
and gesturing rate (N =75, Z = 7.36, p < .001; N = 43,
Z =542, p <.001; Bonferroni, p < .025, two comparisons
per group; see Table 3). For a distribution of gesture fre-
quency and rate in all subjects (N = 75), see Figure 1. These
results demonstrate a clear main effect of task, specifically
greater iconic gesture frequency and rate during the Sand-
wich task.

An exploratory analysis to identify the extent to which
iconic gesture type frequency differed between tasks demon-
strated that referential + metaphoric gestures were produced
significantly more often during the Sandwich task (N = 75,
Z=-648,p < .00l; N=43,7Z=-4.73, p <.001), and
this was also true for viewpoint gestures, which were made
more often during the Sandwich task (N = 75, Z = —6.33,
p <.001; N =43, Z=-397, p < .001; Bonferroni, p < .025,

two comparisons per group). This finding shows that not
a single iconic gesture type drove the difference in gesture
frequency between the tasks.

Further exploratory analyses of iconic gesture rate in
the whole group demonstrated that referential + metaphoric
gestures were produced at a significantly higher rate during
the Sandwich task (N = 75, Z = 6.43, p < .001; N = 43,
Z = —4.63, p < .001), and this was likewise the case for
viewpoint gestures (N = 75, Z = —6.91, p < .001; N = 43,
Z = -4.76, p < .001; Bonferroni, p < .025, two comparisons
per group). This finding again suggests that not a single
iconic gesture type drove the difference in gesture rate be-
tween the tasks.

Relationship Between Iconic Gesture
and Spoken Language

Relationship of Iconic Gesture With Fluency Variables
Extracted From Discourse

Our second research prerogative was to identify rela-
tionships between spoken language and iconic gesture fre-
quency and rate. Given a main effect of task, we evaluated
the relationship between iconic gesture and language vari-
ables, stratified by task.

In regard to task-related differences in spoken language,
Wilcoxon signed-ranks tests evaluating repeated measures
demonstrated that the Window task had a significantly longer
speaking time than the Sandwich task (N = 75, Z = -2.65,
p =.008; N =43, Z=-2.88, p = .004), but there were no
significant differences between the two tasks for any other lan-
guage metric: total utterances (N = 75, Z = -2.01, p = .045;
N =43, Z = -2.10, p = .036), words per minute (N = 75,
Z =-0.75p=.46; N=43, Z = -0.27, p = .79), or propor-
tion hesitations (N = 75, Z = 0.69, p = 49; N =43, Z = 1.49,
p = .14; Bonferroni correction, p < .0125, four comparisons
per subject group). We show descriptive statistics and statis-
tical information for the whole group (N = 75) and the
matched group (N = 43) in Table 4.

Gesture Frequency’s Relationship With Language
Fluency Variables

For the Sandwich task, we identified a significant re-
lationship between gesture frequency and speaking time
(N=75rs=.62,p<.001; N =43, r,=.65, p <.001) and
total utterances (N = 75, r; = .69, p < .001; N =43, ry = .63,
p < .001), but not words per minute (N = 75, r, = .10,
p=.39;, N=43,r,=.07, p = .67) or proportion hesitations

Table 2. Descriptive statistics divided by task for full sample (N = 75).

Window task Sandwich task
Variable M (SD), range M (SD), range
N using at least 1 gesture 43 (57.3%) 76 (100%)
Task duration (s) 54.51 (37.33), 10-228 44.96 (29.00), 5-140
Iconic gesture frequency 1.84 (2.59), 0-11 7.11 (4.39), 1-34
Iconic gesture rate 0.03 (0.06), 0-0.27 0.16 (0.09), 0.03-0.41
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Table 3. Demographics for subgroup making an iconic gesture on both tasks (N = 43).

Demographics

M (SD) or frequency

Age (years)

Education (years)

Aphasia severity (WAB AQ)?

Aphasia duration (years)

Years of speech-language pathology therapy
Race

Ethnicitg
Gender
Handedness (premorbid)

Language status

Presence of dysarthria and/or apraxia of speech

Presence of hemiparesis or hemiplegia

Aphasia etiology
Types of aphasia

57.94 (10.69)

15.62 (2.53)

73.53 (13.81)

5.91 (5.04)

3.59 (2.69)

5 African American

1 Asian

1 Native Hawaiian or Other Pacific Islander

36 White

0 Hispanic or Latinx

21 females

3 ambidextrous

5 left-handed

34 right-handed

1 unknown

3 childhood bilinguals (English plus 2nd language by 6 years old)
5 late bilinguals (English plus 2nd language after 6 years old)
34 monolinguals

1 multilingual (speaks 3 or more languages fluently)
25 with apraxia of speech

3 with dysarthria (1 unknown)

11 no motor impairment

11 right-sided hemiplegia (i.e., paralysis)

19 right-sided hemiparesis (i.e., weakness)

2 left-hemisphere hemiparesis (i.e., weakness)

42 stroke, 1 other or unknown

18 anomic

12 Broca’s

10 conduction

0 global

0 mixed transcortical

0 transcortical motor

1 transcortical sensory

1 Wernicke’s

1 not aphasic by WAB (i.e., scoring > 93.8 on WAB)

Note. WAB AQ = Western Aphasia Battery Aphasia Quotient.

aAs measured by the Western Aphasia Battery—Revised Aphasia Quotient, where 100 = no aphasia. “Gender” is the
terminology used by AphasiaBank as of publication, but only two options were given to respondents: male or female. This
therefore may not reflect other genders (e.g., nonbinary, transgender) reflected in the data set.

(N=75rs=-.08p=.49; N=43 r,=.06, p =.72;
Bonferroni correction, p < .0125, four comparisons per

approached a significant correlation with proportion hes-

itations (N = 75, r¢ = =29, p = .013; N =43, r, =

subject group). As an exploratory analysis, we evaluated
the correlation between language metrics and frequency
of gesture types (viewpoint, referential + metaphoric),
finding that viewpoint gesture frequency during the Sand-
wich task significantly correlated with speaking time (N = 75,
rs=.63, p <.001; N =43, r,=.56, p <.001) and total utter-
ances (N =75,r,=.59, p <.001; N =43, r,=.59, p < .001),
but not with our fluency variables: words per minute
(N=75r,=-17p=.16;, N=43,r;=—-.19, p = 21) or
proportion hesitations (N = 75, ry = .18, p = .13; N = 43,
rs = .32, p = .04; Bonferroni correction, p < .0125, four
comparisons per subject group). Referential + metaphoric
gesture frequency during Sandwich also significantly cor-
related with speaking time (N = 75, ry = .30, p = .008;
N =43, r, = .42, p = .005) and total utterances (only for
the large group; N = 75, ry = 42, p < .001; N =43, r; = .35,
p = .02) and, in contrast to viewpoint gesture frequency,

p = .13) and words per minute (N = 75, ry = .27, p = .019;
N =43, ry = .28, p = .07; Bonferroni correction, p < .0125,
four comparisons per subject group).

For the Window task, we found a significant relation-
ship between gesture frequency and speaking time (only for
the large group; N =75, ry = .34, p = .003; N = 43, r, = .29,
p = .06) and total utterances (only for the large group;
N =75 ry= .45 p <.001; N =43, r, = .32, p = .03), but
not words per minute (N = 75, ry = —.09, p = .44; N = 43,
ry = =24, p = .13) or proportion hesitations (N = 75, ry =
—.13, p = .25; N =43, r, = .006, p = .97; Bonferroni correc-
tion, p < .0125, four comparisons per subject group). As an
exploratory analysis, we evaluated the correlation between
language metrics and frequency of gesture types (viewpoint,
referential + metaphoric), finding that viewpoint gesture fre-
quency during the Window task significantly correlated with
total utterances (only for the large group; N = 75, ry = .36,
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Figure 1. Distribution of gesture frequency (A) and gesture rate
(B) on both tasks (N = 75). Data callouts indicate average, while
each data point (and its relative intensity/shadow) indicates individual
subject scores.
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p =.001; N =43, r, = 21, p = .18) but not speaking time
(N=75r,=.23p=.04 N =43 r,=.15 p = .33), words
per minute (N = 75, ry = —.10, p = .39; N =43, r, = =21,
p = .19), or proportion hesitations (N = 75, ry = —.01,
p=.92; N =43, r, =.19, p = .24; Bonferroni correction,
p < .0125, four comparisons per subject group). Referential +
metaphoric gesture frequency significantly correlated with
total utterances (N = 75, ry = .45, p < .001; N = 43, ry = .40,
p = .007) and speaking time (N = 75, ry = .39, p = .001;
N =43, ry = .40, p = .008), but not words per minute
(N=T75r,=-07,p=.57, N=43,r, = —.14, p = .36)
or proportion hesitations (N = 75, 1, = =29, p = .01; N =
43, ry = =.30, p = .06; Bonferroni correction, p < .0125, four
comparisons per subject group).

These results support a relationship between frequency
of iconic gestures (regardless of gesture type) and gross
speech output, but not necessarily with metrics of speech
fluency. This was the case for both tasks.

Gesture Rate’s Relationship With Language
Fluency Variables

We then evaluated the relationship between gesture
rate and language variables, finding that gesture rate during

the Sandwich task demonstrated a significant relationship
with our fluency variables, words per minute (only for the
large group; N = 75, r, = —.47, p < .001; N = 43, r, = —.36,
p = .017) and proportion hesitations (only for the large
group; N =75, ry=.34, p =.003; N =43, r, = .37, p = .02),
but did not significantly correlate with our gross output var-
iables, speaking time (N = 75, ry = —.06, p = .64; N = 43,
r¢ = —.16, p = .32) and or total utterances (N = 75, ry =
-.21,p=.07; N =43, ry, = =26, p = .09; Bonferroni cor-
rection, p < .0125, four comparisons per subject group). Ex-
ploratory analyses demonstrated that viewpoint gesture rate
did not significantly associate with speaking duration (N =
75, rs=.04,p =.71; N =43, r, = —.06, p = .70) or total ut-
terances (N = 75, r¢=—.13, p = .25; N=43,ry=-.10, p
= .53); approached a significant relationship with words per
minute in the matched group; was significantly related to
words per minute in the whole group (N = 75, ry = —.49,
p <.001; N =43, r,=-.37, p = .015); and was significantly,
positively related to proportion hesitations (N = 75, ry = .43,
p <.001; N =43, ry = .44, p = .003; Bonferroni correction,
p < .0125, four comparisons per subject group). Referential +
metaphoric gesture rate was not significantly associated with
speaking duration (N =75, ry = —.007, p = .95; N =43, r; =
—.001, p > .99), total utterances (N = 75, ry = —.05, p = .68;
N =43, ry = —-.16, p = .32), words per minute (N = 75, ry =
—.11,p =.33; N=43,r,=-.08, p = .63), or proportion hes-
itations (N =75, r,=—-.03, p = .83; N=43,r,=.007, p =
.97; Bonferroni correction, p < .0125, four comparisons per
subject group). In general, these results support a relation-
ship between language fluency variables and gesture rate
during the Sandwich task, which may be in large part driven
by viewpoint gesture rate.

We then evaluated the relationship between gesture
rate and language variables during the Window task, finding
a significant correlation with words per minute (only for
the matched group; N =75, rg = —.19, p = .097; N = 43,
rs = —.54, p < .001) and total utterances (only for the large
group; N=75,r,=34,p=.003; N=43, r,=-.04, p = .82;
Bonferroni correction, p < .0125, four comparisons per sub-
ject group). We did not identify a significant relationship with
speaking time (N = 75, ry = .24, p = .04; N =43, r, = —-.01,
p = .94) or proportion hesitations (N = 75, ry = —.03, p = .82;
N =43, ry = .32, p = .03; Bonferroni correction, p < .0125,
four comparisons per subject group). Exploratory analyses
demonstrated that viewpoint gesture rate during Window
did not significantly associate with speaking duration
(N =75 rs=.06,p=.62;, N=43,r,=-.04, p =.79) or
total utterances (N = 75, rg = .21, p = .07, N = 43, ry =
—.06, p = .70) but was significantly related to language
fluency in the matched group for words per minute (N =
75, rs=-.07, p=.53; N =43, r,=-.37, p = .013) and
proportion hesitations (N = 75, ry = .06, p = .63; N = 43,
rs = .37, p = .01; Bonferroni correction, p < .0125, four
comparisons per subject group). This pattern was similar
for referential + metaphoric gesture rate, which did not sig-
nificantly associate with speaking duration (N = 75, ry = .12,
p=.29; N=43 r,=.02, p =.91) or words per minute
(N=75r=.02,p=.84; N=43,r;=-.19, p = .23)
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Table 4. Descriptive and comparative statistics for language and gesture variables divided by task (N = 43).

Window task Sandwich task
Variable M (SD), range M (SD), range
Group N = 75 whole N = 43 matched N =75 whole N = 43 matched

Repeated
measures statistics
By group (N = 75; N = 43)

Task duration (s

Language variables
Utterances

Words per minute
Hesitations (proportion
of total words)?
Iconic gesture variables
Frequency

Rate

54.51 (37.33), 10-228

8.81 (4.71), 2-27
65.37 (39.82), 12-194.12

0.41 (1.01), 0-7

1.84 (2.59), 0-11

0.03 (0.06), 0-0.27

59.67 (31.18), 10-135

10.21 (4.83), 3-27
65.06 (40.29), 17.14-194.12

0.24 (0.46), 0-3

3.21 (2.71), 1-11

0.06 (0.06), 0-0.27

44.96 (29.00), 5-140

7.56 (4.25), 2-19
62.90 (39.15), 13.17-213.33

0.23 (0.19), 0-.97

7.11 (439), 1-34

0.16 (0.09), 0.03-0.41

45.86 (25.49), 5-111

8.37 (4.02), 2-19
63.24 (31.82

0.22 (0.18), 0-0.68

7.35 (3.24), 2-15

0.15 (0.09), 0.04-0.41

N =75,2Z=-265,p=.008
N = 43,7 = -2.88, p = .004*

N=752=-201,p=.05
N=43,7=-2.10,p = .04
N=752=-075p = .46
N=43,Z=-027,p=.79
N=752=0.69p = .49
N=43,Z=1.49,p=.14

N=752=-7.04,p <.001*
N=43,Z=4.98, p <.001*
N=175,Z=7.36,p <.001*
N=43,Z=5.42,p <.001*

@Hesitations can have a larger proportion than 1 when they occur at a greater rate than total words. Hesitations include filled and unfilled pauses of greater than 3 s, false starts, and fillers.
*Significant at p < .007 (Bonferroni correction across seven repeated measures) per group (whole, matched).




but which approached a significant relationship with total
utterances (N = 75, rg = .27, p = .02; N = 43, ry = .04,
p =.79) and was significantly related to proportion hesi-
tations (whole group only; N = 75, ry = =.27, p = .019;
N =43, ry, = =24, p = .13; Bonferroni correction, p < .0125,
four comparisons per subject group). Therefore, it appears
that gesture rate’s relationship with language may be in-
fluenced by both types of iconic gesture. Globally, these
results support a relationship between iconic gesturing rate
and speech, with some task specificity: a relationship of
gesture rate with speech fluency in the Sandwich task and
with both speech fluency and gross speech output in the
Window task.

Relationship of Iconic Gesture With Extra-Task Fluency

As a complementary analysis to evaluate language
fluency, we evaluated the relationship of iconic gesture with
an extra-task metric of spoken language fluency by evaluat-
ing iconic gesture use in three fluency groups (from the large
group [N = 75] and the matched group [N = 43]) derived
from a standardized aphasia battery: low fluency (N = 75
group, 22 subjects; N = 43 group, 12 subjects), fluent with
errors (N = 75 group, 21 subjects; N = 43 group, 13 sub-
jects), and high functional fluency (N = 75 group, 32 sub-
jects; N = 43 group, 18 subjects). To do so, we computed
Kruskal-Wallis H tests of independent samples (sometimes
also called the “one-way analysis of variance on ranks”),
evaluating significant differences in gesture rate and fre-
quency by fluency group per task (corrected at Bonferroni,
p < .025, two comparisons per subject group). Note that
fluency groups did not significantly differ by age (N = 75,
H=0.88, p=.65 N=43, H=0.14, p = .93), though did
significantly differ by aphasia duration in the large subject
group (N =75, H=1759,p=.02; N=43, H=5.57, p = .06,
corrected at Bonferroni, p < .025, two comparisons per
subject group).

Gesture Frequency’s Relationship
With Fluency Group

We did not identify a significant fluency group effect
on iconic gesture frequency for either Window (N = 75,
H=032,p=.85 N=43, H=4.76, p = .09) or Sandwich
(N=75 H=5.09,p=.08; N=43, H=4.64, p = .10;
corrected at Bonferroni, p < .025, two comparisons per sub-
ject group). As an exploratory analysis, we looked at the re-
lationship between fluency groups and iconic gesture type
frequency (viewpoint, referential + metaphoric) by task.
For the Window task, we did not identify a significant ef-
fect of fluency group on referential + metaphoric gesture
(N=175 H=0.015p=.99;, N=43, H=0.33, p = .85)
or viewpoint gesture (N = 75, H = 0.46, p = .79; N = 43,
H = 2.41, p = .30; corrected at Bonferroni, p < .025, two
comparisons per subject group). For the Sandwich task,
there was no effect (whole group) yet a significant effect
(matched group) of fluency group on referential + metaphoric
gesture frequency (N = 75, H = 5.43, p = .066; N = 43,
H =7.74, p = .021), but no significant effect of fluency

group was identified for viewpoint gesture frequency (N = 75,
H =0.496, p = .78; N = 43, H = 0.895, p = .64; cor-
rected at Bonferroni, p < .025, two comparisons per
subject group). Pairwise comparisons corrected at Bon-
ferroni p < .017 (three comparisons) for the referential +
metaphoric gestures made during the Sandwich task by
the matched group (N = 43) demonstrated that this effect
was driven by a difference between low fluency and high
functional fluency groups (p = .029), where the low flu-
ency group produced significantly more referential + met-
aphoric gestures. The fluent with errors group and the
high functional fluency group did not differ significantly
on referential + metaphoric gestures produced during
Sandwich (p = .14), nor did the low and fluent with er-
rors differ significantly on referential + metaphoric gestures
(p > .99). Therefore, results suggest that referential + met-
aphoric gestures, more than viewpoint gesture frequency
or total iconic gesture frequency, were produced signifi-
cantly more often by the low fluency group during the
Sandwich task.

Gesture Rate’s Relationship With Fluency Group

We identified a significant difference in gesture rate by
fluency group during the Window task (N = 75, H = 2.30,
p=.32; N=43, H=15.14, p = .001) and Sandwich task
(N=75 H=598,p=.05 N=43, H=2_8.63,p=.013).
Note that, for both tasks, only the N = 43 group showed a
significant relationship between fluency group and gesture
rate, thus post hoc pairwise comparisons were done only for
this group. Pairwise comparisons (corrected at Bonferroni
p < .017, three comparisons) for gesture rate by fluency
group on the Window task demonstrated a significantly
higher gesture rate in the low fluency group compared with
the fluent with errors group (p = .001) and high functional
fluency group (p < .001; see Figure 2, top). There was not
a significant difference between the fluent with errors and
high functional fluency groups (p = .84). Exploration of pair-
wise comparisons (corrected at Bonferroni p < .017, three
comparisons) for gesture rate by fluency group on the
Sandwich task demonstrated the same pattern, with the
low fluency group producing a significantly higher gesture rate
compared with the fluent with errors group (p = .012) and
compared with the high functional fluency group (p = .008;
see Figure 2, bottom). Again, there was not a significant
difference between the fluent with errors and high func-
tional fluency groups (p = .98). Altogether, these results
demonstrate that the low fluency group produced more
gestures per word.

We then conducted exploratory analyses to evaluate
the relationship between the fluency groups and gesture rate
by gesture type (viewpoint, referential + metaphoric) and
task. We did not identify a significant difference between
fluency groups in rate of referential + metaphoric gestures,
for either the Window (N = 75, H = 0.21, p = .90; N = 43,
H =225, p =.33) or the Sandwich (N = 75, H = 1.26, p = .53;
N =43, H=0.43, p = .81) task. We identified a significant
difference between fluency groups in the rate of viewpoint
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Figure 2. Pairwise comparisons of gesture rate by fluency group,
during the Window task (top) and the Sandwich task (bottom), for
subgroup of subjects who made at least one iconic gesture on
both tasks (N = 43).
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gestures produced during the Window task for the matched
group (N =75, H=229,p=.32; N=43, H=9.04,p = .01)
but for neither subject group during the Sandwich task
(N=75H=3.84,p=.15N=43, H=5.19, p = .08; cor-
rected at Bonferroni, p < .025, two comparisons per subject
group). Pairwise comparisons evaluating the rate of view-
point gestures produced during the Window task for the
matched group (corrected at Bonferroni p < .017, three
comparisons) showed significant differences between the
low fluency group and the fluent with errors group (p = .01)
and between the low fluency group and the high functional
fluency group (p = .006). In both cases, the low fluency group
demonstrated a higher viewpoint gesture rate during the
Window task. There was not a significant difference be-
tween the fluent with errors and the high functional fluency
group (p = .96). In summary, total iconic gesture rate was
higher in persons from the low fluency group, and when look-
ing specifically at rates of gesture types, this seemed to be
driven by the viewpoint gesture, particularly in the Window
task.

Discussion

We evaluated the relationship of iconic gesturing with
demographic, language, and task variables in a large group
of persons with poststroke, chronic aphasia. Below, we will
discuss how these results fit in within overarching, theoreti-
cal hypotheses of gesture, as well as prior findings of iconic
gesture usage in aphasia. We will end with discussing clinical
implications of this work.

Regarding demographic correlates of iconic gesture
use, aphasia chronicity was correlated with iconic gesture
usage, and this correlation was driven by iconic gesture fre-
quency produced during the Window task. That is, those
individuals who were living with aphasia for a longer time
were those who tended to use a higher frequency of iconic
gestures during the Window task. Generally, this may speak
to gestures serving as a compensatory or supportive addition
to their spontaneous speech (Dipper et al., 2015). However,
more specifically, we identified a significant relationship
with aphasia duration only in the Window task and not
the Sandwich task, which may suggest an interaction of task
demands, aphasia duration, and iconic gesture use. Further
evaluation directly contrasting more tasks of varying types
(e.g., narrative, procedural, expository, descriptive) and
cognitive and linguistic demands (e.g., visual aid, verbal
working memory use, semantic memory use, episodic mem-
ory use) will enhance our understanding of this possible,
clinically relevant interaction. As we do not yet understand
the extent to which iconic gesture use changes over time—
there is a paucity of longitudinal studies on iconic gesture
in aphasia recovery (Braddock, 2007)—cross-sectional de-
signs such as the one suggested may facilitate hypothesis
creation for future, longitudinal designs.

Notably, we did not identify a significant relation-
ship between aphasia severity and iconic gesture frequency,
which complements prior research that identified a rela-
tionship between aphasia severity and concrete deictic ges-
tures but not iconic gestures (Sekine & Rose, 2013). That
is, severe aphasia does not preclude iconic gesture use, which
has clinical ramifications for assessment of gesture and treat-
ment utilizing gesture as a predominant or complementary
communicative modality (Rose et al., 2013).

Innovatively, we evaluated the main effect of task on
iconic gesture in aphasia. Task has been shown to influence
spoken language in persons with and without aphasia (Dalton
& Richardson, 2019; Fergadiotis & Wright, 2011; Fergadiotis
et al., 2011; Li et al., 1996; Shadden et al., 1990; Stark, 2019;
Ulatowska et al., 1981; Wright & Capilouto, 2009), and it is
perhaps not surprising that we identified a main effect of task
on iconic gesture frequency and rate in our subject group
of persons with aphasia. Specifically, subjects produced
statistically more iconic gestures and gestured at a greater
rate during the procedural narrative task (Sandwich) than
during the picture sequence, expositional task (Window).
There is a tradition in the gesture literature to use proce-
dural tasks to evaluate gesture, especially in clinical sam-
ples (Cocks et al., 2007; Hilverman et al., 2016; Pritchard
et al., 2015), and our current work underscores this trend,
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as the procedural task (Sandwich) tended to associate with
more iconic gestures and a higher gesture.

One explanation for the difference in iconic gesture
production by task is shared knowledge (or common ground).
That is, one task—the picture sequence task—provided a
visual cue that was available to both the primary speaker
and the other interlocutor (i.e., experimenter). Because the
picture sequence was available to both persons in the
experiment room, it may have been the case that fewer
iconic gestures were produced because of shared knowl-
edge (Bottenberg & Lemme, 1991; Campisi & Ozyiirek,
2013; but see Brenneise-Sarshad et al., 1991). Additionally,
gestures tend to be smaller (Hoetjes et al., 2015; Kuhlen
et al., 2012) and lower in the visual field (Hilliard & Cook,
2016) when sharing common ground. In the case of a
shared visual cue, iconic gestures may not have been fa-
vored by either subject group because of a reliance on
other types of gestures—specifically, concrete deictic ges-
tures (Sekine & Rose, 2013). While we did not report on
other gestures produced during these tasks here, as we
wanted to focus on iconic gesture usage, we did collect
data on concrete deictic (e.g., pointing) gestures, finding
that many gestures produced by the aphasia group in-
cluded pointing to specific parts of the Window picture
(see Supplemental Material S2). We postulated earlier, in
the introduction, that iconic gesturing may be used more
often and with a greater success rate when tasks do not in-
volve other visual stimuli (e.g., picture descriptions), as
they stand in for the concrete imagery that may otherwise
facilitate lexical access. It may likewise be that the pres-
ence of a visual support systematically varied task demands.
For example, the picture may constrain what the partici-
pants said and also decrease memory demands. Prior work
demonstrates that rich episodic detail gives rise to more
gestures (Hilverman et al., 2016). Finally, the Sandwich
task may have employed more spatial words and imagery
given its procedural nature; iconic gesture frequency has
been shown to positively correlate with lexical items re-
lated to space and movement (Atit et al., 2013; Hostetter
& Alibali, 2019; Kita & Lausberg, 2008; Pritchard et al.,
2015). Therefore, it may be the case that these two tasks
are not directly comparable because of cognitive demands
and task constraint, but results do seem to support the
notion that more iconic gestures, at a greater rate, are
produced during a narrative where no visual aids are pres-
ent, which complements prior evidence.

For our second research question, we evaluated the
relationship between spoken language and iconic gesture.
There are a variety of theories exploring the relationship
between spoken language and iconic gesture. These theo-
ries hypothesize, respectively, that gestures are used more
frequently when spoken language production is made more
difficult or otherwise impaired (de Ruiter, 2006; McNeill,
1992) and that using gestures facilitates lexical retrieval
(Krauss, 1998). Because of the main effect of task, we eval-
uated relationships between iconic gesture and language by
task. During the Window task, we did not identify a signif-
icant relationship between language variables and iconic

gesture frequency but did identify a relationship between
iconic gesture rate and speaking rate. Specifically, with
increasing speaking rate during the Window task, we ob-
served a reduced gesture rate. This finding is complementary
to the result that the low fluency group (recall, a group iden-
tified as low fluency from a standardized testing battery)
produced significantly higher rates of iconic gestures dur-
ing the Window task. That is, we identified that iconic ges-
ture rate during the Window task associated with two
metrics of dysfluency, one task-specific and one extra-task
(standardized battery), together denoting that, at least for
this task and its cognitive-linguistic demands, gesture rate
was strongly, negatively related to spoken language fluency.
During the Sandwich task, we identified a significant rela-
tionship between gross language and iconic gesture fre-
quency, such that more iconic gestures were produced
alongside longer speaking times and long utterances. The
positive correlation between gross language and iconic
gesture frequency in the Sandwich task may reflect in-
creased task demands (e.g., no visual material available,
limited common ground), culminating in more gestures
produced. In regard to the relationship of iconic gesture
with dysfluency during the Sandwich task, gesture rate
approached a significant relationship with task-specific
metrics of fluency (speaking rate, hesitations) and was
significantly related to extra-task fluency (from standard-
ized testing battery), complementing the profile shown in
the Window results.

Together, these results support an overall relationship
between iconic gesture rate and spoken language, especially
fluency, which lends support for hypotheses related to
shared preconceptual space for gesture and speech, as well
as for a role of iconic gesture in enhancing lexical retrieval.
It should be noted that most metrics of fluency are influenced
by measures of grammatical competence, lexical retrieval,
and speech production or a combination of these linguistic
processes (Gordon & Clough, 2020), which speaks to the
complexity of identifying the extent to which iconic gesture
(for example) influences each linguistic process (e.g., gram-
matical competence, lexical retrieval, speech production).
This work enhances prior work evaluating fluency based
on aphasia types (e.g., nonfluent vs. fluent, Broca’s vs.
Wernicke’s) by evaluating task-specific linguistic informa-
tion and a standardized metric of spoken language fluency.
Sekine and Rose (2013) correlated the Spontaneous Speech
Fluency score (a composite score of the Fluency score de-
scribed here, in addition to an Informational Content score)
with iconic gesture frequency in their sample of persons with
aphasia during a story retell narrative, finding a small-
medium, significant, negative correlation between gesture
frequency and Spontaneous Speech Fluency score. Their
sample was larger, which may have contributed to improved
power and identification of a small-medium relationship
between an extra-task metric of fluency and iconic gesture
frequency. Recall that we did not identify a relationship
between gesture frequency and Fluency score. Note, too,
that Sekine and Rose did not evaluate the relationship be-
tween gesture rate and their metric of fluency, however. It
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should be noted that there is some difference in these com-
parisons. We chose the Fluency score—rather than the
Spontaneous Speech Fluency score—because the former
did not incorporate Informational Content. Informational
Content score speaks more to the communication/functional
value of the speech than the fluency, and the Informa-
tional Content score is typically highly related to the overall
aphasia severity (Kertesz, 2007). Despite nuances, there is a
clear relationship between iconic gesture (be it frequency
or rate) and spoken language fluency.

Therefore, there is mounting evidence that discourse
task affects spontaneous iconic gesture usage in persons
with and without aphasia. We provide one of the few stud-
ies directly contrasting iconic gesture usage across two tasks
in the same group of subjects, with hope that more work
follows our own in exploring these task-specific gesture re-
lationships. Exploring task-specific gesture relationships
across all gesture types (i.e., along Kendon’s continuum)
gets at a more naturalistic evaluation of gesture, which al-
lows us to jump from highly constrained experimental in-
vestigations of gesture to more naturalistic evaluation of
gesture. While the main purpose of the current study was
to look at task-related differences in iconic gesturing, Sup-
plemental Material S2 makes clear that there are likely
other task-related differences in other types of gestures (e.
g., concrete deictic), and a future, multivariate investiga-
tion of the relationship between task and gesture type
would be highly valuable in determining typical spontane-
ous gesture patterns in persons with aphasia.

We did not evaluate the informational relationship
of each of iconic gestures to their respective speech (i.e., to
disambiguate, to add information, to be redundant), but
further evaluation of the informational relationship be-
tween speech and iconic gesture type is necessary to better
understand the possible task-specific facilitatory effects of
each iconic gesture type. The informational relationship of
gesture with speech may also differ by aphasia type. In one
study, people with nonfluent aphasia primarily used gesture
to replace verbal communication, while those with fluent
aphasia used gesture redundantly with verbal communica-
tion (Behrmann & Penn, 1984). In another study, different
patterns of gesture use in a Broca’s aphasia group, Wernicke’s
aphasia group, and neurotypical control group showed that
gesture played a dominant role in enhancing communication,
rather than facilitating lexical retrieval, among the speakers
with aphasia (Kong et al., 2017). Note that these studies
did not constrain their evaluation of gesture to iconic ges-
ture. Furthermore, evaluation of other important metrics
describing the relationship between gesture and speech,
such as temporal ordering (Hadar & Butterworth, 1997;
Hadar et al., 1998), will elucidate task effects on iconic
gesturing.

Future work should focus on how task-specific and
extra-task linguistic ability predict iconic gesture usage and
how that differs according to task demands. Doing so can
provide evidence about the level of breakdown in the lan-
guage system in aphasia. Rose and Douglas (2001) explored
this in reference to gesture’s facilitatory effects in object

naming, finding that individuals with phonological access,
storage, or encoding difficulties showed improved naming
abilities when iconic gestures were present versus those
with a semantic impairment or a motor speech disorder
(e.g., apraxia of speech). Complementary work evaluating
a wordless cartoon retelling in a single case study of a per-
son with conduction aphasia, who had difficulties with
phonological encoding, demonstrated production of mean-
ingful iconic gestures, suggesting an intact prelinguistic
conceptual and semantic system (Cocks et al., 2011). Fur-
thermore, it may be damaging to the very earliest part of
speech production—prelinguistic conceptualization—that
predicts the use, informativeness, and correctness of iconic
gestures. Persons with aphasia and concomitant prelinguis-
tic conceptual impairments (e.g., nonverbal design copying,
spatial rotation mentalization) have been shown to produce
gestures less frequently than those with relatively intact
conceptual abilities (Hadar et al., 1998), further suggesting
that it is the prelinguistic conceptualization that is critical
for gesturing (especially iconic). Unfortunately, we could
not stratify iconic gesture use by prelinguistic conceptual
ability in the current data set, as the AphasiaBank corpus
does not provide these data. There are additional future
avenues that would be fruitful: As Clough and Duff (2020)
note, no experimental studies in aphasia have examined
how encouraging or constraining gesture affects the fluency
of verbal output or, indeed, whether listener perceptions of
fluency are influenced by gesture use. Creating a compre-
hensive picture in regard to the impact of gesturing on flu-
ency in aphasia, by also taking into account different tasks
and the use of encouraging or restraining gesture, will be a
valuable addition to the current literature.

Interestingly, while gesture has a considerable role
in multimodal communication and countless studies have
demonstrated increased gesture use by persons living with
aphasia, gesture has received comparatively little focus in
the speech-language therapy literature, with mixed evidence
for its use as a part of (or stand-alone) therapy (Rose et al.,
2013). One such reason for the relatively limited scope of
studies evaluating gesture therapy is a school of thought that
co-speech gesturing in persons living with aphasia may in-
hibit linguistic productivity (e.g., constraint-induced language
theory; Cherney et al., 2008). Nonetheless, there remains
a decisive issue in the aphasia therapy literature: While
evidence supports the use of behavioral therapy to improve
aphasia, the mechanisms of therapy that promote change
remain unclear (Brady et al., 2016). The review by Rose
et al. (2013) emphasizes that gestures should be included
in clinical assessments in aphasia, and a recent review by
Clough and Duff (2020) further emphasizes that a potent
means of better understanding the mechanisms of success-
ful behavioral therapy is to comprehensively evaluate mul-
timodal communication (i.e., gesture alongside written and
spoken language) in persons with neurogenic communica-
tion disorders.

In summary, we need to better understand how and
when spontaneous gestures are used, language system char-
acteristics that associate with specific types of gestures (i.e.,
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intact prelinguistic semantic ability and iconic gesture us-
age), how gestures differ across tasks and communication
scenarios, and the informational and temporal relationship
between gesture and speech. A lot of work has been done to
clarify spontaneous gesture frequency in aphasia (de Ruiter,
2006; Dipper et al., 2011, 2015; Hogrefe et al., 2016; Kistner
et al., 2019; Krauss & Hadar, 2001; Pritchard et al., 2013;
Rose et al., 2017; Scharp et al., 2007; Sekine & Rose, 2013),
with Clough and Duff’s (2020) recent review detailing this,
but an enhanced investigation of the role of gesture in spon-
taneous speech—especially across more naturalistic elicita-
tion methods—is both under-researched and necessary to
comprehensively understand the role of gesture in a variety
of naturalistic situations. A comprehensive evaluation of
gesture should ideally comprise tasks spanning the cognitive
and linguistic spectra: constrained tasks (e.g., ask a person
to demonstrate, with gesture, how to use a picture object
or perform a pictured action), semiconstrained tasks (e.g.,
structured discourse tasks provided here, where there are
clear, structured instructions and, in one case, imagery),
and unstructured tasks (e.g., observation of gesture use in
conversation with a trusted conversation partner).

Limitations

We acknowledge limitations in the current study.
Limb apraxia (and other forms of apraxia, i.e., ideational,
ideomotor) data are not available in AphasiaBank, and we
therefore could not evaluate the extent to which apraxia in-
fluenced iconic gesture frequency or rate during each task
(Borod et al., 1989). This study was not preregistered, but
future studies’ mining databases such as AphasiaBank should
consider preregistration to improve replicability and reliabil-
ity of proposed analyses. The AphasiaBank sample, while
large, is not representative across aphasia (e.g., no global
or isolation aphasia in this sample). The AphasiaBank sam-
ple includes only those with chronic aphasia (in some cases,
many years poststroke), and therefore, the conclusions drawn
in this study may not apply to those with more acute or
subacute aphasia. Finally, AphasiaBank is a rich resource
for studying discourse in aphasia and has been leading the
way in advocating for increased rigor in spoken language
discourse analysis in aphasia—however, we did have to ex-
clude participants because of video camera angle, and in
almost all scenarios (because of the experimental tasks),
there was a table present directly in front of the speaker,
which has been shown to greatly constrain gesture usage
because of the availability of the table on which to rest the
hands and make gesture coding (e.g., differentiation into
unique strokes) difficult (Jacobs & Garnham, 2007). Future
work in gesture and multimodal communication work should
apply the same methodological rigor to the study of gesture
that we do to speech, taking into consideration some of these
critical components (e.g., room and video setup). A final
limitation was that we chose to code referential and meta-
phoric gestures as a single category (referential + metaphoric),
which did not allow us to evaluate the differences in referen-
tial and metaphoric gestures by task. Future work should

evaluate differences between metaphoric and referential
gesture usage in persons with aphasia across task types.
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