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Abstract This study disentangled the influences of lan-
guage and social processing on communication in autism
spectrum disorder (ASD) by examining whether gesture
and speech production differs as a function of social con-
text. The results indicate that, unlike other adolescents,
adolescents with ASD did not increase their coherency and
engagement in the presence of a visible listener, and that
greater coherency and engagement were related to lesser
social and communicative impairments. Additionally, the
results indicated that adolescents with ASD produced
sparser speech and fewer gestures conveying supplemen-
tary information, and that both of these effects increased in
the presence of a visible listener. Together, these findings
suggest that interpersonal communication deficits in ASD
are driven more strongly by social processing than lan-
guage processing.
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Introduction

According to the DSM-5, autism spectrum disorder (ASD)
is characterized by impairments in two major areas: com-
munication and social interaction, and restricted and
repetitive behaviors and interests (American Psychiatric
Association 2013). Normal communication relies on both
language processing and social processing; thus, both of
these factors likely contribute to communication impair-
ments in high-functioning ASD, although they may do so
in different ways. Typically developing (TD) individuals
use co-speech gesture to communicate information in
addition to the information that they convey via speech to
one another face-to-face. Thus, in TD individuals, gesture
is a key component of language processing, as well as
social interaction between listeners, and is affected by each
of these factors (McNeill 2005; Mol et al. 2012). When the
social context of communication does not allow people to
see one another (e.g., communication via phone or com-
puter), gesture does not reflect social interaction, given that
speakers are aware that their listeners cannot see their
gestures (Alibali et al. 2001; Bavelas et al. 2008). More-
over, people speak more slowly and less fluently when they
cannot see one another, indicating that speech production
requires greater effort or care in the presence of a non-
visible listener (Alibali et al. 2001). By manipulating the
social context of communication via listener visibility, we
examined the differentiability of the impacts of social
context and language processing on speech and gesture
abnormalities in high-functioning adolescents with ASD.
By doing so, this study provides insight into sensitivity to
the social context of communication in ASD via speech,
language, and gesture, clarifying the role of key contribu-
tors to ineffective communication via these modalities in
ASD.
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In the DSM-5, the previously separate diagnostic criteria
of ASD for speech and language processing and social
interaction were combined, implying that deficits in these
domains are inherently related. Nevertheless, previous
work has not fully elucidated whether abnormalities in the
communication of individuals with ASD stem more from
problems with language processing or understanding the
social context of communication. Language processing
requires both linguistic aptitude and appropriate social
attention to listeners’ speech, making disentangling the
social and linguistic aspects of communication difficult.
Indeed, it has been postulated that the ability to interpret
the intentions and emotions of others is intertwined with
successful language development, explaining the deficits in
language acquisition that many children with ASD
demonstrate (Astington and Baird 2005; Baron-Cohen
1997; Tomasello 2009). In support of this point, deficits in
the ability of children with ASD to focus on object con-
currently with other individuals (termed joint attention) are
associated with deficits in language development (Dawson
et al. 2004; Mundy et al. 1990). Moreover, in high-func-
tioning adolescents and adults with ASD, there is evidence
that deficits in interpreting intentions and emotions are
closely related to deficits in language comprehension and
communication, explaining the difficulty that individuals
with ASD encounter comprehending figurative language
(Happé 1993; Martin and McDonald 2004). Together, these
findings highlight the difficulty of disambiguating the
influences of language and social context on communica-
tion in ASD. Also, given that the findings concerning
language development in ASD are based on developmen-
tally disabled children, they highlight the need for research
examining the influences of these factors during develop-
ment in high-functioning individuals with ASD.

Speech production abnormalities in high-functioning
ASD tend to fall primarily into two categories: prosodic
errors, which concern rhythmic features of speech such as
stress and intonation; and pragmatic errors, which concern
the context of speech. Both types of errors pervade the
speech of individuals with ASD from early childhood into
adolescence and adulthood (Baltaxe 1977; Landa 2000;
McCann and Peppe 2003; Shriberg 2001). In school-aged
children with ASD, prosodic errors are related to expressive
and receptive language processing ability (McCann et al.
2007), and in adolescence, some prosodic abnormalities,
such as stress and hypernasality, are related to ratings of
sociability and communicative competence (Paul et al.
2005). Together, these studies indicate that abnormal pro-
cessing of language and social context both contribute to the
development of communication deficits of ASD, albeit
differentially. However, research on speech production has
not fully differentiated impacts of language processing and
social context on communication deficits in ASD.
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Given that they reflect language processing and social
context and are not formally taught, the production of co-
speech gestures—meaningful hand motions that accom-
pany speech (hereafter referred to simply as gestures)—
provide a particularly informative medium for examination
of the underpinnings of communication impairments in
high-functioning ASD. According to the most popular
gesture classification scheme (McNeill 1992, 2005), which
is based on the assumption that gesture and speech arise
from unitary mental representations and are a component
of language, gestures can be grouped into one of four
categories. These categories are as follows: iconic gestures,
which convey the physical affordances of concrete entities
or actions (e.g., sweeping motions accompanying the word
broom); metaphorical gestures, which convey an abstract
idea by physically expressing concrete attributes associated
with it (e.g., moving the hands apart horizontally to convey
length); beat gestures, which are simple rhythmic move-
ments reflecting speech prosody or emphasis (e.g., finger
taps produced on stressed syllables of an utterance), or
deictic gestures, which direct attention or convey direc-
tionality through their handshape, consisting of one or
more fingers extended in the direction of a concrete or
abstract entity (e.g., pointing to the wrist, where a watch is
worn, to indicate the time). Although gestures are consis-
tent with the structure and meaning of language, they do
not convey these attributes in foto like speech, and they
often provide information supplemental to that conveyed
by speech, such as direction of motion or procedural
information (Cook and Tanenhaus 2009; Kita and Ozyﬁrek
2003). Furthermore, because they are learned primarily
through observation and experience, gestures allow one to
examine communication outside of the context of formally
taught language knowledge.

Within normal conversation, gestures are produced
regardless of whether they will be seen; however, TD
adults produce more and larger gestures, and more iconic
gestures, in the presence of a visible listener (Alibali et al.
2001; Bavelas et al. 2008). These differences in the num-
ber, size, and iconicity of gestures suggest that TD speakers
are aware of the information that gestures convey, and that
that they adjust the quantity and type of gestures that they
produce accordingly. In addition to these communicative
functions, there is evidence that gesture reflects—and can
even facilitate—speakers’ own cognition. Speakers recall
more information from working memory when they gesture
during an unrelated task than when they do not gesture
during that task (Goldin-Meadow et al. 2001), and
restricting gesture production hinders speakers’ ability to
recall words from long-term memory (Frick-Horbury and
Guttentag 1998). Together, these findings demonstrate that,
for TD individuals, gesture serves both social and cogni-
tive/linguistic functions, and that the amount of gestures
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produced, the attributes of gesture (e.g., iconicity), and the
information conveyed by it (e.g., semantic, affective, etc.)
reflect these functions.

To date, most research on gesture production in ASD
has focused on production of early prelinguistic gestures
(e.g., pointing and showing gestures) (Charman et al. 2003;
Colgan et al. 2006; Loveland and Landry 1986; Stone et al.
1997), mainly by developmentally disabled children, in the
presence of an in-person listener. Developmentally dis-
abled children with ASD are less likely to respond to
deictic (pointing) gestures than developmentally disabled
TD children (Loveland and Landry 1986; Mundy et al.
1990). Indeed, even high-functioning adults with ASD
allocate less attention to gestures than to accompanying
speech, as measured via eyetracking (Silverman et al.
2010). In terms of production, relative to the gestures of
TD children, representational gestures (i.e., gestures
depicting semantic content through their form, placement,
and/or motion) produced by children with ASD are less
frequent (Loveland et al. 1988), less varied (Colgan et al.
2006), and communicate less information not explicitly
expressed through speech (Attwood et al. 1988; Loveland
and Landry 1986). Children with ASD also use fewer
deictic (pointing) gestures than their TD counterparts
(Osterling and Dawson 1994), particularly to share expe-
riences with listeners (Camaioni et al. 1997), and their
attention-directing speech and gesture varies less across
social contexts (Landry and Loveland 1989). By adoles-
cence, individuals with ASD produce representational
gestures with frequency similar to that of TD individuals,
consistent with a larger trend of normalization of behav-
ioral differences in cognition from childhood into adoles-
cence in ASD (O’Hearn et al. 2010, 2011). However, there
is evidence that, relative to gestures produced by TD
adolescents, gestures produced by adolescents with high
functioning ASD are more temporally asynchronous with
speech (de Marchena and Eigsti 2010). These findings
suggest that individuals with ASD encounter difficulty
understanding how to use gesture to communicate effec-
tively in different social contexts, which is evident in the
relationship between their gesture and speech.

To our knowledge, no study to date has compared
speech and gesture production by high-functioning indi-
viduals with ASD in the presence or absence of a visible
listener to directly probe the influence of social context on
communication. Here, we examine how gesture and speech
production reflect impairments processing language and
social context in ASD by examining gesture and speech
produced by TD and ASD adolescents as they re-tell a
story, sometimes in the presence of a visible listener and
sometimes without seeing the listener. When relating nar-
ratives, people gesture spontaneously while speaking,
communicating semantic and affective information to their

listener, even if they cannot be seen. Manipulating listener
visibility allows the influences of language processing and
social context on speech and gesture production to be
examined, providing insight into the impact of these factors
on communication deficits in ASD. The results from these
manipulations will indicate how these factors reflect the
origins of communication deficits in ASD.

We predicted that the presence of a visible listener
would negatively affect the quality of high functioning
ASD adolescents’ communications via speech and gesture,
whereas it would not affect the quality of TD adolescents’
communications. This hypothesis is based on findings
suggesting that the communication of individuals with
ASD is superior in the presence of non-human agents rel-
ative to human listeners (Tartaro and Cassell 2008).
Additionally, we predicted that adolescents with ASD
would produce speech containing more dysfluencies in the
presence of visible than non-visible listeners, whereas no
such difference would be found in the speech of TD ado-
lescents. This prediction is based on work indicating that
the speech produced by adolescents with ASD during in-
person interactions contains pragmatic and prosodic
abnormalities (Baltaxe 1977; Landa 2000; Paul et al. 2005;
Shriberg 2001). Together, these predicted results would
demonstrate that social context significantly impacts
communication via speech and gesture in ASD.

Methods
Participants

41 adolescents (18 ASD, 23 TD) participated in this task, in
addition to other cognitive tasks. All participants were
fluent English speakers. Participants were group matched
on chronological age, gender, and verbal IQ (see Table 1
for demographic information), with a cut-off in IQ at 85,
one standard deviation below the mean. All participants in
the ASD group were originally diagnosed with autistic
disorder (with the exception of one participant diagnosed
with Asperger’s Disorder) via clinical judgment based on
DSM-IV-TR criteria. Because DSM-5 criteria for autism
spectrum disorder encompass all pervasive developmental
disorders (PDDs) except for Rett’s Syndrome, the findings
of this study apply to a subset of individuals who would be
diagnosed with ASD under DSM-5—namely, high func-
tioning individuals with more severe symptoms. Thus,
given that about 91 % of individuals who meet DSM-IV
criteria for PDDs other than Rett’s also meet DSM-5 cri-
teria for autism spectrum disorder (Huerta et al. 2014), it
may be the case that not all of the participants would be
diagnosed with autism spectrum disorder under DSM-5
criteria. Using DSM-IV-TR criteria, diagnoses were
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Table 1 Participants’

demographic information and Group ! P d
scores on the ADOS, ADI-R, ASD M (SD) TD M (SD)
and WAIS-III Range Range
N 18 21
Gender (M:F) 15:3 15:6 .68 .50 23
Age (years) 15.17 (2.75) 15.81 (2.42) .79 44 25
10.44-19.49 11.52-19.36
WAIS-111
Verbal 1Q 105.6 (14.71) 106.0 (11.48) .10 92 .03
87-144 92-132
Performance 1Q 101.56 (14.15) 109.76 (8.88) 2.16 .04 .69
77-124 92-128
Full scale 1Q 104.83 (14.33) 108.65 (8.00) 1.08 .29 .33
85-134 96-130
ADOS
Communication (C) 4.25 (1.24)
2-6
Social responsiveness (SR) 8.19 (1.76)
5-12
Full scale (C + SR) 12.44 (2.42)
8-17
ADI-R
Communication (C) 16.0 (4.31)
8-23
Social functioning (SF) 19.69 (4.53)
13-29
Restrictive and repetitive behaviors (RRB) 5.61 (1.94)

confirmed in the ASD group and ruled out of the TD group
using the ADI-R (Lord et al. 1994) and the ADOS (Lord
et al. 2000). Exclusion criteria for participants with ASD
included the following conditions: epilepsy, meningitis,
encephalitis, diabetes, childhood disintegrative disorder,
and PDD-NOS. Other conditions comorbid with ASD were
not recorded. In the TD group, only participants without
comorbid psychiatric disorders were included, and none of
the first-degree relatives of TD participants were diagnosed
with any pervasive developmental disorder. This study was
approved by the University of Pittsburgh Institutional
Review Board. Prior to experimental sessions, written
consent and assent for participation, including video
recording, was obtained from all participants and their
caregivers.

Measures
The Autism Diagnostic Interview-Revised (ADI-R; Lord
et al. 1994) and Autism Diagnostic Observation Schedule

(ADOS; Lord et al. 2000) were used to confirm the diag-
nosis of participants with ASD. For the ADOS, participants
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completed either Module 3 (n = 9) or Module 4 (n = 9),
depending on their maturity level. Modules 3 and 4 provide
comparable scores, so scores were collapsed across mod-
ules. As can be seen in Table 1, all participants in the ASD
group scored at or above the cutoff for a diagnosis in both
the communicative and social domains (8 and 10, respec-
tively) on both the ADI-R and ADOS. In the restrictive and
repetitive behavior domain, participants also scored above
the cutoff for a diagnosis in the restricted and repetitive
behaviors domain (3) on the ADI-R. For the ADOS,
restricted and repetitive behavior scores were not collected
given that there is no established cutoff score for this
domain.

The Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler 1999) was used to measure the intelligence
quotient of all participants. As can be seen in Table 1, the
TD and ASD groups did not differ significantly in VIQ or
FSIQ. Given that the narrative recounting task employed in
this study relies heavily on verbal communication and
minimally on performance-related skills, the minor dis-
crepancy in PIQ between the ASD and TD groups was
deemed non-problematic for the purposes of this study. All
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analyses produced similar results when entering PIQ as a
covariate.

Procedure

Participants watched two 4-minute clips of a “Tweety and
Sylvester” cartoon, “Canary Row,” which has been used in
numerous other studies of gesture production (Alibali and
Don 2001; Alibali et al. 2001; McNeill 2005). Each of the
clips contained 4 events in which Sylvester (a cat) attempts
to catch Tweety (a canary) in a different way. Prior to
watching the clips, participants were instructed to try to
remember the events in them as best they could, since they
would be asked to recount them afterward. Following each
segment, participants were asked to describe to the
experimenter what happened in the cartoon in as much
detail as possible.

If participants’ retellings were extremely brief, the
experimenter prompted them by asking, “What else hap-
pened in the cartoon?”. Pilot testing indicated that occa-
sional prompting was necessary to ensure that all
participants produced a sufficient amount of speech for
analysis, given that a subset of participants provided 1-2
sentence responses. In the final sample, 25 participants
were prompted at least once, and participants with ASD
were more likely to be prompted than TD participants
[mean ASD = .31 (SD = .48); mean TD = .59 (SD =
50); F(1, 39) = 4.88, p = .03, ng = .11]. Prompting was
not significantly different between visibility conditions,
and there was no significant diagnosis by visibility inter-
action. The greater probability of prompting with the
individuals with ASD means that the results reported here
underestimates what the difference between groups would
have been without prompting, particularly with regards to
count variables, such as total words, total gestures, speech
duration, etc.

The critical independent variable in this study was lis-
tener visibility, which was manipulated by placing or
removing an opaque cardboard screen on a table between
the participant and the listener (the experimenter). When
recounting the events of one clip, participants spoke to the
listener face-to-face (visible condition). When recounting
the events of the other clip, the screen was placed so that
the listener could not be seen behind it (non-visible con-
dition). The order of visibility conditions and clip presen-
tation was counterbalanced across participants. In both
cases, participants were aware of the presence of the lis-
tener, who provided the initial and any subsequent verbal
prompts. When recounting the events of the video clips,
participants were discreetly video recorded by a webcam
located at an angle perpendicular to the table at which
participants and the experimenter were seated.

Transcription and Coding

The story recounting task was used to assess the quantity,
quality, and characteristics of speech and gesture sponta-
neously produced by TD and ASD adolescents, as well as
the relationships in meaning (semantic) and timing (tem-
poral) between them. Both coders and raters were research
assistants unaware of the experimental design, hypotheses,
and participant diagnoses at the time of rating.

Speech Transcription and Analysis

All retellings were transcribed word-for-word in ELAN
(Max Planck Institute for Psycholinguistics; http://tla.mpi.
nl/tools/tla-tools/elan) from digital video files recorded by
the webcam during experimental sessions. Utterances were
segmented based on a combination of linguistic and
suprasegmental cues. Speech dysfluencies such as dis-
course markers (um, uh, etc.), word fragments, revisions,
and repeated words were transcribed in light of evidence
that they indicate awareness of shared knowledge in ASD,
as well as TD (de Marchena and Eigsti 2015). Silent pauses
equal to or greater than two seconds were coded, as were
word and phrase repetitions (e.g., “Tweety... Tweety Bird
climbs the spout,”) and revisions (“Tweety... The bird
climbs the spout,”).

Several measures of speech complexity were calculated
using transcribed speech. Text analysis measures were used
as a metric of speech complexity because there are no
comparable automated measures specifically designed for
speech analysis. Most measures consisted of simply
counting and averaging the number of occurrences of syl-
lables, words, or phrases in each retelling. Speech duration
was calculated by summing the length (in seconds) of all
utterances produced by a participant. Mean length of
utterance was calculated by dividing the number of mor-
phemes (the smallest grammatical unit of language) by the
number of utterances. Lexical density was calculated by
dividing the number of distinct words produced by the total
number of words produced, and multiplying by 100. Flesh-
Kincaid grade level was calculated using the following
standard formula: .39 (total words/total sentences) + 11.8
(total syllables/total words) — 15.59. Measures of speech
complexity were calculated using the Readability Score.-
com website (https://readability-score.com/), based on
aspects of speech (words, utterances, sentences, etc.)
transcribed manually as described above.

Gesture Identification and Classification
Gestures were defined as meaningful hand motions pro-

duced in conjunction with speech. Similar to speech, all
gestures were also coded using ELAN from digital videos
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recorded during experimental sessions. To control for dif-
ferences in gesture production stemming from differences
in speech production, the number of gestures produced per
100 words (g/100) was used as the dependent variable for
gesture production. Gestures were identified and coded as
one of four types, based on McNeill’s (2005) scheme:
iconic, metaphorical, beat, or deictic. Iconic gestures
(n = 147; 28 %) were defined as gestures that depict
concrete referents (e.g., a flapping motion to convey a
bird). Metaphorical gestures (n = 156; 29 %) were defined
as gestures that depict abstract referents metaphorically
(e.g., moving a fist outward to indicate forward motion).
Beat gestures (n = 121; 23 %) were defined as simple,
rhythmic gestures that do not depict semantic content.
Deictic gestures (n = 60; 11 %) were defined as gestures
directing attention through their form, usually consisting of
an extended finger or hand. Several gestures (n = 69;
13 %) were classified as combinations of two of these four
types (e.g., a combination iconic/beat gesture that repre-
sented the referent concretely and was moved in time to
speech prosody); all possible combinations were repre-
sented. Combination gestures are not mutually exclusive
with gestures from the other categories listed (iconic,
metaphorical, beat, deictic), given that these gestures
comprise gestures from two separate categories. Emblem
gestures (n = 5; <1 %), defined as culturally specific,
quotable gestures (thumbs up, peace, etc.) were also coded.
Gestures that could not be classified as any of these types,
due to reasons such as unintelligibility of accompanying
speech or partially hidden hands, were classified as unclear
(n = 41; 8 %). Neither emblems nor unclear gestures were
analyzed due to their infrequency and functional ambigu-
ity, respectively.

Gesture—Speech Synchrony

Temporal gesture—speech synchrony magnitude was cal-
culated by identifying the lexical affiliate of each gesture
(i.e., the word or phrase depicted by the gesture),' and
measuring the difference in time in milliseconds (ms)
between the beginning of the lexical affiliate and the
beginning of the gesture’s stroke (identifiable portion; i.e.,
timing of speech onset). Additionally, the number of ges-
tures with an onset difference exceeding 200 ms from
speech onset was counted. Temporal gesture—speech syn-
chrony was classified as positive (gesture preceding
speech) or negative (speech preceding gesture), in accor-
dance with the direction of onset time differences. Several

! Lexical affiliates were identified for all gesture types (iconic,
metaphorical, beat, deictic), which reduced interrater agreement
compared to other similar studies (e.g., de Marchena and Eigsti 2010)
where not all gesture types were scored.
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attributes of representational gestures were also coded,
including size, location, and semantic information (same or
different from accompanying speech).

Ratings of Communicative Quality

All story retellings were rated holistically to assess two
aspects of communicative quality: coherency and engage-
ment. To evaluate these aspects of communication, the
following questions were posed: How well could you fol-
low the narrative? (coherency) and how engaging did you
find the narrative? (engagement). Each retelling was
assigned an integer score for each of these questions on a
Likert scale ranging from (1) not at all to (7) extremely.
Half of the retellings were rated based on both audio and
video of the retellings, and half were rated based only on
audio. (No significant differences in ratings based on pre-
sentation modality (audio/video vs. audio only) were
found; thus, analyses reflect ratings collapsed across rating
modality.) Two raters (different than the listeners and the
coders who coded the gestures) rated all stories for com-
municative quality. These raters were also unaware of the
experimental design, hypotheses, and participant diagnoses
at the time of rating.

Interrater Reliability

Two coders independently transcribed and coded all of the
speech and gestures produced by participants. To evaluate
inter-rater reliability, 10 randomly selected participants’
transcripts (5 ASD; 5 TD) were examined in both experi-
mental conditions (visible listener; non-visible listener).
For all continuous measures, a two way mixed intraclass
correlation (ICC) was used to gauge interrater reliability
for average measures. For speech, this analysis yielded
scores of .99 for number of words spoken, .86 for utterance
segmentation, .79 for timing of speech onset, and .90 for
dysfluencies (discourse markers, silent pauses, revisions,
and repetitions; range: .78-.97). For gesture, this analysis
yieded scores of .98 for gesture identification, and scores of
.89 for gesture onset and .95 for lexical affiliate onset
synchrony. For the categorical measure of gesture classi-
fication, Cohen’s Kappa was used to assess interrater reli-
ability based on raw data. This analysis yielded a score of
.61, indicating substantial agreement between raters (Lan-
dis and Koch 1977). Raters agreed 78 % in their identifi-
cation of lexical affiliates of gestures.” These values are

2 This value was lower than others because there were unlimited
possibilities, rather than a fixed scale or alternatives to choose
between. In order to be scored as in agreement, both coders’ response
were required to be identical.
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generally consistent with those of other similar studies of
gesture production in ASD (de Marchena and Eigsti 2010).

For communicative quality, inter-rater reliability was
evaluated using ratings for the same subset of 10 partici-
pants that was randomly selected for evaluation of inter-
rater reliability for the two primary coders (see above). For
coherency, the ICC was .90, and for engagement, it was
.87, indicating very high agreement in ratings between
raters. Collapsed across questions, the ICC was .91 for
ASD participants’ retellings and .82 for TD participants’
retellings, and was .90 for the visible listener condition and
.88 for the non-visible listener condition, with no signifi-
cant differences between groups.

Results
Differences by Diagnosis

We first examined the characteristics of speech produced
by ASD and TD participants during cartoon retellings (see
Table 2). Relative to TD adolescents, adolescents with
ASD produced fewer words [mean ASD = 185.86
(SD = 84.34); mean TD = 245.35 (SD = 72.61); F(1,
39) = 5.88, p = .02, ;1,2, = .13], syllables [ASD = 228.81
(113.59); TD = 293.24 (93.50); F(1, 39) = 4.55, p = .04,
nﬁ = .11], and shorter utterances [ASD = 17.52 (9.22);
TD = 26.92 (13.33); F(1, 39) = 6.49, p = .02, n,z, = .14].
We next examined the complexity of speech produced by
TD and ASD participants, which we quantified using
Flesch—Kincaid (F-K) grade level (simplicity as measured
by words per sentence and syllables per word; (Kincaid
et al. 1975) and lexical density (content per functional or
lexical units) (Ure 1971 ).3 There was a nonsignificant trend
for adolescents with ASD to produce less complex speech
than TD adolescents [ASD = 6.40 (3.63); TD = 8.04
(5.41); F(1, 39) = 2.59, p = .09, 17,2, = .10]; however, no
difference between ASD and TD adolescents was found for
lexical density [ASD = 63.31 (5.78); TD = 63.29 (9.32);
F < 1]. Finally, we examined production of silent pauses
and discourse markers (um, uh, etc.), the latter of which
serve the pragmatic function of indicating an upcoming
pause to listeners (Swerts et al. 1996). ASD adolescents
produced fewer discourse markers [ASD = 3.89 (4.00);
TD = 9.96 (7.59); F(1, 39) = 9.43, p = .004, n,z, = .20],
and more silent pauses greater than 2 s [ASD = 2.81
(1.86); TD = 1.11 (1.18); F(1, 39) = 12.66, p = .001,
11,2, = .25], supporting the findings of Lake et al. (2011).
Together, these findings indicate that the speech of

3 Text analysis measures were used as a metric of speech complexity
because there are no comparable automated measures specifically
designed for speech analysis.

adolescents with ASD is sparser, simpler, and contains
more silent pauses and fewer discourse markers than the
speech of TD adolescents.

We next examined gestures produced by ASD and TD
adolescents during cartoon retellings. To control for the
differences in verbosity between ASD and TD adolescents
detailed above, the number of gestures produced per 100
words (g/100) was used as the dependent variable. For the
amount of gesture produced, there was no main effect of
diagnosis [ASD = 3.07 (3.42); TD = 4.68 (4.15); F < 1].
However, in contrast with previous work examining ges-
ture production in adolescents with ASD (de Marchena and
Eigsti 2010), we found an interaction of gesture type by
diagnosis [F(3, 117) = 2.74, p = .05, n} = .07]. Specifi-
cally, adolescents with ASD produced fewer metaphorical
(ASD = 48 (.63); TD = 1.08 (1.62); #39) = 1.99,
p = .05,d = .49), and beat [ASD = .26 (.60); TD = 1.14
(1.76); t(39) = 2.13, p = .04, d = .67], gestures than TD
adolescents. No differences between ASD and TD ado-
lescents were found for production of iconic [ASD = .79
(.25); TD = .77 (.25); t < 1] or deictic [ASD = .36 (.16);
TD = .25 (.10); ¢ < 1] gestures (see Fig. 1). Considered as
a whole, these results indicate that adolescents with ASD
produce fewer non-concrete (beat and metaphorical) ges-
tures than TD adolescents, but that ASD and TD adoles-
cents produce similar amounts of concrete (deictic and
iconic) gestures.

We next examined temporal congruency between
speech and gesture produced by participants. Temporal
congruency was assessed in two ways: By examining the
magnitude of the difference in timing between the strokes
(i.e., meaningful portions) of representational gestures and
their lexical affiliates (i.e., accompanying words or phrases
expressing their meaning), and by counting the number of
gestures with stroke onsets preceding or following lexical
affiliate (speech) onsets by more than 200 ms. Consistent
with the findings of Morrel-Samuels and Krauss (1992),
on average, the strokes of all adolescents’ gestures pre-
ceded lexical affiliates in time rather than following
them [preceding = 270 ms (260 ms); following = 210 ms
(330 ms); F(1, 22) = 6.96, p = .01, np = .15], and were
more likely to precede lexical affiliates, relative to strokes
following lexical affiliates [preceding = 2.0 g/100 (2.0 g/
100); following = 1.0 g/100 (1.0 g/100); F(1, 22) = 5.06,
p = .03, nf, = .12]. Although there were no main effects
or interactions of diagnosis for the magnitude in time of
temporal gesture asynchrony, adolescents with ASD pro-
duced a greater quantity of temporally asynchronous ges-
tures than TD adolescents [ASD = 4.0 g/100 (4.0 g/100);
TD = 2.0 g/100 (2.0 g/100); F(1, 22) = 4.14, p = .05,
nf, = .10], providing some support for the findings of de
Marchena and Eigsti (2010). These results provide some
evidence that the gestures of adolescents with ASD are
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Fig. 1 Production of different gesture types by ASD and TD
adolescents in the a visible listener and b non-visible listener
conditions (error bars represent standard error)

more likely to be temporally incongruous with accompa-
nying speech than the gestures of TD adolescents.
Finally, to gauge communicative quality, we examined
coherency and engagement ratings for story retellings of
ASD and TD adolescents. This analysis revealed that there
was a nonsignificant trend for the retellings of adolescents
with ASD to be perceived as less coherent than the
retellings of TD adolescents [ASD = 3.65 (1.46);
TD = 4.40 (1.00); #22) = 3.52, p = .07, d = .09]. Fur-
thermore, it revealed that the retellings of adolescents with
ASD were perceived as less engaging than the retellings of
TD adolescents [ASD = 3.41 (1.19); TD = 4.33 (.70);
1(22) = 11.42, p = .002, d = .23]. These findings provide
evidence that the adolescents with ASD communicate in a
less engaging and coherent manner than their TD peers.

Differences by Listener Visibility

Next, we examined how gesture, speech, and communica-
tion differ as a function of listener visibility, and whether this
effect varies by diagnosis. Consistent with previous work in
TD adults (Alibali et al. 2001), the duration of all adoles-
cents’ speech was longer [visible = 89.53 s (36.81 s); non-
visible = 99.75 s (40.00 s); F(1, 39) = 6.55, p = .01,

nﬁ = .14] and showed a nonsignificant trend towards con-
taining more words [visible = 209.95 words (86.57 words);
non-visible = 228.51 words (90.55 words); F(1, 39) =
348, p = .07, 11,2, = .08] in the presence of a non-visible
listener than a visible listener (see Table 2). Moreover, there
was a diagnosis by visibility interaction for the number of
words produced per sentence. Simple main effects analysis
revealed that adolescents with ASD produced more words
per sentence in the presence of a non-visible listener than a
visible listener [visible = 14.78 words (8.19 words); non-
visible = 20.27 words (11.72 words); F(1, 17) = 7.88,
p = .01, ng = .32], whereas no such difference was found
for TD adolescents [visible = 28.83 words (16.45 words);
non-visible = 25.00 words (12.90 words); F(1, 17) = 7.88,
p > .1]. These results extend prior findings (Alibali et al.
2001; de Marchena and Eigsti 2010) by demonstrating that
adolescents with ASD increase their speech to a greater
extent in the presence of non-visible listeners than visible
listeners.

Although speech complexity did not show a main
effect of listener visibility, it showed a diagnosis by vis-
ibility interaction (see Table 2). Simple main effects
analysis revealed that the speech complexity of adoles-
cents with ASD differed significantly as a function of
listener visibility, whereas that of TD adolescents did not.
Specifically, speech produced by adolescents with ASD
exhibited lower F-K grade level [visible = 4.58 (3.42);
non-visible = 6.48 (4.52); F(1, 17) =3.68, p = .03,
ng = .14] and higher lexical density [visible = 66.68
(11.33); non-visible = 61.82 (7.34); F(1, 17) = 3.19,
p = .05, nf) = .12] in the presence of a visible listener
than in the presence of a non-visible listener (see Fig. 2).
These results indicate that adolescents with ASD produce
simpler speech in the presence of a visible interlocutor
than a non-visible interlocutor, whereas the complexity of
TD adolescents’ speech does not vary as a function of
interlocutor visibility.

We next examined differences in the amount of gesture
produced by ASD and TD adolescents during cartoon
retellings as a function of interlocutor visibility. In terms of
gesture, consistent with the findings of previous work
examining gesture production in adults and children (Ali-
bali and Don 2001; Alibali et al. 2001), all adolescents
produced more gestures when speaking to a visible listener
than a non-visible listener [visible = .97 g/100 (1.45 g/
100); non-visible = .36 g/100 (.83 g/100), F(1, 39) =
18.18, p < .001, ng = .32; see Fig. 1]. However, overall
gesture production did not show a diagnosis by interlocutor
visibility interaction (F' < 1). Considered in conjunction
with the previous result concerning speech complexity, this
result indicates that social context differentially affects the
speech of adolescents with ASD more than their gesture
production.
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Table 3 Semantic and temporal gesture—speech synchrony by ASD and TD adolescents in the presence of a visible and non-visible listener

Statistics group Descriptive Inferential
ASD TD
Condition Visible Non- Visible Non- Diagnosis Visibility Dx*Visibility
Factor M (SD) visible M M (SD) visible M p, effect size p, effect size p, effect size
Range Range Range Range
Semantic
Similar information 3.06 (3.28) 1.06 (1.70) 3.35(3.83) 1.78 2.21) F<1 F(1, 39) = 10.89 F<1
(relative to speech) 0-10 0-6 0-14 0-6 p=.002,n2=.22
Different information 94 (1.11) .39 (.70) 3.30 (3.64) 1.18 (2.15) F(1,39) = 6.11 F(1,39) = 14.13 F(1, 39) = 4.86
(relative to speech) o 4 0-2 0-12 0-9 p=02mn2=.14 p=.001,12=27 p=.03n>=.11
Temporal
Positive magnitude .34 (.33) .18 (.26) 22 (21) 21 (24) F<1 F(1,39) = 241 F(1, 39) = 1.67
(gesture precedes 0-.95 0-.67 0-.75 0-.8 p>.10,M2=.06 p>.10,n;=.04
speech)
Negative magnitude 17 (.20) .29 (.44) 23 (.27) 21 (.40) F<1 F<1 F<1
(gesture follows 0-70 0-1.36 23-27 0-1.67
speech)
Positive difference 6.52 (5.78) 3.0 (3.84) 3.39 (3.16) 1.11 (1.71) F(1, 39) = 6.08 F(1, 39) = 14.34 F<1
count (gesture 0-19 0-13 0-10 0-6 p=.0212=.14 p=.001,n2=.27
precedes speech)
Negative difference 5.26 (5.55) 2.13(2.70) 2.61 (3.01) .88 (1.45) F(1,39) =433 F(1, 39) = 13.59 F(1,39) = 1.15
count (gesture follows (_p| 0-10 0-8 0-5 p=20412=.10 p=.00l,12=26 p>.10,12=.03

speech)

All values represent gesture count

To more directly explicate the semantic relationship
between speech and gestures produced by participants, we
examined the timing of gesture and speech relative to one
another, as well as how often gestures and speech explicitly
described the same information relative to when they
supplemented one another (see Table 3). For temporal
gesture—speech synchrony, we found that all adolescents
produced more temporally asynchronous gestures when
speaking to a visible listener than a non-visible listener
[visible = .04 g/100 (.04 g/100); non-visible = .02 g/100
(.03 g/100); F(1, 22) = 14.19, p = .001, nﬁ = .27], and
that this did not differ by diagnosis. For gestures conveying

@ Springer

the same information as speech, there was an effect of
listener visibility, but no effect of diagnosis, or listener
visibility by diagnosis interaction. However, for gestures
conveying information differing from that conveyed via
speech (e.g., supplementary information), there was a
diagnosis by visibility interaction (see Table 3). A simple
main effect analysis indicated that TD adolescents pro-
duced more gestures conveying different information in the
presence of a visible listener relative to a non-visible lis-
tener [visible = .02 g/100 (.02 g/100); non-visible =
.01 g/100 (.01 g/100); F(1, 22) = 12.08, p = .002, 71]23 =
.35], and that adolescents with ASD showed a
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nonsignificant trend towards doing so [visible = .05 g/100
(.06 g/100); non-visible = .02 g/100 (.03 g/100); F(1,
17) = 3.47, p = .08, nf, = .17]. These findings indicate
that both TD and ASD adolescents produce more gestures
conveying supplementary information in the presence of a
visible listener, but that ASD adolescents increase their
production of supplementary gestures to a lesser degree
when in the presence of a visible listener compared to TD
adolescents.

For communicative quality, we found an interaction of
listener visibility by diagnosis for both coherency [F(I,
22) = 15.18, p < .001, nf, = .30] and engagement [F(1,
22) = 14.93, p < .001, ng = .29]. Simple main effects
analyses indicated that, in the visible listener condition, the
retellings of TD adolescents were judged to be more
coherent [ASD = 4.20 (1.48); TD = 5.21 (1.07); 1(22) =
3.13, p=.003, d= 98] and engaging [ASD = 3.92
(1.21); TD = 5.22 (.65); 1(22) = 3.61, p = .001, d = 1.20]
than the retellings of adolescents with ASD. These findings
are consistent with previous work examining communica-
tion in the presence of a visible listener, which showed that
narratives produced by adolescents with ASD are perceived
as lower in coherency and engagement than narratives
produced by TD adolescents (de Marchena and FEigsti
2010). In contrast, no differences between the retellings of
ASD and TD adolescents were found in the non-visible
listener condition for coherency [ASD = 3.10 (1.44);
TD =3.60 (.93); #39) =135, p>.10, d= 41] or
engagement [ASD =2.90 (1.17); TD =343 (.75);
1(39) = 1.77, p = .09, d = .54]. Retellings in the visible
condition were judged to be more coherent and engaging
than retellings in the non-visible condition for adolescents
with ASD [coherency: #(17) = 3.86, p = .002, d = .67,
engagement: #(22) = 4.82, p < .001, d = .86], as well as
TD adolescents [coherency: #22) = 9.59, p < .001, d =
1.61; engagement: #(22) = 12.21, p < .001, d = 2.55; see
Fig. 3]. The coherency of narratives produced by adoles-
cents with ASD in the visible listener condition was

communication scores on the ADI-R (r = —.71, p < .001;
r = —.77, p < .001); however, no such relationships were
found for the retellings of adolescents with ASD in the
non-visible listener condition (r = —.18, p = 47, r =
—.11, p = .67). When contrasted directly, the correlation
between coherency and the ADI-R communication score
was significantly greater in the visible that the non-visible
condition [z(18) = 2.49, p = .01]. Taken together, these
results demonstrate that both ASD and TD adolescents are
sensitive to listener visibility, and that this sensitivity is
reflected to some extent in their gesture. Moreover, they
indicate that TD adolescents produce narratives that are
significantly more coherent and engaging in the presence of
a visible listener than adolescents with ASD, but that there
is little difference between the communicative quality of
narratives between the groups when the listener is not
visible. Finally, they suggest that the failure of the visible
listener to elicit increased communicative quality in ASD is
related to social and communicative symptoms in ASD.
To understand which factors contribute to communica-
tive quality in the presence of visible and non-visible
interlocutors, we averaged several factors together within
three categories: speech related features, gesture related
features, and speech—gesture related features (see Table 4
for factors included in each category). We then regressed
the aggregate scores for these categories onto coherency
and engagement for TD and ASD adolescents in the visible
and non-visible listener condition. As can be seen from
Table 4, in the presence of a visible listener, speech related
features predicted coherency and engagement for TD
adolescents [#(22) = 2.16, p = .04; 122) =3.73, p =
.001], and for adolescents with ASD, they showed a non-
significant trend towards predicting coherency and pre-
dicted engagement [#(15) = 1.97, p = .07; #(15) = 2.81,
p = .01]. Notably, in the presence of a visible listener,
gesture and speech—gesture related features predicted
engagement for TD adolescents [#(22) = 2.60, p = .02;
1(22) = —2.32, p = .03], but not for adolescents with ASD

negatively correlated with social reciprocity and (t < 1;t < 1). On the other hand, in the presence of a non-
Fig. 3 Average coherency 6 - 6 -
ratings (a) and engagement (A) 8 ASD (B) 8 ASD
ratings (b) for retellings of ASD 5 - ® 1D 5 ®TD
and TD adolescents in the
visible and non-visible listener 4 4 o 4
. o
conditions (error bars represent £ £
standard error) ® 3 S 34
14
24 24
1 11
0 0
Visible Non-visible Visible Non-visible
Condition Condition
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Table 4 Regression of speech, gesture, and speech—gesture related factors on coherency and engagement in TD and ASD adolescents in the

presence of visible and non-visible listeners

Variable ASD, visible ASD, non-visible TD, visible TD, non-visible

B SEB § B SEB § B SEB § B SEB §
Coherency
Speech related .04 .02 111t .01 .01 40 .01 .01 S1# .001 .01 .03
Gesture related a7 115 46 1.56 4.36 23 29 .64 .28 —1.18 1.00 —-91
Speech—gesture related  —1.08  1.10 —.88 -39 153 —.18 —-.03 .28 —-.07 .59 .49 91
Engagement
Speech related .03 .01 1.02%%* .02 .01 67% .01 .003 IS5 .001 .01 .07
Gesture related 52 .63 37 333 286 .60 88 34 1.37* —-41 .83 —.38
Speech—gesture related —-.52 .61 —.50 -96 1.00 —.54 34 15 —1.19% 28 40 54

Speech related factors: number of words, number of syllables, speech duration, type:token ratio, mean length of utterance, F-K grade level,

lexical density

Gesture related factors: iconic gestures, metaphorical gestures, beat gestures, deictic gestures

Speech—gesture related factors: number of gestures differing from words, number of gestures preceding speech, average amount of time of
gesture preceding speech, number of gestures following speech, average amount of time of gesture following speech (note that positive values

indicate greater gesture—speech discrepancies)
T p<.10; # p < .05; *#* p < 01; ** p < 001

visible listener, speech related features predicted engage-
ment for adolescents with ASD [#(15) = 2.70, p = .02],
but not for TD adolescents (# < 1). These findings
demonstrate that, in the presence of visible listeners, the
speech, gesture, and speech—gesture relationships of TD
adolescents play a key role in engagement, whereas only
speech contributes to engagement for adolescents with
ASD.

Discussion

The current study investigated communication impair-
ments in ASD and their sources by manipulating social
context during a story retelling task and examining the
speech and gesture produced by adolescents with and
without high functioning ASD. The results revealed that
both ASD and TD adolescents produce more gestures in
the presence of a visible than a non-visible listener, and
more speech in the presence of a non-visible listener than a
visible listener, indicating that adolescents with ASD are
broadly aware of social context and adjust their gestures
and speech in some similar ways as their TD peers. Nev-
ertheless, communicative quality (i.e., coherency and
engagement) increases for TD adolescents in the presence
of a visible listener relative to a non-visible listener,
whereas no such increase in communicative quality occurs
for ASD adolescents. Notably, in the presence of a visible
listener, these measures of communicative quality are
related to the communicative and social symptoms in ASD.
For TD adolescents, engagement is predicted by gesture

@ Springer

and gesture—speech relationships as well as speech in TD.
In contrast, only speech related factors predicted engage-
ment in adolescents with ASD, regardless of listener visi-
bility. These findings suggest that the abnormalities in both
the gesture and speech of high functioning individuals with
ASD contribute to the communication deficits that they
exhibit in face-to-face conversational settings, and that
these abnormalities are reduced when the listener is not
visible. Taken together, these results suggest that the
communicative deficits observed in ASD adolescents are
due to social context to a greater degree than impairments
in core language function.

The findings concerning communicative quality and
symptoms indicate that high functioning individuals with
ASD are not able to enhance their communicative quality
during face-to-face communication, and this impairment is
particularly pronounced for individuals with more severe
symptoms. Additionally, the results indicate that TD indi-
viduals use gesture and speech to enhance the engagement
of their communication with visible listeners, whereas for
individuals with ASD primarily only speech related to their
communicative engagement in both the visible and non-
visible conditions. These findings concerning commu-
nicative quality are consistent with research showing that
individuals with ASD manage conversation topics more
appropriately with non-human agents than with human
agents (Tartaro and Cassell 2008). Furthermore, the find-
ings suggest that, more so than speech, improper use of
gesture during in-person interactions may be particularly
relevant to communication deficits in high functioning
ASD.
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Regarding production of different gesture types, relative
to their TD counterparts, adolescents with ASD produced
similar amounts of iconic and deictic gestures, but fewer
non-concrete (metaphorical and beat) gestures. This result
complements the findings of deMarchena and Eigsti
(2010), who found similar patterns of gesture production in
adolescents with ASD, though they didn’t reach signifi-
cance in that previous study. When produced in conjunc-
tion with natural speech, iconic and deictic gestures
illustrate concrete information conveyed via speech,
whereas beat gestures supplement it by conveying prosodic
cues. Metaphorical gestures can either illustrate or sup-
plement information conveyed via speech, depending on
the information that they convey (McNeill 2005). Thus, the
gesture findings suggest that adolescents with ASD use
gesture to illustrate concrete communication in a manner
similar to their TD peers, but that they are less apt to use
non-concrete (beat and metaphorical) gestures to supple-
ment speech.

The findings concerning temporal and semantic rela-
tionships between gestures and their lexical affiliates pro-
vide evidence that major changes in the social context of
communication, such as the presence or absence of a visible
listener, affect the temporal and semantic links between
gesture and speech in adolescents, regardless of whether
they have been diagnosed with ASD. Nevertheless, the
results revealed that adolescents with ASD produced a
greater quantity of temporally asynchronous gestures than
TD adolescents, regardless of listener visibility. This find-
ing provides some support for previous work showing that
the gestures of adolescents with ASD are more temporally
asynchronous than the gestures of their TD counterparts (de
Marchena and Eigsti 2010). Regarding production of dif-
ferent gesture types, adolescents with ASD produced ges-
tures conveying the same information as accompanying
speech at a rate similar to that of TD adolescents, but were
less likely to produce gestures conveying different infor-
mation than speech (see Table 3). Furthermore, ASD ado-
lescents increased their production of gestures conveying
different information in the presence of a visible listener to
a lesser degree than TD adolescents. These results suggest
that the improper use of gesture in ASD primarily reflects
insufficient use of gesture to supplement meaning conveyed
via speech. Taken together, the results concerning the
temporal and semantic relationships between speech and
gesture provide evidence demonstrating that gesture pro-
duction is not as closely linked to speech production in ASD
adolescents as it is in TD adolescents.

In terms of speech production, while adolescents with
ASD were clearly responsive to social context, they pro-
duce less speech overall, as well as speech that is less
complex, in the presence of visible but not non-visible
listeners relative to TD adolescents. These findings

demonstrate that social context negatively impacts ASD
adolescents’ speech above and beyond pre-existing speech
communication deficits in these areas. However, produc-
tion of many dysfluencies, including discourse markers and
silent pauses, did not differ as a function of listener visi-
bility in ASD. Thus, only some speech-related deficits in
ASD are exacerbated by the social context of communi-
cation. Although we did not examine whether the semantic
content of speech differs between TD and ASD, this find-
ing is notable when considered in conjunction with the
finding that adolescents with ASD produced gestures that
differed qualitatively in terms of their meaning relative to
speech, particularly in the presence of visible listeners.
These results provide further evidence that social context
plays a greater role in the communication deficits charac-
terizing ASD than language processing deficits in and of
themselves.

Caveats of this study include that the results may be
restricted to high-functioning individuals with ASD, who
are capable of fluent communication via both speech and
gesture, and may not apply to lower-functioning individ-
uals with ASD. Furthermore, the results are based on an
experimental narrative retelling task, rather than unstruc-
tured communication, which was necessary to manipulate
the social context of communication in a controlled man-
ner. Thus, future research should examine communication
via speech and gesture in a more naturalistic context, and
across a broader range of functioning levels in ASD to
determine the robustness of the findings.

Taken together, the results of this study indicate that,
unlike TD adolescents, adolescents with ASD encounter
difficulty using speech and gesture to communicate effec-
tively in the presence of visible listeners. Although not all
factors reached significance, for the most part, differences
in speech and gesture between ASD and TD were greater in
scope and magnitude in the presence of a visible listener.
Moreover, communicative coherence related to clinically
relevant communication deficits in ASD to a significantly
greater degree in the presence of a visible listener than a
non-visible listener. These results suggest that social pro-
cessing deficits contribute to communication deficits in
fluent, high functioning ASD more than language deficits.
This pattern of results contrasts with the new DSM-5 cri-
teria for ASD, which now combine social and language
deficits within a single diagnostic criterion. For high-
functioning adolescents with ASD, the results presented
here suggest that treatments addressing the impact of social
context on speech and gesture production would particu-
larly help to improve communication impairments.
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