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REsSuMO

Apesar de algumas descobertas acerca dos processos de identificacdo e producao de
gestos, é pouco claro como os gestos com significado (intransitivo e pantomimico) sdo processados.
No presente estudo, o objetivo é o de compreender o que separa (ou assemelha) gestos
intransitivos e pantomimicos, explorando uma subdivisdo de cada gesto em “em direcao ao corpo”
(e.g.: cocar a cabeca, por perfume), e “em direcao ao outro” (e.g.: acenar, mexer a sopa). Para tal,
18 participantes de desenvolvimento tipico e 11 com Perturbacdo do Espetro do Autismo
(conhecidos por terem dificuldades na identificacdo e producdo de gestos) produziram gestos
intransitivos e pantomimicos, tendo também visto videos de uma atriz a produzir gestos com ou
sem significado. Nesta ultima tarefa, os participantes tinham de decidir se o gesto que estavam a
ver tinha significado. Foram encontradas diferencas, tanto na producdo como na identificacdo de
gestos intransitivos e pantomimicos - resultado consistente com o facto de cada tipo de gesto tirar
partido de caminhos cerebrais distintos. Neste sentido, o caminho para intransitivos parece ser o
mais afetado nos participantes com Perturbacdo do Espetro do Autismo. Em relacdo a distincao

entre “em direcao ao corpo” vs. “em direcdo ao outro”, os resultados foram inconclusivos.

Palavras-Chave. gestos intransitivos, gestos pantomimicos, identificacdo de gestos,

producao de gestos, Perturbacao do Espetro do Autismo



An Analysis of Intransitive and Pantomime Gestures in Autism Spectrum Disorder
ABSTRACT

Even though some light has been shed on the processes underlying the identification and
production of gestures, to this day it is still unclear how meaningful gestures (intransitive and
pantomime) are processed. In this study, we aim to further assess what sets apart (or brings
together) intransitive and pantomime gestures, while also exploring a subdivision of each gesture in
“towards the body” (e.g. scratching head, putting perfume on), and “away from the body” (e.g.
beckoning, stirring soup). To that end, 18 typical-development and 11 Autism Spectrum Disorder
participants (known for having considerable difficulties identifying and producing gestures) were
asked to perform intransitive and pantomime gestures and also watched videos of an actress
performing meaningful and meaningless gestures while deciding if said gesture was meaningful.
Differences were found in both the performance and identification of intransitive and pantomime
gestures, a result consistent with each type of gesture taking advantage of distinct pathways in the
brain, the pathway for intransitives appearing to be most affected by the deficits that characterize
Autism Spectrum Disorder. Regarding the towards vs. away distinction, the results were mostly

inconclusive, thus warranting further research.

Key Words. Autism Spectrum Disorder, gesture identification, gesture production,

intransitive gestures, pantomime gestures
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ANOVA - Analysis of Variance
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to Autism Spectrum Disorder participants (ASD).

Figure 5. Mean reaction times (in seconds, with SEM) in the identification of meaningless and
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empty dots refer to Autism Spectrum Disorder participants (ASD).
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INTRODUCTION

An analysis of Intransitive and Pantomime Gestures in Autism Spectrum Disorder

Communication underlies what it means to be human. So much so, that we use its
channels - verbal and nonverbal — on a daily basis, with any and everyone around us. A skilled
individual will be aware of a sizeable amount of the information the other person conveys, either
through their words (verbal communication) and/or their overall body movements - eye gaze, facial
expressions, posture, and gestures (nonverbal communication).

Gestures, broadly speaking, share a lot of commonalities. Specifically, most of them are
performed with intent — “meaningful gestures”. Yet, some gestures either carry no meaning, per se,
or simply do not have any relevance for the population at hand - “meaningless gestures” (Bartolo &
Stieglitz Ham, 2016). How meaningful and meaningless gestures are handled within the brain is still
an open question. One possibility, advanced by Bartolo and Stieglitz Ham (2016) in their dual route
model, is that meaningful and meaningless gestures are processed through different routes.
Meaningful gestures are processed via the dorsal lexical route - an automatic, fast pathway. This
happens because, once a gesture becomes familiar, this automatic route can be used to retrieve its
motor representation, with no need for intermediate steps. For processing meaningless gestures,
however, it is necessary to transform the received visual input, which has no meaning whatsoever,
into a motor output. This process happens in the ventral sublexical route, a slower and more effortful
pathway.

The dual route model further differentiates meaningful gestures, since not all of them have
the same purpose. Thus, meaningful gestures can be transitive (i.e., actual object manipulation),
intransitive (i.e., related to communication and social interaction) (Carmo & Rumiati, 2009) or
pantomime (i.e., gestures that describe the usage of an object) (Stieglitz Ham, Bartolo, Corley,
Swanson, & Rajendran, 2010). Whereas the purpose of transitive gestures is the functional
manipulation of objects, both intransitive and pantomime gestures may have a communicational
intent: they can be performed when an individual aims to convey information to someone else.
Henceforth, our focus will be on intransitive and pantomime gestures.

Attempts to ascertain whether intransitive and pantomime gestures are processed differently
in the brain have not been conclusive. On the one hand, there seems to be a brain network
responsible for the recognition of both intransitive and pantomime gestures (cf Villarreal et al.,
2008). This network involves the pre-supplementary motor area (related with response selection
and/or attention), the superior temporal sulcus (which seems to be particularly important when

gathering biological and motion-related cues), the precuneous (associated with the execution of
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reaching-like movements), visual cortices, the left inferior posterior parietal cortex and bilateral
superior posterior parietal cortices (related with planned movements, spatial reasoning, and
attention). Kroliczak and Frey (2009) also found no clear evidence of dissociation between the
identification of intransitive and pantomime gestures. Both recruit, largely, the same brain areas,
within the same network — Praxis Representation Network: left parietal (supramarginal gyrus — area
also known as an integration center —, superior parietal lobe — responsible for representations of the
limbs and its movements —, and premotor cortices), frontal and posterior temporal cortices.

On the other hand, there seem to be areas specific to the recognition of either intransitives
or pantomimes. For intransitive gestures, there is a significant activation of the left dorsolateral
prefrontal cortex (Villarreal et al., 2008). According to the authors, this area appears to be
responsible for the management of the accurate goal of an action. Additionally, the left posterior
inferior frontal gyrus appeared to also be highly engaged. This specific area is triggered whenever
the subject attributes meaning to a gesture performed by another person (Villarreal et al., 2008). In
sum, it appears as if there is a pronounced left lateralization in the recognition of intransitive
gestures (Bohlhalter et al., 2009). Regarding the recognition of pantomimes, it looks as though the
right occipitotemporal region and left middle frontal gyrus (related with lexical processing) are
specially recruited, which is consistent with a slightly more bilateral representation of these gestures
(Villarreal et al., 2008).

In summary, even though intransitive and pantomime gestures do not seem to be processed
in exactly the same way, there appears to be considerable overlap in the brain areas each calls
forth. But perhaps “intransitive vs. pantomime” is too broad a categorization. Gallagher and Frith
(2004) divided intransitive gestures in two categories: instrumental gestures — aimed at influencing
others’ behavior (e.g., “Come here”) - and expressive gestures — aimed at expressing one's
emotional state (e.g., “I am cold”), and found differences in how they are processed. Seeing that
most instrumental gestures Gallagher and Frith (2004) used were performed away from the body
and most expressive gestures were performed towards the body, henceforth we will refer to

|77

“instrumental” gestures as “away” gestures and “expressive” gestures as “towards” gestures.
Gallagher and Frith (2004) found that, identification of away gestures engaged the left
inferior frontal cortex and the left middle frontal cortex, which implies that these gestures are treated
like linguistic signs. It is worth noting that the stimuli used by Villarreal and collaborators (2008) and
Kréliczak and Frey (2009) were, in their vast majority, away gestures, which could explain the strong

left-lateralized representation within the brain they found. On the other hand, the identification of
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towards gestures was intimately associated with the anterior paracingulate cortex (linked to
perception of expressive gestures), the right superior temporal sulcus (related with the signaling of
others’ mental states), the temporal poles bilaterally (connected with object and face recognition)
and, sometimes, the amygdala (associated with the automatic processing of expressions of
emotional states). These are also involved in the mentalization capacity (“social brain”), commonly
called Theory of Mind (or, at least, its cognitive facet). Said capacity consists in the identification of
mental states (e.g. beliefs and desires) in others, which allows the explanation and prediction of their
behavior (Happé, Brownwell, & Winner, 1999).

As aforementioned, the stimuli used in Villarreal et al. (2008) and Kréliczak and Frey (2009)
were, predominantly, away gestures. Therefore, the overlap found in left-hemisphere brain activity
may be, perhaps, due not to a similarity in processing intransitive and pantomime gestures, but to a
similarity in processing away gestures in general. Therefore, their evidence does not tell us,
conclusively, whether intransitive and pantomimes are processed differently. There have been, at
least, two studies that have employed away and towards gestures for both pantomime and
intransitive gestures. In addition to away gestures, the inclusion of towards gestures (which as we
saw, have a more social, right-hemispherical, component, at least for intransitive gestures) may
allow for a better comparison of what (potentially) distinguishes intransitive and pantomime
gestures. These studies were strictly behavioral (neuroimaging was not employed), focused on the
production of intransitive and pantomime gestures, not their identification, and, most importantly,
included clinical populations that showed deficits/lesions on the right hemisphere.

The first of these studies compared the performance of pantomimes and intransitive
gestures in stroke patients with right hemisphere damage (Stamenova, Roy, & Black, 2010), and
found that performance of intransitive gestures was more affected than pantomimes. The second
study (Stieglitz Ham et al., 2010) reported the case of an 11-year-old boy diagnosed with Autism
Spectrum Disorder (ASD). His production of intransitive gestures was found to be significantly worse
than the production of pantomimes, once again showing a difference between both types of
gestures. As one of the foci of the present study will be on individuals with ASD, let us look into more
detail at this disorder.

ASD tends to be considered a neurodevelopmental condition fundamentally characterized by
pervasive impairments in social interaction and communication (American Psychological Association
(APA), 2013). Interestingly enough, two literature reviews suggest that individuals with ASD display

higher deficiencies (than controls with other developmental disorders) in imitating gestures (Rogers
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& Williams, 2006; Williams, Whiten, & Singh, 2004), as well as recognizing them (Smith & Bryson,
2007). Other than those core impairments, ASD individuals show a demarked deficit related to
Theory of Mind (Happé, Brownwell, & Winner, 1999). In summary, ASD individuals may have
considerable impairment with tasks that demand the usage of the right side of the brain.

In conclusion, individuals with right hemisphere damage (ASD and stroke patients) show
biggest impairment for intransitive gestures than for pantomimes (Stieglitz Ham et al., 2010;
Stamenova, Roy, & Black, 2010), which suggests that may be, in fact, a difference in the processing
of these gestures.

Regarding intransitive gestures, there seems to be both a demarked left lateralization (likely
related to away gestures) and also a more social/ Theory of Mind-related component (likely related to
towards gestures). If this is the case, in patients with right-hemisphere deficits, we should see the
most pronounced impairment for towards gestures. However, in Stieglitz Ham et al. (2010) and
Stamenova, Roy, and Black (2010), performance for towards and away was not described
separately, so this distinction cannot be made. For pantomimes, there may be a similar breakdown:
we know that pantomimes away also have a left lateralization (Kroliczak & Frey, 2009), but there
may be a difference regarding towards gestures — and that may be the reason behind the
differences between intransitive and pantomime gestures found by Stieglitz Ham et al. (2010) and
Stamenova, Roy, and Black (2010).

Thus, the present study aims to distinguish between intransitive and pantomime gestures
(while also exploring whether the distinction towards vs. away is helpful in this endeavor) and test
our hypothesis of whether gestures assumed to have right lateralization (Intransitive Towards) show

a deficit in ASD individuals (when in comparison with TD participants).

METHOD

Participants

25 typical-development Portuguese participants voluntarily took part in the study. Of these,
due too poor performance (cuttof point: 50% accuracy or above), only 18 typical-development
participants were included (Mu: = 14.4 years, SD = 1,95, range: 12-18). 13 were female (72.2%),
and one was left-handed (5.6%).

12 Spanish participants with a diagnosis of Autism Spectrum Disorder also voluntarily took

part in the study. Of these, due too poor performance (cuttof point: 50% accuracy or above), only 11



METHOD

participants diagnosed with Autism Spectrum Disorder were included (M:: = 13.1 years, SD = 1,98,
range: 10-16). Two were females (18.2%) and only two participants were left handed (15.4%).

Measures
Cognitive assessment

Phonemic fluency skills were evaluated by the Phonemic fluency subtest from the Verbal

Fluency Tests (Cavaco et al., 2013). This instrument consists of three trials, each taking one minute
to execute. The participant must produce, orally, as many words as possible beginning with a
specific letter (m, r and p). However, any word that starts with said capital letter (ex.: names of

people or places) or has the root (e.g.: “mar” and “marinheiro”) are excluded.

Motor imagery was assessed through an adaptation of a mental chronometry paradigm
proposed by Decety and Michel (1989). According to this model, visual imagery and visual
perception activate the same cognitive processes; both visual perception and visual imagery may
involve similar processes within the brain. In this task, the stimuli includes the following sentences:
“Eu sou portugués” (#r. “I am Portuguese”), “Eu sou portugués e vivo em Portugal” (#. “l am
Portuguese and | live in Portugal”) and “Eu sou portugués e vivo em Portugal com a minha familia”
(fr. “1 am Portuguese and | live in Portugal with my family”). The researcher reads each sentence
out loud, one at a time and, the participant must write said sentences down on a piece of paper
(provided by the researcher). In the end of this “writing” part of the exercise, the researcher re-reads
each sentence, one at a time, and the participant, while placing the pen on the previously provided
piece of paper, must only imagine writing each sentence. The time taken in the execution of the task

was recorded.

Gesture assessment

To assess the production of gestures, an adaptation of a gesture protocol adapted to the
Portuguese population was used. This assessment consisted of a list of items formulated to evaluate
the performance in intransitive gestures and pantomimes (Viana, 2015). First, pantomimes were
measured in a visual condition: drawings representing different situations were presented and
participants had to mime using the object needed in each situation. Secondly, also in a visual
condition, intransitive gestures were assessed. Participants were presented with drawings of different
scenarios and, were then asked to perform the gesture that a person in the picture would do. For

each type of gesture, there were one training item and five test items.
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Procedure

Stimuli. The stimuli were 96 silent videos of an actress performing meaningful and
meaningless gestures (there were 48 gestures, each performed twice, once with each hand, leading
to the total 96 videos). From those 96 videos, 48 depicted meaningless gestures, further divided in
away from the body (24 stimuli) and towards the body (24 stimuli). The remaining 48 videos
portrayed meaningful gestures: 24 stimuli were pantomimes (12 directed away from the body and
12 performed towards the body) and 24 were intransitive gestures (12 performed away from the

body and 12 performed towards the body) (Pereira, 2018). Table 1 lists all meaningful gestures.

Table 1. List of meaningful gestures used, categorized by type (intransitive and pantomime) and

direction (towards and away).

Intransitives Pantomimes
Towards | am hot Smoking
| am crazy Brushing teeth
Cross sign Combing hair
Scratching head Putting perfume on
Throwing up Putting lipstick on
Rubbing belly Eating with a spoon
Away Stop Putting salt
Sign of money using the Pouring water
thumb and index finger Playing tennis
Waving Cleaning window with a
| am going to slap you sponge
Beckoning Stirring soup
Go away Opening door with a key

Task and experimental procedure

All stimuli were presented on a portable computer, that was placed in a desk in front of the
participant, who was sitting on an office chair. The stimuli were presented using the software
Psychopy 1.85.4, which allowed the recording of participants’ responses and response time.

The trial timeline (Figure 1) was as follows: a trial began with the presentation of a white

fixation cross for a minimum of 4 seconds to a maximum of 16 seconds (randomized durations).
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Immediately after, a video of an actress performing a gesture (without any facial emotional
expression) came up and the participant had to evaluate whether the gesture was meaningful. To
do so, there were previously-assigned keys for “yes” and for “no”. Said keys were counterbalanced
across participants. Following the response, the previously mentioned white fixation cross
reappeared and, again, lasted for a minimum of 4 seconds (ending when a participant’s response

was recorded) (jittered design). All stimuli were displayed against a green background.

Min. 4s

Figure 1. Schema of stimuli timeline. The numbers besides each stimulus represent their duration.

All data were collected in a single session. A session began with the researcher briefly
presenting the study and delivering the informed consent. Participants then provided their
sociodemographic details and responded to the Edinburgh Handedness Inventory (Oldfield, 1971).
The cognitive and gesture assessment and the experimental task followed. The order in which the

assessments and the task were presented was counterbalanced across participants.

RESULTS

Regarding the cognitive assessment measures, and starting with Phonemic Fluency Skills,
both populations scored above the cutting point of 10+3 words, with an average score of 24.0 (SD =
7.1) for typical-development participants (TD) and 25.4 (SD = 5.7) for Autism Spectrum Disorder
participants (ASD). There was no significant difference between populations, 424.78) = 0.57, p =

7
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574, as=0.21 - given the difference in number of participants between populations (18 TD and 11
ASD), Welch's t-test was employed for population comparisons (Moser & Stevens, 1992; Ruxton,
2006). In the Motor Imagery task, the difference between writing and imagining writing the
sentences was, on average, 1.31s (S0 = 1.23) for TD participants and 5.35s (SD = 6.13) for ASD
participants. Despite the apparent disparity between populations, the difference was not significant,
410.50) = 2.16, p=.055, &= 1.05.

As far as production of gestures are concerned (Figure 2), TD participants showed an overall
higher proportion of correct responses (filled dots; M = 0.94, SD = 0.11) than ASD participants
(empty dots; M= 0.86, SD = 0.15), 433.56) = 2.20, p = .035, as = 0.65. The difference between
populations was mostly due to intransitive gestures: Whereas there was a significant difference
between TD and ASD participants for intransitive gestures 413.70) = 2.40, p = .031, &= 1.05, no
such difference was found for pantomime gestures, 417.43) = 0.71, p = .486, as = 0.29. For TD
participants (filled dots), proportion correct for pantomime gestures (M = 0.92, SO = 0.12) was not
significantly different from intransitive gestures (M= 0.97, SD = 0.09), {17) = 1.84, p=.083, d:=
0.43. ASD participants (empty dots) also showed no difference between pantomime (M= 0.88, SD=
0.15) and intransitive (/= 0.85, SD = 0.16) gestures, {10) = 0.48, p=.640, @:=0.14.

1.00 1 /‘

Proportion correct  0.75 A ——TD
...O.. ASD

0.50 T
Pantomime Intransitive

Gesture

Figure 2. Mean proportion (with SEM) of correct production of pantomime and intransitive gestures.
The filled dots refer to typical-development (TD) participants and the empty dots refer to Autism
Spectrum Disorder participants (ASD).
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Concerning the experimental task, and first comparing performance for meaningless and
meaningful (pantomime + intransitive) gestures (Figure 3), for ASD participants (empty dots)
proportion correct for meaningful (M = 0.85, SO = 0.15) was not significantly different than for
meaningless (M= 0.84, SD = 0.19), {10) = 0.07, p = .946, a- = 0.02. For TD participants (filled
dots), there was also no difference in accuracy between meaningful (M = 0.93, SD = 0.06) and

meaningless (M= 0.96, SD = 0.06) gestures, {17) = 1.69, p=.109, d:= 0.40.

Proportion correct  0.75 - -—1p
..O.. ASD
0.50 ) T _ y —
Meaningless Pantomime Intransitive

Gesture

Figure 3. Mean proportion (with SEM) of correct identification of meaningless and meaningful
(pantomime and intransitive) gestures. The filled dots refer to typical-development (TD) participants

and the empty dots refer to Autism Spectrum Disorder participants (ASD).

Focusing now on meaningful gestures, that is, pantomime and intransitive gestures - that
could be away or towards — (Figure 4), there was no difference in global accuracy between ASD
(empty dots) and TD (filled dots) participants, 412.07) = 1.68, p = .118, & = 0.77. For TD
participants, a repeated-measures ANOVA, with category (pantomime vs. intransitive) and direction
(away vs. towards) as factors, showed that accuracy for pantomimes (grey data points) was
significantly lower than for intransitive gestures (black data points), A1,17) = 11.82, p=.003, n.,?=
0.41. There was no difference between away and towards (A1,17) = 0.001, p = .978, n.2= 0.00),
nor interaction between the factors, A1,17) = 0.46, p = .508, n,?= 0.26. An equivalent test for the
ASD participants showed no main effects (category: A1,10) = 1.65, p=.228, n,?= 0.14; direction:
A1,10) = 0.08, p=.783, n.2= 0.01) nor interaction (A1,10) = 1.21, p=.297, n,?= 0.11). One
stimulus of particular interest was intransitive towards; so we performed a direct comparison

9
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between populations in its performance, and found no significant differences: {15.66) = 1.54, p =

144, ds-= 0.65.

1.00 7
.__ ‘_.
O el
.......... o
Proportion correct (.75 - TD - Pantomime
ASD - Pantomime
—®—TD - Intransitive
O ASD - Intransitive
0.50 T )
Towards Away
Gesture

Figure 4. Mean proportion of correct identification of pantomime (grey dots) and intransitive (black
dots) gestures. Data points on the left refer to towards gestures and data points on the right refer to
away gestures. The filled dots refer to typical-development (TD) participants and the empty dots refer

to Autism Spectrum Disorder participants (ASD).

If we contrast accuracy with performance on the Motor Imagery task, for ASD participants
there was a significant negative correlation for pantomimes (7= - .70, p=.016). This was probably
due to a significant negative correlation between motor imagery and accuracy for pantomimes
towards (r = - .68, p = .022). For intransitive gestures, a similar pattern was apparent, but the
negative correlation failed to attain significance (r=- .57, p = .066). However, when we break the
gestures down to Intransitives Away and Towards, there was a significant negative correlation
between motor imagery and accuracy for intransitive towards (r = -.71, p = .014). Since both
towards showed a significant negative correlation with Motor Imagery task, we compared
pantomimes towards and intransitives towards and found there was no difference between them,
#10) = 1.34, p=.208, d-= 0.41. For TD participants, no significant correlation between accuracy
and motor imagery surfaced; neither for pantomime (7= .03, p = .895) or intransitive (r= .04, p =
.871) gestures. No significant correlations were found between accuracy and performance on the

Phonemic Fluency Skills task.
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RESULTS

In addition to accuracy, another measure of interest is reaction time: the time it takes a
participant to correctly classify a gesture. Figure 5 shows the average reaction times for each type of
gesture for TD (filled dots) and ASD (empty dots) participants. Neither population showed different
reaction times for meaningless and pantomime gestures (TD: A17) = 1.99, p = .063, d: = 0.47;
ASD: 410) = 0.22, p=.830, a-= 0.07). However, when comparing reaction times for meaningless
and intransitive gestures, both populations showed a significant difference (TD: {17) = 2.57, p =

020, d-=0.61; ASD: 410) = 2.61, p=.026, d-=0.79).
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Figure 5. Mean reaction times (in seconds, with SEM) in the identification of meaningless and
meaningful (pantomime and intransitive) gestures. The filled dots refer to typical-development (TD)

participants and the empty dots refer to Autism Spectrum Disorder participants (ASD).

For meaningful gestures (Figure 6), even though ASD participants (empty dots; M = 4.33s,
SD = 1.07s) tended to take longer to respond than TD participants (filled dots; M = 3.85s, SD =
1.18s), the difference was not significant: {22.81) = 1.13, p=.273, &= 0.42. For TD participants,
a repeated-measures ANOVA, with category (pantomime vs. intransitive) and direction (away vs.
towards) as factors, showed that reaction time was significantly shorter for intransitives, A1,17) =
22.47, p<.001, n,?=0.57. There was no main effect for direction, A1,17) = 0.20, p=.889, n.°=
0.01, nor interaction between the factors, A1,17) = 0.29, p = .600, n,2= 0.17. ASD participants

showed a similar pattern: they were also faster to respond to intransitive gestures, A1,10) = 14.68,
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p =.003, n,2=0.60, and no main effect of direction (A1,10) = 3.63, p = .086, n.?= 0.27), or
interaction (A1,10) = 1.51, p=.247, n,?= 0.13) were found.
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Figure 6. Mean reaction times (in seconds) in the correct identification of pantomime (grey dots) and
intransitive (black dots) gestures. Data points on the left refer to towards gestures and data points on
the right refer to away gestures. The filled dots refer to typical-development (TD) participants and the

empty dots refer to Autism Spectrum Disorder participants (ASD).

DiScussION

The aim of the present study was to better understand how intransitive and pantomime
gestures are processed. To that end, aside from two cognitive measures (Phonemic Fluency and
Motor Imagery), production and performance of such gestures in two populations - typical
development (TD) and Autism Spectrum Disorder (ASD) - were analyzed and compared. The
analysis further distinguished the gestures between gestures performed towards or away from the
body.

When comparing identification accuracy for pantomime and intransitive gestures, even
though there was no overall difference between populations, a within-group analysis showed a
difference between the groups: whereas for TD participants accuracy for intransitives was higher
than for pantomimes (see also Carmo, & Rumiati, 2008; Mozaz, Rothi, Anderson, Crucian, &
Heilman, 2002), for ASD participants no such difference was found. If intransitive and pantomime
gestures were processed in the exact same way, and if ASD participants were to show a deficit in
identification, we would expect that deficit to apply equivalently to both types of gestures, so the

superiority of intransitive over pantomimes that TD participants displayed should also be present in
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ASD participants. However, since there was no difference between intransitive and pantomime
gestures for ASD participants, we can surmise that, for these participants, there was a decrease in
accuracy for intransitive gestures (Stieglitz Ham et al., 2010). That is, as we saw for production, the
identification of gestures also suggests that intransitive and pantomime gestures are processed in
different ways.

Concerning the directionality of gestures, the absence, for both populations, of a difference
between towards and away gestures does not allow us to state whether they are processed
differently. Related with this, a specific prediction we proposed to test in this work was whether
gestures assumed to have right lateralization (intransitive towards) would show a deficit in ASD
individuals — we did not find this specific deficit in our ASD group; the overall performance for
intransitive gestures was equivalent for both away and towards, that is, no marked deficit was found
for intransitive towards specifically.

Regarding the Phonemic Fluency Skills and Motor Imagery measures, there was no
difference between TD participants and ASD participants. These measures tend to be correlated with
the production and interpretation of pantomimes, specifically: Phonemic Fluency requires brain
areas related with language and linguistic signs (left middle and inferior frontal gyrus) which seem to
also be specially required for pantomimes understanding (Villarreal et al., 2008); Motor Imagery
tasks take advantage of motor areas even when only imagining performing the task (Decety &
Michel, 1989), which, in and of itself, is also similar to how pantomimes are processed within the
brain. Therefore, and given that both populations had similar scores in measures correlated with
pantomimes, it is fair to assume that, if differences between participants (TD and ASD) are found,
these may mostly be found in the processing of intransitive gestures. The prediction that ASD
participants could show an impairment in the processing of intransitive gestures was confirmed by
the production task: while for pantomimes there was no difference between TD and ASD
participants, for intransitive gestures TD participants were better than ASD participants. From this,
and since TD participants showed no difference between pantomime and intransitive gestures, ASD
participants’ performance should be significantly worse for intransitive gestures. However, this was
not the case. Yet, in Figure 2 we can see that, for TD participants (filled dots), performance for
intransitive gestures tended to be above than that for pantomimes (which replicates Carmo and
Rumiati, 2008). Conversely, for ASD participants (empty dots), performance for intransitive gestures
tended to be below than that for pantomimes (c7 Stieglitz Ham et al., 2010 found a similar

difference). That is, albeit non-significant within each population, these opposite tendencies explain
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the difference found between pantomime and intransitive gestures and point to the possibility that
these gestures are processed differently.

The comparison of identification accuracy with performance on the Motor Imagery task may
shed some light on whether towards and away gestures are processed similarly. For ASD
participants, a negative correlation was found between performance in this task and the
identification of both intransitive and pantomimes towards (for away gestures, neither intransitive nor
pantomime gestures correlated significantly with performance on the Motor Imagery task). For TD
participants no correlation was found. These results suggest that TD and ASD populations differ in
how they process towards gestures, but not necessarily away gestures. A similar result was found by
Bartolo et al. (submitted), suggesting that both intransitive and pantomimes gestures towards the
body may have a lot in common; perhaps both share a strong social emotional component (Gizzonio
et al., 2015), which is particularly impaired in ASD participants. This goes along with what Gallagher
and Frith (2004) proposed for intransitive gestures towards the body — a more social, Theory of
Mind-dependent pathway, weakened in ASD participants. Maybe, all gestures towards the body
share this pathway which is somehow less adapted in ASD participants. However, this result did not
appear in our other measures, so this conclusion may be tentative but does need to be explored
further.

In summary, the analyses focused on performance (in both production and identification of
gestures) are consistent with the notion that intransitive and pantomime gestures are processed
differently. Shifting focus from performance to reaction time, identification of intransitive gestures
was faster than pantomimes for both populations, which is also consistent with them being
processed differently.

First comparing reaction times of meaningless gestures with one of the meaningful gestures,
intransitives, both groups were faster to identify intransitive gestures. This goes along with what the
Dual Route Model (Bartolo & Stieglitz Ham, 2016) proposes — a sublexical, rather slower, route for
processing meaningless gestures and a lexical, automated route for processing meaningful gestures,
namely intransitives. However, the same was not true for pantomime gestures (another type of
meaningful gestures): there was no significant difference in reaction times between meaningless and
pantomime gestures, for neither ASD nor TD participants. Hence, it appears as if, for both
populations, the time required to identify a pantomime gesture was fairly the same needed to
identify a meaningless gesture. This is also congruent with the Dual Route model since, even though

pantomimes are an example of a meaningful gesture, they are particularly difficult to identify
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because, most times, they are regarded as “new” (Bartolo and Stieglitz Ham (2016). The reaction
times also suggest that pantomimes and intransitive gestures, though both meaningful, are
somehow, different.

Focusing now on the reaction times for meaningful (pantomime and intransitive) gestures
alone, average times for both gestures tended to be longer for ASD than TD participants, though
non-significant. A within-group analysis showed that, for both TD and ASD participants, reaction time
for intransitives was shorter than for pantomimes. Regarding directionality of gestures (towards and
away), the absence, for both populations, of a significant main effect of direction (and interaction
with category of gesture) does not tell us much about how these subcategories (towards and away)
may differ.

In conclusion, our results suggest a difference between intransitive and pantomime
gestures. If we assume that this difference is a reflection of the processing of intransitive and
pantomimes following different pathways, the results of the present thesis would be consistent with:

a) The deficits that characterize ASD participants appear to interfere more with the
pathway for processing intransitive gestures (between TD and ASD, we found that, when
ASD participants showed a decrement in performance, this was usually for intransitive
gestures);

b) The pathway for processing intransitives seems to be faster than the pathway for
processing pantomimes (reaction times for intransitives were shorter for both
populations).

Hence, our results suggest that intransitive and pantomime gestures may be processed
differently. Perhaps, the brain correlates identified for processing intransitive gestures need not apply
to the processing of pantomime gestures. However, within each category, the results of direction
(towards and away) are still inconclusive. This may have happened due to small non-homogenous
samples and little number of each type of stimuli. To, potentially, solve these problems, future
research should include more participants of each group and increase the number of stimuli.
Furthermore, to confirm different neuronal pathways, it would be interesting to conduct this study

using a neuroimaging technique.
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APPENDIX

APPENDIX — ETHICAL APPROVAL

... Hospital — - 5
ad Comissdo de Etica para a Salde

Data: 25-09-2015
Nossa referéncia: CESHB 034/2015
Qutra referéncia:

Relator: Juan R. Garcia

Parecer emitido em reunido plenaria de 12 de Maio 2015

Nos termos dos N° 1 e 6 do Artigo 16° da Lei N° 21/2014, de 16 de Abril, a Comissao de Etica para
a Salde do Hospital de Braga (CESHB) em relagdo ao estudo “Gestos Intransitivos e
Cognigdes Sociais em Vitimas de AVC”, de que é investigadora principal Johanna Andrea
Rodrigues Viana, aluna do Mestrado Integrado em Psicologia da Universidade do Minho; e
orientadora a Prof2. Dra. Adriana Sampaio, e decorrera no Servico de Medicina Interna da
instituicdo, emite o seguinte parecer:

O estudo visa avaliar os mecanismos neurocognitivos envolvidos na produgdo de gestos
intransitivos € mimicos em 20 pacientes com AVC pelo menos trés meses antes, sem outra
patologia neurolégica ou psiquiatrica, e niveis normais de compreenséao verbal. Inclui a avaliagéo
de uma coorte de 20 participantes saudaveis.

a) O estudo é pertinente: e todos os participantes irdo usufruir de sessdes de avaliagédo neuro-
psicolégica, podendo ser encaminhados para outras especialidades de acordo com as
necessidades.

¢) Metodologia cientifica: estudo observacional, transversal e analitico, tipo caso-control. Serédo
utilizados diversos testes psicolégicos de compreenséo verbal, de atengdo, de funcionamento
executivo e cognigdes sociais e video-espaciais. A avaliagdo de gestos sera gravada em videoAlém
disso, cada participante ira realizar um Ressonancia Magnética.

b) Nao riscos a mencionar.
d) O investigador principal e dos restantes membros da equipa séo aptos para o estudo;

e) O Servico de Medicina reline condigdes materiais € humanas necessarias a realizagdo do
estudo clinico;
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f) Ndo esta prevista qualquer retribuicdo ou compensagé@o eventuais dos investigadores e dos
participantes;

g) As modalidades de recrutamento dos participantes é adequada. Nao consta do projeto calculo
de poder amostral.

h) Nao existem situagdes de conflito de interesses por parte do promotor ou investigador envolvidos
no estudo clinico;

i) Nao esta comtemplado o acompanhamento clinico dos participantes, apdés a conclusdo do
estudo;

j) Esta adequadamente prevista a obtengdo de consentimento informado. Os dados seréo
anonimizados mediante cédigo a atribuir aos testes e ressonancias magnéticas, s6 conhecidos
pelas investigadoras. As gravagdes em video seréo destruidas no final do projeto. A divulgagéo do
estudo nunca sera para dados individuais, mas para o conjunto dos dados.

k) Os custos serdo suportados pelo Centro de Investigagdo em Psicologia da Universidade do
Minho.

Pela Comissao de Etica do Hospital de Braga nao ha objegdes éticas no presente projeto.

O Presidente

7_.-/—

s

Dr. Juan R Garcia.
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