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Abstract

Background and aims: The links between gestures and various attentional processes in adolescents with autism
spectrum disorder have not been studied sufficiently. Previous studies have highlighted the impact of orienting attention
on the efficacy of gestures without exploring the influence of alerting and top—down attentional processes. The aim of
the present study was to explore the links between attentional processes and indicators of descriptive, conventional and
emotional gestures as well as other aspects of nonverbal communication in adolescents with autism spectrum disorder
(N=46).

Methods: The attention network test and colour trails test were used to measure attentional processes, whereas
descriptive, conventional and emotional gestures were assessed using the Autism Diagnostic Observation Schedule and
the autism diagnostic interview. Analysis showed a significant correlation between gestures with alerting, orienting and
executive attention.

Conclusions: The relevant structural equation model revealed that attentional processes have an impact on gestures,
but gestures do not have an impact on attentional processes. Emotional gestures are linked to alerting. Spatial-visual
search was related to facial expression and the integration of nonverbal communication with behaviour. There was no
significant interaction between executive attention and gestures.

Implications: The obtained results are discussed with reference both to gesture development and studies on attention
in adolescents with autism spectrum disorder.
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spectrum disorder (ASD). These symptoms manifest
themselves from infancy in difficulties with reciprocity
According to the diagnostic criteria of Diagnostic and in non-verbal communication, such as responding to a
statistical mannual of mental disorders (DSM-5) smile with a smile and pointing one’s finger in response
(American  Psychiatric  Association, 2013) and to stimuli (Dawson, Hill, Spencer, Galpert & Watson,
International Classification of Diseases (ICD)-10 2004; Vernetti et al., 2017). Difficulties in non-verbal
(World Health Organization, 1992), impairment of communication are predictors of delayed verbal
both gesture use and recognition of others’ gestures is communication development in infants diagnosed
one of the most significant symptoms of autism with ASD (Smith, Mirenda, & Zaidman-Zait, 2007).
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The broad term non-verbal communication refers to ges-
tures and hand movements, facial expressions, eye con-
tact and body movements (Goldin-Meadow, 2000).
Gestures, as opposed to facial expressions, convey
both the feelings and thoughts of the speaker
(Goldin-Meadow, McNeil, & Singleton, 1996). For
this reason, the major focus of the present study is
the use of gestures by adolescents with ASD.

Impairment of gestures use entails consequences for
a child’s development, as non-verbal communication
based on hand gestures supports verbal communication
and cognitive skills, such as solving mathematical prob-
lems (Goldin-Meadow, 2015). Because of its benefits
for verbal communication, social and cognitive devel-
opment, one of the goals of intervention for children
with ASD may be teaching gesture imitation (Ingersoll,
Lewis, & Kroman, 2007). However, verbal school-aged
children and adolescents with ASD exhibit difficulties
with spontaneous coordination between speech and
gestures (Salowitz et al., 2013; Silverman, Bennetto,
Campana, & Tanenhaus, 2010). Their facial expres-
sions are often inappropriate for the social context
(Loveland et al., 1994). Furthermore, receptive process-
ing of non-verbal communication, such as recognition
of other people’s facial expressions, is also impaired in
persons with ASD (Humphreys, Minshew, Leonard, &
Behrmann, 2007; Wallace, Coleman, & Bailey, 2008).

Impairment of non-verbal communication in individ-
uals with ASD was first reported in clinical studies by
Asperger (1944) and Kanner (1943). These studies
revealed that non-verbal communication is impaired
regardless of whether verbal communication is present
or not (Tantam, Holmes, & Cordess, 1993). Considering
the impairment in social development among this clinical
group, it seemed obvious that individuals with ASD
would exhibit restricted use of non-verbal communica-
tion, especially of gestures. However, while individuals
with autism with intelligence that falls within age expect-
ations can use gestures in appropriate situations, fre-
quency and integration with speech are disturbed (de
Marchena & Eigsti, 2010).

Comprehensive and appropriate use of language,
including the use of gestures and non-verbal communi-
cation, requires efficient attentional processes (Lezak,
Howieson, & Loring, 2004). In this article, we attempt
to answer the question: what is the relationship between
gestures and non-verbal communication and alerting,
orienting and executive attention processes?

According to the theory developed by Posner and
Petersen (1990), attention can be divided into three
domains, each mediated by a specific neural network.
Alerting is responsible for maintaining an optimal state
of sensitivity to incoming stimuli. Orienting attention is
involved in selecting and redirecting attention to inputs
in visual space (Petersen & Posner, 2012; Posner &

Petersen, 1990). Executive attention is the central, uni-
tary theoretical construct on which executive function
processes are dependent (Fernandez-Duque, Baird, &
Posner, 2000; Miyake et al., 2000). According to
Attention Network Theory, executive attention is
responsible for monitoring behaviour and cognitive
processes, as well as solving processing conflicts and
moderating the activity of sensory, cognitive and emo-
tional systems (Posner & Rothbart, 2007). The relation-
ships between gestures and the three attentional
domains in adolescents with ASD are explored in the
present study.

Researchers have investigated the role of particular
attentional processes in the use of gestures and non-
verbal communication in individuals with typical devel-
opment, as well in individuals with ASD.

Alerting is involved in processing and reacting to
emotional stimuli (Pessoa & Adolphs, 2010; Posner &
Rothbart, 2007). Hence, any disturbances in the regula-
tion of alertness can cause difficulties in the coordination
of language with emotional and emphatic gestures and
processing emotional stimuli (Corden, Chilvers, &
Skuse, 2008). When looking at emotional stimuli, such
as the face of a conversation partner, individuals with
autism experience an increase in arousal. In conse-
quence, they avoid eye contact and do not direct gestures
to their conversation partner or their facial expression to
others in order to sustain the optimal level of arousal
(Kaartinen et al., 2012). The regulation of alerting is one
of the most frequently reported attentional problems in
individuals with ASD  (Hirstein, Iversen, &
Ramachadran, 2001; Orekhova & Stroganova, 2014).

Orienting attention plays a crucial role in gesture
development. Visual attention cues, like the hands of
the communication partner, guide the observer to a
target in space (Salowitz et al., 2013). Orienting atten-
tion is also important in imitating descriptive gestures
as it constitutes a part of the responsive joint attention
process necessary to acquire the skill of using gestures
(Ingersoll et al., 2007).

Impairment of the ability to modulate the orienta-
tion of attention has been observed in people with
autism (Elsabbagh et al., 2009). Deficits in orientation
of attention manifest themselves particularly through
social stimuli (Chawarska, Macari, & Schic, 2013).
Slow shifting of attention interferes with the rapid
flow of social interaction that requires spontaneous
modulation of attentional resources. Tardif, Lainé,
Rodriguez, and Gepner (2007) found that among chil-
dren with ASD exhibiting slower presentation of facial
expressions and other non-verbal communication, the
efficacy of gesture recognition and facial expressions in
others is comparable to their counterparts. However,
people with ASD do not respond quickly and orienta-
tion of attention is slow.
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The links between executive attention and gesture
acquisition have not been the subject of extensive
study. Kuhn, Willoughby, Wilbourn, Vernon-
Feagans, and Blair (2014) argued that the use of
communicative gestures by infants at 15 months is a
precursor of later executive function development.
Based on neurophysiological changes in brain connect-
ivity in adolescence, Casey and Riddle (2012) reported
the opposite relationship — executive functions can
compensate for a range of cognitive processes, includ-
ing communicative skills such as gestures and mimicry.
By improving the ability to memorise a context and
associate it with certain behaviours in the working
memory, executive functions help to predict appropri-
ate reactions. As a result, executive functions can com-
pensate for impairment in the spontaneous use and
processing of gestures. Based on these findings, we
should consider the existence of a direct relationship
between executive attention and gesture ability.

Studies on the links between attention and gestures
focus on orientation of attention, including spatial-
visual search. Despite the fact that orienting attention
plays an important role in developing joint attention
(Mundy & Burnette, 2005), other attention processes
are important in the spontaneous and appropriate use
of gestures, their integration with speech and appropri-
ate facial expression. Executive attention is responsible
for adjusting behaviour to the social context (Jurado &
Roselli, 2007). Executive attention, supported by non-
verbal working memory, coordinates switches from the
speech of a conversation partner to one’s own and
adjusts facial expression to the situation and social con-
text (Barkley, 2001; Kraut & Johnston, 1979). Body
movements, such as gestures, can evoke thoughts and
ideas (Seitz, 2000). These cognitive processes involve
executive attention.

In this paper, we focus on particular gesture types,
elements of non-verbal communication and the links
between them and attentional processes. The present
study explores the efficacy of two categories of gestures
in adolescents with ASD: descriptive/conventional ges-
tures and emotional/emphatic gestures. Both forms are
treated globally in the Autism Diagnostic Interview-
Revised (ADI-R) and the Autism Diagnostic
Observation Schedule (ADOS) (Gotham, Risi, Pickles,
& Lord, 2007; Rutter, Le Couteur, & Lord, 2003).
Descriptive gestures are used to convey a message, for
example, what something looks like or how somebody
behaves (e.g. by the use of the hands to show size) and
they are integrated with speech (Gotham, Risi, Pickles,
& Lord, 2007; Rutter, Le Couteur, & Lord, 2003).
Additionally, descriptive gestures involve creativity,
because our mind does not continually retain a represen-
tation of the use of gestures to describe something
(Poggi, 2002). This means that both imagination and

motor movement are involved in producing descriptive
gestures. Executive attention processes, such as updating
and inhibition, coordinate these processes (Benedek,
Jauk, Sommer, Arendasy, & Neubauer, 2014).

According to the typology of gestures developed by
Poggi (2002), descriptive gestures belong to the creative
gestures group. This means that the production of
descriptive gestures demands a plan and creativity to
convey relevant and comprehensive content. Therefore,
executive attention is involved in the production of
descriptive gestures.

Conventional gestures have an established meaning
within a given culture, for example, the ‘bye-bye’ or
‘thumbs-up’ gestures (Krauss, Chen, and Chawla,
1996). The second type of gestures examined in the pre-
sent study are emotional/emphatic gestures, which
include hand movements to show emotional states
and feelings (Merola, 2007). Emphatic gestures gener-
ally accompany speech to emphasise an emotional
state, such as a speaker placing a hand on their chest
while saying ‘I'm sorry’ (Poggi, 2001). Facial expression
was included in the analysis because it comprises a cru-
cial part of non-verbal communication, and it is natural
for individuals with typical development (Ekman,
Rolls, Perrett, & Ellis, 1992) as opposed to individuals
with ASD with impaired spontaneous mimicking
(MclIntosh, Reichmann-Decker, Winkielman, &
Wilbarger, 20006).

An important aspect which could be impaired in
individuals with ASD is the integration of verbal com-
munication with gestures and facial expressions
(Tantam et al., 1993). For this reason, our analysis
includes the integration of non-verbal communication.
The aim of the present study was to investigate the links
between the level of descriptive/conventional, emo-
tional/emphatic gestures and the three attentional
domains according to Attentional Network Theory in
adolescents with ASD (Petersen & Posner, 2012). The
main research questions were:

1. Is there a significant interaction between particular
attentional processes with gesture use and non-
verbal communication in adolescents with ASD?

2. What is the relationship of attentional processes to spe-
cific kinds of gestures and non-verbal communication?

The following hypotheses were formulated:

1. Orienting attention processes are related to the effi-
cacy of use of all kinds of gestures and facial expres-
sions (Ingersoll et al., 2007; Mundy& Burnette, 2005;
Salowitz et al., 2013).

2. Executive attention is a predictor of the performance
of descriptive and conventional gesture production
(Goldin-Meadow, 2000; Jurado & Roselli, 2007).
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3. Alerting is related to spontancous use of emotional
gestures (Kaartinen et al., 2012).

4. Executive attention supports the efficiency of orient-
ing and alerting (Barkley, 2001; Casey & Riddle,
2012).

Methods

The results presented in this paper were taken from a
research project referring to attentional processes and
their relationship with symptoms of autism. The project
included 51 participants with ASD and 50 counterparts
in the control group. For the purpose of analysing the
relationship between gestures and attention, only indi-
viduals with ASD who obtained cut-off scores in the
ADOS-2 algorithm for ASD diagnosis were included.
Ultimately, the present study included 46 high-func-
tioning adolescents with ASD (44 boys and 2 girls).
ADOS-2 and ADI-R were not conducted in the control
group. Therefore, efficacy of the use of gestures by indi-
viduals from the control group was not studied. ASD is
about 4-5 times more common among boys than
among girls (Christensen et al., 2016), hence the exten-
sive disproportion in sexes in the present study.
The inclusion criteria for the group were as follows:
intelligence quotient (IQ) in the normal range (IQ full
scale of Wechsler scale>75), psychiatric diagnosis of
autism or Asperger Syndrome based on the
International Classification of Diseases, 10th revision
(ICD-10) criteria (World Health Organization, 2002),
chronological age (12-20 years). In order to be able
to use a computerised attention test, we checked the

following characteristics of our participants: lack of
neurological comorbidities such as epilepsy or serious
visual disorders, for example, nystagmus, and the
absence/presence of attention-stimulating medication.
Additionally, a psychiatric diagnosis of ASD was con-
firmed in ADOS-2.

ADOS-2 algorithm scores were calculated according
to the norms of the Polish validation study (Chojnicka &
Pisula, 2017). The participants in the present study
obtained cut-off scores for ASD in the following domains:

1. Communication + Social Interaction,
2. Restricted/Repetitive/Stereotyped Interests/Behaviours
and Activities.

The algorithm scores of the sample are presented in
Table 1. All participants obtained cut-off values
demonstrating a clinical range of ASD symptoms in
the Social Communication Quotient (SCQ) (Rutter,
Bailey, & Lord, 2003). Information regarding age, sex
and cognitive ability of study participants is shown in
Table 1.

The present study also includes the parents of ado-
lescents for whom the Autism Diagnostic Interview-
Revised (ADI-R) (Rutter, Couteur, & Lord, 2003)
was administered by a qualified researcher. They serve
as an additional source of information about the inten-
sity of ASD symptoms.

Adolescents were recruited through diagnostic and
psychiatric centres, including the Psychiatry Centre of
the Children’s Memorial Health Institute, as well as
schools in the Masovian Voivodship and in other
regions in Poland. The present study was approved

Table I. Characteristic of the sample (N =46, boys n=44, girls =2) in age, 1Q, the intensity of autistic
symptoms (ADOS-2 algorithm scores) and ADOS-2 scores in related to non-verbal communication.

Minimum Maximum Mean SD

Age 12 20,25 15,1348 2,447
IQ full scale 77 144 103,65 17,238
IQ verbal scale 59 147 102,91 18,901
IQ non-verbal scale 69 151 103,35 19,074
ADOS-2 algorithm score 6 25 11,9783 4,61,153
Scores of ADOS-2 related to non-verbal communication

Scores 0 | 2 3
Descriptive/conventional gestures (%) 304 50 15,2 4,3
Emotional gestures (%) 19,6 17,4 2,2 8,7
Integration of non-verbal communication 84,8 15,2 0 0

with behaviour (%)
Facial expression (%) 23,9 60,9 15,2 0

ADOS: Autism Diagnostic Observation Schedule; d./c. gestures %: descriptive and conventional gestures; e./e. gestures:
emotional and emphatic gestures; F. expression: facial expression; Integration: integration of non-verbal communication;
SD: standard deviation; %: percentage of participants who obtained the scores.
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by the Ethics Committee of the Department of
Psychology at the University of Warsaw, Poland.

Procedure

Participants completed the attention network test
(ANT) on a laptop computer with a 15.6-inch monitor
and with the use of E-Prime software. The experiment
consisted of 144 trials. Before participants took part in
the experiment, they participated in three training ses-
sions. Each experimental session with ANT lasted
about 15-20 minutes depending on the length of the
participant’s break between experimental sessions.

The session with ADOS-2 took place after the break
following the ANT session or on a different day; it
lasted 40-60 minutes and was recorded on video to
provide a reliable assessment. The ADI-R was carried
out on the parents of the adolescents with ASD for a
period of approx. 90—-120 minutes.

All research sessions were conducted either in the
research session room of the University of Warsaw
Psychology Department, at schools, or in a quiet
room of medical centre.

Attention processes efficiency

The ANT is a computerised task created to measure the
efficiency of the three attention networks: alerting, ori-
enting and executive function, based on Posner and
Petersen’s Attention Network Theory (1990). The
structure of the ANT is based on the original version
of the test (Fan, McCandliss, Sommer, Raz, & Posner,
2002). The ANT consists of four cue conditions: no cue,
double cue, spatial cue and centre cue. There are also
three flanker conditions: congruent, neutral and incon-
gruent. The double cue condition and no cue condition
test alerting efficiency. Orienting is measured by the
spatial cue condition and centre cue condition.
Flanker conditions (congruent, neutral and incongru-
ent) assess the capacity of the executive function
responsible for solving cognitive conflicts. The effi-
ciency of alerting was calculated by subtracting the
RT mean of the double cue condition from the RT
mean of trials with no cue conditions. The orienting
effect was calculated by subtracting the RT mean of
trials with spatial cue conditions from the RT mean
of the centre cue condition. The efficiency of executive
attention was calculated by subtracting the RT mean of
trials with incongruent flanker conditions from the RT
mean of congruent conditions. The applied calculations
were elaborated by Fan et al. (2002) and used in a study
of attentional processes in individuals with ASD by
Keehn, Lincoln, Miiller, & Townsend (2010). Any
RTs that were slower than 100ms or longer than
1200 ms were rejected from the RT calculation. These

ranges comprise 2.5% of the lowest and the fastest,
which are predicted to be random. The same cut-off
RTs criteria in the ANT test were applied in the
study of children with ADHD (Johnson et al., 2008).

The mean RT value of test-retest at seven task condi-
tions on ANT was highly correlated between two sessions:
r=.87. The reliability of alerting, orienting and executive
attention ranged from 0.52 to 0.77 (Fan et al., 2002).

The colour trails test (CTT) consists of two trials
(D’Elia, Satz, Uchiyama, & White, 1996/2012). The
first trial measures spatial-visual search and sustained
attention (CTT1). The participant is requested to join
up colourful circles in numerical order. In the second
trial (CTT2), the participant has to join up circles in
numerical order alternating pink and yellow colours.
This trial involves attention shifting. Both spatial-
visual search and attention shifting involve orienting
processes. Test-retest reliabilities (r-Pearson correl-
ations) for execution variables in the Polish adaptation
were as follows: for CTT1, r=0.54; for CTT2, r=0.86
(Lojek & Stanczak, 2012).

Non-verbal communication assessment

ADOS-2 and ADI-R were used to assess the severity of
ASD symptoms, including gesture use impairment.
Quantitative position ratings referring to gestures and
non-verbal communication were selected from ADOS-2
and ADI-R to investigate the links between attention
and gestures in adolescents with ASD. The items in
ADOS-2 and ADI-R are scored on a 0-2 or 0-3 scale
(0 =no evidence of abnormal behaviour to 3 =mark-
edly abnormal behaviour).

ADOS-2 refers to a semi-structured observation
used to assess autism-related social and communication
behaviour (Gotham et al., 2007). Module 3 of ADOS-2
was administered to participants under the age of 15.
Assessment of the behaviour of adolescents over 16
years of age was based on Module 4 of ADOS-2. The
protocols of ADOS-2 and ADI-2, translated into Polish
and approved by Western Psychological Services
(WPS), were used in the research. We used the norms
of the Polish validation study of ADOS-2 to calculate
the diagnosis algorithm (Chojnicka & Pisula, 2017).
The scales of ADOS-2 in Module 3 and Module 4 of
the Polish validation showed high reliability. The alpha
values ranged from .68 to .92. We selected the following
variables of non-verbal communication and gesture use
in ADOS-2 for analysis:

1. Descriptive and conventional gestures, an item from
the Language and Communication Scale (A9).

2. Emotional/emphatic gestures, an item from the
Language and Communication Scale (A10), only in
ADOS-2, Module 4.
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3. Facial expression, an item from the Reciprocal
Social Interaction Scale (B2).

4. Integration of non-verbal communication with
behaviour, an item from the Reciprocal Social
Interaction Scale (B3).

These four domains of non-verbal communication were
assessed separately. The percentages of scores obtained
from the four categories are presented in Table 1. The
use of emotional and emphatic gestures of participants
over the age of 15 (n=22) was assessed using Module 4
of ADQOS-2. The emotional/emphatic gestures item is
included only in Module 4 of ADOS-2 (Gotham et al.,
2007). ADI-R is a semi-structured interview for use on
parents or caregivers of a person with ASD (Rutter, Le
Couteur, & Lord, 2003). One hundred eleven items com-
prise three scales: Communication, Social Development
and Repetitive, Restricted and Stereotyped Behaviour.
We selected the following variables of non-verbal commu-
nication in ADI-R for analysis:

— Descriptive and conventional gestures, current effi-
cacy of use, from Language and Communication
Functioning (45)

— Facial expression, current efficacy of use, from
Social Development and Play (57)

— Inappropriate facial expression to context, current effi-
cacy of use, from Social Development and Play (58)

— Gesture ‘yes’ and gesture ‘no’, current frequency,
from Language and Communication Functioning
(43) and (44).

Results

Scores on gesture use, facial expression and integration
of non-verbal communication in the sample were
diverse. More individuals exhibited decreased efficacy

in the use of descriptive and conventional gestures
and facial expression than in emotional & emphatic
gestures and integration of non-verbal communication,
as is shown in Table 1.

In order to test the hypothesis on the relations
between the three attentional domains and gestures,
we used Amos 16 to estimate the structural equation
model (SEM).

Correlations analysis showed that attention in all
domains is related to gestures use (Table 2). No signifi-
cant correlation of age was found with independent and
dependent variables.

The positive correlation of alerting effect with coord-
ination of non-verbal communication was investigated
(rho=.20; p<0.05; N=46). The number of correct
practices with no cue correlated positively with produc-
tion of emotional and emphatic gestures from ADOS-2
(rho=.454; p<0.05; N=24). This gesture variable was
also related to the number of correct practices with
double cue (rho=.429; p<0.05; N=24).

Emotional and emphatic gestures, descriptive and
conventional gestures and facial expressions directed
to others were related to orienting indicators.

The number of correct practices with centre cue
correlated positively with production emotional and
emphatic gestures in Module 4 of ADOS-2
(rho =.465; p<0.05; N=24).

The production of descriptive and conventional ges-
tures assessed by ADI-R correlated positively with RT
spatial cue trials (rho =.349; p<0.05; N =46) and with
RT centre cue trials (rho=.582; p<0.01; N=46).
CTT1 was related to facial expression directed to
others (rho =—.359; p<0.05; N=406).

Strong correlations of two executive attention pro-
cesses with production of descriptive and conventional
gestures were investigated. The production of descrip-
tive and conventional gestures assessed by ADI-R was

Table 2. The rho-Spearman correlations calculated attentional measures and production of gestures in individuals with ASD

(N=46).

ADOS-2 gesture production ADI-R gesture productions

Integration of Descriptive & Descriptive &

Facial non-verbal ~ Emotional conventional Gesture Gesture conventional Facial Unappropriate
expression communication gestures gestures ‘yes’ ‘no’ gestures expression mimics
Alerting .037 .320° —.288 —.192 —.056 —.048 —.058 —.001 —.210
Orienting  —.010 —.087 —.044 .035 .044 .006 .044 —.073 124
Executive .094 —.164 —.293 —.366" .046 .064 .250 .097 232
attention

ADI-R: Autism Diagnostic Interview-Revised; ADOS: Autism Diagnostic Observation Schedule; ASD: autism spectrum disorder.

*The correlation is sig. 0.05
®The correlation is sig. 0.001

Due to multiple comparisons the correlation has been lower (Sidak‘s/Bonnefferoni‘s correction) to 0.0024.
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Table 3. The rho-Spearman correlation between reaction times, number of correct responses in ANT and gesture productions.

Positions of ADOS-2

Positions of ADI-R

Integration of

Descriptive & Descriptive &

Facial non-verbal ~ Emotional conventional Gesture Gesture conventional Facial ~ Unappropriate
expression communication gestures gestures ‘yes’ ‘no’ gestures  expression mimics
Alerting RT no cue trials —.111 115 —.172 —.250 —-019 —284 —221 .349° —.027
RT double trials —.070 061 —.102 —.221 143 154 —.027 .359° .071
Number of correct —0.012 —0.078 454°  —.141 0.019 —.028 .104 0.069 0.088
no cue trials
Number of correct —0.022 —0.070 429 —.154 0.059 .009 202 0.103 0.009
double cue trials
Orienting  RT centrecue trials —.127 0lé —.129 —.076 —.047 —028 .582° 424° 154
RT spatial trials —.141 .063 —.187 —.173 —.0l15 .001 3497 —.141 .359°
Number of correct —0.019 —0.084 465" —.086 0.070 .024 151 0.136 0.001
centre cue trials
Number of correct —0.024 —0.132 0.390 —.159 0.049 .004 226 0.156 0.042
spatial cue trials
CTTI —.359° —.084 —.239 —.041 051 —.046 —.144 51 —.031
CTT2 —.344° —.005 —.243 —.162 —.198 —245 —243 .021 —.129
Executive  RT congruent trials ~ —.142 .080 —.155 —.048 —.061 .188 —.131 .040 .071
attention RT incongruent trials —.115 049 —238  —.037 —.163 047 569" 429° 143
RT neutral trials —.125 .082 —0.106 —0.22 —0.007 0.002 0.018 —.066 —.060
Number of correct —0.024 —0.050 0.303 —.087 0.075 —0.022 .187 0.059 —0.027
congruent trials
Number of correct 0.110 —0.048 0.388 —.126 0.026 0.037 .I183 0.080 —0.007
incongruent trials
Number of correct —0.053 —0.064 0.387 —.096 0.047 —0.082 .107 0.070 —0.005

neutral trials

ADI-R: Autism Diagnostic Interview-Revised; ADOS: Autism Diagnostic Observation Schedule; ANT: attention network test; CTT |: colour trails test-

I; CTT-2: colour trails test-2.
*The correlation is sig. 0.05.
The correlation is sig. 0.001.

Due to multiple comparisons the correlation has been lower (Sidak‘s/Bonnefferoni‘s correction) to 0.0024.

positive and strongly related to RTs of incongruent
flankers (rho=.569; p<0.05; N=46). The effect of
executive attention in ANT was moderate, negative
and correlated with production of descriptive and con-
ventional gestures assessed by ADOS-2 (rho = —.366;
p<0.05; N=46).

The model fits well (Xz/dff 1.45; RMSEA <0,100;
CFI1>0.77). The results of the SEM indicated signifi-
cant relations between attentional indicators and indi-
cators of non-verbal communication. The SEM graph
is presented in Figure 1. Alerting was related directly to
the integration of non-verbal communication with
behaviour (p=.32; p<.05) and directly to emotional
gestures (B=-.29; p<.05). The relation between
executive attention and descriptive and conventional
gestures was not significant. Spatial-visual search was
related directly to facial expression (p=—.36; p<.01).

Additionally, we tested whether a relationship exists
between executive attention and alerting and spatial-
visual search. We predicted that executive attention
would support efficiency in alerting and spatial-visual

search. The results from the SEM did not confirm the
hypothesis. The covariance between alerting and execu-
tive attention was non-significant. While executive
attention was, admittedly, related to spatial-visual
search (p=-.39; p<.01), the negative correlation
shows that high performance of executive attention is
related to decreased spatial-visual search. The result
obtained is incongruent with the hypothesis.

Discussion

Correlation analysis revealed that various attentional
processes are related to the use of gestures. Orienting
processes were less often correlated with indicators of
gestures and the strength of the relationship was weaker
in comparison to alerting and executive attention indi-
cators that correlated moderately or strongly with ges-
ture indicators. In the SEM model, high efficiency of
spatial-visual search was linked to the frequent use of
context-relevant facial expression. These results do not
confirm Hypothesis 1 which said that orienting
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Figure 1. Structural equation model (SEM) of gestures and non-verbal communication with attentional processes.

attention is related to the use of all kinds gestures and
facial expression its entirely.

Hypothesis 2, that executive attention is a predictor
of the performance of descriptive and conventional ges-
ture production, was not confirmed. Admittedly, the
executive attention indicators were strongly correlated
with descriptive and conventional gestures, but the rela-
tionship was not confirmed in the SEM as it was not
significant.

One explanation of the lack of impact of executive
attention on descriptive gestures may be the difficulties
experienced by individuals with autism in the flexible use
of executive attention in daily life, for example, in social
interactions (Rosenthal et al., 2013). Executive attention
(including planning, flexibility, working memory) in ado-
lescents probably does not compensate for the use of
descriptive and conventional gestures. As Seitz (2000)
postulates, gestures are ‘embodied language’ which is
primary to verbal language and cognitive processes,
and this is why gesture expression might not be con-
trolled by top—down processes. Another possible explan-
ation for the absence of a relationship between executive
attention and descriptive gestures might be the difficulty
in representing mental states and deficit in theory of
mind in individuals with ASD (Charman & Baron-
Cohen, 1992). Because of the impairment in mental rep-
resentation, the use of gestures is not necessary to convey
insight from the speaker to the listener (Goldin-
Meadow, 2000).

Correlation analysis revealed that alerting indicators
were related to gestures and non-verbal communication

variables, that is, integration of non-verbal communi-
cation and facial expression. Likewise, SEM showed
that alerting was linked to emotional gestures and inte-
gration of non-verbal communication. Therefore, the
results obtained from correlation analysis and SEM
are congruent with Hypothesis 3, which states that
alerting is related to spontaneous use of emotional
gestures.

The results from SEM seem to indicate that orient-
ing attention is not related to efficiency of production of
gestures to the same degree as it is to alerting. Perhaps
this is because performance-orienting attention in ado-
lescents with ASD is not decreased (Kawakubo et al.,
2007) as it is in children with ASD (Dawson et al., 2004;
Elsabbagh et al., 2009; Salowitz et al., 2013). Hence, the
relationship of orienting attention processes and non-
verbal language is not as obvious in this group of ado-
lescents as that which exists in childhood. These rela-
tionships indicate that arousal, or in other words
alertness, is not only related to stereotyped symptoms
as commonly reported in the literature (Goldstein,
Johnson, & Minshew, 2001), but should be considered
in the context of the use of emotional gestures and their
integration with nonverbal communication. In accord-
ance with the study by Kaartinen and colleagues (2012),
who found that arousal increases in individuals with
ASD when they maintain eye contact; the avoidance
of eye contact indicates a relationship between arousal
and social interaction impairment. Perhaps studies on
gestures during which physiological indicators would
be measured could be beneficial in obtaining
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information about the relationship between arousal
and non-verbal communication for individuals with
ASD. Most of the studies concerning gestures and
non-verbal communication in individuals with ASD
refer rather to recognition than to production.

The next important finding from the present study is
the absence of compensatory processes in executive
attention for alerting and spatial-visual search, contrary
to the assumptions based on neurophysiological pro-
cesses stated by Casey and Riddle (2012). The results
of SEM analysis are incongruent with Hypothesis 4,
that executive attention supports the efficacy of orienting
and alerting.

In accordance with the increased perceptual capacity
in persons with ASD (Remington, Swettenham,
Campbell, & Coleman, 2009), individuals with autism
who manifest enhanced perceptual capacity in tasks
demanding visual search could have been distracted
by the task measuring executive attention in ANT
with incongruent flankers.

The current study does have its limitations. The first
of them is the modest sample size, which means that
Root mean square error of approximation (RMSEA) in
the model is at merely an acceptable level. Further
research is needed to confirm the interaction between
gestures and attentional processes. The second limita-
tion is that we measured only the spontaneous use of
gestures in ADOS-2 and spontancous use of gestures
reported by parents, while we did not examine imitation
gestures in a structured task, in contrast to the study by
de Marchena and Eigsti (2010). The third limitation of
the present study is the absence of typically developing
adolescents, because the ADOS-2 and ADI-R, from
which we selected items to measure the efficacy of
non-verbal communication indicators, were not admi-
nistrated to a control group.

This model of the relationship between particular
attentional processes, gestures and other non-verbal com-
munication variables could inspire practitioners in inter-
ventions with adolescents with ASD. Attention supports
all cognitive processes (Scerif & Wu, 2014). The know-
ledge of what kind of attention processes are related to
particular gestures could be useful for interventions dedi-
cated to ASD adolescents. This is particularly the case in
interventions based on new technologies, that is, Virtual
Reality with Feedback-Focused Interaction. The rela-
tionship between attention and gestures could be applied
(Wang & Reid, 2011), while tasks could be designed to
reinforce the use of gestures in the context in which par-
ticular attentional processes are involved.

Summary

The relationship between gestures and the use of non-
verbal communication has not been extensively studied,

as detailed in the Introduction. The results of the present
study provide a consistent model of the relationships
between the use of gestures and various attentional pro-
cesses, which can spur further investigations of the links
between attention processes, gestures and non-verbal
communication in individuals with ASD.

Acknowledgments

The authors would like to thank the adolescents and their
parents who participated in the study.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship and/or publication
of this article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship and/or publication of this art-
icle: The study was supported by a grant from the University of
Warsaw DSM 1090/2014 and DSM 111700/2015.

References

American Psychiatric Association. (2013). Diagnostic and stat-
istical manual of mental disorders: DSM-5. Washington;
London: American Psychiatric Publishing.

Asperger, H. (1944). Die ‘Autistischen Psychopathen’ im
Kindesalter. European Archives of Psychiatry and Clinical
Neuroscience, 117(1), 76-136.

Barkley, R. A. (2001). The executive functions and self-reg-
ulation: An evolutionary neuropsychological perspective.
Neuropsychology Review, 11(1), 1-29.

Benedek, M., Jauk, E., Sommer, M., Arendasy, M., &
Neubauer, A. C. (2014). Intelligence, creativity, and cog-
nitive control: The common and differential involvement
of executive functions in intelligence and creativity.
Intelligence, 46, 73-83.

Casey, B.J., & Riddle, M. (2012). Typical and atypical devel-
opment of attention. In M. I. Posner (Ed.), Cognitive
neuroscience of attention. Second edition (pp. 345-356).
New York, NY: The Guilford Press.

Charman, T., & Baron-Cohen, S. (1992). Understanding
drawings and beliefs: A further test of the metarepresenta-
tion theory of autism: A research note. Journal of Child
Psychology and Psychiatry, 33(6), 1105-1112.

Chawarska, K., Macari, S., & Shic, F. (2013). Decreased
spontaneous attention to social scenes in 6-month-old
infants later diagnosed with autism spectrum disorders.
Biological Psychiatry, 74(3), 162—163.

Chojnicka, 1., & Pisula, E. (2017). Adaptation and validation of
the ADOS-2, Polish Version. Frontiers in Psychology, 8, 1916.

Christensen, D. L., Bilder, D. A., Zahorodny, W., Pettygrove,
S., Durkin, M. S., Fitzgerald, R. T.,... Yeargin-Allsopp,
M. (2016). Prevalence and characteristics of autism spec-
trum disorder among 4-year-old children in the autism and
developmental disabilities monitoring network. Journal of
Developmental & Behavioral Pediatrics, 37(1), 1-8.



10

Autism & Developmental Language Impairments

Corden, B., Chilvers, R., & Skuse, D. (2008). Avoidance of
emotionally arousing stimuli predicts social-perceptual
impairment in Asperger’s syndrome. Neuropsychologia,
46(1), 137-147.

Dawson, G., Hill, D., Spencer, A., Galpert, L., & Watson, L.
(1990). Affective exchanges between young autistic chil-
dren and their mothers. Journal of Abnormal Child
Psychology, 18(3), 335-345.

D’Elia, L. F., Uchiyama, C. L., & White, T. (1996/2012).
Kolorowy Test Potaczen. [Colorful Tracing Test]. (trans-
lation J. Stanczak; ed. A. Matczak). Warsaw: Pracownia
Testow Psychologicznych PTP.

de Marchena, A., & Eigsti, I. M. (2010). Conversational
gestures in autism spectrum disorders: Asynchrony
but not decreased frequency. Autism Research, 3(6),
311-322.

Ekman, P., Rolls, E. T., Perrett, D. 1., & Ellis, H. D. (1992).
Facial expressions of emotion: An old controversy
and new findings. Philosophical Transactions of the
Royal Society of London B: Biological Sciences,
335(1273), 63-69.

Elsabbagh, M., Volein, A., Holmboe, K., Tucker, L., Csibra,
G., Baron-Cohen, S.,...Johnson, M. H. (2009). Visual
orienting in the early broader autism phenotype:
Disengagement and facilitation. Journal of Child
Psychology and Psychiatry, 50(5), 637-642.

Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner,
M. 1. (2002). Testing the efficiency and independence of
attentional networks. Journal of Cognitive Neuroscience,
14(3), 340-347.

Fernandez-Duque, D., Baird, J. A., & Posner, M. 1. (2000).
Executive attention and metacognitive regulation.
Consciousness and Cognition, 9(2), 288-307.

Goldstein, G., Johnson, C. R., & Minshew, J. C. (2001).
Attentional processes in autism. Journal of Autism and
Developmental Disorder, 31(4), 433-440.

Goldin-Meadow, S. F. (2015). Gesture and cognitive devel-
opment. In L. S. Liben, U. Miiller & R. M. Lerner (Eds.),
Handbook of child psychology and developmental science.
Cognitive processes (Vol. 2, pp. 339-380). Hoboken, NIJ:
John Wiley & Sons, Inc.

Goldin-Meadow, S. (2000). Beyond words: The importance
of gesture to researchers and learners. Child Development,
71(1), 231-239.

Goldin-Meadow, S., McNeill, D., & Singleton, J. (1996).
Silence is liberating: Removing the handcuffs on grammat-
ical expression in the manual modality. Psychological
Review, 103(1), 34-54.

Gotham, K., Risi, S., Pickles, A., & Lord, C. (2007). The
Autism Diagnostic Observation Schedule: Revised algo-
rithms for improved diagnostic validity. Jowrnal of
Autism and Developmental Disorders, 37(4), 613.

Hirstein, W., Iversen, P., & Ramachandran, V. S. (2001).
Autonomic responses of autistic children to people and
objects. Proceedings of the Royal Society of London B:
Biological Sciences, 268(1479), 1883—1888.

Humphreys, K., Minshew, N., Leonard, G. L., & Behrmann,
M. (2007). A fine-grained analysis of facial expression pro-
cessing in  high-functioning adults with autism.
Neuropsychologia, 45(4), 685-695.

Ingersoll, B., Lewis, E., & Kroman, E. (2007). Teaching the
imitation and spontaneous use of descriptive gestures in
young children with autism using a naturalistic behavioral
intervention. Journal of Autism and Developmental
Disorders, 37(8), 1446-1456.

Johnson, K. A., Robertson, I. H., Barry, E., Mulligan, A.,
Daibhis, A., Daly, M., ... Bellgrove, M. A. (2008). Impaired
conflict resolution and alerting in children with ADHD:
Evidence from the attention network task (ANT). Journal
of Child Psychology and Psychiatry, 49(12), 1339-1347.

Jurado, M. B., & Rosselli, M. (2007). The elusive nature of
executive functions: A review of our current understand-
ing. Neuropsychology Review, 17(3), 213-233.

Kaartinen, M., Puura, K., Mikeld, T., Rannisto, M.,
Lemponen, R., Helminen, M., & Hietanen, J. K. (2012).
Autonomic arousal to direct gaze correlates with social
impairments among children with ASD. Jowrnal of
Autism and Developmental Disorders, 42(9), 1917-1927.

Kanner, L. (1943). Autistic disturbances of affective contact.
Nervous Child, 2, 217-250.

Kawakubo, Y., Kasai, K., Okazaki, S., Hosokawa-Kakurai,
M., Watanabe, K. 1., Kuwabara, H., & Maekawa, H.
(2007). Electrophysiological abnormalities of spatial atten-
tion in adults with autism during the gap overlap task.
Clinical Neurophysiology, 118(7), 1464-1471.

Keehn, B., Lincoln, A. J., Miiller, R. A., & Townsend, J.
(2010). Attentional networks in children and adolescents
with autism spectrum disorder. Journal of Child
Psychology and Psychiatry, 51(11), 1251-1259.

Krauss, R. M., Chen, Y., & Chawla, P. (1996). Nonverbal
behavior and nonverbal communication: What do conver-
sational hand gestures tell us? Advances in Experimental
Social Psychology, 28, 389-450.

Kraut, R. E., & Johnston, R. E. (1979). Social and emotional
messages of smiling: An ethological approach. Journal of
Personality and Social Psychology, 37(9), 1539-1553.

Kuhn, L. J., Willoughby, M. T., Wilbourn, M. P., Vernon-
Feagans, L., & Blair, C. B. (2014). Early communicative
gestures prospectively predict language development and
executive function in early childhood. Child Development,
85(5), 1898-1914.

Lezak, M., Howieson, D. B., & Loring, D. W. (2004).
Neuropsychological — assessment. New York: Oxford
University Press.

Loveland, K. A., Tunali-Kotoski, B., Pearson, D. A.,
Brelsford, K. A., Ortegon, J., & Chen, R. (1994).
Imitation and expression of facial affect in autism.
Development and Psychopathology, 6(03), 433-444.

Lojek, E., & Stanczak, J (2012). CTT — Kolorowy Test
Polaczen. Wersja dla Doroslych. Podrecznik. Polska nor-
malizacja. [CTT-Colorful Trails Test. Adult version.
Guidebook. Polish norms]. Warsaw: Pracownia Testow
Psychologicznych PTP.

Mclntosh, D. N., Reichmann-Decker, A., Winkielman, P., &
Wilbarger, J. L. (2006). When the social mirror breaks:
Deficits in automatic, but not voluntary, mimicry of emo-
tional facial expressions in autism. Developmental Science,
9(3), 295-302.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H.,
Howerter, A., & Wager, T. D. (2000). The unity and



Pudto and Pisula

diversity of executive functions and their contributions to
complex ‘frontal lobe’ tasks: A latent variable analysis.
Cognitive Psychology, 41(1), 49-100.

Merola, G. (2007). Emotional gestures in sport. Language
Resources and Evaluation, 41(3-4), 233-254.

Mundy, P., & Burnette, C. (2005) Joint attention and neuro-
developmental models of autism. In F. R. Volkmar, R.
Paul, A. Klin, & D. J. Cohen (Eds.), Handbook of autism
and pervasive developmental disorders, diagnosis, develop-
ment, neurobiology, and behavior (Vol. 1, pp. 650-681).
Hoboken, NJ: John Wiley & Sons.

Orekhova, E. V., & Stroganova, T. A. (2014). Arousal and
attention re-orienting in autism spectrum disorders:
Evidence from auditory event-related potentials.
Frontiers in Human Neuroscience, 8, 34.

Pessoa, L., & Adolphs, R. (2010). Emotion processing and the
amygdala: From a ‘low road’ to ‘many roads’ of evaluat-
ing biological significance. Nature Reviews. Neuroscience,
11(11), 773.

Petersen, S. E., & Posner, M. 1. (2012). The attention system
of the human brain: 20 years after. Annual Review of
Neuroscience, 35, 73-89.

Poggi, 1. (2001). Mind markers. The semantics and pragmatics of
everyday gestures. Berlin, Germany: Berlin Verlag Arno Spitz.

Poggi, 1. (2002). From a typology of gestures to a procedure
for gesture production. Gesture and Sign Language in
Human-Computer Interaction, 158-168. doi: 10.1007/3-
540-47873-6_16

Posner, M. 1., & Petersen, S. E. (1990). The attention system
of the human brain. Annual Review of Neuroscience, 13(1),
25-42.

Posner, M., & Rothbart, M. K. (2007). Research on attention
networks as a model for the integration of psychological
science. The Annual Review of Psychology, 58, s1-s23.

Remington, A., Swettenham, J., Campbell, R., & Coleman, M.
(2009). Selective attention and perceptual load in autism
spectrum disorder. Psychological Science, 20(11), 1388—1393.

Rutter, M., Bailey, A., & Lord, C. (2003). SCQ. The social
communication questionnaire. Torrance, CA: Western
Psychological Services.

Rutter, M., Le Couteur, A., & Lord, C. (2003). Autism
Diagnostic  Interview-Revised. Los Angeles: Western
Psychological Services.

Rosenthal, M., Wallace, G. L., Lawson, R., Wills, M. C.,
Dixon, E., Yerys, B. E., & Kenworthy, L. (2013).
Impairments in real-world executive function increase

from childhood to adolescence in autism spectrum dis-
orders. Neuropsychology, 27(1), 13-18.

Salowitz, N. M., Eccarius, P., Karst, J., Carson, A., Schohl,
K., Stevens, S., & Scheidt, R. A. (2013). Brief report:
Visuo-spatial guidance of movement during gesture imita-
tion and mirror drawing in children with autism spectrum
disorders. Journal of Autism and Developmental Disorders,
43(4), 985-995.

Scerif, G., & Wu, R. (2014). Developmental disorders: A
window onto attention dynamics. In A. C. Nobre &
S. Kastner (Eds.), The Oxford handbook of attention
(pp. 893-926). Oxford: Oxford University Press.

Seitz, J. A. (2000). The bodily basis of thought. New Ideas in
Psychology, 18(1), 23-40.

Silverman, L. B., Bennetto, L., Campana, E., & Tanenhaus,
M. K. (2010). Speech-and-gesture integration in high func-
tioning autism. Cognition, 115(3), 380-393.

Smith, V., Mirenda, P., & Zaidman-Zait, A. (2007).
Predictors of expressive vocabulary growth in children
with autism. Journal of Speech, Language, and Hearing
Research, 50(1), 149-160.

Tantam, D., Holmes, D., & Cordess, C. (1993). Nonverbal
expression in autism of Asperger type. Journal of Autism
and Developmental Disorders, 23(1), 111-133.

Tardif, C., Lainé, F., Rodriguez, M., & Gepner, B. (2007).
Slowing down presentation of facial movements and vocal
sounds enhances facial expression recognition and induces
facial-vocal imitation in children with autism. Journal of
Autism and Developmental Disorders, 37(8), 1469-1484.

Vernetti, A., Senju, A., Charman, T., Johnson, M. H., Gliga,
T., & BASIS Team. (2017). Simulating interaction: Using
gaze-contingent eye-tracking to measure the reward value
of social signals in toddlers with and without autism.
Developmental Cognitive Neuroscience, 29, 21-29.

Wallace, S., Coleman, M., & Bailey, A. (2008). An investiga-
tion of basic facial expression recognition in autism
spectrum disorders. Cognition and Emotion, 22(7),
1353-1380.

Wang, M., & Reid, D. (2011). Virtual reality in pediatric
neurorchabilitation: Attention deficit hyperactivity dis-
order, autism and cerebral palsy. Neuroepidemiology,
36(1), 2-18.

WHO. (2002). The ICD-10 Classification of Mental and
Behavioural Disorders: Diagnostic Criteria for Research.
Geneva: WHO.



