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Abstract

The aim of the present study was to dissociate the timing and integration mechanisms in
Autism Spectrum Disorders (ASD). We utilized an identical set of stimuli in two different
tasks - a reaction time (RT) and a simultaneity judgment (SJ) task. Each task tapped at
different hypothesized processes. Through the RT task, we examined the multisensory
integration of ASD children as compared to a control group. Participants were asked to
complete a speeded detection of two targets, presented unimodally (auditory or visual) or
bimodally (audiovisual) in a congruent or incongruent format. The SJ task examined the
temporal sensitivity in multisensory events of the above-mentioned groups. Based on recent
findings, it was expected that timing and integration processes would be different rather the
same and that ASD individuals would present integration and timing impairments. Finally, we
examined the relationship between autism and Attentional Deficit Hyperactivity Disorders
(ADHD) symptoms with participants’ performance in both tasks. Results showed that timing
and integration processes are different but interconnected. ASD participants revealed
unimpaired multisensory integration in the RT task and impaired timing in SJ task. The latter
timing impairments affected participants’ integration capabilities with patients performing
similarly for matching and mismatching presentations. Finally, there was a positive
relationship of autistic and ADHD symptoms with both RT and the SJ tasks, indicating that
autistic symptoms could be an index for slower multisensory integration and perception of
synchrony impairments, however, in any case ADHD symptoms involvement should be also

taken into account.

Keywords: Autism spectrum disorders; Audiovisual perception; Multisensory processing;

Synchrony perception; Audiovisual integration.



Iepiinyn

O okondg ™G TaPoHGOS EPEVVAG NTOV VO, SLUYWPIGOVIE TOVG UNYAVIGLOVG TOL YPOVIGHOV Kot
™G  TOAVAIGONTNPLOKNG  OTOPTIOONG  OTIS  OTOPAYES TOV  OLTICTIKOV  (ACUOTOG.
Xpnoonomoape Opoln epebicpato og dV0 SPOPETIKA £pya, dov T0 KAOe £pyo oyeTiloTav
HE TG OLPOPETIKES EVOEXOUEVEG AELTOVPYIEC. ZTO TPAOTO £pY0 (€£pyo YPOVOL OTOKPIONG),
e€etdoape ™V molowoucOnTnplokn anaptioon o€ Toudld PE OVTICHO CLYKPITIKA HE pio
ouada eiéyyov. O ovupetéyovieg KANROMKOV Vo €VIOTIGOUY OVO  GTOYOVG 7OV
TOPOLGLALOVTOV LOVOTPOTIKA 1 SITPOTIKA 0G0 TO duVATOV YPNYopOTEPA. XTO OEVTEPO £PYO
(épyo xpiong ocvyypoviag) eEetdcape TNV XPOVIKY| gvatcOncia e moAvaicOnTnplakd yeyovota
oTovg 1010vg ovppeTéyovies. Ymobéoapue OTL Ol UNYOVIGUOL TOVL YPOVIGHOD KOl TNG
aroaptioons Oa eivar dtapopetikoi, Ko OTL O GLUUETEYOVTEG pe avTiopd Ba mapovoialov
EMEILPATO GTNV OTOPTIOOCT] KOl GTOV YPOVIGUO GOUOMVO. LE TPONYoUueveS Epevves. TENOG,
€EETAGOLE TNV GYEON TOV OVTICTIKOV GUUTTOUATOV KOl TNG EMIO00NG TOV GUUUETEYOVIMOV
ota 600 épya. Ta aroteléopata £3€1&av OTL Ol SIEPYAGIES TNG ATOPTIMONG KOL TOV YPOVIGLOV
mpdypatt daeépovy. Ol CUUUETEXOVTEG HE OULTICHO OEV EUGAVIGOV EAAEippOTO OTNV
moAvacOnNTplokn amoptimon oto £pyo ¥pOdVOL amdOKPIoNS, OAAGL GTOV YPOVIGUO GTO £PYO
Kpiong ovyypoviag. Qotdc0, To eEAAEippOTA 6TO YpOoVIcUO emmpéacay TV evomoinor. Télog,
oci&ape TV oY€om TOV OVTICTIKOV GUUTTOUATOV e To, dV0 €pya, Ta omoia o pmopovoay va
amoTEAECOVV OEiKTn Yoo o apyn moAvaicOntnplakn enelepyacio kol yio EAAEippOTO GTOV

YPOVIGHO.

A&Eelg KAEWOWA: Awotapoyég TOV  OUTICTIKOD  (QAGUOTOG, OMTIKOOKOVGTIKY  OVTIANYM,

moAvacOnplokn eneEepyacio, ONTIKOOKOVGTIKY OapTi®™o, YPOVIGUOG.



1. Introduction

1.1 Autism

Autism Spectrum Disorder (ASD) is one of the most common pervasive
neurodevelopmental disorders characterized by deficits in communication and social
behaviors and the presence of stereotyped, repetitive movements (American Psychiatric
Association [APA], 2013). Rogers and Ozonoff (2005) proposed that these ASD impairments
may be the result of ineffective processing of sensory inputs (Kwakye et al., 2011). A number
of studies have investigated how sensory inputs are combined in ASD, however, their
findings did not always converge, resulting in ambiguities on ASD multisensory processing
capabilities (Vatakis & Allman, 2015). Therefore, the unisensory and multisensory processing
findings from research in ASD have not been completely clarified and further research on the
topic should be conducted.

1.2 Multisensory processing in ASD: Timing and Semantics

Starting from nascence, the world is perceived through the combination of all sensory
inputs. Multisensory integration is the process by which multiple sensory inputs are merged to
form a unified representation of an object (e.g., larocci & McDonald, 2006). Thus,
multisensory integration capacity in an individual’s development is very important (Wallace
et al., 2004). This process seems to be altered or impaired in ASD population (Foxe et al.,
2013) and it remains unclear whether ASD individuals are impaired in terms of timing and/or
binding.

Initial empirical studies on multisensory temporal processing in ASD have focused on
the investigation of simple stimulus paradigms (e.g., Foss-Feig et al., 2010; Kwakye et al.,
2011; van der Smagt et al., 2007). For example, van der Smagt et al. (2007) examined low-

level multisensory integration in high-functioning adults with ASD (M~20.5 years of age for



both groups, intelligence quotient, 1Q, matched, ASD diagnosis: autistic disorder, Asperger’s
syndrome) using the double flash illusion (where an individual perceives multiple flashes
when a single flash is accompanied by several beeps; see Shams et al., 2000). Specifically,
they presented three visual stimuli (flashes) with or without auditory stimulation (beeps) in
four different conditions (no sound, one beep, two beeps, three beeps). Participants had to
indicate the number of perceived flashes by pressing three response keys. The performance of
the individuals with ASD was no different from that of typical developing (TD) individuals,
suggesting no specific ASD impairment in the integration of low-level multisensory stimuli.
In a similar study, Foss-Feig et al. assessed and compared the temporal window of
audiovisual integration (the time window within which an audiovisual event is perceived as
unified; see Vatakis & Allman, 2015; Wallace et al., 2004) of adolescents with and without
ASD with full scale 1Q above 70 (M~12 years of age for both groups, age range: 8-17 years
old, ASD diagnosis: autistic disorder, pervasive developmental disorder, Asperger’s
syndrome) and found that the ASD group experienced the illusion for a temporal window that
was two times larger from that observed in the TD individuals. The authors attributed these
findings to poor visual acuity given the tendency of the ASD group to report one flash in the 2
flash-0 beep conditions (Foss-Feig et al., 2010). However, no evaluation of visual acuity was
conducted. In a subsequent study, Kwakye and colleagues (2011) replicated Foss-Feig et al.’s
(2010) illusory findings in a group of high-functioning adolescents with ASD and in a group
without ASD (M~12 years of age for both groups, age range: 8-17 years old, ASD diagnosis:
autistic disorder, pervasive developmental disorder, Asperger’s syndrome). They also defined
unisensory temporal thresholds for each of their participants using a temporal order judgment
(TOJ) task (i.e., participants had to report the order of presentation of the two sensory
streams). Their results showed no differences in the visual TOJ task, but higher thresholds in

the auditory TOJ task for the ASD group. They supported that these auditory timing



alterations could also influence multisensory processing and result in the wider temporal
window of integration observed (Kwakye et al., 2011).

Given the association of ASD with social related impairments and potential
abnormalities with complex stimulus processing (e.g., Dawson et al., 1998), recent studies
have also experimented with audiovisual speech and non-speech stimuli (Bebko et al., 2006;
de Boer-Schellekens et al., 2013; Foxe et al., 2013; Grossman et al., 2009; Stevenson et al.,
2014). For instance, in Bebko et al.’s (2006) study, 4 to 6 year-old children (ASD diagnosis:
autistic disorder, pervasive developmental disorder) were assessed using a preferential
looking paradigm on looking time for identical audiovisual events (non-linguistic, simple
linguistic, and complex linguistic stimuli) in or out of synchrony. Results showed that ASD
children’s looking time was similar to that of TD children for the non-linguistic stimuli, but
significantly different for linguistic stimuli, implying ineffective multisensory processing of
speech. They also assessed the looking away time for the three types of stimuli, showing that
participants had the tendency to look away more frequently for the non-linguistic stimuli than
for the simple linguistic. However, no group interaction was found. As for the asynchronous
looking time, the ASD group did not show a clear preference either to synchronous or to
asynchronous displays (Bebko et al., 2006).

Focusing on audiovisual speech (i.e., a woman telling everyday common phrases) and
using an SJ task (i.e., participants had to report whether the presentation of two streams were
in synchrony or not), Grossman et al. (2009) found no impairment of audiovisual integration
in adolescents with high-functioning ASD (M~14,5 years old, age range: 12-16 years old,
ASD diagnosis: autistic disorder). On the other hand, de Boer-Schellekens et al. (2013)
reported impaired multisensory integration in ASD for both speech and non-speech stimuli.
The latter study utilized an audiovisual TOJ task for three types of stimuli - a flash/beep, a

handclap, and a person uttering syllables. The performance of the ASD group (M~19 years



old for both groups, age range: 16-22 years old, ASD diagnosis: autistic disorder, pervasive
developmental disorder, Asperger’s syndrome) was lower in sensitivity for all types of stimuli
compared to the TD group, indicating a difficulty in judging the temporal order, which, in
turn, lead to a wider temporal window of integration (de Boer-Schellekens et al., 2013).
Utilizing three types of stimuli, Stevenson et al.’s (2014) study examined whether low-level
multisensory temporal processing is correlated to impaired audiovisual speech integration in
children with ASD. For this purpose, they first conducted SJs in order to assess the temporal
window of integration for the different stimuli utilized (flashes/beeps, dynamic handheld
tools, syllables utterances). Participant age varied from 6 to 18 years old (M~12 years old for
both groups, ASD diagnosis: autistic disorder, pervasive developmental disorder, Asperger’s
syndrome). Analysis of the data revealed that individuals with ASD showed decreased
temporal acuity compared to the TD group for speech stimuli, however, no difference was
found for simple and non-speech stimuli. Subsequently, they examined the strength of the
McGurk illusion (the influence of vision of audiovisual speech perception; McGurk &
MacDonald, 1976) with all the sensory steams presented in synchrony. The ASD group was
significantly less likely to report the McGurk illusion compared to the TD group (61 vs. 79%,
respectively) with the tendency to report the auditory speech, suggesting weaker binding for
audiovisual speech. The authors also measured unisensory temporal processing through a TOJ
task for simple auditory and visual stimuli. These results showed unimpaired striking
similarities between TD and ASD groups in auditory and visual temporal processing,
strengthening the notion of ineffective multisensory processing rather than unisensory
deficits. They also found significant correlations between the strength of McGurk effect with
the temporal window of integration measured using flash-beeps in ASD group. According to
these results, the authors concluded that as the temporal window of integration becomes

longer, the integration of audiovisual speech becomes weaker, emphasizing also the strong



association of low-level multisensory processing and the strength of integration (Stevenson et
al., 2014).

In an effort to investigate the developmental trajectory of multisensory speech
integration in ASD, Foxe et al. (2013) assessed speech-in-noise abilities between 3 different
aged-groups (7-9, 10-12, 13-15) with high-functioning ASD, utilizing 300 simple
monosyllabic words spoken by a female woman in three conditions (auditory, visual, and
audiovisual) and the participants had to report which word they heard or saw. The results
showed not only that multisensory deficits in ASD were not due to unisensory capabilities but
also that they are present at the initial stages of speech acquisition with higher severity in
younger children. Interestingly, the differences between ASD and TD groups for 7-9 and 10-
12 years of age were statistically significant in reporting the syllables, however there was no
statistical significance for the 13-15 age group, showing a possible ASD catch up to the TD
group and a steep increase of speech multisensory integration for individuals with ASD (Foxe
etal., 2013).

Apart from the above empirical research, Marco et al.’s (2011) review pointed out the
potential link between deficits in low-level multisensory processing and autistic symptoms.
For this reason, Donohue et al. (2012) tested the association between ASD symptomatology
(through a self-reported questionnaire) and low-level multisensory processing. Using the
Autism Spectrum Quotient (ASQ; see Baron-Cohen et al., 2001) questionnaire they assessed a
non-clinical group’s scores (M~21 years of age, age range: 17-24 years old) in 5 skills (social
skills, attentional switching, attention to detail, communication and imagination). After the
completion of the questionnaire, the group participated in an SJ task with low-level
multisensory stimuli (a black and white checkerboard pattern for the visual component and a
1200Hz tone for the auditory component). The participants had to judge whether the

presentation of the stimulus was in synchrony or not. In order to assure that the ASD
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symptomatology was linked to the SJ task and not to other parameters (e.g., attention), they
also used another questionnaire on Attention deficit hyperactivity disorder (ADHD; see Jasper
& Goldberg, 1993), as well as a video game playing habits (i.e., a video game created in order
to measure participants’ expertise in perceiving temporal asynchronies). Through the ADHD
quotient and the video game participation, they wanted to eliminate the involvement of other
symptoms that could affect multisensory processing. Their results indicated a correlation
between high ASQ scores to auditory-first tendency in responding, indicating not only a
relationship between autistic symptoms and multisensory processing but also a left shifted
temporal window of integration (Donohue et al., 2012).

1.3 Limitations in multisensory research on ASD

The discordance across the previous research could be the result of several factors.
One factor could be the participants’ age-range. Several studies were conducted with the
participation of a wide age-range of ASD participants (e.g., de Boer-Schellekens et al., 2013;
Foss-Feig et al., 2010; Kwakye et a., 2011; Stevenson et al., 2014). However, recent empirical
evidence has shown a developmental trajectory in multisensory processing during childhood
(e.g., Foxe et al., 2013; Tremblay et al., 2007) that was not taken into account until recently
(e.g., de Boer-Schellekens et al., 2013; Foss-Feig et al., 2010; Kwakye et a., 2011; Stevenson
et al., 2014). Thus, these developmental differentiations could have led to the different
findings noted in previous research (Vatakis et al., 2015). Another factor could be the wide
variety of autistic symptoms in ASD population. The lack of homogeneity in ASD
individuals’ symptoms entails difficulties in drawing reliable conclusions as long as the wide
variety of symptoms in many skills can affect different cognitive functions (Donohue et al.,
2012). Furthermore, in many cases there is a co-occurrence of ASD and other disorders
(comorbidity) that affects participants’ performance. For this reason, it is difficult to reach

concrete conclusions given that it is not clear whether participants’ performance is due to
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ASD or due to other disorders (e.g., ADHD; see Craig et al., 2016). An additional factor could
also be the different type of tasks used (preferential looking, verbal reporting, TOJ, SJ; see
Vatakis & Allman, 2015). For instance, previous work has shown that TOJ and SJ tasks have
differential sensitivity for the just noticeable difference (JND) and the point of subjective
simultaneity (PSS; Vatakis et al., 2008). Thus, the convergence of estimates of the temporal
window of integration through SJ and TOJ is poor (Vroomen et al., 2010). Finally, it remains
unresolved whether multisensory processing impairment or alteration in ASD is due to timing
or integration attributes (Vatakis et al., 2015). Freeman et al. (2013) through a case study
indicated that optimal integration does not depend on achieving subjective synchrony; a
consensus view that is taken for granted in most of the research in multisensory processing.
According to evidence that mechanisms that underlie perception of synchrony and
multisensory integration are distinct rather than common (Freeman et al., 2013; Tsilionis et
al., 2016), it may be the case that timing alone but not integration per se is impaired in ASD
(Vatakis & Allman, 2015), and thus, further examination of these two processes is necessary.

1.4 Current study

The aim of our study is to further examine the nature of the potential timing and
integration deficits in ASD and, specifically, whether these deficits are the result of
ineffective integration or impaired timing. We designed an experiment using two different
tasks (RT and SJ task) but identical stimuli in order to examine the capacity of ASD
participants in multisensory integration through the RT task and the perception of synchrony
through the SJ task. ASD participants took part in both tasks and their performance was
compared to corresponding TD individuals.

In the RT task, we utilized the ideas posed by the “unity effect”, where informational
relatedness leads to a difficulty to separate in time multisensory events along with the ideas of

multisensory processing (Laurienti et al., 2004; Vatakis et al., 2007). Specifically, we
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modulated Laurienti et al.’s design who demonstrated that semantically congruent audiovisual
stimuli result in enhanced behavioral performance, whereas semantically incongruent do not.
Moreover, we took advantage of Vatakis et al.’s findings about the strength of integration
without a timing component. In particular, using a TOJ task, Vatakis et al. provided evidence
that individuals find it harder to judge whether audition precedes or follows when presenting
audiovisual matching stimuli in different SOAs than in mismatching conditions. The RT task
provided evidence whether ASD participants are impaired in integration (without a timing
component), while comparing their RTs to a TD group. It was also expected that semantically
audiovisual mismatching conditions will show greater response latencies compared to the
audiovisual matching conditions. Analysing their RTs to the unimodal conditions, this task
also provided further information on unisensory vs. multisensory processing in ASD in
comparison to the control group. In the SJ task, using several SOAs we tested ASD
participants’ timing sensitivity in matching and mismatching conditions (see also Grossman et
al., 2009). Through the SJ task, we examined whether ASD participants exhibit abnormalities
in perceiving temporal asynchronies within and out of the temporal window of integration or
not. We also tested whether ASD individuals are capable of binding audiovisual information
by comparing their responses in matching and mismatching conditions. Finally, we collected
additional information via questionnaires to the participants’ parents. The questionnaires were
used in order to obtain demographical data, autistic behavioral data (ASQ); see Baron-Cohen
etal., 2001), and ADHD related behaviors (see Jasper & Goldberg 1993). Combining the
questionnaires’ data with the participants’ performance, we aimed to provided further
information about the relationship of specific subscales of ASQ and ADHD quotient scores

and participants’ performance in both tasks.

2. Experiment 1

Methods
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Participants

Participants included 6 ASD (5 male and 1 female) and 6 TD (4 male and 2 female)
age-matched individuals (age range: 8-15 years of age). All of the participants reported
normal hearing and normal or corrected-to-normal visual acuity.

Apparatus and materials

The procedure took place for each participant in a quiet and familiar room. The visual
stimuli were presented on a 15.6-inch (39.62 cm) Dell Latitude laptop monitor (1366 x 768
pixel resolution; 60-Hz refresh rate) controlled by Presentation software (Version 0.70,
Neurobehavioral Systems Inc., CA). The screen was placed at eye level, approximately 60 cm
in front of the participants. The auditory stimuli were presented via the laptop’s speakers. The
video clips (640 x 480 pixels, ACC stereo sound at 48000 Hz) were processed using Adobe
Premier Pro. The clips were composed of the following stimuli: (a) a bear, (b) a lion (c) a goat
(see Figure 1). All stimuli were presented in synchrony either unimodally (visual or auditory
presentation of each stimulus) or multimodally. All clips had a duration of 1.14 s. That is, the
duration of all the stimuli was the same so as to avoid potential confounds due to stimulus
duration differences. All of the video clips were recorded under the same conditions with the
mouth starting and ending in a closed position.

Design

On each trial, participants were presented with the visual stimulus alone, the auditory
stimulus alone or the combined visual/auditory stimulus in a matching or mismatching format
(see Figure 1). After each stimulus display, a fixation cross was presented in the middle of the
screen for 4000 ms or until participant response. If no response was given within 4000 ms, a
miss response was recorded and the experiment continued to the next trial. Each block
consisted of two targets (bear and lion) and an irrelevant stimulus (goat) that participants had

to ignore. Specifically, the bear and the lion were the task targets, where the participants had
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to respond by pressing two different buttons of the keyboard corresponding to each animal
whether presented unmodally or multimodally. They had to press the B key for the bear and
the L key for the lion. The goat was set as the irrelevant stimulus, where the participants were
instructed not to press any button. The matching conditions consisted of the same animal’s
streams (e.g., visual and auditory bear) and the mismatching conditions consisted of a target’s
stream and an irrelevant stimulus’ stream (e.g., visual goat and auditory bear). In the
mismatching conditions, the participants still had to press the corresponding button for the
target (lion or bear). The above setup is an adaptation of Laurienti et al.’s (2004) work. The
total number of conditions was 13 presented randomly 4 times in each block. All blocks were

3 in total (156 trials in total).

Irrelevant
Stimulus
)
o® 4
o o
\ 4
g
and/or A oK
and/or
Lion Goat
a) Bear b)

Figure 1. Stimuli presented audiovisually, visually or auditorily in the RT task: a) The lion
and the bear were the targets of the task, while b) the goat was the irrelevant stimulus that

participants had to ignore.

Procedure

Before participating in the experiment, participants’ parents were asked to complete a
questionnaire, which was composed of three different parts (see Appendix ). The first part
referred to participants’ general information such as date of birth, specific diagnosis,
intelligence score testing etc. The second part was the ASQ — children’s version (Baron-

Cohen et al., 2001) translated in Greek that is used as a screening measure for symptoms of
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autism (e.g., Donohue et al., 2012). This was completed in order to compare the differences
between participants’ behavior and disorder symptomatology (e.g., social skills, attention
switching, communication, imagination, attention to detail; Baron-Cohen et al., 2001). The
third and final part referred to the potential presence of attention-deficit hyperactivity
symptoms through the Attention-Deficit Hyperactivity Disorder questionnaire (ADHD quiz;
Grohol, 2016) translated in Greek. The ADHD questionnaire’s scores were used to test the
potential relationship between participants’ ADHD symptoms and their behavioural
performance. This questionnaire was used so as to compare the differences on the ADHD
symptomatology within the participants and between the ASD and TD groups given that
behaviour may be confounded by potential ADHD symptomatology.

The participants were informed that they would be presented with a series of videos of
three animals. They were asked to press the “B” key in any case they see, hear or see and hear
the bear, the “L” key in any case they see, hear or see and hear the lion, and no key in any
case they see, hear or see and hear the goat. In the cases where the goat appeared combined
with the targets’ components, the participants had to press the corresponding target button. In
the beginning, the participants underwent a practice block of 8 trials before the main
experiment, ensuring that the participants have understood the instructions. Whenever needed,
the practice block was presented more than once. After the practice block, 3 blocks followed
and each block was separated in two parts by a break, so that participants did not get tired.

Results

RT data analysis

Two measures were extracted from the participants’ data: mean accuracy and RT.
Accuracy denoted the percentage of participants’ correct responses and RT denoted the
interval needed to correctly press the key after the presentation of each stimulus.

Accuracy responses
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We ran a mixed design analysis of variance (mixed ANOVA) with the within-subjects
factors of Stimulus Type (bear, lion) and Match (matching, mismatching) and the between-
subjects variable of Group (ASD, TD). In all analyses of variances Bonferroni corrected t-
tests were used. The analysis revealed a significant main effect of Match [F(1,10) =5.76, p =
0.037, n* = 0.37; Greenhouse-Geisser correction], where participants were more accurate in
the matching condition (M = 0.96) than in the mismatching condition (M = 0.81; see Figure
2). There was no main effect of Stimulus Type [F(1,10) = 0.13, p = 0.725, n* = 0.01] and
Group [F(1, 10) = 1.39, p = 0.266, n° = 0.12] or interaction of Match and Group [F(1,10) =
0.26, p = 0.625, n* = 0.03], Stimulus Type and Group [F(1,10) = 0.13, p = 0.729, n* = 0.01],
and Match, Group, and Stimulus type [F(1,10) = 0.42, p = 0.531, n> = 0.04].

We also ran a mixed design analysis of variance (mixed ANOVA) with the within-
subject factors of Stimulus Type (bear, lion), Modality (AV, A, V), and the between-subject
factor of Group (ASD, TD). The main effects of Modality [F(2,20) = 3.61, p = 0.061, n* =
0.27], Stimulus Type [F(1,10) = 0.63, p = 0.444, v> = 0.6], and Group [F(1,10) = 3.54, p =
0.09, n° = 0.22], and the interactions of Stimulus Type and Group [F(1,10) = 0.39, p = 0.546,
n? = 0.004], Modality and Group [F(2,20) = 1.43, p = 0.264, n* = 0.013], and Stimulus Type,

Modality and Group [F(2,20) = 0.12, p = 0.804, n® = 0.01] were not significant.
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Figure 2. The mean percentage of correct responses in matching and mismatching conditions
showing that participants overall were more accurate in the matching than in the mismatching

condition.

RT responses

We ran a mixed design analysis of variance (mixed ANOVA) with the within-subjects
factors of Stimulus Type (bear, lion) and Match (matching, mismatching) and the between-
subject factor of Group (ASD, TD). The between-subjects factor of Group was significant
[F(1,10) = 7.99, p = 0.018, n* = 0.44; Greenhouse-Geisser correction], revealing that the ASD
(M =1851.7 ms) group was slower in responding than the TD group (M = 1245.94 ms; see
Figure 3). The main effects of Stimulus Type [F(1,10) = 0.00, p = 0.97, n° = 0] and Match
[F(1,10) = 1.57, p = 0.238, n* = 0.14] as well as the interactions of Stimulus Type and Group
[F(1,10) = 1.89, p = 0.199, n? = 0], Match and Group [F(1,10) = 0.01, p = 0.937, n% = 0.001],

and Stimulus Type, Match, and Group [F(1,10) = 4.42, p = 0.062, n° = 0.31] were not

significant.
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Figure 3. The mean RTs of the ASD and TD group for both matching and mismatching
conditions for all stimulus types (bear and lion), showing ASD individuals to be slowed in

responding than the TD group.

We also ran a mixed design analysis of variance (mixed ANOVA) with the within-
subjects variables of Stimulus Type (bear, lion), Modality (AV, A, and V), and the between-
group variable of Group (ASD, TD). The analysis revealed a marginally significant effect of
Modality [F(2,20) = 4.47, p = 0.054, n* = 0.31; Greenhouse-Geisser correction], with
participants’ responses in AV condition being faster (M = 1473.5 ms) than in A (M = 1761.99
ms) and in V (M = 1539.43 ms) conditions (see Figure 4). A significant main effect of Group
[F(1,10) = 7.98, p = 0.018, n* = 0.45; Greenhouse-Geisser correction] was also obtained,
where the TD group (M = 1317.59 ms) was significantly faster than the ASD group (M =
1865.69 ms; see Figure 5). The main effects of Stimulus Type [F(1,10) = 0.07, p = 0.798, n° =
0.01] as well as the interactions of Stimulus Type and Group [F(1,10) = 1.6, p = 0.234, 1 =
0.14], Modality and Group [F(2,20) = 1.82, p = 0.206, n° = 0.15], and Stimulus Type,

Modality, and Group [F(2,20) = 0.86, p = 0.394, n* = 0.08] were not significant.
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Figure 4. Participants RT responses in audiovisual (AV), auditory (A) and visual (V)
conditions, showing that participants overall were faster in audiovisual responses than in

auditory and the visual alone.
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Figure 5. ASD and TD participants mean RT for bimodal and unimodal conditions, showing
that ASD participants were slower in responding for both bimodal and unimodal conditions

than TD participants.
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3. Experiment 2

Methods

Participants, Apparatus, and Materials

The same group of ASD and TD participants took part in Experiment 2. The apparatus
and the location of the experiment were exactly the same as in Exp. 1. For the SJ task, the
stimuli of the lion and the bear and their corresponding animal calls were presented under
various stimulus onset asynchronies in a matched and mismatched format. The duration of all
stimuli was the same as in Exp. 1.

Design

All of the stimuli were presented audiovisually in synchrony or out-of-synchrony.
Each stimulus (animal) was presented either with its corresponding sound or with the other’s
stimulus (animal) sound. In particular, the lion’s video was presented either with the lion’s or
the bear’s call and vice versa; that is, 4 combinations in total. There were 13 different SOAS
between the auditory and the visual component for each audiovisual stimulus. The SOAs were
selected based on previous research (e.g., similar to Foss-Feig et al., 2010) and were at 0,
+100, 170, 230, 330, 470, 600 ms for all the congruent and the incongruent conditions.
Negative SOAs signify that the auditory component of the stimuli preceded the visual
component. According to previous research (e.g., Foss-Feig et al., 2010; Grossman et al.,
2009), the SOAs were chosen to be inside and outside the temporal window of integration of
a typical and a non-typical participant. The experiment consisted of three blocks and in each
block, every condition appeared once with a total of three repetitions.

Procedure

The participants were informed that they would be presented with just the audiovisual

target-animals of the lion and the bear. However, in some of the trials the animals will be
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presented with the call of the other animal (visual bear/auditory lion or visual lion/auditory
bear). In each trial, they had to judge whether the presentation of the visual and the audio
were in synchrony or out of synchrony by pressing two buttons, the “Z” key for synchrony
and the “M” key for asynchrony. Before the beginning of the experiment, a familiarization
block of 8 practice trials took place. Whenever needed, the familiarization block was shown
more than once but no more than three times. Three blocks followed the practice block and
each block was separated in two parts by a break.

Results

SJ results

All participants’ responses were transformed into proportion of synchrony responses
for all 13 SOAs in matching versus mismatching conditions of the two different stimulus
types (bear, lion). We attempted to extract the PSS (the point where observers are maximally
unsure about the asynchrony presented; see Keetels et al., 2011), however, because of the
large PSS obtained in the clinical group, we ran an analysis on the participants’ actual
performance scores. We ran a mixed design analysis of the within-subject factors of Stimulus
Type (bear, lion), Match (matching, mismatching), and SOA (0, +100, 170, 230, 330, 470,
and 600 ms) and the between subjects factor of Group (ASD, TD). The analysis revealed a
main effect of SOA [F(12,120) = 10.3, p < 0.001, ? = 0.51; Greenhouse—Geisser correction],
where participants’ synchrony reports in the SOAs £100 ms (M = 0.69 and 0.70, the latter
refers to the positive SOA) and 0 ms (M = 0.67) were higher as compared to +600 ms (M =
0.31 and 0.32, the latter for the positive SOA) and -470 ms (M = 0.40). Similarly,
participants’ synchrony responses in -230 ms (M = 0.65) and -170 ms (M = 0.69) were higher
than those for -470 ms (M = 0.40), and synchrony responses in +600 ms (M = 0.32) were
lower than those in -170 ms (M = 0.69). Participants also reported higher synchrony responses

in-170 ms (M = 0.69) and 0 ms (M = 0.67) as compared to +470 ms (M = 0.35). Furthermore,
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a significant interaction of Match and Stimulus Type [F(1,10) = 5.4, p = 0.042, n* = 0.35] was
obtained with participant’ synchrony responses for the bear stimulus in matching condition
(M = 0.64) being significantly higher for synchrony as compared to matching for lion (M =
0.46; p = 0.02). Moreover, a significant interaction of SOA and Group [F(12,120) =8.23, p <
0.001, n2 = 0.45; Greenhouse-Geisser correction] was obtained. Specifically, ASD’ proportion
of synchrony responses in SOAs =600 ms (M = 0.51 and .50, latter for positive SOA) and
+470 ms (M = 0.56 and 0.49, latter for positive SOA) was higher than that noted for the TD
group (M =0.11, 0.21, 0.25, and 0.14, respectively). Moreover, in the conditions of +100 and
0 ms the ASD group had lower reports in synchrony (M = 0.57, 0.57, and 0.46, respectively)

as compared to the TD group (M =0.81, 0.83, and 0.88, respectively; see Figure 6).
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Figure 6. ASD and TD participants’ proportion of synchrony in SOAs -600 to 600 ms for
matching and mismatching conditions. ASD participants responded for synchrony higher than
TD participants in SOAs -600, -470, +600, and +600 ms, and lower in SOAs -100, 0, and

+100 ms for both matching and mismatching conditions.
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No significant main effects were obtained for Stimulus Type [F(1,10) =2.41,p =
0.152, 0% = 0.19], Group [F(1,10) = 0.01, p = 0.92, n? = 0.001], and Match [F(1,10) = 0.11, p
= 0.748, n* = 0.11]. Similarly, all the other interactions were not significant (Stimulus Type
and Group [F(1,10) = 2.03, p = 0.185, n* = 0.17], Match and Group [F(1,10) = 0.21, p =
0.654, n* = 0.02], Match and SOA [F(12,120) = 1.24, p = 0.308, n° = 0.11], Stimulus Type
and SOA [F(12,120) = 0.77, p = 0.592, n* = 0.07], Stimulus Type, Match, and Group [F(1,10)
= 0.64, p = 0.442, 1> = 0.06], Stimulus Type, SOA, and Group [F(12,120) = 1.35, p = 0.254,
n = 0.11], Match, SOA, and Group [F(12,120) = 0.89, p = 0.492, n* = 0.08], Stimulus Type,
Match, and SOA [F(12,120) = 1.45, p = 0.216, 1 = 0.13], Stimulus Type, Match, SOA, and

Group [F(12,120) = 0.88, p = 0.507, n? = 0.08]).

4. Correlations

All the participants’ individual scores on ASQ ranged from 7 to 41 and on the ADHD
quotient scored from 0 to 43. The mean ASQ score was 9.67 for TD and 34 for ASD group
and the mean ADHD score was 8.67 and 31.67, respectively. The higher the score, the more
autistic and ADHD symptoms parent reported for their children.

RT and autistic symptoms

The RT for audiovisual matching conditions were significantly correlated with the
scores on the ASQ (R = 0.457, p = 0.022). Specifically, as participants ASQ scores increased
their RT responses were slower. ASQ contains five subscales (attention switching, attention to
detail, social skill, communication, imagination) and to further examine the relationship
between symptoms of autism and RT responses, we correlated the subscales of attention
switching and attention to detail with the RT responses. Attention switching and Attention to

detail to RT (R = 0.55, p = 0.009) was significantly correlated to RT, indicating that the
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greater response latencies as individual’s score on each of these subscales increased (see

Table 1).
Correlations
s | pon [ teen [ o
ASQ gg;ﬁ:ifgt‘ 1 790 706 457
Cwiteing | Coctridont | 70 ! 552 420
i | gt || | 1| s
RT gggﬁ:ﬁg} 457 420 550 1

Table 1. Positive correlations between ASQ, the ASQ’s subscales (Attention switching and

Attention to detail), and RT. Statistical significance is highlighted in bold.

RT and ADHD symptoms

Similarly, RT responses were significantly correlated with the participants’ scores on
ADHD quotient (R =0.431, p =0.027). That is, the higher the participants’ score to ADHD
quotient the more time they needed to respond to the RT task. ADHD quotient includes two
subscales (Inattention, Hyperactivity). Further examination revealed positive significant
correlation in the relationship between Inattention and RT (R = 0.4, p = 0.037) and between
Hyperactivity and RT (R = 0.438, p = 0.026; see Table 2). That is, the higher participants’

scores in the two subscales, the more time it took them to respond.

Correlations

ADHD | Inattention | Hyperactivity RT

Correlation
ADHD Coefficient 1 .953 .968 431
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Inattention gg;ﬁ:z‘f'e%rt‘ 953 1 905 400
.. Correlation
Hyperactivity Coefficient .968 .905 1 438
Correlation
RT Coefficient 431 .400 438 1

Table 2. Positive correlations between ADHD, the subscales of ADHD (Inattention and

Hyperactivity) and mean RT. Statistical significance is highlighted in bold.

SJ and autistic symptoms

We correlated the perception of synchrony responses in the SOAs were the differences
between the TD group and the ASD were reported significant (i.e., £600, 470, 100, and 0 ms)
with the ASQ particpants’ scores. ASQ scores were significantly correlated to -600 ms (R =
0.689, p =0.002) and to -470 ms (0.538, p = 0.012), while all the other correlations were not
significant. That is, the higher the ASQ scores were the higher the perception of synchrony
for the SOAs of -600 and -470 ms. Further examination of the relationship between the ASQ
and these SOAs revealed significant correlation between SOA -600 and -470 and the
subscales of Attention switching and Attention to detail. Specifically, Attention switching and
Attention to detail were significant correlated to -600 ms (R = 0.639, p = 0.003 and R = 0.454,
p = 0.028, respectively) and to -470 ms (R = 0.552, p =0.011 and R = 0.517, p = 0.007).

SJ and ADHD symptoms

We finally correlated participants” ADHD scores to the SOAs mentioned above and
similarly, there were significant correlations between ADHD scores with the SOAs of -600 (R
=0.624, p=0.003) and -470 ms (R = 0.574, p = 0.007). That is, participants that scored
higher in ADHD quotient tend to respond higher for synchrony in -600 and -470 ms.

Correlating the ADHD subscales for these SOAs, Inattention was significantly correlated for
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both —600 ms (0.592, p = 0.005) and -470 ms (0.574, p = 0.007) and Hyperactivity was
significantly correlated for both -600 ms (0.634, p = 0.003) and -470 ms (R = 0.550, p =
0.01). That is, the higher participants scored for both ADHD subscales, the higher they tended

to respond for synchrony in -600 and -460 ms.

5. Discussion

In the present study, we examined, for the first time, whether potential multisensory
processing impairments in ASD are the result of impaired integration or timing processes
instead. The RT data showed that ASD participants could integrate multisensory stimuli just
as TD participants, and both groups were less accurate in the mismatching stimulation.
Moreover, ASD participants were slower in responding as compared to the healthy
participants. These effects could be driven by attention impairments as correlations with the
attentional subscales of ASQ revealed. The SJ analysis revealed, timing abnormalities in the
ASD group as compared to the TD group with the former group being unable to detect
synchrony in the smaller and larger SOAs tested. These results demonstrate that although the
ASD group can integrate multisensory stimuli, their timing appears to be impaired, which, in
turn, can impair one’s integration capabilities.

In the RT task, the lack of any significant interaction of match and group, and
modality and group signifies the similar pattern of responding in both groups. ASD
participants are capable of integrating audiovisual information for non-speech stimuli. These
results are consistent with previous findings examining multisensory integration utilizing
basic low-level and non-speech stimuli (e.g., Stevenson et al., 2014) and inconsistent with
findings claiming different and less effective multisensory integration (e.g., Brandwein et al.,
2013). Moreover, ASD participants were slower in RT task as compared to TD group for all
conditions, demonstrating that ASD individuals need more time to process multisensory or

unisensory information and as a result more time to integrate multisensory events. These
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results are in accordance with previous findings demonstrating slower multisensory
integration (e.g., Brandwein et al., 2013). This outcome could be explained according to
previous findings of ASD individuals’ potential deficits in shifting attention between auditory
and visual modalities and deficits in the coordination of different sources of information from
different modalities (see larocci & McDonald, 2006, for a review), and also through the
positive relationship between attention switching scores of ASQ questionnaire and RT task
that the correlation analysis revealed. The high scores in specific skills according to our
results appears to affect the time ASD individuals need to process multisensory information.
As for the measurement of the relationship between the skills of Attention Switching and
Attention to detail (ASQ subscales) and the RT task, the higher participants scored in the two
subscales of ASQ, the more time they needed to respond. These results indicate an association
between autistic symptoms and a slower multisensory integration. Our finding could be useful
for future research and intervention in ASD as long as multisensory integration is essential for
the development of perception. It was also found an association between ADHD quotient’s
scores (for both inattention and hyperactivity subscales) and RT task. However, the fact that
the clinical group managed to complete with not many differentiations from the typical group
the RT task could be an index of clinical group’s capacity in focusing and completing the task
regardless their potential ADHD behavior.

In the SJ task, no PSS or IND measures were extracted and, thus, failed to measure the
temporal window of integration for the clinical and the typical group. This could be due to the
task’s difficulty. The given instructions of responding (synchrony vs. asynchrony) could have
confounded participants’ comprehension as long as both groups showed such difficulty.
Furthermore, this could also be due to the small number of trials for each condition (3 in
total). Specifically, attempting to detect ASD participants’ wider temporal window of

integration according to previous research (e.g., Foss-Feig et al., 2010; Kawkye et al., 2011)
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and in order to avoid participants’ tiredness, we decided to utilize a wide range of SOA with
few repetitions. Analyses of the proportion of synchrony responses, however, showed that for
SOA s that were outside the temporal window of integration, ASD participants responded for
synchrony in higher rates as compared to typical participants. By contrast, in SOAs that lied
within the temporal window of integration and it was expected that participants would
perform high for synchrony responses, they performed low. ASD participants’ performance
was similar whether the stimuli were presented in a matching or mismatching form regardless
of any semantic relationship between the audio and the visual, indicating not only timing but
also integration deficits. Timing deficits in ASD have not always been demonstrated by
previous studies and our results are in contrast to previous findings about unimpaired
multisensory temporal processing (Bebko et al., 2006; van der Smagt et al., 2007; Stevenson
et al., 2014). Moreover, according to our results ASD individuals appear to have an impaired
temporal window of integration, however, previous studies have demonstrated a wider
temporal window of integration (e.g., de Boer-Schellekens et al., 2013; Foss-Feig et al., 2010,
Kwakye et al., 2011) and lower temporal multisensory sensitivity than typical individuals (de
Boer-Schellekens et al., 2013). Furthermore, a relationship between participants’ ASQ
quotient scores and SJ responses was found, indicating that the more the difficulties they
faced in attention switching and in attention to detail, the more they tended to select
synchrony when the audio preceded the visual. However, such a relationship was not detected
when the visual stream preceded the audio. These results are in agreement with previous
research, claiming for ASD individuals’ tendency to respond for audio-first (Vatakis &
Allman, 2015), revealing a left shifted temporal window of integration and thus, showing that
autistic symptoms could be an index for an altered multisensory processing in ASD (e.g.,
Donohue et al., 2012; Russo et al., 2012). However, it should not be ignored that all ASD

participants scored high in ADHD quotient as for the inattention and hyperactivity. Through
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the extraction of participants’ ADHD scores, we attempted to eliminate any link between
participants’ task performance and possible inattentive or hyperactive behaviors. However,
the fact that participants were capable of completing the RT task, provide evidence that
possible ADHD did not affect participants’ performance. However, the SJ task always
followed RT task, and it makes it unclear whether ASD participants’ performance in SJ was
due to their potential inattention and hyperactivity behavior, their difficulties in attention
switching (from task to task) and attention to detail or a partly involvement of all these
parameters.

The age of the population that participated in our study was between 10-15 years old,
while previous studies tested different age groups (e.g., Bebko et al., 2006; van der Smagt et
al., 2014). For example, in Bebko et al.’s study, they used a group of 4-6 years old and in van
der Smagt’s et al. study, they used a group of adults and concluded that ASD individuals are
not impaired in multisensory integration. Our results are discordant to these results and these
differences could potentially be explained in terms of the different age groups (e.g., Foxe et
al., 2013; Tremblay et al., 2007). Previous findings having demonstrated a developmental
multisensory trajectory in typical individuals (e.g., Tremblay et al., 2007) and in ASD
population (e.g., Foxe et al., 2013), prove the different multisensory integration capacities
across ages (e.g., Foxe et al., 2013; Tremblay et al., 2007). Thus, comparisons between
specific age groups are important as long as the grade of multisensory integration differs until
adolescence.

Previous research took for granted that perception of synchrony and multisensory
integration are synonymous, and thus timing attributes were utilized in order for multisensory
integration to be tested (e.g., Bebko et al., 2006; de Boer-Schellekens et al., 2013; Foss-Feig
et al., 2010; Kwakye et al., 2011; van der Smagt et al., 2007). Recent studies provided an

alternative constant: that the mechanisms of perception of synchrony and integration are two
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distinct processes (e.g., Freeman et al., 2013; Martin et al., 2013). Our results confirm this
notion. In particular, in the RT task, tapping the integration process per se (without any timing
attributes), ASD individuals were found capable of integrating audiovisual information. In the
SJ task, tapping multisensory integration and timing processes, we demonstrated that timing
and integration is impaired in ASD. We concluded that although through RT task appears
integration to be unimpaired; through SJ task timing impairments appear to affect integration
capacity (e.g., Stevenson et al., 2014). These mechanisms are rather different than the same
(e.g., Tsilionis et al., 2016), however, they are interconnected.

The present study managed to isolate the timing and integration attributes of
multisensory processing in ASD. The data demonstrated that ASD individuals are capable of
integrating multisensory information, while they have deficits in timing. These timing deficits
can affect the integration mechanisms. Future research should take into account all the
mentioned parameters that could affect participants’ performance like the type of task, the
age-range of the participants, the stimulus types and, more importantly, the different
processes of the timing and integration that we demonstrated in the present study by using
two different tasks; each one tapping different processes (the RT and the SJ; see also Freeman
et al., 2013). We faced difficulties in finding a big number of ASD participants, and thus,
future research should aim for larger participant numbers as well as on strict groupings
regarding the symptomatology (e.g., Donohue et al., 2012) and developmental trajectory

(Foxe et al., 2013; Tremblay et al., 2007).
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Appendix 1

Evnuepmtiko ‘Epgvvag

Avyoamnté yovéa,

Me ovty v emotol] {ntlpe T OLUPETOYN TOL TV GOG GE EPELVA Yo TNV
oAV GO TNPLOKT AEITOVPYIO TOSUDV PE OATOPAYES AVTIOTIKOV PAcouaTog (AAD).

SUYKEKPIUEVO, OTO TAGICIO  EKTOVNONG OWMAMUOTIKNG epyaciag oto [Ipdypapupa
Metantoyokdv Zmovdav (IIMY) «Baown kot Eeapupoouévn I'voowokr, Emotiun» tov
[Tovemomuiov AOMVAOV, HEAETAUE TNV OMTIKOOKOVLOTIKY €vomoinon oe datopa pe AAD.
2oppova pe épgoveg and ) oedv Pipioypagio, vdpyovv evoeilelg drtvmng eneEepyociog
OTTIKOOKOVGTIK®V cLUPBAvTov amd dtopo pe AAD. Qot1dc0, dev €xel OELKPVIOTEL AV
vdpyovv eAleippato Kot ol okplPag eivor avtd, Adyw aviikpovdpuevov gupnudtov. H
afefotdTra oVt OVIOVOKAGTOL GTO JlyVMOTIKO Kol oTatioTikd eyyepidto (DSM) tng
Apepwcavikng Woyparpikng Ertapioag, 6mov n un tomikr] awoOnmplokn enegepyacio
OTOTEAOVGE YOPUKTNPLOTIKO TV aTON®V e Atdyvteg Avomtuiakeg AtotapoyEs Léypt Kot 1o
DSM-II, apapébnke ota DSM-III kan DSM-1V kot emovilBe oto DSM-V otigc AAD.

Eneidn n moAvoicOnmploxn evomoinom eivol mOAD ONUOVTIKY] Y0 TNV OUOAY YVOOTIKN
avamTuEn €xovpe oxedldoEl o EPELVNTIKY] JLOIKAGI Y10l VO OLEPEVVIIGOVE GUCTIUOTIKE
TIG YPOVIKES TOPOUETPOVS TG EVOTOINOTG.

v gpgovnrikny Sadikoacio to mwadl Bo ocvppetdoyel oe 600 dpacTNPOTNTEG UEYIOTNG
duapkelag 5 Aemtadv n kabe pio. Kot otig 600 dpactmpiotnteg Oa mapovsialovtar oe 006vn
VTOAOYLOTH KAmolo (Mo o€ HOpeT KIVOLUEVOV oyedimV (gite OMTIKA, €1TE AKOVLOTIKA, €iTE
ontikookovoTikd). To madi B amokpivetol TaTOVTOC TANKTPO COUPOVO LE TIG 0ONYIEG TOV
Ba AaPet. H epevvntpia Ba eivan pall pe Tov cuppetéyovta yio Kafodnynomn Kot vrostpién.

Q¢ mpog ta dedopéva g Epevvas Ba pndel amdAvtn gyepdbsio ko dev Ba vdpéet kopio
OVOLOOTIKY Ovapopd oto. dtope. mov Oa cvppetdoyovv. Metd v emeEepyacia TV
oedopévov Ba umopeite va evnuepwbeite oyxetikd pe to amoteléopata g £pevvag. [
TEPOLTEP® TANPOPOPiES N amopieg pmopeite vo enkovovioete poli pog gite pe e-mail oto
argiro.vatakis@gmail.com gite tnAepwvikd oto 6981598786.

Apyvpo Botdxn

Epevvitpia oto Cognitive Systems Research Institute (CSRI)

Xvvepyaldpevn kadnyntpa oto [IME. «Baown kar Eeappocpévn I'vooiakr Emotiun»
wwwe.argirovatakis.com

argiro.vatakis@gmail.com

Bevetia Mraxiptln

Exmodevticog Ewowkng Ayoyng oto Ewwd Ilepopotikd Nnmoayoysio MAAE  «Pola
IuBpro™m»

Metantuylokn gottitpia oto [IME. «Baokn kot Eappoouévn I'voorokr] Emetiun»
venetia.bakirtzi@gmail.com



EPQTHMATOAOI'TIO



Oonyiec copTAMp@ONS EPOTNUATOLOYIOV

To mapdv epoUATOAOYI0 omotereiton omd Tpio PEPM: TO TPAOTO UEPOC TEPAaPavel pia
QOPUO. CUUTANPMOOTNC YEVIKMV GTOLEI®MV TOV GUUUETEXOVTOG, TO OEVTEPO UEPOG TEPIAALUPAVEL
EPMTNOEIS OYETIKEC UE TIG KOWMVIKEG OeE10TNTEG TOV GUUUETEYOVTOG KOl TO TPITO HEPOG
TEPAAUPAVEL EPOTNOELG GYETIKES LE TNV O1AGTOCGT TPOGOYNS TOL GLUUETEXOVTOG. Elval moAl
ONUOVTIKO Vo, cLUTANP®BoY OAeg ot gpotoels. Kabe epdmon emodéyetor uoévo pia
amavTnon.

To gpomuatordylo pmopeite va 1o éxete poli cag v nuépa deEaymyNng TG EPEVVNTIKNG
Jwdwkaciog. Katd v dudpkelar g dwdwkaociag pmopeite €bv 10 embopeite va
napevpiokeote polli pe to modi coc. H Swdwoocio Bo mpayuatomombel oto kévipo
EPEIZEMA omv Ayia [Tapackevn oty dtevbvvon Atyaiov Tleddyovg 2B v nuépa mov cog
eEumnpetel, HeTd amd GLUVEVVONOT] LE TO TPOSHOTIKO TOV KEVTPOUL.

H dwdkacio amoteheitatl and dvo dpactnprotreg:

v mpatn dpactnpotnta Ba eppaviovior atny 000vn evog popntov vroroyiot 3 (®a og
pope1 Kivoduevemv oyediov: pio apkovda, &va Aovidpt kot pio kotoika. Ta (oo O
napovotdlovtal gite omtikd (HOvo ewova), eite axkovotikd (UOvo o Myog), Elte
OMTIKOOKOVGTIKA (N)0¢ Kot €kova poli). To moudi Oa kAnOel va moatder to mAnkTpo A TOL
TANKTpoAoyiov KaBe @opd mov PAEmel, akovel N PAEMEL Kot akoVEL TV OpKovdA, KOl TO
TKkTpo A Kabe Qopd mov PAEmEL, akovel N PAETEL Ko akovel To Alovtapl. H katoika og
OAeg TIG dokiacieg mapafAémetal, onoTe T0 Todl OEV OMOKPIVETOL HE KATOL0 TANKTPO MG
npog avtd 10 {mo. [Tapdia avtd, ce kamoleg dokiués, Ba mapovsidletonr | Kotoiko (gite
OMTIKG €{T€ OAKOLOTIKA) GE GLUVOLAGUO HE TNV €KOVA 1 TOV YO TOV GAAwV dvo ({hwv
(Movtapt Kot apkovda). Ze oTEG TIG OOKIUES, TO Todi miAl Ba Tpémel va amokpiveTal mg
TPOG TOV NYO M TNV €KOVO TOL AOVTAPoD 1 NG apKovdas (avaioyo He TNV SOKIUN)
TOTOVTOG TO AVTIGTOTYO TANKTPAL.

Ymv devtepn dpaoctnpromra Oa epeaviCovtar otnv 006vn tov 16100 PopNTOH LIOAOYICTN
HOVO Ol OTTIKOOKOVLOTIKEG OOKIUES TOV AOVTOPOD Kot NG apkovdas. To Alovrapt Oa
napovctdletal oty 000vn €ite pe TV S1KN TOV POVN EITE LE TNV POV TS apKOVOAS, KoL 1
apkovoa Ba TapovslaleTon gite e TNV OIKNG TNG PWVN €lte e TNV PV ToL Aovtaptov. To
modi Oa kKAnOel va matdel to TANKTpo Z kébe popd mov PAETEL OTL TO AVOLYLLOL TOV GTOUOTOC
oV {DOoL elval TOVTOYPOVO LE TNV MV TOV {DHOL TOL TOPOVGLALETOL 6TV KAOE doKiur, Kot
10 TANKTPO M KdBe @opd mov PBAémel OTL TO Avolypo TOv GTONATOS TOL (MOV Ogv &lvar
TV TOYPOVO (dNAadN dev cupPadilet ekdva Kot fX0G) LE TV AVTICTOLYN POVY.

H ocvppetoyn oag pog etvor moAdTiun. Zog uyopioTovUe TOAD Y10 TV GLUUETOYN GOC, TNV
Bonbeta cog kot Tov ¥pdvo 6o GE ATV TNV TOGO GNUOVTIKN Y10l OIS EPELVNTIKN O10OTKOGTOL.

Me extipnon,
Apyvpd Batdxn

Bevetio Mraxiptln
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Agiktng Emkowoviag

1. IIpotipd vo KAveEL dPaoTNPLOTTES PHE AAAOVG TOPE poOVOS/N| TOV/TNG.
SOUEOVED ZoUOOVA AQovd AoV

Améivta ] AMyo ] Myo ] andte ]

2. TIpotd va Kaver Tpaypato pe Tov i Tpomo Eava ko Eava.
ZUHPOVD ZOUOPOVD AoV Aoovod

Amdivta ] AMyo ] Myo ] andrta ]

3. Otav mpoonmaBei vo @avractel KATL, TOV/TNG QOIVETOL WOWITEPH EVKOAO VO
onNuovpyNRcel pio vonTy €1KOva.
SOHEOVD ZopUeOVA AQovd AoV

Amdlvto ] AMyo ] Ayo ] andrta ]

4. Xuoyva amoppo@dtor WOroitepa amd £va TPAYRO PNE OTOTELEGHO VO YAVEL TNV
gotioon Tov/Tng pe Ghlo TpdypoTa.
SOUEOVED ZopeOvo Apovd AoV

Andivta |:| Atyo |:| Atyo D amo LT D

5. Xuyva mopaTnpel 1O1UITEPOVS NYOVS TOV 0L GALOL HEV NTOPOVV.
ZUHPOVD ZOUPOVD AoV AoQovo

Amdlvta ] AMyo ] Ayo ] anodta ]

6. Zoyva mapornpel aprOpovg H1e00VVEEMV GTITIAV 1] TOPONOLES TANPOPOPIES.
ZUHPOVD ZOUOPOVD AoV Aopovod

Amdlvta ] AMyo ] Ayo ] anodta ]

7. "Ey€1 0uoKOAiG 6TV KATAVONGT KOVOVOV KUAAS COUTEPLYPOPAC.
ZUHLOOVD ZUUOOVD AQoveo Apoveo

Andivta |:| Atyo |:| Alyo D amo LT D

8. Mmopsi évkora vo @avractel TS 0o propovcay va potalovv ol YupaKTHPES,
[oG wTopiag mov owufaler.
ZUHPOVED ZUUOOVD AQovo Apovo

Andlvta |:| Atyo |:| Adyo D amo LT D

9. Tov/tnv cuvapralovv or nuepounviec.
ZUHLOOVD ZUUOPOVD AlQovo Apovo

Amdlvto ] AMyo ] Ayo ] andrta ]

10. ¢ pio kowvoVIKN 6uvdOpoion, nTopel EOKOAN VO, TAPUKOALOVONGEL OLOPOPETIKES
oV{NTNGES TOV GUVOHIANTAV.
ZUHPOVED ZOUOOVD Apovo Apovo

Amoivta |:| Ayo |:| Atyo D amoAvTa |:|

11. To Ppioker €O0kOAO VO GUUUETAGYEL OE KOTOOTACELS KOWVOVIKIG
aAlnieniopaonc.
ZUULPOVD ZOUOPOVD AQovo Aopovo

Amdlvta ] AMyo ] Ayo ] andlta ]



12. Teiver vo. mapatpel AEATOREPELES TOV OL GALOL TAPOAEITOVY.
SOHEOVED ZopeOVA Apoved AQoved

Amdlvto ] Myo ] AMyo ] andrta ]

13. llpoTipd va waer o€ pio Prpirodnkn wopa va wasl o€ éva TapTL YEVEOLi©YV.
ZUHPOVD ZOUOPOVD AoV AlQovo

Amndivta ] AMyo ] Myo ] andrta ]

14. Tov/tng givar €0K0A0 VO ONULOVPYNGEL IGTOPIES.
ZUHPOVD ZOUOPOVD AoV Aoovod

Amdivta ] AMyo ] Myo ] andrta ]

15. Tov/tnv géAkvovy 1o TOAY 01 AvOpmTOL TOPA TO TPAYNATO.
SOUEOVD ZopOOVA AQovd AoV

Améivta ] AMyo ] Myo ] andte ]

16. Teiver va £gel SOUVATE EVOLOPEPOVTA KOl UVAGTUTAOVETOL 6TAV OEV NTOPEL Vo TO.

ovveyiocel.
SOUEOVED Sopeevo Apovd AoV

Andivta |:| Atyo |:| Atyo D amo LT D

17. AmohapPaver Tnv KOwvoVIK Kovfévta.
SOUEOVD SopUeOVA AQovd AQOVAH

Amdlvto ] AMyo ] Ayo ] andrta ]

18. Otav prdet, d€v givar €DKOAO Y10 TOVS GAAOVS VO TAPOVY TOV AOYO ETELON PIAGEL
OLOPKAGS KL YP1]YOPO.
SOUEOVED Sopeevo Apovd AoV

Andivta |:| Atyo |:| Atyo D amo LT D

19. Tov/Tnv cvvapralovv ot aprOpoi.
ZOHPOVD ZOUOPOVD AoV Aopovod

Amdlvta ] AMyo ] Ayo ] anodta [ ]

20. Otav owpaler o woropio, TOV/TNG POIVETAL WO10ITEPE HVGKOAD VO KATUAAGPEL

TIg TPoBiceig 1 Ta cuvacONPOTE TOV YUPAKTHPOV.
ZUHPOVED ZUUOOVD AQovo Apovo

Amdlvto ] AMyo ] Ayo ] andrta ]

21. Agv ToV/TNG 0PEGOVY LOLUITEPX. OL LIGTOPIES PUVTUGIOG.
ZOHPOVD ZOUPOVD AoV AoQovod

Amdlvta ] AMyo ] Ayo ] anodta ]

22."Ey€1 0UOKOAIES 6TO VO KAVEL KOLVOVPLOVS PiAOVG.
ZUHPOVD ZUUOOVD Apovo Apovo

Amérvto ] AMyo ] Ayo ] andta ]

23. ITapatnpel ovveyoc potifa o€ Tpaypata.
ZOULPOVD ZOUOPOVD AQovo Aopovo

Andivta ] AMyo ] Myo ] andrta ]



24. @0, TPOTNOVGE VU TAEL GTOV KIVI|LOTOYPAPO Tapd o€ £va, povoeio.
SOHEOVED ZopeOVA Apoved AQoved

Amdlvto ] Myo ] AMyo ] andrta ]

25. Agv avaoTaTOVETAL OTOV 1) KOO UEPIVI] TOV/TNG povTiva dratapayOsi.
ZUHPOVD ZOUOPOVD AoV AlQovo

Amndivta ] AMyo ] Myo ] andrta ]

26. Agv Eéper mOG vo KPaToEL TNV pon piog oviTnong HE TOVS GLVOUNAIKOVG
TO0V/T|C.
SOHEOVED ZopeOVA Alpoved AQoved

Amdlvto ] Myo ] AMyo ] andrta ]

27. Tov/tng @aiveTal €0koro va avTiin@O&i Ta vwovoovpeva piag cvinTnone.
ZUHPOVD ZOUPOVD AoV AoQovod

Amolvto ] AMyo ] Ayo ] anodta ]

28. Zuvi0®G GUYKEVIPAOVETUL TEPLOCOTEPO OTI| YEVIKI] €IKOVO TOPA OTIS MIKPES
AemTopéperes.
ZUHPOVED ZOHOPOVD AoV Aopovod

Amdlvta ] AMyo ] Ayo ] anodta ]

29. Agv givan ToAD KaAOS/M 670 Vo, Qopdtor aplOpovg TNAEQOVEOV.
ZUHPOVD ZOUPOVD AoV AoQove

Amdlvta ] AMyo ] Ayo ] anodta ]

30. Zuvi0omg dgv mapatnpel KPES OLOQOPOTOUNOELS 6 pio. KOTAGTAGN 1] OTNV
ENPAVIOT KATOL0V.
ZUHPOVD ZOHOPOVD AoV Aopovod

Amolvta ] AMyo ] Ayo ] anodta ]

31. Kararapaiver 6Tav 0 covopinTic/TpLa ToV/Tng YEvEL TO EVOLAPEPOV TOV/TNG.
ZUHLOOVD ZUUOPOVD AlQovo Apovo

Andivta |:| Atyo |:| Alyo D amo LT D

32. Tov/tng @aiveTal E0KOA0 OTAV GUPLTAAAVTEVETOL PETAED OPUCTNPLOTITOV.
ZUHPOVED ZUUOOVD AQovo Apovo

Amdlvto ] AMyo ] Ayo ] andrta ]

33. Otav mAdel 6o TNAEQPOVO, dgV YVOPILEL TOTE €ival 1] GEPE TOV/TI|G VO, LI GEL
ZOHPOVD ZOUPOVD AoV AoQovod

Amdlvta ] AMyo ] Ayo ] anodta ]

34. Awookedaler va kavel Tpaypota avdépunta.
ZUHPOVD ZUUOOVD Apovo Apovo

Amérvto ] AMyo ] Ayo ] andta ]

35. Zuvi0mg givan o/n TelevTaioc/a mov kKataraPaivel TOTE KATL Eivar aoTEio.
ZOULPOVD ZOUOPOVD AQovo Aopovo

Andivta ] AMyo ] Atyo ] andrta ]



36. Tov/tng @aivetal g0KoAo vo KOTOAGPEL TL okEPTETOL 1] OoOAvVETOL KATOL0G

UTADG KOLTOVTUS TO TPOSOTO TOV.
ZUHPOVD ZOUOPOVD AoV Apoved

Amdivta ] AMyo ] Atyo ] andrta ]

37. Xg mepintmon mov vwapéel pio oloKom] OpaoTNPLOTNTOS, NTOPEL YpRyopa vo.
emavérBel og avTiv.
ZUHPOVD ZOUOPOVD AoV AlQoved

Amdivta ] AMyo ] Atyo ] andrta ]

38. Eivan kaA6g/M otV Kovevikn KovBévra.
ZOHPOVED ZOUOPOVD Aopovo AQovod

Amndivta ] AMyo ] Atyo ] andrta ]

39. Xvuyva Tov /TNG AEVE OTL KAVEL S10PKMGS TO 010 TPaYRA.
SOUEOVD SopeOVAO Apovd AQOVAH

Andivta |:| Atyo |:| Afyo D amo LT D

40. Otav fTav oto vnmaymyeio, ToV/Tg apece va mailer mwoyvioww polwv pe To

Ao TodNd.
SOUEOVD Zopeevao Alpovd AoV

Andivta |:| Atyo |:| Afyo D amo LT D

41. Tov/tng apécel vo. GLAAEYEL TANPOPOPIES amO KaTYOpieS TpaypdTOV (7). €ion
JUTOKIVI|TOV, €101 TOVMOV, TOTOVS TPEVAOV, €01 PUTAOV K.d.).
ZUHPOVD ZOUPOVD AoV AoQovo

Amdlvto ] AMyo ] Afyo ] andrta ]

42. Tov/tng @aivetor dV6KoA0 vo @avtootel maog 0o NTav va givol kKamowog/a
airrog/n.
ZUHPOVED ZOHPOVD AoV AoQovod

Amdlvta ] AMyo ] Aiyo ] andrta ]

43. Tov/tng apécel Vo OPYOVAOVEL TPOCEKTIKG OTOLUONTOTE IPUCTNPLOTITA OTI|V

0TT0i0. GUUNETEYEL
ZOHPOVD ZOUPOVD AoQovo AoQovod

Amdlvto ] AMyo ] Afyo ] andrta ]

44. Tov /NG ap£coVV 0L KOWVOVIKES GUVAVICTPOPES.
ZUHPOVD ZOHOPOVD AoV AoQovod

Amdlvta ] AMyo ] Aiyo ] andrta ]

45. Tov/tng @aivetor 600K0ro va KaTaldfel Tig TpoBEicels TV dAhwv.
ZUULPOVD ZOUOPOVD AQovo Aopovo

Amoivta |:| Aiyo |:| Atyo D amdAvTa |:|

46. Ov véeg KOTOOTAGELS TOV/TNG TPOKALOVY AVAGTATMON.
ZOHPOVED ZOHPOVD AoV AoQovod

Andivta ] AMyo ] Atyo ] andrta ]



47. Tov/tng apéoel va yvopilel Kavovprovg avlpamovg.
SOUEOVED ZopUOOVA AQovVd AoV

Amdlvto ] AMyo ] Atyo ] andlta ]

48. Eival KoA6g/ ©6TO0 VO TPOGEYEL KOL VO PV TANYDVEL TO. GUVOLCONPHATE TOV

arhov.
SOHEOVED ZopeOVA Apoved APV

Amdivta ] Myo ] Afyo ] Amorvta ]

49. Agv givar oAb KaAOS/] 6TO Vo OopdTor TIS nuepouNVies YEVVNong TOV GAA®V.
SOUEOVD ZopUOOVA AQovd AoV

Amdlvto ] AMyo ] Atyo ] Andrta ]

50. Tov/tng @aivetor Wwitepa gVkoro vo mailer pe 1o GAlo mowOWd TOL(Viow
poOL@V.
SOUEOVED Sopeevao Alpovd AoV

Amdlvto ] AMyo ] Afyo ] Andrta ]

Agiktnc Awetapayns Erieppatiknig [poocoys-Yaegpxivnrikétnto

1. [Ié6o ovyva To mOWil 60g AvVTIPNETOTILEL OVOKOAIES 6TO Vo OLNTNPIGEL TNV
IPOGOYN 0V EVA KAVEL pio gpyacio, 610 oY0Aei0, KOTA TN OLGPKEL EVOG YOumL 1
piog OLUGKEIUGTIKNG OPACTNPLOTNTUS (.. VO TAPUUEIVEL CUYKEVIPOUEVOS KOTA
TNV SLdpKELN OL0AEEEMV, HOKPOOKELOVGS 010 PACHATOG 1] CVLNTNGE®V);

[Toté I-_El Xroving Kdamoieg popéc Zoyva

2. 1660 ovyva dweTaTOL 1] TPOGOYN] TOV TALO0V G60G 0o eEMTEPIKA gpediopata,

OTTMG Y10 TOPAOEYpa 0o 1Y0VS | GALES cuinToELS TOV TEPLAALOVTOG;
[Toté Zroaving Tll_zl Kdmoeg (popégTh Zoyva

3. II66o cvyvé Tto Mol cog omopevyel, ovrutadei, 1| owotaler va espumhokel og

EPYUGLES TOV ATALTOVY OLOTIPN O] VONTIKNG TPOGTAOELHS | OKEYNS;
[oté Xraving ﬂJ Kdénoeg popéc Zoyva

4. Tléco cvyva mpofinuartiler 10 TOdi 00G VO OKOVGEL KATOLOV, OKONY] Kol 6Tav

TOV PAGVE Gpeca, Kat givar 6av va BpiokeTor T0 puaild Tov KATOL aAlov;
Ioté Zraving Kdmroeg popéc I-_l:ll Zoyva

5. TI66o ocvyvé To 7odi ©0Gg OVTINETOMILEL OVOKOAIES oTNV opydveon piog
opaoTnpOTNTOS N OTNV TEPATOON piog gPyociog (m.) HELOUEV] KAVOTTO
owayeiprong ypovov, amotvyio vo Tpel TIg Tpodeopics, OVOKOALX GTNV OpYyavOGT
OLUO0YIKAV EPYAOLOV, OKATAOTATI] KUl AVOPYAVMTN 00VAELD);

Horé)(D Xroaving O Kdamoeg popéc Zoyva

6. II66o ovyva TO TOdL GOUG OTOTVYYAVEL VO TTPOGEEEL TIG AETTOUEPELES 1] KAVEL
oanpéoekto. AGON o€ oyoMkég epyocies 1 KOTG TN OWIPKEW (AA®V
OpPOCTNPLOTHTOV;

HorélB Zraving O Kdmoeg popéc H Zoyva O

7. I1660 ovyvd To OOl cog Egyvaer va Kavel KATL T0 0moio cvpfaiver kaOnpepva,
OTt®MGg Yo TOPAOEYHo TNV NUEPE TOLYVIOWOV, TNV TPOUKTIKY TOv 1) Egyvder To
RECUEPLAVO TOV POYNTO;



Toté [ Xraving O Kdamoeg popéc [ Zoyva O
8. II6c0 ovyvd 10 OOl GOG YAVEL, TAPOUTETA 1| YOAGEL KATL TOV YPELGLETOL
TPOKEIPUEVOD VO OLEKTEPULDOOEL OVTA OV TPémer (.. GY0AMKO vVAMKO, poAivfia, Pipfiia,
EPYOLEiD KATT.);
Towe L Ymaviog H Kémoteg popég [l Soyvé H
9. I1660 ovYvé dVEKOLEVETOL TO TOLOL GO VO, AKOAOVONGEL 001 YIES 1] ATOTVYYAVEL VO,
TELELDOEL TIG OYOMKES gPyaoies, O0VAEIEG omTIOV M| GALES VEWOYPEMGELS (T.).
apyiler pia dovierd, arha yp1yopa YAVEL TV CVYKEVIPMOGT] TOV KOl UGYOAEITAL pNE
KaTL GALO);
Tote [ Xraving O Kdmoeg popéc O Zoyva O

10. I660 ovyva To mOdi cog dev givon o€ Bfon va mailer M| vo gpmhokel o€ GAdeg
OPOCTNPLOTNTES 1|OVY0;
HorélE Ymaviomg Kémoteg popég [ Soyva O
11. 1660 cvyva avTipeTOTILEL TO OOl GOG OVGKOAIEG OTO VO TEPLUEVEL TNV GELPA
TOV, OTTMG Y10 TAPAOELYO VO TEPLPEVEL GE Pid OVPE;

[oté Ymaviog Kémoteg popég Soyva O
12. 11660 ovyva To AL GaS TPEYEL TPLYVP® 1] CKAPPUADVEL GE TEPLGTAGELS TOL Eivar
avapprooTo;
[Toté Xroving O Kdamoeg popéc [ Zoyva O

13. [1660 cvyvé To madi cug KiveiTol vevpikd 1 yTomder/kovvder yépra 1 oo 1
KOUVIETOL 6TV KOPEKAQ TOV;
Tote [ Xroaving |j Kdamoeg popéc [ Zoyva O
14. 11660 ovyva 10 7di cog meTder ovBopunte pio amavinon zpw vo EYEL
0LOKANPMOEL N EpOTNON;
Ioté Ymaviog O Kémoteg popég [ Soyva O
15. I1660 ovyva T0 TONdi G6og AGOGVETAL AVI|GLY0, GEIKIVIITO 1| CUUTEPLPEPETUL GOV
POV HE PTOTOPIES TOV AELTOVPYEL OVVEXAG (.. dEV pmopPel va peivel aKivTo
o€ pia 0¢omn Yo peydro xpoviko drdotnua)
[Toté Xroving Kdamoieg popéc O Zoyva O
16. I1660 ovyva To TSI 6O APNVEL TNV BE01 TOV 6E TEPLGTAGELS OTTOV AVOUEVETUL VO,
peiver kaBwopévo (m.y. oty T4EN);

ITote Zraving Kdmoeg popéc [ Zoyva O
17. 1600 cvyva Oempeite 0TL TO TOWDL GOC PIAGEL vnﬁﬁoku«i ToAD;
[Toté Xroving Kdamoieg popéc Zoyva tl

18. T1660 ovyva To Taldi cog drukénTel | mapepfaivel og drlovg (m.).
YOVETOVTETAYETOL GE GULNTIOELS, TALYVIOLU, 1] OPACTPLOTITES, UTOPEL VA
EEKIVIIGEL VO (PN OLUOTOLEL TPAYNOTA TOV AALOV YOPIS VO POTNGEL 1] YOPIS VO,
napeL 4oe1a);

Toté [ Zraving O Kdmroeg popéc [ Zoyva O
19. Yafpyov apKeETH 06 T0 CUPUTTORATOE GE NAIKIO KATO TOV 12 €ETOV;
(04} O No
20. Epgavilovtol To. COUTTONATE GVTO 6E TOVAGYLGTOV 000 1] TEPIGGOTEPD TAUIGLO
(m.(. 670 GTiTL KO GTO GYOAELD);
On O Nm



