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ABSTRACT

The authors study specific participation of parvo- and magnocellular visual processing
pathways in image formation in preschool children with atypical development.

In comparison with typically developing children, children with autism spectrum
disorder (ASD) and mental retardation (MR) had higher thresholds of contrast
detection during sequential change; higher thresholds were observed only in high ASD
cases. Global motion thresholds were lower in children with MR and low ASD.
Children with high ASD could discern stimuli only with their slow shift.

Deficit of global motion thresholds based on stationary object orientation was found only
in ASD cases; manifestation of such deficit depended on the autistic disorder severity.

In MR and low ASD cases, figure recognition time increased only with increasing
number of locations of targets among demonstrated figures. Children with high ASD
demonstrated constant increase in detection time. The authors found correlations
between visual processing deficit severity and the language development level.

Keywords: Visual perception; dorsal and ventral streams of visual system; preschool children;
autistic spectrum disorders; mental retardation
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1. INTRODUCTION

The priority direction of modern developmental psychology is investigation of
mechanisms ensuring global perception and the specifics of their
implementation in deviating development (Gibson, 1979).

The most obvious example of an atypical child development is autism
spectrum disorders (ASD), which are often accompanied by mental retardation
(MR), language disorders (Kanner, 1943). Currently, modern researchers often
mention primary cognitive deficit specific for autism; that determined the new
vector for searches — the study of initial stages of information processing,
namely — the study of perception in people with autistic disorders (Bertone,
2013; Pellicano, 2012).

An important aspect for the analysis of anomalous perception in autism is
identification of the brain structures and their functioning mechanisms, which
are crucial for image formation. In recent years, researchers have developed a
concept of parallel visual information processing pathways: parvocellular,
magnocellular and koniocellular (Ungerleider & Mishkin, 1982). This
morphological and functional separation begins at the level of the retina (Perre
& Cowey, 1985) and continues at the level of the lateral geniculate nucleus
(Hendry & Reid, 2000) and the primary visual cortex (Merigan, Byrn, &
Maunsell, 1991). The signals from magno- and parvocellular pathways mix at
the level of extrastriate cortical regions (Shomstein, Kravitz, & Behrmann,
2012), forming ventral and dorsal visual processing pathways; each of them
brings something specific in the object image perception process. Thus, the
magnocellular system provides perception of the object motion and its spatial
localization, and the parvocellular system provides perception of the object
shape, its fine details and colors.

In recent years, there have been more and more scientific evidences that
various abnormalities of language and cognitive development (for example, in
case of dyslexia and autism) are accompanied by magnocellular system disorders
(Fiorentini, Gray, Rhodes, Jeffery, & Pellicano, 2012; Pellicano & Gibson,
2008; Scottun, 2000). The level of perception integrity is commonly lower in
people with autism (Pellicano, 2010); this dysfunction is primarily caused by
abnormal processes of cross-modal and intra-modal interaction (Charbonneau
et al.,, 2013; Gonzilez, Ramén, & Maiche, 2013). The latter has led to the
hypothesis of “weak central coherence” (Frith & Happe, 1994; Happe & Frith,
2006), which assumes that global perception is based on integration of local
features into a single image. It is assumed that people with autism have a higher
sensitivity of visual sensory system pathways that are related to processing of
high-frequency spatial information (parvocellular pathway or ventral stream)
(Frith & Happe, 1994); the pathways related to processing of information on
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low spatial frequencies are underdeveloped (magnocellular pathway or dorsal
stream) (Plaisted & Davis, 2005, 2009). However, these hypotheses have been
questioned. For example, some researchers experimentally proved that global
motion perception is not dependent on the information on low spatial
frequencies (Badcock, Whitworth, Badcock, & Lovegrove, 1990; Smith,
Snowden, & Milne, 1994).

Another competing hypothesis (Mottron, Belleville, & Menard, 1999;
Ozonoff, Strayer, & McMahon, 1994) is based on modern understanding of
the hierarchical structure of visual perception, which includes different levels of
information processing (Mottron, Dawson, Soulieres, Hubert, & Burack,
20006). Thus, “low-level” processes ensure handling of information about the
physical properties of the visual field components; “intermediate” processes
provide perceptual grouping; and “high-level” ones are related to identification
of the objects image. The hypothesis of a hierarchical structure of visual
perception takes into account information about some super-optimal
capabilities of visual perception of people with autism (Mottron et al., 2013)
and presumes excessive development of “low-level” perception mechanisms;
their hyperactivity leads to advantages in processing the properties of individual
components but prevents implementation of “intermediate” and “high-level”
mechanisms that provide perceptual “association” of components and their
integration into a holistic image (Mottron et al., 2000).

Recent studies of the anomalies in information processing mechanisms in
the dorsal stream of visual pathway have shown that children with autistic
symptoms have difficulties in detection of global movement (Bertone,
Mottron, Jelenic, & Faubert, 2003; Milne et al., 2002; Robertson, Martin,
Baker, & Baron-Cohen, 2012), which is a consequence of abnormal
integration of information at the “higher” levels. It is noteworthy that the same
deficit was found: 1) in people with dyslexia — in the form of hyposensitivity
to flicker (Martin & Lovegrove, 1988; Scottun, 2000) and in the form of
reduced ability to perceive the global motion (Conlon, Sanders, & Wright,
2009; Hansen, Stein, Orde, Winter, & Talcott, 2001; Nandakumar & Leat,
2008; Roach, Edwards, & Hogben, 2004); 2) in individuals with Williams
syndrome and hemiplegia — in the form of abnormally high global motion
thresholds combined with relatively normal shape perception thresholds
(Atkinson et al., 1997; Gunn et al., 2002). It is assumed that the most probable
explanation for the increase of global motion thresholds in the case of
developmental disorders is poor integrative processes in the higher cortical
regions, which provide perception of global, coherent motion (Edwards &
Badcock, 1996). Behavioral studies showed that global motion stimuli are
processed in two steps (Edwards & Badcock, 1996). The first step is extraction
of information about local features, which is likely to occur at initial stages of
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information processing (region V1) (Dow, 1974). At the second step, these local
features are integrated in region V5 (Britten, Shalden, Newsome, & Movshon,
1992; Newsome & Pare, 1988). At that, early stages of visual processing may
have no abnormalities, whereas higher stages of visual processing may be
characterized by abnormal processes that evidently appear due to integration
mechanism disorders.

A part of the problem under review is the issue of the relationship
between the deviations in the extrastriate cerebral cortex activity related to
motion estimation and the degree of visual-spatial coherence observed in
autism (Bertone et al., 2003; Milne et al., 2002; Rivest, Jemel, Bertone,
McKerral, & Mottron, 2013). It was shown that in children with autism, the
success of a task to detect global motion is inversely proportional to the success
of a task to choose an embedded image (Pellicano, Gibson, Maybery, Durkin,
& Badcock, 2005). This correlation suggests that the deficit of grouping
processes in autism suppresses perception of both dynamic and static stimuli.
Hence, if the problem of global motion detection requires global perception,
then the task of finding a hidden figure (the task to focus on particular image
components), on the contrary, may prevent formation of the global gestalt.
However, this argument is primarily based on the data on overall deficit of
grouping processes in dorsal and ventral streams of an autistic visual system.
Taking relate works (Field & Hayes, 2004; Gilbert, 1995) into account, it is
evident that some contour grouping processes can be appropriately fulfilled at
the level of V1 area, but other tasks require grouping at higher levels of the
ventral stream (Braddick, Atkinson, & Wattam-Bell, 2003).

Thus, the question of what causes disturbances in integration process in case
of autism is still unclear; the problem requires further study. Theoretically, it is
suggested that autistic organization of the local information processing is combined
with weak information integration at the same level (Frith & Happe, 1994).
However, some researchers question this point of view, adducing that intactness of
autistic global processing is combined with excellent local information processing
(Badcock et al., 1990; Mottron et al., 1999, 2006). The idea of weak global
grouping processes in autism is well consistent with the concept of weak central
coherence (Happe & Frith, 2006) as the neural basis of the integration of object
components into a global visual image.

Another example of neurologic disorders, which can cause abnormal
visual object perception, is mental retardation. It is known that this neurologic
disorder is inhomogeneous in composition and includes groups of ontogenetic
development abnormalities different in terms of etiology and pathogenesis.
Deterioration of language functions is noted as a key element (Nelson et al.,
2006). A complex chronological process of speech development suggests that
formation of speech is the most vulnerable structural component in mental
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development defects of various genesis. Systemic impact of this kind of defects,
obviously, goes far beyond the children’s speech status as such. In recent years,
the researchers focus on the problem of relationship between perceptual and
cognitive deficits. Modern literature provides rich factual material indicating the
presence of correlation of language disorders with defects in the object visual
perception (Bertone, 2013; Mendzheritsky, Karantysh, Muratova, & Korsunova,
2012; Muratova, Karantysh, & Mendzeritsky, 2013). Thus, many researchers
note that children with language function disorders have significant abnormalities
of global perception, which is primarily manifested in fragmentary and
situational nature of perception (Chukhutova, 2013; Yukhina, 2011). The
research results provide a basis to suggest undeveloped relationship between
speech and sensory brain regions (Bertone, 2013; Pellicano & Burr, 2012).

Analysis of the current research in the field of visual perception features in
atypical development shows that most studies concerned adults or adolescents
and were usually related to the specifics of visual system functioning at a certain
level of information processing. It is also important that the attempts to
simultaneously compare the specifics of functioning of these information
processing pathways in various forms of mental abnormalities were rare,
although this aspect is significant in terms of the development of approaches to
carly diagnostics of mental disorders and the search for possible markers of
destabilized integrative brain function.

In this regard, the current study is aimed to compare the contribution of
different levels of magno-parvocellular channels of processing visual
information to the formation of cognitive and speech processes in children with
typical and atypical development.

2. METHOD
2.1 Partecipants

All studies were performed for the same group of preschool children with
typical development (TD), atypical development (“residual-organic-based
mental retardation” (MR) and “autism spectrum disorder” (ASD) accompanied
by MR). The group included 20 TD children TD (the mean age, months
(MA) = 71, SD = 6), 19 children with MR (MA = 74.5, SD = 6.1) and 19
children with ASD (MA = 71.5, SD = 6.1). The children under study attended
pre-school department of primary school-kindergarten No. 687 “Child
Rehabilitation Center” (Saint-Petersburg, Russia). The study was approved by
the Ethics Committee of Saint-Petersburg State University and performed with
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parents’ official consent for the child’s participation in the study. All children
were right-handed and had no problems with vision and hearing.

The children with typical development were tested by Wechsler method for
preschool age (WHHSI), adapted for the Russian Federation (Ilina, 2009). The test
results showed that all the children had a normal level of intelligence (Table 1).

Table 1. Description of participants

Group
Children with
Children Children with mental e
with typical retardation (F83 by ICD- retardation
development 10) (F.84.11 by
ICD-10)
LeveI. of speech v 1 I I I
disorder
N 20 6 7 6 10 9
Ages (in months)
M 71 74 76 73 73 76
SD 6 5 6 5 6 4
Verbal IQ (in scores)
M 134
SD 10
Range 121-142
Non-verbal IQ (in scores)
M 130
SD 9
Range 120-141
CARS (in scores) 31.7
(Schopler et al.,1980) ’ 40.4
M 1.7 4.1
R;Snll)ge 30-34 36-48

The speech cards, which were compiled and adapted for children with mental
retardation and autism (Nischeva, 2013), allowed determining the level of the
child’s language function development (Table 1).

The children with autism were tested for severity of autistic disorders
(Table 1) by the Childhood Autism Rating Scale (CARS) (Schopler, Reichler,
DeVellis, & Daly, 1980).
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2.2 Equipment

A Samsung R40-1 notebook with 15-inch screen was used to show signals. The
sequence of signal presentation and recording of the child’s reaction parameters was
maintained by Presentation, Version 14.4 Build 04.02.10 computer software.

2.3 Stimuli
2.3.1 The task to determine contrast sensitivity

To determine the effectiveness of magno- and parvocellular pathways of
information processing, we used a task proposed by ]J. Pokorny (2011); the task
was based on different degrees of these pathways elements activation in
response to the changing contrast of stimuli.

The visual stimuli were represented as an array (pedestal) of four squares
of 1 angular degree each, located in the center of a grey screen of 8 angular
degrees. The screen illumination was 30 cd/m?, the illumination of squares was
34 cd/m?. In the course of the experiment, the illumination of one square
ranged within 10 cd/m? in steps of 0.1 cd/m? The duration of each signal
presentation was 50 ms, the interval between stimuli was 1.5 — 2 sec. The
stimuli specifications were chosen on the basis of the parameters of temporal
and spatial summation of the visual system (Pokorny, 2011) and the
peculiarities of activity of children with developmental disorders (Cherenkova,
Sokolova, & Naumova, 2013).

2.3.2 The task to determine global motion threshold

To evaluate the effectiveness of visual processing at the higher levels of the
dorsal stream, we used the task proposed by Spencer et al. (2000). We have
modified this method for children with developmental disorders (Cherenkova,
Sokolova, & Naumova, 2014).

A black square (illumination - 1 cd/m?, size - 8x8 angular degrees) was
placed in the center of a white computer screen (illumination — 80 cd/m?2).
Vertical rows of 20 white spots (size — 0.1 angular degree, brightness — 80
cd/m? each) were used as stimuli. They moved at a speed of 5 deg/s from one
edge of the square to another within 100 ms. The first stimulus was a single
vertical row of spots, which moved from the left to the right edge of the square.
The second stimulus included two rows of spots that moved towards each
other, crossing the black square in opposite directions. The stimuli were shown
randomly with an inter-stimulus interval of 1.5-2.0 sec.
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2.3.3 The task to determine global motion threshold by the properties of
stationary objects

This task allows evaluating the effectiveness of visual processing at the higher
levels of the ventral stream.

Images of birds were used as stimuli. The orientation of their beaks and
wings pointed to the direction of motion. A bright square of 8x8 angular
degrees and illumination of 80 cd/m? was placed in the center of a computer
screen on a gray background with illumination of 30 cd/m? for 300 ms. A
series of nine birds the size of 3 angular degrees each appeared on the
background of the square. In the first stimulus, the beaks were directed to the
left, and in the second — to the right.

2.3.4 The task to determine capabilities for invariant recognition of the visual
object shape

This task allows evaluating the effectiveness of visual information integration at
the higher levels of the ventral stream (Cherenkova & Sokolova, 2016).

The stimuli were geometric shapes, which appeared on the screen with
illumination of 30 cd/m? The size of the geometric shapes was 2 angular
degrees. The duration of each signal was 100 ms in case of a single image, 300
ms — when showing three images, and 500 ms when showing six images; the
interval between the stimuli was 1.5-2 sec.

2.4 Procedure

An experimental study was conducted in the environment familiar and
comfortable for the child. The child was sitting in front of a computer, the
distance to the monitor was about 50 cm. The general illumination in the
room was 120 cd/m?.

2.4.1 Testing of contrast sensitivity

In the first series of the study, the illumination of one of the 4 squares placed in
the center of the screen was varied, and the child was asked to press a key if he
or she noticed a change in the square brightness. Thus, we changed the
characteristics of only one element out of the whole stimulus. Such a change is
registered at the level of magnocellular pathway as a sequential contrast
(“magnocellular condition”).

In the second series of the study, all 4 squares appeared simultancously (a
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grey background with a black fixation point in the center appeared on the
screen between the attempts). In every attempt, one of the squares was lighter
than others. The child had to see the difference between the brightness of 4 the
squares on the basis of distinguishing the simultaneous contrast and press a key.
Under these conditions, the small-celled pathway of visual system
(“parvocellular condition”) functions more effectively.

The threshold of the child was identified in three sessions (60
presentations each): by reducing illumination of one square, by increasing its
illumination and by random presentation of more or less illuminated square.
The results of three sessions allowed plotting psychometric curves for the
number of correct answers vs. illumination level. The threshold value was
determined on the basis of these curves by using the methods of minimal
changes and constant stimuli. The resulting data were averaged for each child;
the average threshold contrast value was determined according to the formula
K= (Ii- Lp) / Lo, where Iy is background illumination, I, is new illumination; the
contrast sensitivity was determined by the formula C = 1/K, where K is the
contrast value.

2.4.2 Testing of global motion thresholds

During the training session, the child was taught to press a computer key upon
presentation of the first stimulus (a vertical row of spots, which moved from
the left edge of the square to the right was a positive signal) and not to react to
presentation of the second stimulus (two rows of spots that moved towards
cach other were a negative signal).

In the first testing session, we removed one spot from the row of the
negative stimulus after every two attempts, starting from the top edge, until the
child perceived it as a positive signal within two attempts. In the second
session, on the contrary, we were adding spots (one by one) to the rows of the
positive stimulus, which moved to the left side, until the child perceived it as a
negative signal within two attempts. After these sessions, we determined the
minimum number of spots to be removed or added in order to make the child
change his or her response to the opposite, and calculated the difference
between the total number of spots in the row and the number of spots when
the child’s response changed. The results of the first and the second session
were averaged; we also calculated the percentage of the difference between the
number of spots in the complete and shortened row relative to the total
number of spots in the row (n=20). This value was the minimum difference, at
which the child perceived global spot motion direction, i.e. the perception
threshold of coherent motion direction.
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2.4.3 Testing of global motion thresholds by the properties of stationary objects

During the training session, children were taught to press the left key if the
beaks of all birds in the row were directed to the left or the right key if the
beaks of all birds were directed to the right. In the first test session, the
orientation of one bird flying to the right was changed from attempt to
attempt. At the end of the session, all nine birds were directed to the left. In the
second session, all stimuli (they included different numbers of birds with
changed orientation) were shown in a random order. In both sessions, we
registered the number of oppositely directed birds, at which the child pressed
only one key. The results of the first and second testing sessions were averaged,
and global motion detection threshold for all objects was determined.

2.4.4 Testing of capabilities for invariant recognition of the visual object shape

All children were preliminarily taught to distinguish a circle and a square: the
child was asked to press a computer key upon appearance of a circle (positive
stimulus) and not to press a key if a square appeared on the screen (negative
stimulus). Stimuli were shown randomly (40 presentations).

One figure - a circle or a square - appeared on the screen during the firsz
test block. The circle varied in size (10 presentations), color (10 presentations),
or position (10 presentations) in a random order. Three different colors, sizes
and positions were used in the first session, and six - in the second one. The
properties of squares did not change in all the test blocks (30 presentations in a
random mix with circles).

A group of three figures, which included either a circle or a square, was
shown in the second test block. In the first session, the properties of figures did
not change, in the second session, three colors, sizes and circle positions were
used (5 changes of each property in a random order). In the third session, the
number of each property used was increased to six (3 changes of each property).

Six figures were present on the screen in the #hird test block — one circle or
one square was among them. The property of circles did not change in the first
session of this block; circles of three different colors, sizes and positions on the
screen was shown in the second session (5 presentations of each color, size and
position relatively other figures). In the third session, the number of possible
properties was increased to six (3 changes of each property).
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3. RESULTS

3.1 Testing of contrast sensitivity thresholds under a sequential change in the stimulus
illumination (“magnocellular condition”)

Analysis of the average values of contrast sensitivity in children with typical
development showed that the thresholds varied between 60 and 120 and
averaged to 78.1+38.2 in case of sequential contrast.

Comparison of the average thresholds in children with different
neurological status by the Mann-Whitney test (Figure 1) showed significant
differences a) between the group of TD children and the group of ASD children
(U =10, p = 0.001), and b) between the group of MR children and the group of
ASD children (U = 9.5, p = 0.001).

%
100 - ASD

low high
50 l I
- l ' -ﬁ

Figure 1. Testing of contrast sensitivity thresholds under a sequential change in the stimulus
illumination (“magnocellular condition”). Vertical bars show the average threshold value for
each group of children (MR, ASD, IV-I level of language disorder), divided by the average
threshold value in the group of children with typical development. Asterisk marks significant
differences between the data in neighboring groups of children at p<0.05

Comparison of the average contrast sensitivity thresholds in children with
ASD showed significantly higher values for children with high ASD (U = 2.0, p =
0.05). At the same time, children with low ASD demonstrated significantly
higher values of sequential contrast detection as compared with TD children (U
=2.5,p =0.001) and MR children (U =43, p = 0.01).

Comparison of the contrast sensitivity in ASD and MR children showed
significant differences between groups with different levels of language disorders:
Tand I (U=2.0,p=0.01),IVand III (U = 1.0, p = 0.01). At the same time, the
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thresholds in MR and ASD children with the same level of language disorders
(II) were not significantly different. Correlation analysis of the obtained data
confirmed significant dependence between the level of language disorder and
contrast sensitivity thresholds (R = -0.9, p<0.001). The MANOVA procedure
also revealed significant importance of the “level of language disorder” factor
(F(1.38) = 7.25; p = 0.0003).

Therefore, in the presence of speech disorders both in children with MR
and children with ASD, contrast sensitivity thresholds increase in case of
intensification of the speech deficiency level.

These data may indicate dependence of the contrast sensitivity thresholds on
the degree of global language disorder regardless of etiology of neurological deficit.

3.2 Testing of contrast sensitivity thresholds under comparison of stimuli with
different illumination (“parvocellular condition”)

Analysis of the average values of contrast sensitivity in TD children showed that
thresholds varied between 9 and 13 and averaged to 10.0+1.4.

Comparison of the data obtained for children with different neurological
abnormalities (Figure 2) showed that the contrast sensitivity thresholds of
children with high ASD were significantly higher compared to those of TD
children (U = 42, p = 0.01), MR children (U = 22.5, p = 0,001) and low ASD
children (U = 4.5; p = 0.037).

% MR ASD
o high
100 -

low
*
N l
0 1 T T T T
v 11} Il 1l |

Figure 2. Testing of contrast sensitivity thresholds under comparison of stimuli with different
illumination (“parvocellular condition”). Vertical bars show the average threshold value for
each group of children (MR, ASD, IV-I level of language disorder), divided by the average
threshold value in the group of children with typical development. Asterisk marks significant
differences between the data in neighboring groups of children at p<0.05
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When comparing the thresholds of children with varying degrees of general
speech underdevelopment, significant differences could be identified only for the ASD
children with I and II level of language disorders (U = 5.5, p = 0.05). Thus, weakening
of parvocellular channel activity was observed only in children with high ASD.

3.3. Determination of global motion thresholds

The average percentage of the total number of spots, at which TD children
distinguished motion in a certain direction, was 21+8%: the minimum value was
10% and the maximum value was 35%.

Analysis of data obtained for the groups of children with different
neurological status (Figure 3) showed that the average visual object global motion
thresholds in TD children were significantly lower than in low ASD children (U
= 11.5, p = 0.001) and MR children (U = 1.5, p <0.01). Significant differences
between the groups of ASD and MR children were not found.

MR ASD
high

low
*
* *
*
*
150 -
100 -
50
0 E: T T T
v 1] ] 1} 1

Figure 3. The task on detection of global motion direction on the basis of object dynamic
properties. Vertical bars show the average threshold value for each group of children (MR,
ASD, IV-I level of language disorder), divided by the average threshold value in the group

of children with typical development. Asterisk marks significant differences between the
data in neighboring groups of children ar p<0.05

In children with high ASD, stimulus distinction was possible only in case of
slow shift of stimuli on the screen (500 ms compared with 100 ms). Their
motion perception threshold was significantly higher than in TD children (U =
3.5, p = 0.01), but did not differ from that of MR children (U = 54.5, p = 0.6)
and low ASD children (U = 17.5, p = 0.05).

Analysis of global motion threshold values for children with varying degrees
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of language disorders allowed establishing significant differences only in groups I1
(U =5.0; p = 0.046) and I (U = 4.8; p = 0.049). However, the correlation
analysis of data for all groups confirmed significant dependence between the
degree of language disorder and average global motion thresholds (R = 0,52; p
<0,01). These data indicate that all groups of children with atypical development
are deficient in motion information processing, and its intensity depends on the
nature of neurological abnormality and the level of general language disorder.

3.4 Determining global motion thresholds by the properties of stationary objects

In TD children, the decision that “all objects have changed the motion direction”
was registered when the number of figures with changed orientation reached an
average of 78+12% of the total number; in this case, the pattern of location of
stationary figures was perceived by children as motion in one direction.

There were no significant differences between the groups of TD children
and MR children (Figure. 4). At the same time, ASD children showed
significantly lower global motion thresholds (U = 8.5, p = 0.001). In this case, the
observed deficit depended on the severity of autism spectrum disorder. It was
shown that when a much smaller number of figures with “new” orientation
appear, high ASD children tend to define the entire row as moving in this
direction. Significant differences between these groups (U = 5.5, p = 0.05) were
established when comparing the study results for the children with different
forms of ASD.

% MR ASD

100 -

low
*
80 -
60 - *
40 -
20
0 - T T
v ]| | | 1

Figure 4. The task on detection of global motion direction on the basis of object stationary
properties. Vertical bars show the average threshold value for each group of children (MR,
ASD, IV-1 level of language disorder), divided by the average threshold value in the group
of children with typical development. Asterisk marks significant differences between the
data in neighboring groups of children at p<0.05
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However, comparison of results for children with different levels of language
disorders regardless of their neurologic status revealed a progressive decrease in the
ability to distinguish global motion direction with increasing level of child language
function disorder. Significant differences in the thresholds were observed in the
groups of children with language disorder levels IV and III (U = 6.5, p = 0.05), IT and
I (U =4.0, p=0.001). Correlation analysis of the obtained data confirmed significant
dependence between the degree of language disorder and average global motion
thresholds (R=-0,8; p<0.0001). The MANOVA procedure revealed a significant
importance of the “level of language disorders” factor — (F(1.38) = 4.6; p = 0.02).

The above results indicate that the more pronounced autistic and language
disorders, the lower the children’s ability to distinguish global motion direction on
the basis of a stationary property.

3.5 Determination of children’s aptitude for invariant recognition of the visual object shape

Assessment of invariant recognition in TD children showed that the time to identify a
circle did not significanty increase upon changing its color, size and position (Table 2).
However, the response time significantly increased with inital increase in the number of
the visual object properties (t = 3.2; p = 0.03), followed by its significant decrease at
further increase in the number of variable circle properties (t = -2.9; p = 0.05).

In MR children, the nature of changes in the response time upon changes in the
number of properties of the watched figure (color and size of the circle) is similar to that
in children with typical development. If case of circle identification among six figures
while increasing the number of its positions from one to six, identification time
consistently and significantly (t = 5.8; p = 0.001) increased. Analysis of children with
different levels of language disorders showed that this phenomenon occurred only in
case of the IT level of language development.

Analysis of testing results for ASD children revealed that, depending on severity of
autistic disorder, children showed various results in the posed task.

In children with low ASD, circle identification time consistently and significandy
increased only along with increase in the number of possible circle positions on the
background of three and six figures (t = 4.9; p = 0.01; t = 3.8; p = 0.03). Therefore,
children with autism have more difficulties in circle identification when its position
changes among other figures, as compared with children with mental retardation.

High ASD children showed a significant gradual increase in circle identification
time with changing color (t = 4.6, p = 0.01), size (t = 3.7, p = 0.02) and position (t =
4.8, p = 0.01) at both one-time demonstradon (t = 3.9, p = 0.01), and on the
background of three (t = 4.2, p = 0.001) and six (t = 4.7, p = 0.01) figures. Thus, the
children of this group were completely deficient in the ability for invariant object
identification in relation to the change in the above parameters.
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Table 2. Response time of recognition of a geometrical figure with varying color, size, and position

(* - significant differences of mean values at p < 0.05)

Properties
Group  Number Reaction color size position
Figures Time (mc) Number of properties

1 3 6 1 3 6 1 3 6
1 M 822 827 795 822 903 809 82 845 799
SD 71 55 47 71 71 56 71 74 60
™ 3 M 887 892 863 887 857 874 887 967 948
SD 75 0 51 75 46 56 75 6 6l
6 M 944 860 853 944 872 864 944 975 948
SD 57 47 41 57 48 43 57 58 59
) M 798 933 771 798 892 772 798 956 808
SD 56 52 51 56 52 59 56 6 54
MR M 838 778 732 838 986 783 838 944 841
v 2 s 5153 56 sl 61 0 s SI 60
p M 825 898 85 825 953 853 825 1014 859
SD 53 57 59 53 58 52 53 52 54
| M 827 895 839 827 987 830 827 940 764
SD 55 52 55 55 52 59 55 6 53
MR 3 M 921 981 86 921 986 825 921 994 945
I SD 51 53 66 51 51 50 51 51 60
p M 9%61 992 945 961 996 932 961 1178 1063
SD 54 57 59 54 58 52 54 52 54
| M 847 1026 917 847 1055 928 847 967 862
SD 55 52 55 55 52 59 55 66 54
MR M 975 1060 1045 975 1030 1070 975 999 1014
I SD 51 53 68 51 61 50 51 51 60
p M 1008 1025 1045 1008 1092 1028 1008 1230° 1280°
SD 53 57 59 53 58 52 53 52 54
) M 954 1162 1078 954 1198 1115 954 1148 1076
Low SD 74 75 66 74 72 66 74 70 66
ASD 3 M 1071 1161 1228 1071 1135 1226 1071 1195 1327
I SD 70 69 64 70 65 66 70 716
p M 1118 1195 1207 1118 1135 1226 1118 1308 1365
SD 72 G4 60 72 65 65 72 6 67
) M 1129 1304 14000 1129 1333 1514 1129 1372 1748
High SD 72 74 69 72 70 5 72 65 49 )
ASD 3 M 1164 14717 1653 1164 1532 1659 1164 1683 1773
I SD 80 78 73 80 82 82 80 81 88
p M 1593 1656 1762 1593 1689 1773° 1593 1763 1999
SD 73 80 75 73 79 88 73 80 77
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4. DISCUSSION

The problem of global visual perception mechanisms is one of the oldest in
psychological science (Rubin, 1958). Currently, this problem is intensively
developed with the use different experimental models in the framework the
neurocognitive approach to the study of psychics. It is assumed that global object
image perception is not an integrated process, but it has an internal hierarchical
structure and includes several successive and recursively interacting stages for
processing the information about the properties of visual pattern (Bertone, 2013;
Mottron et al., 2006; Pellicano, 2010). The study of the structure of perception
disorders in children with atypical mental development is of particular interest in
terms of the ontogenetic aspect. The very nature of perceptual anomalies in
developmental disorders gives enough material for the study of the processes that
ensure visual image integrity.

An important aspect for the analysis of the anomalous perception in children
with atypical mental development is identification of the brain structures and the
mechanisms of their functioning, which are crucial for global image formation.
In this regard, the data on reduction in the function efficiency of magnocellular
visual processing pathway in children with a variety of developmental
abnormalities (Grinter, Maybety, Pellicano, Badcock, & Badcock, 2010) is of
great interest. Our data indicate that compared with TD children of preschool
age, children with different neurological disorders and impaired language
function have poor magnocellular pathway activity, which is manifested in a
decrease in sensitivity to low-contrast stimuli perception. However, the
effectiveness of parvocellular pathway activity in MR children does not differ
from that of TD children. Different results can be traced in ASD children,
especially children with high ASD. In their case, there is a deficit of functioning
of both magno- and parvocellular pathways at all visual system levels. This
contradicts the data obtained by other authors; they showed that ASD children
inefficiently perceive only low-contrast stimuli (Pellicano & Gibson, 2008;
Plaisted & Davis, 2005). Such differences of opinions can be connected with the
fact that the existing studies are devoted to autistic children of school age with
intact intelligence. Perhaps, when ASD is accompanied by MR, there is a
decrease in efficiency of both visual processing pathways.

Indeed, a comparison of contrast sensitivity level in children with low and high
ASD shows that decrease in efficiency of both visual processing pathways is
specific only for children with high ASD complicated with MR (36 scores on the
Childhood Autism Rating Scale). At the same time, children with low ASD (up
to 34 scores on the CARS) show a reduced efficiency of only magnocellular
pathway, like in case of severely abnormal autists (Pellicano & Gibson, 2008).
This leads to the assumption that highly severe autistic disorders can include not
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only defective mechanisms of visual processing at certain levels, but also defective
mechanisms for adjusting the sensitivity of the entire system to low stimulus
intensity, as well as the mechanisms for selective visual signal perception due to
weakened attention (Sinzig, Morsch, & Lehmkuhl, 2008).

Currently, there is convincing evidence that the dorsal stream is able to carry
information from the higher cortical regions to the primary visual cortex through
feedback loop (Bullier, 2001; Laycock, Crewther, & Crewther, 2007). The speed
of information processing in the magnocellular pathway is sufficient enough to
ensure the integration with afferent information coming through the
parvocellular pathway. Such early arrival of impulses through magnocellular
pathway to striate cortex (10-20 ms according to the studies performed on
primates (Maunsell & Gibson, 1992; Maunsell et al., 1999) and 25-45 ms
according to the data on registration of multifocal induced potentials in humans
(Baseler & Sutter, 1997; Klistorner, Crewther, & Crewther, 1997) is called the
“magnocellular advantage” phenomenon (Laycock, Crewther, & Crewther,
2007). It is assumed that it is an important mechanism for ensuring the
integration of global information, which exposes the activity of striate cortex to
retro-inspection to receive information through the parvocellular pathway
(Bullier, 2001). Thus, the delay in information processing in the magnocellular
pathway of MR and ASD children may lead to disturbance in the “magnocellular
advantage” mechanism found in TD children (Jackson et al., 2013).

Studies of visual object motion perception showed that this process is mediated
by the activity of the higher levels of visual processing (Goodbourn et al., 2012;
Schiller, Logothetis, & Charles, 1990). Processing of the motion information
consists of two stages. At the first stage, the brain registers information on local
signals; that is shown in the study of V1 region neuronal activity (Dow, 1974).
At the second stage of information processing, local directional signals form
global perception of motion, which requires inclusion of additional integration
mechanisms at the level of extrastriate cortical regions (Britten et al., 1992).
Our results confirmed the data of several authors that children with
developmental disorders have deficient functioning of the highest level of the
magnocellular visual processing system (Cornelissen, Mason, Fowler, & Stein,
1995; Plaisted & Davis, 2005).

The studies of invariant shape identification show that the temporal
identification parameters are determined by the number of distinguishing
characters required for selection within a specific set of images described (Gleser,
1978). If the variants of one image are different images for the visual system,
differing from each other by specific properties (size, color, position, etc.), the
introduction of these variants increases the identification time. If the visual
system identifies this image as single, identification time is not changed. The
study of adult subjects showed that a change in such properties of visual objects
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as color, size and position does not cause any increase in the identification time
(Allport, 1971; Nevskaya & Leushina, 1990). There is no consensus among
researchers regarding the dynamics of ontogenetic development of invariant
identification. Some researchers cite data on the possibility of invariant
description of the visual system form for children of the first or the second year of
life (Ruff, 1978); according to others, time parameters of invariant identification
reach “adult” values by 13-14 years of life, which correlates with the functional
maturation of the anterior associative cortex areas (Nevskaya & Leushina, 1990).
Analysis of data on shape identification invariance in our study showed that the
mechanisms underlying identification invariance relating to these image
transformations are functionally developed in TD children at the age of 6 years.
However, upon the first introduction of several variants of one property, there
was a temporary increase in the response time followed by its decrease. This
suggests the need for learning processes for normal functioning of this
mechanism, as it was shown in adult subjects in the analysis of complex visual
object transformations (Nevskaya, Leushina, & Bondarko, 1996).

Detailed systematic studies of invariant shape identification in children with
atypical development have not been conducted to date. In this regard, we
attempted to analyze capabilities of invariant shape identification with respect to
color, size and position in ASD and MR children.

In children with MR, progressive increase in the response time was identified
only in case of varying position of the circle during its identification among 6
figures. This may be due to the fact that magnocellular visual processing
system functions less effectively in this group of children, as shown in the
previous series of the study. Insufficient processing of information about
dynamic image properties, apparently, reduces efficiency of integration of
local dynamic signals into a global image, invariant to transformation of the
object localization property.

In children with low ASD, significant progressive increase in the identification
time was also observed only with an increase in the number of positions of the
watched figure. However, unlike in the case of MR children, an increase in the
identification time was found in the analysis of images of both three and six
figures. Identification of this property in the visual system of ASD children
apparently involves a different type of image description — a single complete
specific image description. In this case, the variants of position transformation
form separate images treated by the visual system as positions that are non-
invariant relatively separate position transformations (Gleser, 1978). This way of
describing the image is even more pronounced in high ASD children. In this
case, it relates not only to a change in the object position. Starting with
identification of one figure, the response time significantly progressively increased
along with increase in the variants of such properties as color, size, and position.
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This group of children did not use the method of image description peculiar to
children with typical development, i.e. the method of forming an abstracted and
invariant-to-transformations description of shape with parallel independent
description of individual image properties. It can be assumed that preference for
one type of image description in the visual system of ASD children is associated
with changes in gnostic neuronal activity, the activation of which does not
depend on transformations of the local features of the visual object (Collignon et
al., 2013; Ishizu & Zeki, 2013), i.e. with a change in integrative processes at the
highest levels of visual processing.

Our findings on the correlation between severity of visual perception
abnormalities and the level of speech or language disorders of children are of
particular interest. The more pronounced is language function disorder, the
greater the degree of visual perception disorder in children. We can make several
assumptions to explain these phenomena. One of them is based on the fact that
the effectiveness of the higher levels of magnocellular system is the key to full
integration of local dynamic features, and, at the same time, one of the key
elements in formation of coherent speech. Besides, the magnocellular pathway of
the visual system is closely related to the cerebellum structures (Derrington,
Allen, & Delicato, 2004) involved in development of motor programs, including
language-motor programming. Weak activity of this system can lead to
difficulties in constructing the grammatical structure; and the geometric figures,
which we used as stimuli, are related to verbal stimuli (it is assumed that they are
coded in the form of names) (Bartusevicius, 1987). Another assumption is based
on the fact that implementation of both speech and visual function requires
efficient mechanisms for integration of local features into a global image at the
level of the higher zones of the cerebral cortex. Neurophysiological studies
showed that in identification of complex visual scenes, interaction of visual and
prefrontal cortical regions is enhanced in the interval of 400 ms after the
stimulus, which is associated with semantic visual processing (Chaumon,
Kveraga, Barrett, & Bar, 2013; Kveraga, Boshyan, & Bar, 2007). Disturbance or
decrease in the efficiency of these processes can lead to impairments in visual
object identification and language function disorders.

In general, the obtained results allowed comparing the contribution of magno- and
parvocellular pathways of visual sensory system to the formation of a global image
in preschool children. The study also allowed defining the impact of information
processing in the visual system on the forecast of children’s cognitive function
development, which opens new ways to determining the children at risk and
conducting the events for early detection of difficulties with learning at school.

Neuropsychological Trends —23/2018
http://www.ledonline.it/neuropsychologicaltrends/

26


http://www.ledonline.it/neuropsychologicaltrends/

Visual perception in preschool children with atypical development

AKNOWLEDGMENTS
This study was supported by the Russian Foundation for Basic Research,
project No. 16-06-00345a.

REFERENCES

Allport, D. A. (1971). Parallel encoding within and between elementary stimulus
dimensions. Perception and Psychophysics, 10(2), 104-108.

Atkinson, J., King, J., Braddick, O., Nokes, L., Anker, S., & Braddick, F. (1997).
A specific deficit of dorsal stream function in Williams’ syndrome.
NeuroReport, 8(8), 1919-1922.

Badcock, J. C., Whitworth, F. A., Badcock, D. R., & Lovegrove, W. J. (1990).
Low-frequency filtering and processing of global-local stimuli.

Perception, 19(5), 617-629.

Bartusevicius, E. V. (1987). Zavisimost tochnosti uznavania transformirovanykh
izobrazenii ot ikh predyuvlenia v levoe i pravoe pole zrenia glaza cheloveka
[The dependence of accuracy of recognition of transformed images on their
perception by thee left and right semifield of the human eye]. In V.D. Glezer
(Ed.), Zritelnii sistemi [Visual Systems]. Vilnius: Nauka Press, 2, 12 -232.

Baseler, H. A., & Sutter, E. E. (1997). M and P components of the VEP and their
visual field distribution. Vision Research, 37(6), 675-690.

Bertone, A, Mottron, L., Jelenic, P., & Faubert, J. (2003). Motion perception in
autism: a “complex” issue. Journal of Cognitive Neuroscience, 15(2), 218-225.

Bertone, A. (2013). Acuity. In Volkmar F. (Ed.), Encyclopedia of Autism Spectrum
Disorders. NY: Springer.

Braddick, O., Atkinson, L., & Wattam-Bell, J. (2003). Normal and anomalous
development of visual motion processing: motion coherent and “dorsal

stream vulnerability”. Neuropsychologia, 41(13), 1769-1784.

Britten, K. H., Shalden, M. N., Newsome, W. T., & Movshon, J. A. (1992). The
analysis of visual motion: a comparison of neuronal and psychophysical
petformance. Journal of Neuroscience, 12(12), 4745-4765.

Bullier, J. (2001). Integrated model of visual processing. Brain Research Reviews,
36(2-3), 96-107.

Neuropsychological Trends — 23/2018
htep://www.ledonline.it/neuropsychologicaltrends/

27


http://www.ledonline.it/neuropsychologicaltrends/

Ludmila Victorovna Cherenkova - Ludmila Viadimirovna Sokolova

Charbonneau, G., Bertone, A., Lepore, F., Nassim, M., Lassonde, M., Mottron, L.,
& Collignon, O. (2013). Multilevel deficits in the multisensory
processing of audio-visual emotions expression in Autism Spectrum
Disorders. Neuropsychologia, 51(5), 1002-1010.

Chaumon, M., Kveraga, K., Barrett, L. F., & Bar, M. (2013). Visual predictions in
the orbitofrontal cortex rely on associative content. Cerebral Cortex,

24(11), 2899-2907.

Cherenkova, L. V., Sokolova, L. V., & Naumova, A. Yu. (2013).
Psichofiziologicheskoe issledovanie effectivnjsti magno- I parvocellular
kanalov u detei s tipichym I atypichnym rasvitiem [Psychophysical study
of the visual magno-and parvocellular pathways efficiency in preschool
children in health and disease]. Vestnik Sanct-Peterburgskogo Universiteta
[Herald of Saint Petersburg University (Biology)], 3(4), 113-123.

Cherenkova, L. V., Sokolova, L. V., & Naumova A. Yu. (2014). Characteristics of
detection of the general direction of movement of visual objects by
preschool age children with typical and atypical cognitive development.
Human Physiology, 40(5), 490-496.

Cherenkova, L. V., & Sokolova, L. V. (2016). Characteristics of invariant
recognition of visual objects in preschool children with typical and
atypical development. Human Physiology, 42(4), 291-305.

Chukhutova, G. L. (2013). The problem of formation of holistic perception in child
psychology. Sovremennaya Zarubezhnaya Psikhologia, 1, 109- 115 (in Russian).

Collignon, O., Charbonneau, G., Peters, F., Nassim, M., Lassonde, M., Lepore, F.,
Mottrone, L., & Bertoneef, A. (2013). Reduced multisensory facilitation
in persons with autism. Cortex, 49(6), 1704-1710

Conlon, E. G., Sanders, M. A., & Wright, C. M. (2009). Relationships between
global motion and global form processing, practice, cognitive and visual
processing in adults with dyslexia or visual discomfort. Neuropsychologia,

47(3), 907-915.
Cornelissen, P., Richardson, A., Mason, A., Fowler, S., & Stein, J. (1995). Contrast

sensitivity and coherent motion detection measured at photopic luminance

levels in dyslexic and control. Vision Research, 35(10), 1483-1494.

Derrington, A. M., Allen, H. A., & Delicato, L. S. (2004). Visual mechanisms of
motion analysis and motion perception. Annual Review of Psychology,

55(1), 181-188.

Dow, B. (1974). Functional classes of cells and their laminar distribution in the

monkey visual cortex. Journal of Neurophysiology, 37(5), 927-946.

Neuropsychological Trends — 23/2018
http://www.ledonline.it/neuropsychologicaltrends/

28


http://www.ledonline.it/neuropsychologicaltrends/

Visual perception in preschool children with atypical development

Edwards, M., & Badcock, D. R. (1996). Global-motion perception: Interaction of
chromatic and luminance signals. Vision Research, 36(16), 2423-2431.

Field, D. J., & Hayes, A. (2004). Contour integration and lateral connections of
V1 neurons. In Chalupa L. M. & Werner J. S. (Eds.), The Visual
Neurosciences, 2, 1069-1079. London: MIT Press.

Fiorentini, C., Gray, L., Rhodes, G., Jeffery L., & Pellicano, E. (2012). Reduced
face identity aftereffects in relatives of children with autism.

Neuropsychologia, 50(12), 2926-2932.
Frith, U., & Happe, F. (1994). Autism: Beyond theory of mind. Cognition, 50, 115-132.

Gibson, ]. (1979). The ecological approach to visual perception. Boston:
Houghton Mifflin.

Gilbert, C. D. (1995). Dynamic properties of adult visual cortex. In Gazzaniga M.
S. (Ed.), The cognitive neurosciences. Cambridge: MA: The MIT press.

Gleser, V. D. (1978). Furier analis izobrazenii I rol zritelnoi, visochoi b nemennoi
kori v zritelnom vospriatii [Fourier analysis of images and the role of
visual, temporal and parietal cortex in visual perception]. Fisiologicheskii

juornal SSSR [USSR Physiology Journal], 64, 1719-1722. (in Russian)

Gonzélez, F. P., Ramoén, J. B., & Maiche, A. (2013). Temporal dynamics of action
contribution to object categorization. Psicoldgica, 34(1), 145-162.

Goodbourn, P. T., Bosten, ]J. M., Hogg, R.. E., Bargary, G., Lawrance-Owen, A.
J., & Mollon, J. D. (2012). Do different ‘magnocellular tasks™ probe the
same neural substrate? Proceedings of the Royal Society, Biological sciences,

279(1745), 4263-4271.

Grinter, E. J., Maybery, M. T., Pellicano, E., Badcock, ]. C., & Badcock, D. R..
(2010). Perception of shapes targeting local and global processes in autism
spectrum disorders. Journal of Child Psychology and Psychiatry, 51(6), 717-724.

Gunn, A., Cory, E., Atkinson, J., Braddick, O., Wattam-Bell, J., Guzzetta, A., & Cioni, G. (2002).
Dorsal and ventral stream sensitivity in normal development and hemiplegia. NewroReport,
13(6), 843-847. Retreived from hep:/swvww.biomedsearch.com/nih/Dorsal-ventral-stream-
sensitivity in/11997698 huml

Hansen, P. C,, Stein, J. F., Orde, S. R., Winter, J. L., & Talcott, J. B. (2001). Are
dyslexics’ visual deficits limited to measures of dorsal stream function?
NeuroReport, 12(7), 1527-1530.

Happe, F., & Frith, U. (2006). The weak central coherence account: detail-focused
cognitive style in autism spectrum disorders. Journal of Autism and
Developmental Disorders, 36(1), 5-25.

Neuropsychological Trends — 23/2018
htep://www.ledonline.it/neuropsychologicaltrends/

29


http://www.ledonline.it/neuropsychologicaltrends/

Ludmila Victorovna Cherenkova - Ludmila Viadimirovna Sokolova

Hendry, S. H. C., & Reid, R. C. (2000). The koniocellular pathway in primate
vision. Annual Review of Neuroscience, 23, 127-153.

Ilina, M. N. (2009). Psihologicheskaya ozenka intellekta u detej [Psychological
evaluation of intelligence in children] pp.366. Saint Petersburg: Piter.

Ishizu, T., & Zeki, S. (2013). The brain’s specialized systems for aesthetic and
perceptual judgment. European Journal of Neuroscience, 37(9), 1413-1420.

Jackson B. L., Blackwood E. M., Blum J., Carruthers S. P., Nemorin S., Pryor B.
A., ... & Crewther, D. P. (2013) Magno- and Parvocellular Contrast
Responses in Varying Degrees of Autistic Trait. PLoS ONE 8(6): ¢66797.

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

Klistorner, A., Crewther, D. P., & Crewther, S. G. (1997). Separate magnocellular
and parvocellular contributions from temporal analysis of the multifocal

VEP. Vision Research, 37(15), 2161-2169.

Kveraga, K., Boshyan, J., & Bar, M. (2007). Magnocellular projections as the
trigger of topdown facilitation in recognition. Journal of Neuroscience,

27(48), 13223-13240.
Laycock, R., Crewther, S. G., & Crewther, D. P. (2007). A role for the "'magnocellular

advantage’ in visual impairments in neurodevelopmental and psychiatric
disorders. Neuroscience and Biobehavioral Reviews, 31(3), 363-376.

Martin, F., & Lovegrove, W. J. (1988). Uniform-field flicker masking in control
and specifically-disabled readers. Perception, 17(2), 203-214.

Maunsell, J. H., & Gibson, J. R. (1992). Visual response latencies in striate cortex
of the macaque monkey. Journal of Neurophysiology, 68(4), 1332-1344.

Maunsell, J. H., Ghose, G. M., Assad, J. A., McAdams, C. J., Boudreau, C. E., & Noerager,
B. D. (1999). Visual response latencies of magnocellular and parvocellular LGN

neurons in macaque monkeys. Visual Neuroscience, 16(1), 1-14.

Mendzheritsky, A. M., Karantysh, G. B., Muratova, M. A., & Korsunova, A. B.
(2012). Mechanisms of visual perception disturbance in preschool
children with general language disorders. Advances in current natural
sciences, 12, 42-45 (in Russian).

Merigan, W. H., Byrn, C. & Maunsell, J. H. R. (1991). Does motion perception
depend upon the magnocellular pathway? Journal of Neuroscience, 11(11),
3422-3429.

Milne, E., Swettenham, J., Hansen, P., Campbell, R., Jeffries, H,. & Plaisted, K.
(2002). High motion coherence thresholds in children with autism.
Journal of Child Psychology and Psychiatry, 43(2), 255-263.

Neuropsychological Trends — 23/2018
http://www.ledonline.it/neuropsychologicaltrends/

30


http://www.ledonline.it/neuropsychologicaltrends/

Visual perception in preschool children with atypical development

Mottron, L., Belleville, S., & Menard, E. (1999). Local bias in autistic subjects as
evidenced by graphic tasks: Perceptual hierarchization or working memory

deficie? Journal of Child Psychology and Psychiatry, 40(5), 743-755.

Mottron, L., Bouvet, L., Bonnel, A., Samson, F., Burack, J., Dawson, M., &
Heaton, P. F. (2013). Veridical mapping in the development of
exceptional autistic abilities. Newuroscience and Biobehavioral Reviews,
37(2), 209-228.

Mottron, L., Dawson, M., Soulieres, I., Hubert, B., & Burack, J. (2006). Enhanced
perceptual functioning in autism: an update, and eight principles of autistic
perception. Journal of Autism and Developmental Disorders, 36(1), 27-43.

Muratova, M. A., Karantysh, G. V., & Mendzeritsky, A. M. (2013).
Neirofiziologicheskie kriterii narushenia zritelnogo vospriatia u detei
doshkolnogo vozrasta s obzhim nedorazvitiem rechi [Neurophysiological
criteria of visual perception disturbances in preschool children with
general language underdevelopment]. Fundamentaknii  issledovania
[Fundamental studies], 9, 99-103. (in Russian).

Nandakumar, K., & Leat, S. J. (2008). Dyslexia: a review of two theories. Clinical
and Experimental Oprometry, 91(4), 333-340.

Nelson, H., Nygren, P., Walker, M., & Panoscha R. (2006). Screening for speech
and language delay in preschool children: Systematic evidence for US
Preventive Services Task Force. Pediatrics, 117(2), 298-319

Nevskaya, A. A., & Leushina, L. I. (1990). Assimetriya poluscharii golovnogo mozga i
opoznanie zritelnizh obrazov [Asymmetry of cerebral hemispheres and
identification of visual images]. Leningrad: Publishing House “Science”.
255 (in Russian).

Nevskaya, A. A., Leushina, L. I., & Bondarko, V. M. (1996). Issledovanie
formirovaniya zritelnogo opoznaniya okruzhauzchego mira u detei
pervogo goda zhizni [The study of the visual identification formation of
the surrounding world in children in the first year of the life]. Fisiologiya
cheloveka [Human physiology], 22, 59-63. (in Russian).

Newsome, W. T., & Pare, E. B. (1988). A selective impairment of motion
perception following lesion of middle temporal visual area (MT). Journal
of Neuroscience, 8(6), 2201-2211.

Ozonoff, S., Strayer, D. L., & McMahon, W. M. (1994). Executive function
abilities in autism and Tourette syndrome: an information processing

approach. Journal of Child Psychology and Psychiatry, 35(6), 1015-1032.

Pellicano, E. (2010). Investigating the development of core cognitive skills in autism:
a 3-year prospective study. Child Development, 81(5), 1400-1416.

Neuropsychological Trends — 23/2018
htep://www.ledonline.it/neuropsychologicaltrends/

31


http://www.ledonline.it/neuropsychologicaltrends/

Ludmila Victorovna Cherenkova - Ludmila Viadimirovna Sokolova

Pellicano, E. (2012). The development of executive function in autism. Autism
Research and Treatment, 12.

Pellicano, E., & Burr, D. (2012). When the world becomes too real: a Bayesian
explanation of autistic perception. Trends in Cognitive Science, 16(10), 504-510.

Pellicano, E., Gibson, L., Maybery, M., Durkin, K., & Badcock, D. R. (2005).
Abnormal global processing along the dorsal visual pathway in autism: a
possible mechanism for weak visuospatial coherence? Newuropsychologia,

43(7), 1044-1053

Pellicano, E., & Gibson, L. (2008). Investigating the functional integrity of the
dorsal visual pathway in autism and dyslexia. Neuropsychologia, 46(10),
2593-2596.

Perre, V. H., & Cowey, A. (1985). The ganglion cells and cone distributions in
monkey’s retina: implications for central magnification factors. Vision
Research, 25(12), 1795-1810.

Plaisted, K. C., & Davis, G. (2009). Perception and apperception in autism:
rejecting the inverse assumption. Philosophical Transactions of Royal

Society, 364(1522), 1393-1398.

Plaisted, K. C., & Davis, G. (2005). Examining magnocellular processing in
autism. Cahiers de Psychologie Cognitive, 23(1), 172-179.

Pokorny, J. (2011). Review: steady and pulsed pedestals, the how and why of post-
receptoral pathway separation. Journal of Vision, 11(5), 1-23.

Rivest, J. B., Jemel B., Bertone, A., McKerral, M., & Mottron, L. (2013).
Luminance- and Texture-Defined Information Processing in School-Aged

Children with Autism. PLoS ONE, 8(10).

Roach, N. W., Edwards, V. T., & Hogben, J. H. (2004). The tale is in the tail: An
alternative hypothesis for psychophysical performance variability in

dyslexia. Perception, 33(7), 817-830.

Robertson, C. E., Martin, A., Baker, C. I., & Baron-Cohen, S. (2012). Atypical
Integration of Motion Signals in Autism Spectrum Conditions. PLoS
ONE, 7(11), 11-18.

Rubin, E. (1958). Figure and ground. In. Beardslee D. C & Wertheimer M. (Eds.),
Readings in perception (pp. 194-203). Princeton, NJ: Nostrand Press.

Ruff, H. (1978). Infant recognition of invariant form objects. Child Development,
49(2), 293-306.

Schiller, P. H., Logothetis, N. K., & Charles, E. R. (1990). Functions of the color-
opponent and broad-band channels of the visual system. Nature, 343, 68-70.

Neuropsychological Trends — 23/2018
http://www.ledonline.it/neuropsychologicaltrends/

32


http://www.ledonline.it/neuropsychologicaltrends/

Visual perception in preschool children with atypical development

Schopler, E., Reichler, R. J., DeVellis, R.. F., & Daly, K. (1980). Toward objective
classification of childhood autism: Childhood Autism Rating Scale
(CARS). Journal of Autism and Developmental Disorders, 10(1), 91-103.

Scottun, B. (2000). The magnocellular deficit theory of dyslexia: the evidence from
contrast sensitivity. Vision Research, 40(1), 111-127.

Shomstein, S., Kravitz, D. J., & Behrmann, M. (2012). Attentional control:
temporal  relationships ~ within ~ the  fronto-parieatal  network.
Neuropsychoiogia, 50(6), 1202-1210.

Sinzig, J., Morsch, D., & Lehmkuhl, G. (2008). Do hyperactivity, impulsivity and
inattention have an impact on the ability of facial affect recognition in children
with autism and ADHD? European Child & Adolescent Pychiatry, 17(2), 63-72.

Smith, A. T., Snowden, R. J., & Milne, A. B. (1994). Is global motion really based on
spatial integration of local motion signals? Vision Research, 34(18), 2425-2430.

Spencer, J., O’Brien, J., Riggs, K., Braddick, O., Atkinson, J., & Wattam-Bell J.
(2000). Motion processing in autism: evidence for a dorsal stream
deficiency. NeuroReport, 11(12), 2765-2767.

Ungetleider, L. G., & Mishkin, M. (1982). Two cortical visual systems. In Ingle
D.J., Mansfield R. J. W. & Goodale M. A. (Eds.), Analysis of visual
behavior (pp. 549-586). Cambridge, MA: The MIT Press.

Yukhina, M. T. (2011). Jeksperimental’noe izuchenie osobennostey zritel'nogo
vospriyatiya u detey s narusheniyami rechi [Experimental study of the
peculiarities of visual perception in children with speech disorders].
Molodoj uchenyj [Young scientist | 2, 139-142.

Neuropsychological Trends — 23/2018
htep://www.ledonline.it/neuropsychologicaltrends/

33


http://www.ledonline.it/neuropsychologicaltrends/




