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Summary

The visuospatial deficit is recognized as typical for dyslexia only in some definitions. However prob-
lems with visuospatial orientation may manifest themselves as difficulties with letter identification
or the memorizing and recalling of sign sequences, something frequently experienced by dyslexics.

The experimental group consisted of 62 children with developmental dyslexia. The control group
consisted of 67 pupils with no diagnosed deficits, matched to the clinical group in terms of age.
We used the Clock Drawing Test (CDT), the Spatial Span subtest from the Wechsler Memory Scale
— third edition (WMS —III), the Rey-Osterrieth Complex Figure Test in order to analyze visuospa-
tial functioning.

The results show that dyslexics experienced problems with visuospatial functioning, however only
while performing difficult tasks. Significant group differences were found for the Clock Drawing
Test, Spatial Span — Backward and the precision of figure coping in the Rey-Osterrieth Test. In ad-
dition, the results of dyslexic boys were lower than those obtained by all other groups.

Our findings provide support for the hypothesis concerning visual deficit as characteristic for
dyslexia.
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BACKGROUND

Sight is the sense which plays a fundamental role in visuospa-
tial orientation. The emplacement and sense of one’s body
and other objects in space requires the establishing of the
shapes constancy, sense of depth, distance and movement.
The sense of perception includes the process of creating
the recognized image of a person, place, object, situation
or event in one’s mind [1]. The majority of processes oc-
curring during the act of perception are subliminal, which
means that we are not aware of their existence. The thing
we perceive — the object, is the final product of a series of
transformations occurring in our brain [2]. Although the
status of the object of perception does not determine its re-
ality, in most cases in healthy persons the normal process of
visual perception lasts from the early phases of stimuli trans-
formation to that if the object’s recognition [1].

Visuospatial competency is often mentioned by researchers
dealing with issues connected with reading and writing skills.
The constancy of size and shape, sense of depth and space
should appear already in early childhood [3]. Unfortunately
the disturbances in this sphere may result in later problems
with letters identification, memorizing their sequences in
words etc.. In professional literature difficulties of this type
are described as: visuospatial deficit or visuospatial difficul-
ties [4]. It is stressed that they are common in children with
dyslexia [5,6], or in children with both reading difficulties
and difficulties with learning mathematics [7].

An examination of the genetic background of visuospatial
deficit is mainly based on neurodevelopmental disorders
with selective cognitive impairment, such as William’s syn-
drome which provides a unique model for relating single
genes to visual-spatial cognition. In this case one gene is
suggested (GTF21RDI) to contribute to visual-spatial per-
formance [8]. However, in the case of other neurodevel-
opmental disorders with global cognitive impairment (e.g.
Down’s syndrome) or disorders which are suggested to be
a ’complex trait' (e.g. dyslexia) genetic studies are partic-
ularly difficult.

It is the right hemisphere which is most of all responsible
for proper spatial functioning. It “specializes” in such func-
tions as: spatial localization of stimuli, describing the angle
of depression and the estimation of so called spatial frequen-
cies i.e. the number of elements constituting the particular
part of a picture [1,9]. However, working with patients with
aphasia suggests that for navigation skills the damage to the
left hemisphere is also important.[1] It has been claimed
that there exist quality differences between orientation dis-
turbances connected with the damage of the right and left
hemisphere [10].

An infant possesses neither structure nor constancy of space
[11,12]. The first space it experiences is of a practical char-
acter — cognition is connected with acting. An infant can-
not differentiate itself from its surroundings. Its sensations
are not located in particular space. An infant does not feel
its body as its own one nor does it treat the mother’s breast
as something separate from its mouth [13].

The essence of space structure development is a child’s
physical activity and visual perception [12]. Due to eyeball

movement we drive our eye to a certain point, manipulate
the picture, place the eye in a certain position and thus en-
sure a constancy of perception.

Step by step our body becomes something separate from
the world and space turns into something that is within the
child’s reach. Dissociation of perception and action appears
when a child begins to notice objects which are not within
its reach. A moving baby recognizes different elements of
space as relatively constant points of reference. Space be-
comes independent of its activities. The basis for space ori-
entation is the knowledge of one’s body scheme [1].

The research [14,15] shows the following sequence in space
orientation development: knowledge of one’s body scheme,
setting directions in space off one’s body, transferring one’s
body scheme to another person and setting directions in
space off this person’s body and space orientation skill on
a sheet of paper. At the same time the results point out that
only 6-7-year-old children have no difficulty with the first
two skills. Space orientation on a sheet of paper is difficult
and in fact not manageable for even 7-year-old children.

The ability to transfer one’s own body scheme to another
person appears nearly immediately after learning one’s own
body scheme and setting directions in space off one’s own
body’s axle. Therefore the disorders called autopatognosia
(from Greek auto “own” + topos “place, localization + ag-
nosia “lack of knowledge) never appear in isolation but in
connection with difficulties in recognizing the body parts
of other people [16]. The disturbance on this level is un-
doubtedly equivalent to difficulties connected with the fol-
lowing steps of spatial functioning.

In the relevant literature the majority of data is concerned
with the orientation disturbance in adults following brain
damage and most of these data refer to patients with apha-
sia [17]. Spatial disturbances have also been reported in pa-
tients with schizophrenia [18].

One of the neurodevelopmental disturbances, ones usual-
ly typical of visuospatial deficit, are specific difficulties in
learning as the most commonly diagnosed developmen-
tal disorder among school children [19]. European statis-
tics on its frequency of occurrence point out that it afflicts
about 10-15% of the population [20].

Modern definitions of specific difficulties in learning under-
line that this type of learning problem is caused by central
nervous system dysfunction and as a result specific function-
ing during school skills acquisition. The term specific em-
phasizes the narrow range of difficulties when compared to
generalized problems concerning all spheres i.e. the unspe-
cific. As a result of the cooperation of European authors in
creating the International Statistical Classification of Diseases
and Related Health Problems, the ICD-10 approved by the
World Health Organization [20], and the authors from
the United States responsible for the the classification of
American Psychiatric Association, the DSM-IV-TR [21] di-
agnostic criteria of specific learning difficulties are similar.
The thing that differs in the classifications is the terminol-
ogy: DSM-IV-TR stands for ‘learning disturbances’, whereas
ISD-10 means ‘specific developmental learning skills distur-
bances’. Both classifications stress that these difficulties do
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not constitute 2 homogeneous symptom but they concern
the group of disturbances connected with various impor-
tant problems of speech, writing and arithmetic.

The biggest coverage, both in the form of scientific elabo-
rations and handbooks for parents and teachers, has been
given over to specific difficulties in reading and writing. This
descriptive term is most often substituted by the notion of
developmental dyslexia [22].

At the present moment there does not exist one single con-
cept explaining the pathomechanism of dyslexia. Many piec-
es of research [23,24] point at the occurrence of dyslexia
in a family. The most recent research estimates the hered-
itary factor to be 58% [25].

Owing to the application of the technique of neuroimag-
ing the structure and function of the brain, many other an-
atomic anomalies and specific patterns of information pro-
cessing in dyslexic children that are connected with them
have been shown [26].

Nowadays the most commonly stressed is the occurrence
of many anatomic anomalies, mostly connected with areas
engaged in language processes [27]. The majority of neu-
roanatomic data emphasize a dissimilar cell layout in the
brain, so called ectopia, which constitutes the migration of
cells to the external layer of the cortex, numerous dyspla-
sia, i.e. local changes in the laminar structure of the cortex,
as well as atypical corrugation of the cerebral cortex (po-
limikrogyrie) [28]. These abnormalities are mainly located
in the left hemisphere (dominating in language processes)
and they concern: anomalous neurons location in perisylvi-
an gyrus areas, higher temporal cerebral gyri (together with
the Wernicke area) and a lower premotor and prefrontal
cortex (including the Broca area) [29]. Moreover, people
with dyslexia are characterized by significantly smaller right
frontal cerebellum lobes, the right and left triangular part
of the cerebellum and the volume of the whole cerebellum
[30]. The structural diversity of the cerebellum in people
with dyslexia has been confirmed in so much research that
it has become to be regarded as one of the neuroanatom-
ic markers of this disorder [31].

Aot of data indicate brain asymmetry disturbance in peo-
ple with dyslexia e.g. the enlargement of the rear part of the
corpus callosum — which can diminish the lateralization of
brain function. At the same time the lack or diminishment
of asymmetry in the temporal lobe planum temporale has
been repeatedly confirmed.

At present there is no doubt that developmental dyslexia is
biologically conditioned. The specific development of the
central nervous system conditioned by a primary genetic
or organic background results in specific cognitive process
deficits. Besides, language disturbances, mainly phonolog-
ical, though also hearing deficits and difficulties in the pro-
cessing of information coming from sight receptors, may
induce reading and writing difficulties. It was William P.
Morgan - the "discoverer® of dyslexia who drew attention to
visual perception in 1896, when describing a boy with "word
blindness‘ [22]. The opinion of the role of visual process-
es in dyslexia evolved from regarding it as the main reason
for the difficulties [32], through a total rejection of their

relevance [33] to a complex approach acknowledging the
participation of both sight and hearing as well as the pro-
cesses of integration and automation in the pathomecha-
nism of dyslexia [22].

In his research into the role of disturbances of the visual
system in dyslexia [34], he drew attention to the coordina-
tion of eye ball movement which appeared incorrect. While
reading, people with dyslexia perform shorter and more fre-
quent saccade movements (reading with outrunning the text
back and forth) and they have longer fixation periods on
particular points. However, as far as eye movement is con-
cerned, abnormalities in this area are not the result of dys-
lexia as such but generally of difficulties in reading (also
resulting from the complexity of the text), only the direc-
tion of it, one opposite to the normal, is typical of dyslexia
[32]. The basic difference in the level of visual processing
between people with dyslexia and those without, concerns
mainly the situation when fast information processing is
necessary. The evidence for visual modality disturbance has
been also provided by psychophysical research pointing out
that people with dyslexia have problems with differentiating
letters from their mirror reflections [35], and by widespread
research into sensitivity to colours. The practical effects of
these various pieces of research seem to be interesting be-
cause it appeared that while reading a text through a co-
lourful cover some children have shown an increased level
in this capability [36].

The progress of examinations with the use of neuroimag-
ing methods drew the researcher’s attention to an alterna-
tive way of information processing by two separate channels.
Bipartition of the channels refers to all levels of the visual
system: the retina, optic nerve, lateral geniculate nucleus
and visual cortex. Regarding the form of differences these
systems have been called magnocellular and parvocellular
[37]. In the retina smaller and bigger cells can be easily dif-
ferentiated, in the optic nerve — thicker and thinner axons,
the backing layer of the lateral geniculate nucleus is com-
posed of smaller cells than the abdominal layer; this divi-
sion also concerns the projection to separate layers of the
primary cortex, information from both systems mingle at
the level of the associative cortex. The microcellular chan-
nel is responsible for central vision, perception of details
and colour differentiation, but it reacts slowly. Subsequently,
the macrocellular channel specializes in peripheral vision
and perceives fast changes and movement, it is sensitive to
all brightness differences but totally insensitive to colours.
Experimental research with the application of different vi-
sual stimuli and neuroimaging techniques, together with
post mortem analysis of the brains of people with dyslexia,
points out the damage to the macrocellular visual system
[38]. Basing himself on these data together with thorough
research with the participation of people with dyslexia, John
Stein [39] formulated ’a macrocellular theory of dyslex-
ia’. When analyzing processes engaging reading and writ-
ing one might suspect a dysfunction within the microcellu-
lar system, reading is not connected with the perception of
movement — a text does not move. However, no differences
in the level of functioning of this system have been shown
among those with and without dyslexia, but numerous cas-
es report essential differences concerning the macrocellu-
lar system [39]. In the process of reading this system is re-
sponsible for directing visual attention, eye ball movement
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and visual searching. Dysfunctions in this channel reduce
the ability to control the eye muscles and, subsequently, they
cause optical sight lines crossing, which results in a mixing
up of the shapes of letters (d-b) and a changing in the or-
der of adjacent letters.

The macrocellular concept may constitute a theoretical ba-
sis explaining the causes of visual perception deficit in the
domain of eye ball movement coordination, sensitivity to
colour and contrast, e.g. children with dyslexia are more
sensitive to colours [40].

While neuropsychologists [17] divide spatial orientation def-
icitinto: 1. body scheme deficit; 2. visuospatial orientation
deficit; 3. topographic orientation; 4. orientation in time
deficit, it is difficult to find a precise definition of these def-
icits among psychologists dealing with specific difficulties
in learning. In professional literature problems connect-
ed with mixing up similarly looking letters, overlooking di-
acritics or difficulties in identifying letters arrangements
etc, are called, as has been mentioned before, visuospatial
functions deficit [4].

MATERIAL AND METHODS

The research was conducted in Poland from 2006 to 2008
among a group of 129 persons. The experimental group
consisted of 62 pupils from 4th to 6th grade, diagnosed
with developmental dyslexia (30 girls and 32 boys). The
control group consisted of pupils with no diagnosed defi-
cits (37 girls and 30 boys), matched to the clinical groups
in terms of age (control group mean age M=11.6; SD=0.4
and dyslexic mean age M=11.2; SD=0.7).

All of the participants were native Polish speakers and met
the following criteria: normal or above average intelligence,
standard educational opportunities, normal or corrected to
normal visual and auditory acuity, no gross sensory or at-
tention deficit, no gross behavioral problems, no history of
neurological disease.

The study was carried out individually with each child. IQ was
assessed with the Wechsler Intelligence Scale for Children
(WISGR) [41]. The mean IQ in the control group was 112.6
(SD=11.5) and in the dyslexic group 107.92 (SD=12.7). An
interdisciplinary diagnosis of developmental dyslexia was
formulated by psychologists, teachers, mental health clin-
ics and neurological clinics.

In order to analyze visuospatial functioning, we used the

following instruments:

¢ the Clock Drawing Test (CDT) [42],

¢ the Rey-Osterrieth Complex Figure Test [43],

¢ the Spatial Span subtest from the Wechsler Memory Scale
— third edition (WMS - III) [44].

RESULTS

In analyzing the level of test performance in both groups
of children, those with dyslexia and the control group, we
obtained many statistically essential differences which will
be discussed in details later. Prior to this, multidimensional
analyses (MANOVA) had been conducted, with grouping fac-
tors: sex (m, f) versus group (LSD, control). The final effect
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Figure 1. Comparison of results in the Rey-Osterrieth Complex Figure

Test.
5 5.0
4
@ Dyslexia

3 @ Control group|
2_
‘I -
0

Clock — hour Clock face

Figure 2. Comparison of results in the Clock Drawing Test.

concerns the examined group (/=3.9; p=0.000); no statisti-
cally essential results have been obtained which would show
the necessity to analyze each sex separately in the future.

First of all we compared the results obtained by children
with dyslexia and children from the control group in the
particular tests which measured the level of visuospatial ca-
pacity. According to our expectations concerning the Rey-
Osterrieth Complex Figure Test, in which a child had to
copy a complex figure, demonstrated on the picture — first
when looking at it, and then after memorizing it — children
with reading difficulties obtained lower results when copy-
ing (#=3.8; p=0.000) (Figure 1).

When analyzing types of children’s drawings, the most pre-
vailing (34%) was type 4, placing elements side by side with-
out paying attention to important details. The characteris-
tic features of the pictures drawn by children with dyslexia
were: a low level of complexity, a tendency for displacing
elements or simply omitting them, and the rotations of the
components of the copy.

When analyzing the results obtained in the Clock Drawing
Test, in which a child had to draw the face of a clock set
for a suggested hour, it is necessary to stress the essential
differences between the examined groups. The first differ-
ence referred to drawing the face of the clock with hands
pointing at a particular hour, the second appeared in draw-
ing the face itself and putting figures on it (#=5.0; p=0.000).
Children with dyslexia more often set an incorrect time on
a correctly drawn face, they also made more mistakes in the
face itself (Figure 2).

The most common error among children without any deficit
was marking the time 10:22 hour instead of 10:27, whereas
students with dyslexia apart from setting the incorrect time
also placed the figures incorrectly on the face.
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Figure 3. Comparison of results in the Spatial Span subtest WMS — IIl.

The last test to be applied was the Spatial Span subtest WMS
— III which makes use of the ability to maintain a visual-spa-
tial sequence of locations in the working memory of the ex-
amined and then its further reconstruction. The examined
person is presented with a special arrangements of bricks
and after a while he is asked to reconstruct it in the same
way and then in the reverse order.

Reconstructing of the sequences of visually presented loca-
tions in space turned out to be equally difficult for both ex-
amined groups. Children with dyslexia obtained essentially
worse results when reconstructing the sequence in the re-
verse order (1=2.0; p=0.044) (Figure 3).

Moreover, correlation analyses of the results of particular tests
were conducted. The strongest relation was observed between
the level of making a copy in the Rey-Osterreth Complex
Figure Test and the accuracy in drawing the face of the clock
(r=0.85; p=0.003). Those two tasks are highly saturated with
the factor connected with graphomotor activity, the distur-
bance of which is one of the criterial symptoms of dysgraphia.

DiscussIioN

The Rey-Osterrieth Complex Figure Test is the most com-
monly used in the diagnosis of visual deficit in dyslexia.
First of all, it allows one to estimate the perceptional orga-
nization of those examined [45]. Type 4 of the drawing, ap-
pearing in our research, i.e. placing elements side by side
without paying attention to more important details, is, from
the perspective of developmental standard, typical of chil-
dren at the age of 8. Its frequent appearance in the group
of 11-year-olds most probably results from an insufficiently
formed organization of perception, but it is also connect-
ed with a lower graphic capacity among children with de-
velopmental dyslexia. A lack of differences in the reproduc-
tion making criterion (i.e. reconstructing from memory)
together with no essential difference as far as drawing with-
out a delay is concerned, would point to visuospatial orien-
tation deficit rather than disturbances in the memory pro-
cesses. It appears that the difficulty with making a copy in
the Rey-Osterrieth Complex Figure Test may be connected
with a lowered level of executive functions and some defi-
cits in the frontal lobe area. As is known, damage to these
areas may lead to the smoothness of movement disturbanc-
es manifested by a deautomation of motor patterns [1].

In the case of children with specific difficulties in learning
but without any obvious damage, the presented symptoms
may, however, point to certain difficulties in the function-
ing of these particular areas. Part of the research also shows

the occurrence of essential differences between children
with dyslexia and children without deficits as far as draw-
ing from memory is concerned [46]. Children with specif-
ic difficulties in learning obtained essentially lower results
in this case which proves that there exist problems within
the working memory which comprises also the so called
visuospatial notes — a system processing spatial information
which reaches the brain by means of sight [47].

The way of drawing the clock and types of mistakes made
by children with dyslexia point to deficits connected with
the right hemisphere which are manifested as attention se-
lectivity deficits and working memory and executive func-
tions’ disturbances. Developmental dyslexia is usually con-
nected with a left-hemisphere deficit because of criteria
symptoms such as: phonological proficiency, verbal oper-
ating memory. However, poor performance at the Clock
Drawing Test is additional proof of the fact that many peo-
ple with dyslexia experience difficulties in the sphere of vi-
suospatial functions for which language deficit bears no re-
sponsibility whatsoever. Eden, Wood and Stein [48] when
proposing to include the Clock Drawing Test into the bat-
tery of tests diagnosing dyslexia point out that right-hemi-
sphere dysfunction may often appear in children with diffi-
culties in learning to read and write so the test mentioned
above may help in a fast and efficient diagnosis.

The high level of difficulty in the Spatial Span subtest WMS
— III for all the examined children made the attention fac-
tor even more crucial; this can be borne out by the occur-
rence of essential differences between the examined groups
only when trying to reconstruct the sequence in a reverse
order. It is believed that direct reconstruction is an accu-
rate measure of working memory in the sphere of visual and
visuospatial functions, whereas reversed reconstruction —
measures attention. Attention is strictly connected with per-
ception, memory and imagination processes. According to
Goldberg [49], paying attention to stimuli which are essen-
tial in regarding the target, is connected with the function-
ing of the frontal lobes, which are responsible for planning.

CONCLUSIONS

In recent years, the research into the etiopatogenezis of dys-
lexia has been dominated by the trend which can be called
linguistic. There exists a substantially smaller amount of re-
search concerning visuospatial function deficits in dyslexia
when compared to the existing data referring to the linguis-
tic functioning. A substantial part of the obtained material
is connected with speech and spelling difficulties, especially
with difficulties connected with so called phonological aware-
ness, i.e. 'an ability to reflect on and manipulate the struc-
ture of an utterance as distinct from its meaning‘ [50,51].
In the diagnosis of dyslexia special attention is paid to abili-
ties such as: identifying phones in words, spelling, differen-
tiating between similar phones, word finding etc.

The presented research constitutes another piece of evi-
dence showing that children with dyslexia are afflicted with
both phonological problems and visuospatial deficits con-
nected with the right posterior parietal cortex. Diagnosis
limited only to the linguistic aspect may produce an in-
complete picture of the actual pathogenic mechanisms.
A clinical picture of dyslexia is influenced by the specific
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development of both hemispheres [48]. The increasingly
popular magnocellular theory of developmental dyslexia
presents the neuroanatomic background of visual percep-
tion and visuospatial function deficits. While it is true that
the disturbance in this sphere does not differentiate dyslex-
ia from other types of learning difficulties, omitting them
in the process of diagnosis may lead to a distortion of the
picture of a child with developmental dyslexia and thus di-
minish the chance for effective therapy.
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