-opsychophysiological Approach to Specific
clopmental Learning Disabilities

G. A. Chiarcnza

Introduction

Learning to read and wrile is onc of the aspects of scholastic success on which the
expectations of the lamily, the teacher, and the child itscll weigh most heavily. The
child’s ability to satisly (hese expectations is frequently a crucial factor in the
child’s current and future adaptation to life.

Various hypotheses have been advanced to cxplain reading and writing
learning difficultics based on function models and knowledge of the central
nervous system. Thus, from time (o time, the key to interpretation was thought to
have been found in an alteration of a given cognitive process. Further, since the
dysfunction manifests itself at school age, educational specialists have scen (he
problem in terms of their own arca of compctence and highlighted sometimes is
psychological, sometimes its ncurological or pedagogic aspects. This varicly of
mterpretation has not helped a fluid or immediately fruitful cxchange of
knowledge because of the different jargons involved, so an organic and overall
formulation of the problem has only been arrived al with difficulty.

The definitions of dyslexia proposed up to now have been cither (a) pre-
dominantly clinical, concentrating on a profile of reading and writing crrors
and associated disturbances, such as difficultics in visual-spatial abilitics,
temporal analysis of rhythm, motor coordination, and mixed ccrebral domi-
nance, or (b) limited to describing the disturbance as the alteration of specific
cognitive processes al certain stages of information processing, Furthermore,
since the children examined were subjected to a varicty of tests; many ol the
results are not comparable owing (o the usc of both different definitions and
methodologics. '

A further difficulty lics in the fact that reading and writing learning difficultics
appear when the child first gocs to school, without premonitory specific
symptoms, without obvious neurological or personality disturbance, and when
there has already been development of quite complex linguistic ability.

IUis known that Icarning reading and writing requires the scparalc and
integrated processing of auditory and visual information. A hypothesis
developed in this respeet based on ncuropsychological research by T 1eie 71077
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. within the word or sentence. These processcs nced not be mutually
_and can occur simultancously. The inability (o rcad could be duc lo
Lcol use of the simultancous or sequential strategy or a defective comprehen-
o process (Bateman 19685 Ingram ctal. 1970; Bannatyne 1966; Kinsbournc
and Warrington 1966; Myklcbust 1965). A similar approach was uscd by L.
Boder (1973). Boder also maintains that reading and spelling are closcly
connected interdependent functions and that the diagnosis of dyslexia can be seen
by looking at the reading and writing performance only as a whole and not justat
mdividual errors. Reading requires visual pereeplion and discrimination, visual
memaory sequencing, and dircctional orientional processes (Benton 1962; Birch
1962): 1t also requires the integration of different sensory modalitics and the
translation of visual symbols into meaninglul auditory equivalents (Ingram 1963;
Birch and Belmont 1964; Rabinovitch 1968). Specech requires the conversion of
saunds nto their visual symbol cquivalents and depends on the audilory
perception and discrimination processes, on auditory memory scquencing, and
on recall (Wepman 1962, Bannatyne 1966; Bakker 1970). Writing requires
finc motor and visual-motor coordination and tactile-kinesthetic memory
(Bannatyne 1960: Johnson and Myklcbust 1967). Pereeption emerges [rom this
list of functions involved in the process of reading and writing as the basis of
lcarning reading and writing. This function must be scen as a complex of
numerous integrated higher-order lunctions.

A usclul psychophysiological definition of perception is that which sces it as
the extraction of information from the environment (Gibson 1969). This implics
that pereeption in an “active™ process of scarch, sclection, and organization of
stimuli from the nearby environment which are related to precise intentions and
tashs. Furthermore, pereeption includes a varicty of processes other than thosc
mentioned above: expectation, anticipation, atlention, motivation, formulation,
and verification of hypotheses in relation to the requirements of the task. The
processes involved in the scarch and sclection neceessarily include motor
components and the sequential organization of perceptual-motor palterns in
relation to the task required (Birch and Lefford 1963; Luria 1973).

There is no lest or school exercise which checks a single function: perception,
language, personality, cte. On the contrary, the behavior which we see is the
product of a complex set of interacting systems, none of which acts alone. These
sensory systems interact in their turn with other systems, c.g., motor, linguistic,
motivational, mnemonie, and programming. These are all in rclation Lo the
speciflic requirements of the task sct in a socially determined context.

Naturally, the development and elficiency ofa syslem are not determined only
by the interaction of the subject and the environment, but also by the influence of
one system on the other hicrarchically organized. If this point of view is accepled,
there aire no school tests which involve only one of the processes in such a way as
to study them individually and separatcely.

When the child is unable to reproduce a figure accuralely itis thought to be
due to distorted visual pereeption: If the figurce is drawn by the child with an angle
dilferent from the model. the child is said to be unawarc of spatial position or to be
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incapable of perceiving it accurately. If the relationship between two [igurcs is not
respecled, it is said that the child is unable to perccive spatial rclations between
objects. '

These interpretations arc not able to explain which [unction, perceptive or
motor-perceplive, is really being compromiscd. For example, in order to copy the
drawing it is nccessary thal the visual process analysis and synthesis, which
interact together, arc coordinated by the kinesthetic functions described above.
Copying is a molor aclivily guided by sight; it requires that kinesthelic
information from the movement and posturc of the trunk, head, arm, hand, cte. is
continually and dynamically related to movement. Further, the child must
organize these determined motor patterns and control the appropriate muscle
tension related Lo the necessary succession of movements.

The inability to copy accuraltcly could be bascd on defective function of the
visual system, the kinesthetic system, or the motor system, or on the lack of
integration between the visual-kinesthetic complex and the motor system. A
further possibility is that these systems may be cllicient while the systems [or
programming or verification of the performance may nol be adequate.

This has led to the hypothesis that deficicncics in pereeplive function arc at
the basis of rcading and writing lcarning diflicultics (Belmont 1980). This singlc-
factor approach has led Lo a wide collection of plausible explanations of this
disorder. Included arc theorics proposing: a deficiency in visual perceplion (Lyle
and Goyen 1968, 1975; de Hirsch et al. 1966; Jansky and de Hirsch 1972; Silver
and Hagen 1971; Rourke 1976; Satz ct al. 1974), a dyslunction in cross-modal
intcgration (Birch and Belmont 1964, 1965), dilficulty in memory recall (Senl
1969; Senl and Feshback 1970; Senl and Freundl 1971), a difliculty in temporal
order recall (Bakker 1967, 1972; Groenendaal and Bakker 1971), a disorder in
cerebral dominance characterized by abnormalitics in the degree of lateralization
(Hynd ct al. 1979), a delay in the maturation of lateralization and differentiation
of molor, somatoscnsory, and linguistic processes (Salz and Sparrow 1970; Satz
ct al. 1971), and bilatcral representation of spatial processing, normally thought
of as a [unction of the right hemisphere, which interferes with the linguistic
functions of the left hemisphere (Witelson 1976). The conclusions ol most of these
studics scem Lo indicale that dyslexia in not duc to a deficit in or specific
retardation of development but is the resull of various interacting lactors and that
somc highcer levels of intcgration common to both multimodal and singlc-modal
information arc dcficicnt in many dyslexic and dysgraphic children.

As we have scen, all these results indicate that higher central processes arc
involved in dyslexia. In rcality all the above-listed studics cxamined only some
aspects of the complex pereeption function, losing sight of the overall picture and
attributing the explanation of dyslexia to disorders of some of the higher
processes. Morcover there have been physiological studics such as that by Dully
ct al. (1980) which, by recording cercbral clectrical activity of normal and dyslexic
children, have shown differences in the EEG spectra both at rest and during tests
to aclivate the right (presentation of music and geometrical figures) and left
hemispheres (reading excercises) alone or together (visual-verbal association).
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iferences appear in the following arcas: the f[rontomedial (supplementary

or arca), the left frontal anterolateral (Broca's arca), the left medial temporal

auditory association arca), and the posterolateral parictal quadrant (Wernicke's

arca; parictal associative and visual associative arcas). These sludics show that

numerous cerebral arcas participate in the process of rcading and that some ol the

brain arcas arc dilferent in dyslexic and normal children, but they do notindicate
which specific process is altered during reading.

To answer some of these questions, studics were conducted with scnsory and
cognitive evoked brain potentials (ERPs) [see Rosenthal et al. (1982) for a review
of the topic]. Differences were seen in the amplitude and latency of time intervals
of certain peaks in the evoked potentials. In particular, an increasc in the latency
of certain waves was generally interpreted as indicating a greater slowness of
children in analyzing scnsory information while a decrease in amplitude was
interpreted as reduced “ncural capacity.”

Apart f[rom some attempts to corrclate dyslexic subgroups with some specilic
alterations in the ERPs (Roscnthal ct al. 1982), it can be said that the majority of
these studics sufler from the same limitations as the psychological studics in that
they analyze a single aspect of the perception function complex, ignoring Lhe
fundamental notion that the perception function is principally an aclive process
of extracting information from the cnvironment. Especially when we face such
complex functions we must be cquipped with a method which can give an overall
view and is al the same time able to analyze the different parts which make up the
process. The method which we chose to study children with specific reading
lcarning difficultics was o have them perform an intcgrated complex “lask” (a
motor-pereeplive excreise) and to simultancously record the performance, the
clectromyographic activity, and the brain clectrical activity. The brain clectrical
activity accompanying the performance of this task is defined as movement-
related brain macropotentials (MRBMs). The motor task consisted in starling
the sweep of an oscilloscope trace by pushing a button with the thumb of the left
hand and stopping it within 40-60 ms by pushing a button with the thumb of the
right hand (Papakostopoulos 1978). The short time interval involved lorced the
subject to preprogram the task before it was carricd out. The completion of
such a task requires good bimanual coordination and the cxccution of ballistic
movements. As visual feedback was provided in real time, the subject could
adjust his strategy accordingly.

1M we assume that reading is a complex and skillful process and consists ofa sct
of modular subroutines scrially and hicrarchically organized, of which wriling is
(he harmonic and integrated cxpression of a scrics of ballistic movements
preprogrammed and correctable only after they have been cxceuted and
evaluated (kinesthetic feedback), a method which incorporales the study of motor
performance, clectromyographic activity, and MRBMs during the excecution of
the motor-pereeption ability task can supply usclul information on thosc systems
and subsystems which regulate and organize the motor-pereeptive funclions.

Recently Papakostopoulos (1978). in a critical review of the data [rom adullts,
proposed o tavenomy of such cleetrical phenomena, From observation of the
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myographic and brain clectrical activity four periods can be distinguished: a
premolor period, a motor-scnsory period, a motor completion period, and 4
postmotor period (Fig. 1).

The premotor period is characterized by the presence of basic tonic muscular
activily and the presence on the scalp of a phasic negative potential lasting 800 -
1200 ms. This potential is called the Bereitschaltspotential (BP) (Kornhuber and
Dcecke 1965; Vaughan ct al. 1968). It is abscnt during passive movements. It has
a low (5-7 uV) amplitude during simple tasks and a higher amplitude during
morc complex tasks (Papakostopoulos 1978). It is rccorded prevalently in the
frontal and central regions. 1t is absent in children younger than 6 years and the
amplitude increascs progressively with age, reaching adult valucs at adolescence
(Chiarcnza ct al. 1983). The BP is belicved to reflect the process of organization
and sclection of the stralcgy needed to carry out the task.

The sensory-motor period lasts about 200 ms and begins at the onsct of phasic
clectromyographic activity. It coincides with the appearance on the cortex of the
molor cortex potential (MCP), a negative potential which follows the negaltive
slope of the BP. The MCP is absent during passive movements, present in simple
voluntary motor aclions, and incrcascs in amplitude during complex motor
actions (Papakostopoulos 1978). It is recorded prevalently from the precentral
and central regions and is absent at the parictal regions. The MCP has been
proposcd as an index of sensory information from the muscle, skin, and tendon
receplors (Papakostopoulos ct al. 1975).
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., complction period is characterized by the ending of the
graphic phasic activily and by the presence of a ncgative cortical
L N10O and a positive potential defined as P200 (Vaughan ct al. 1968).
s considered to be the responsc normally evoked by the oscilloscope trace
.nd is partially suppressed in the central and precentral arcas during movement.
It has a latency of 100 ms and is an index of visual perception processes. P200 is a
positive potential following NI100 with a latency of about 200ms from the
beginning of the light stimulus. This potential is present during passive and aclive
movements, both simple and complex. This potential is thought to be one of the
components of the late somatoscnsory potentials (Chiarenza ct al. 1983).
The postmotor period is marked by clectromyographic tonic activity similar
(o that in the premotor period, by the appearance in the cortex of a posilive
potential with a latency of about 450 ms, denominated “skilled performance
positivity™ (SPP) (Papakostopoulos 1978, 1980), and by a slow ncgalive potential
labeled “post-action negativity™ (PA N) witha latency of about 600 ms (Chiarcnza
ct al. 1983, 1984). The SPP is recorded mainly in the parictal regions and appears
towards the 9th year in the frontocentral region. The SPP is present only when
(he subject can cvaluate the result of his performance. This potential is
independent of the motor act and of the presence of any cxteroceplive
stimulation (Papakostopoulos 1980). SPP coincides with the subject’s awarencss
of suceess or failurc in the performance. The PAN is recorded mainly in the
frontocentral regions. This potential decreasces in amplitude with age and dis-
appears by about the 10th year. Itappears to be related to analysis and evaluation
strategies different from those generating the SPP (Chiarcnzact al. 1983, 1984).

Method and Material

The subject sat in an armchair in [ront of a Tektronix 5111 oscilloscope at a
distance of 70cm in a lighted and clectrically shiclded room.

The subject held a joystick-type push button in cach hand. The excursion of
(he button was S mm. The task consisted in starting a sweep of the oscilloscope
trace with the left thumb and stopping it in a predetermined part of the
oscilloscope by pushing the other button with the right thumb. The speed of the
trace was 10ms/em. The predetermined area corresponded to a time interval
between 40 and 60 ms.

The time interval is mecasurcd and defined as “performance time.” The
distance from the target was also measured and defined as “performance shiflt.”
The number of performances reaching the target was mcasurcd and dcfined as
“target performance.” The number of performances shorter than 40 ms and
longer than 60 ms was also measured.

After a verbal cxplanation of the task and before the placement of the
clectrodes, the subjects were allowed a short familiarization period and were
asked (o avoid eye movement or blinking during the cxecution of the task and to
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keep an interval of 7-20s between any (wo attempts. The subjects were also
asked to remain relaxed and to avoid muscular preparatory movements before
pressing.

Silver chloride clectrodes were fixed to the scalp with collodion in the
prefrontal (Fpz), frontal (Fz), central (Cz), right precentral (RPC), left preeentral
(LPC), and parictal (Pz) regions. Each clectrode was referred bilaterally to the
mastoids. The surface clectromyogram was recorded from the flexor muscles on
the right and left forcarms. The impedance of the clectrodes was less than 3 kQ.
The time constant and high frequency were 4.5s and 700 Hz for the EEG and
0.03 s and 700 Hz for the EMG respectively.

The EEGs and EMGs were recorded on magnetic tape for off-linc analysis.
The analysis begins with the acquisition of a + 20V signal on cach channcl.
During analysis, the arrival of the trigger signal, an clectronic pulse generated by
the left-hand button, starts the acquisition for cach channcl of 1600 points at a
frequency of 500 Hz for 3.2s. Of these points, 1100 precede the trigger and 500
follow it.

The first 500 points were averaged to give a basclinc from which the amplitude
of the potentials was mecasured. [For cvery subjcct four blocks of 25 trials sclected
from those free of muscular artifacts, blinking, or cyc movements werce averaged
and analyzed. The mean amplitude before movement, the peak amplitude during
movement, and the rise time of the rectified clectromyographic activity for the
right and lcft forcarms were measured. Further, the beginning of BP rise, called
“BP onsel,” the total arca of BP, and the mean amplitude of B over the 200 ms
prior to the beginning of movement werce measured in the premotor period. In the
scnsory-motor period, the mean amplitude of the MCP, rcferred to the mean
amplitudc of the BP for 200 ms after the movement, and the latency of the MCP
peak with respect to the beginning of the clectromyographic phasic activity of the
MCP peak were measured. In the motor completion period, the amplitudes of
N100 and P200 from the basclinc and with respect to the absolute amplitude of
the MCP and their latency from the trigger were mcasured.

During the postmotor period, the mcan amplitudes of SPP and PAN were
laken as average values from the bascline over 200 ms centered around the main
positive peak (SPP) and negative peak (PAN) in the latency band between 350
and 850ms. SPP and PAN latencics were also measu red from the trigger
pulse.

There were 13 subjects aged 10 years, of whom nine were normal and four
were dyslexic. All came [rom the same arca of Milan and from the same school. All
the children showed adequate visual acuity and normal hearing threshold.

To be considered as children with specific learning disabilitics (LDs), they had
to have an 1Q of above 85 on both the Cattell and the WISC nonverbal
performance test and to exceed the 5% tolcrance limits on the reading and wriling
test in the Italian adaption of the Metropolitan Achicvement Test (IFaglioni et al.
1970). Further, in order to obtain a better clinical and psychological cvaluation,
apart from the teacher’s report and the medical history supplicd by the parents,
the following psychological tests were done: the Lincoln Oscretsky Molor
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scale (Zucchi ct al. 1959), the Bender Visual Motor Gestalt Test
.464), the Stamback test (Stamback 1965), the Goodenough test (Gesell
aatruda 1974), and the Laterality test (Harris 1968).

Results

The ncurological examination of the normal and LD children showed no classic
signs of major or minor neurological damage. Howecver, there were some
consistent neurological signs in the group of LD children, cven though they could
not be grouped together as a well-defined clinical picture. The most frequent signs
were disdiadochokinesia, motor clumsiness in finc manipulative aclivity, and
synkinctic movements in the contralateral hand during the diadochokincsia test
and finger opposition test. The quality of gross and [inc movements was not
optimal in terms of speed, adequacy, and fluidity. From the school reports of the
LD children, the reading and writing difficulty was the problem most frequently
noted, while signs of hypcractivily, impulsivencss, or altention disorders were
rated as light. Comparison of the results of the psychological tests showed
significant diffcrences only on the WISC verbal tests (LDs = 100.25; normals =
134.44: P <0.05) and the Oscretsky test, in which the LD subjects showed a
lower developmental age than the normal subjects (LDs = 134.7; normals = 165.0;
P <0.05).

All the children completed their assigned motor-perceptive tasks, although
with significant differences in terms of motor performance and MRBMs. The
mean performance time was 99.44ms for the children who had learning
difficultics and 62.93 ms for the control group. The percentage of performances
that could be defined as target performances was 14.25%, and 267 respectively.
FFurther, in LD subjects 66% of performances took longer than 60 ms comparcd
with 475, in the normal children. The former were also less accurale, with a
performance shift of 50ms compared with 19.2ms for the normal subjects. All
these results were statistically significant (P <0.01). Obscrving the performance
during cach of the four blocks of tests, it was apparent that the cxcercise produced
a marked improvement in the LD children. In fact, their pcrl’onimncc time fell
from 112.03 ms in the first block 10 62.61 ms in the fourth, whilc it fell from 67.5 ms
to 60.47 ms among the normal children.

The accuracy of the LD children also showed the same improvement. The
performance shift fell from 58.0 ms in the first block o 19.2 ms in the fourth, while
it fell from 22.3 ms to 17.0 ms among the normal children. A comparison of the
two groups of children shows significant differences (P < 0.01) in the first three
blocks but not in the fourth for both performance time and performance shift.

The electromyographic activity of the two groups dilfered ncither in
amplitude of the electromyogrim before and during the movement nor in the risc
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differences were found in MRBMs during all four motor periods

. BP arca in the dyslexic children in the premolor period was

/nfly reduced in the frontal central, precentral, and parictal regions (Fz,

¢z LIPC: P <0.01; RPC: P <0.05). The BP amplitude 200 ms belore the

movement was reduced in Cz (7 < 0.05) and Pz (7 <0.01). The BP onsct was

significantly delayed in the rightand left precentral regions (RPC: P < 0.05; LPC:
I’ < 0.01).

In the sensory-motor period the latency of MCP with respect to the EMG
onsel was pgreater, though not significantly so, in the frontal, central, and
precentral regions of the dyslexic children. The amplitude of the MCP with
respect to the BP amplitude was not different in the two groups.

In the motor complction period the latency of N100 was greater in the
dysleaic children in the frontal, precentral, and central regions (Fz, Cz, RPC,
LPC: I < 0.05) and increased further in the prefrontal and parictal regions (1-Pz,
Pz: P < 0.01). There were no significant differences between the two groups in the
latencics of 17200 exceptin Fpz (P < 0.05). The amplitude of P200 with respect to
the absolute amplitude of MCP was reduced in the LD children in all the brain
arcas (I°pz, ¥z, Ce, Pz, RPC, LPC: P < 0.05). In the postmotor period, SPP was
presentin all brain arcas of the normal subjects while in LD subjects it was only
presentin Pzand with asignificantly reduced amplitude (£ < 0.05). The latency of
SPP an Pz was greater in children with learning diflicultics than in normal
children (LDs = 531.0 ms; normals = 495.2ms). On the other hand, PAN was
present i the frontal, central and precentral arcas,

Discussion

The above results show that there arc psychological and ncurophysiological
differences between normal children and children with learning difficultics. The
most consistent differences are at the level of quality of movement-—specd,
fluidity, and adequiacy-—as shown by the ncurological tests and the Oscretsky
psychomotor examination. Children with learning difficultics showed lower than
actual age in both motor development and in some tests of the ncurological
examination. These signs have been found previously, but their significance is still
atopic of discussion since some arc a maltler of development and are present lo a
small extent in the normal population. Their presence could be interpreted as a
sipn of insulficient coordination and temporal control in molor scquencing,

Part of the preparation for movement is the activation of a central clock
which controls the time scquencing of the motor action through afferent and
cllerent systems (Hirsch and Sterrich 1964; Rosenbaum and Patashnik 1980). The
improvement of the performance of this clock depends on a grealer synaplic
cMMiciency of the central nervous system which in turn depends onage (Craik 1947)
and on the presence of internal and external feedback on the accuracy of the
performance.
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Our subjccts with learning diflicultics showed themselves to be slower and less
accurale and to have totalled a lower number of target performances in carrying
oul the motor-perceptual task. Further, a different trend in performance
improvement was sccn belween the two groups of children during the cxperi-
ment. The normal children achicved a better motor performance than the LD
children and recached their peak in the sccond block, which they thercafler
maintained. The children with lcarning difficultics, however, although they began
with a much worsc motor performance, improved stcadily over the wholc period
of the experiment, reaching the level of the normal children only in the last 25
trials.

To thesc obscrvations must be added the behavior observed during the
performance of the task on closed circuil television and during the sclection of the
tests without artcfacts. Comparcd with the normal children, those with learning
diflicultics had greater difficulty in controlling irrelevant and inapproprialc
movemenl, such as blinking immediately before or after the performance of the
lask or gross movement of the body or lower limbs. I all the results of the
ncurological lests, the Oscretsky test, and the performance of the motor-
pereeption task arc combined, it could be said that the sctting of the central clock
procceds with difliculty. Further, these data scem to suggest that the control of
the temporal sequencing of movements, based on the processing of internal and
cxternal feedback, does not occur in an appropriate way because, as we shall sce
later, MCP, NI100, and SPP arc altcred in differenl ways in the children with
lcarning diflicultics.

Itis known that children with Icarning difficultics have difficulty in cxccuting
simplc motor tasks (Lewis ct al. 1970; Pyfer and Carlson 1972; Bruininks and
Bruininks 1977) and tcsts of bimanual coordination (Klicpera ct al. 1981).
Particularly insullicient motor performance has been obscrved in subjects with
commissurotomy of the corpus callosum and it has been proposcd that integrity
of the callosum commissurac is csscntial to the performance of bimanual tasks
(Kreuter et al. 1972; Precilowski 1972; Zaidcl and Sperry 1977). It is not yct
possiblc lo ascertain to what extent these data agree with our obscrvations. It is
uscful to point out that the myelination of the corpus callosum is completed
approximalely at the age of 10 ycars (Yakovley and Lecours 1967).

In parallel with the motor performances, the MRBMs showed significant
differences in normal and LD children.

The BP is a [cature of the premotor period, when the idcomotor clements of
the movement arc being organized. In the LD children BP was reduced in
amplitude in the parictal, central, and precentral arcas and furthermore began
only about 100 ms before the movement. It has recently been proposed that the
BP could result from (two components: the first begins 1.2 s before the movement
and lasts for about 450/600 ms, and is followed by the sccond, characterized by a
sleep negaltive fall lasting 300/500 ms (Shibasaki ct al. 1980). From the study of
the development of the BP it was hypothesized that the first componcent might be
linked to processcs related to the representation of the action, while the second is
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cond was considcrably reduced in amplitude.

_“The scnsory-motor period is characterized by the MCP. The MCP reflects
' i';rl)CcSSing of the kinesthetic reafferent information in the precentral and frontal
arcas rclated to the movement carried out. The MCP was of normal amplitude in
LD children but the peak of this potential had a greater latency than in normal
children. Experiments with animals (Dubrovsky and Garcia-Rill 1971) and
observitions of patients with posterior column lesions have shown that total or
partial deafferentiation impedes the temporal control of & motor scquence. The
increase in latency of the MCP may be interpreted as a difficulty of these children
in processing the kinesthetic feedback.

The processing of the visual information, as represented by N100, the brain
responsc cvoked by the appearance of the light trace on the oscilloscope, was
delayed in children with learning difficultics. It was delayed in the frontal central
and precentral regions and even morce so in the prefrontal and parictal regions.
The 200 is thought to be onc of the lute components of the somatosensory
potentials (Chiarcnza et al. 1983); the reduction in amplitude of P200 scen in the
various brain arcas of the LD children but not in the normals could indicate a
defect in the integration of the reaflerent kinesthetic information.

The SPP was present only in the parictal regions in LD children and with
reduced amplitude. There was increased latency compared with normal children.
This may suggest dilliculty for these children in the awareness and cvaluation of
their own performance. The PAN was present in the [rontal, central, and
precentral regions. This potential is recorded more often in children below the age
ol 10 ycars (Chiarcnza ct al. 1983). I, instead of the sequential averages, we look
only at the averages of the MRBMs related to the target performance (Fig. 3), we
sce that there is SPP even in the LD children, in the [rontocentral and precentral
arcas, cven though the amplitude is considerably reduced compared with normal
children. So the presence of PAN in the LD children could be duc to a different
strategy activated during the processing when the target was missed. These
children scemed to give significance to the target performance only, without
recognizing the failed performance.

in preparation). This first component was absent in the LD children

Conclusions

Perception is an aclive process which requires the participation of various
subsystems. The present data seem to indicate that during a motor-perceptual
acl, the different processes involved in the various brain arcas are delective in
children with lcarning difficultics. In particular, it can be stated that systems
involved in the planning and programming of clfective strategies arc inadequalce,
and that, furthermore, thosc involved in verification and correction of errors are
less cefficient. These systems may be allered in themselves or may reflect

deficiencies in those subsystems concerned with kinesthetic and visual process-

normal (light lines) and dyslexic children (heary lines). Note the appearance of the SPP in the [rontal, central. and

ig. 3. MRBMs related to target performance of

h the amplitude is lower than that of the normal children when they hit the target

recentral areas of the dyslexic children. even thoug
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_, or they could be potentially adequate but not fully developed. Thercfore, it
can be said that dyslexia results from the defective integration and dysfunction of

numerous processes which occur on different levels and at different times
(Chiarenza ct al. 1980).

Summary

Pereeption can be regarded as an active process of extracting information from
the environment. It includes a varicty of processes and is essential in learning to
rcad and to write. Until now psychological and ncurophysiological rescarch has
mainly examined isolated processes of perceptual function. The author suggests a
method for evaluating the pereeptual motor function by recording the MRBMs
during the exccution of a motor perceptual task.

The results obtained in a group of dyslexic children point to the conclusion
that the subsystems for programming and verilying stratcgics are less clficient in

these children; furthermore, thosc subsystems related to evaluation of kinesthetic
and visual information arc dcficient.

Itis hypothesized that dyslexia and dysgraphia arc the results of a defective
intcgration of the subsystcms mentioned above.
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