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More than 50 yeas ago, A. R. Luria (1950 wrote ashort booktitled “Essays on the
Psychophysiology d Writing.” A. R. Luria pioneaed the task of describing a structure of a
complex functiond system of writing within the normal behavior by using a
neuropsychologicd methoddogy. If he had pubished his book some 20 yeas later, the
word “neuropsychoogy’ would have been used in the title. However, when it was written,
the wncept of neuropsychology was not widely known; besides, working in psychology
was truly a dangerous businessbefore the “Paviov sesson’ (1950.

In his*“Essays onthe Psychophysiology o Writing,” A. R. Luria compared clinica
data on the disintegration d mental functions with a wide range of fads concerning the
aqquisition d writing by nema subjects and in pathology, and cultura differences in
systems of writing. Principles of social genesis, chronogenic organizaion, and locdizaion
of mental functions developed byL. S. Vygotsky all owed Luriato summarizethe data.

Elaboration d problems of writing systemic structure in A. R. Luria's “Essys’
was one of the first investigations in cogntive neuropsychoogy. The latter formed the very
core of contemporary neuroscience. There were many twists and turns on the road to
developing world cognitive neuropsychology and reuroscience for example, psychologists

turned away from the locdizaion poblems, to return to these problems later on, and, they



similarly refused to ded with syndromes, to get bad to this nation again as well; moreover,

there ae still discussons concerning lrain modues. A. R. Lurias clasgca works gill serve

as a model of a clear-cut methoddogy, i.e., a system and dynamic approach, whose

principles are nowadays being defended by scientists on the new stage of knowledge

development.

In comparing dfficulties in writing, which result from locd brain damage with the

results of analyzing the formation d these functions in children, A. R. Luria distingushed

the foll owing comporents within the writing function:

An audtory anaysis, a kinesthetic enaysis, the visua and Jisual-spatial

organization d writing, i.e., the componrents performed with a contribution d the

posterior cortical zones.

Kinetic organizaion d motor movements, together with programming and

planning d awritten message and writing itself (these cmmporents are redized with

contribution d the anterior corticd zones).

It isimportant to ndicethat A. R. Luriadid na restrict the analysis of the functional system

of writing to the description d its comporent structure on a “horizontal” level. He

insisted ona mmplex and flexible “verticd” organizaion d a function, dgpendent on the



degree of function mastering, the level of voluntary control, and the degree of
automatizaion d the function. A. R. Luria gave an example of a patient who could na
write his last name on the request of a psychoogist, but who wrote it automaticdly after
receiving a task to write the next word. These problems are analyzed in more detail in
Lurias later article (see Luria, Simernitskaya, & Tybulevich, 1973. Thus, A. R. Luria
reveded bah the systemic and dyramic organizaion d  writing.

What would Luria have alded to his analysis if he had written the book 25yeas
later? First, he would have pointed ou the spedfic role of the first “energetic unit,” i.e.,
subcorticd and lrain stem structures that are resporsible for the maintenance of an ogimal
level of corticd tone. Second, foll owing the works of his colleagues, in particular E. P. Kok
(1967 and E. G. Simernitskaya (1979, he would have indicaed the @ntribution d the
right hemisphere to the process of writing. Nowadays, with further development of
cognitive neuropsychalogy, we know more aout the structure of writing, but a principle
approach remains (e.g., seethe colledion d works edited by O.B. Inshakova (2001),
Writing and Realing: Leaning Difficulties and Their Remediation, and in particular my
article “Writing Difficulties and their Neuropsychologicd Diagnastics”).

Let us consider a contemporary view on the development of the functional



structure of writing, while differentiating it from written speed. However, before we start

spe&king abou it, severa words $houd be said about the Rusgan written language.

A basis of the Rusgan written language is formed by phoretic and morphologicd

principles and to a lesser extent by the norms of traditional writing. This means that a

considerable amount of words in Russan can be written onthe basis of knowing the rules

of a one-to-one sound|etter correspondence. According to Russian morphdogicd rules, the

same morphemes are written in the same way, althoughthey can be pronounced dfferently.

Thus, in root morphemes, the vowels O and E are exactly the same in a stressed pasition,

but in cograte words they change to A and I, or to reduced vowels if they are in a

non-stresed position. Nevertheless all morphemes with the letters O and E are written

such as [dom, dama], but are pronownced as [dom, damd]. Therefore, first-yea schod

children can aqquire asound|etter correspondence, first in words written acording to the

phoretic principle of writing, to later become familiar with the rules of morphdogicd

writing.

Let us consider the systemic organizaion d writing d first graders. Suppcse that

in the middle of the first schod yea children write asentence dictated by their teader.

What mental processs are involved in this work? To acamplish this task, the dild must



have optimal waking conditions and opimal level of corticd tone aad shoud maintain
attention urtil the work is completed. Thus, the maintenance of a brain functioning active
mode, correspondng to the first functional brain unt in A. R.Luria’s terms, is a necessary
condtion d the ad¢ of writing (seeTable 1).

A child heas a sentence being dctated, perceives it, and keegos it in hig/her short
audio-verbal memory, decding what has been heard by moving from aoustic
representations of words to their meanings and decomposing a word into phoremes. Thus,
the processng d audtory information is the next necessary comporent of the writing
system.

To spedfy the sound structure of a word, the dild soundesdy pronounces or
whispers the words he/she heas. Kinesthetic dferentation (i.e., a feedback) helps the dild
to understand a soundstructure of aword and keep it in mind when writing. L. K. Nazaova
(1952 demonstrated that in the second helf of the first school yea, while writing unaer
articulatory suppresson condtions (the technique of “biting’ the tongle), children made
more mistakes, in particular omissons of letters and syll ables. Consequently, the processng
of kinesthetic information shoud be included in the structure of writing (seeTable 1).

After spedfying the sound structure of the word, the cild can then correlate



sounds and letters adualizing visual images of the letters. When the task is to write down a
well-known word, the dild can remember a visua image of the whole word. Thus, he can
use dphabetical and logographicd skill s using an analytic (local) left-hemispheric strategy
or a hdistic (global) right hemispheric strategy for operating with visud
images-representations of letters and words. Therefore, the processng d visua information
shoud also beincluded into the structure of writing.

When a diild starts writing, he has to find a placeon the line where he will place
the pen, he has to arganize the dements of the letters and the letters corredly to prevent
mirror writing. This requires participation in the act of writing the operations of processng
of visual-gpatial information (see Table 1). Thus, na only the first functional unit, but also
different zones of the second unit are involved in the writing process

The ad¢ of writing demands interadion between kinetic and kinesthetic
comporents of the organization d movement, in particular mental motor programs of
writing letters must be actualized and initiated. During the second Half of the first schod
yeda, a program to write a letter till requires voluntary attention, the dild can simplify,
widen, change or dugicate this program. As a result, he can make mistakes guch as an

omissonof an element (mn, , insertion of an element (n m), substitution o a motor



subprogram (uy), and repetition of an entire letter or syllable. Therefore, a new

comporent shoud be included in the structure of the writing adivity, namely the serial

organzation d movements and actions. Moreover, a new operation - the kinesthetic control

of the act of writing - shoud be included into the named comporent - the processng o

Kinesthetic information (seeTable 1).

The presence of a stable voluntary program of an entire ad¢ of writingis a necessary

condtion for writing, a condtion that alows one to perform an amustic and kinesthetic

analysis, to adualizethe visual and visual-spatial images of |etters and words adequately, to

find and fulfil the motor programs. Withou it a diild is easily diverted by secondary

stimuli, he/she does not analyze and memorize information adively enough, and daes not

regulate and control his adions to the full extent. Thus, writing as voluntary adivity

demands the implementation o a wmponrent, the task of which is programming, regulation,

and the control of voluntary actions (see Table 1). The last two comporents are related to

the functions of the third functional unit, in A. R. Lurias terms. Thereby we can conclude

that al three units of the mental functions brain organizaion are adively involved in the

processof writing.

Table 1.



The Functional Structure of Writing

First Unit: Tone and Waking States Regulation

Maintenance of the optimal level of corticd tone during the ad¢ of writing

Sewmnd Unit: Information Reception, Processng, and Storage
Audio-verbal information processng. auditory analysis, lexeme recogntion,
phoremic segmentation, auditory verbal short-term memory
Kinesthetic information processng. differentiation o articulemes (sound
articulation); the kinesthetic analysis of graphic movements
Visual information processng: adualizaion d visual representations of letters and
words
MVisual-spatial information processng: maintenance of orientation of letter parts,
letters and strings in space visua-motor coordination, and actuaizaion o
visual-spatia representations of words

Third Unit: Programming, Regulation, and Control
Efferent (serial) organzation o movements. motor (kinetic) programming of
graphic movements

Programmning andcontrol of voluntary actions: planning, redization, and control of



the ad of writing.

Even during the first schod yea a system organization d writing can be different
in schodchildren with an equal level of writing mastery. Children with highly-developed
hadlistic strategies can rely more on representations of whole words (i.e., logogaphic skill s);
however, if these processes are insufficiently developed, children resort more often to a
soundetter analytic strategy (i.e., aphabetical skill s).

Such a detailed structure of the comporents of writing is, however, temporary.
Preschod children, who have not been taught to write systematicdly, demonstrate quite a
different comporent structure of the functional system of writing. Their writing might rely
uponthe acualizaion of hdlistic visual and visual-spatial representations of known words,
i.e., upontheir logogaphic writing skills. N. P. Pavlova (2000 has demonstrated in her
experimental study d preschod writing that in general children use these logogaphic skill s.
For instance, they correctly write frequent words (ones frequently found in the written
language) with an unstressed A and O: e.g., _  (a ca, 100% corred spelling), _ (a
bus, 100%), _ (atram, 99%), _ (aman, 76%), _ (50%). To spell such words

correctly, a phoretic principle of writing is not enough consequently, ore can suppcse that

10



children recal whole visua Gestalts of words, which help them to get closer to the
morphdogicd principle of writing. When writing urfamiliar words, children ad by analogy.
This can result either in namative writing, for example,  _ (a pen, 66% corred
spelling) or in nonnormative writing due to the widening d the gplication field of the
analogy. For instance, by analogy with a Russan word [ _] children mark the softness of
(L") by the Rusgan soft sign [_] in ather words, when the softness has to be marked in a
different way: (Earthy— _ —  _. Because phoretic principles are widely used in
Rusgan, children on their own often acquire phoremic writing skills that include a
soundetter corresponcence Thus, the medanism of hadlistic writing (withou an analysis
of the soundstructure of aword) is used by preschod children more often than in the first
schod yea (see Frith, 1985. However, the ratio of halistic and analytic processes can vary
depending onthe writing vocabulary volume (the lessthe vocabulary, the more probable is
the use of hdlistic representations); as well as onindividua characteristics of children (i.e.,
the relative development of visual and auditory processs).

As younger schodchildren aaquire writing skill s, including aphogaphic rules,
their detailed and hghly voluntary process of writing is changing, kecoming reduced and

more aiutomatic. In particular, kinesthetic and auditory analysis becomes sgnificantly
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reduced. This conclusion is compatible with the data of Besner, Davies, & Daniels (1981)

and Baddeley & Lewis (1981 who have shown that rhyme judgments and hanophay

judgments geed daes not slow down under the condtions of articulatory suppresson a

concurrent articulation. However, under certain circumstances, such as an unfamiliar word

or tiredness kinesthetic and auditory analysis becomes full-scde again upto aoud word

articulation. When writing is automatized, the central role belongs to semantic operations.

The rest of the operations are  sent to lower “badkground” levels of writing movement

organization (Bernshtein, 1947, that lowers a “functional (attentional) cost” of writing.

Analysis of Writing Difficulties

Let us move to the analysis of writing difficulties. First, we will consider writing dfficulties

in children attending remedia classes. Usualy these dildren demonstrate so-called

“delayed mental development,” i.e., partia defeds in development of cogntive functions.

Sewmnd, we will analyze the state of writing, speed), and nonverbal mental functions in

children with dysgraphia studying in public schods. In ou investigation d writing in

children attending remedial classes, we used an experimental, remedial, and developmental

program run by a teader, E. V. Zolotareva, and a neuropsychaogist, N. M. Pylaeva. We

have foundthat all of the componrents of writing mentioned above can suffer in isolation a

12



in combination.

Neuropsychological assesgnent of children and observations during their classes
have shown that the insufficiency of certain operations within brain functional units 2 and 3
were most frequently accompanied by the underdevelopment of the 1° energetic unit. It
becane gparent through the fluctuations of adivity, leading bdh to fatigue and to
hyperadivity and dstradability. When tired, the child would manifest his weaker sidesto a
maxima degree “Energetic” problems were often accompanied by a deficiency of
medchanisms resporsible for the “badkground” state of motor activity, such as muscle tone,
posture, and the wordination d movements.

When describing dysgraphia, spedal attention in the literature has been paid to a
certain type of dysgraphia caused by the underdevelopment of auditory verbal information
processng and phondogicd analysis in particular: i.e.,, phaemic segmentation and
caegorizaion (compare developmental phondogicd dyslexia and dysgraphia that Castles
and Coldheat (1993 describe & “more wmmon pettern of dyslexialdysgraphia’). In
children we investigated, such dfficulties were dso revealed. Usually they were combined
with dfficulties of kinesthetic analysis expressed to a greaer or lesser degree. The main

types of mistakes in these cildren included omissions of consonants and substitutions of

13



sounds with similar phoremic and/or articulatory fedures. The most frequent mistakes in

our reseach were the substitution d paired unvoiced-voiced consonants. Distortions and

omissons of words and endings of phrases, due to the deficiency of auditory verba

working memory, were dso ndicedle. The anourt of these mistakes usually increased due

to tiredness

Among ou subjeds there was agirl with uncerdevelopment of visual functions. At

the beginning d our observations, defects of visual and Msua-spatial functions were

noticedle, but the latter these functions improved much quicker than the former. The main

problems of this child in aaquisition d writing and reading were due to the instability of the

visua representations of letters and dgits. During the first months of training, while

aqquiring the soundletter correspordence and digits, the letter writing became distorted

after three to five datempts to write it (see Figure 1). Later, substitutions of rarely used

letters (capital letters or such letters as « » o « ») could be foundin her notebooks. In

genera, her writing was automatized quite slowly.
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Difficulties in writing determined by a deficiency of programming and control
functions are not described in the literature known to us. Nevertheless these difficulties
appear quite often. Such cases are wmmonly related to dysorphogaphia, which is
understood as continued difficulties of writing manifested as the misuse of orthographic
rules. The aduaization o an othogaphic rule and its use presuppases growth of
complexity of a writing program; in aher words, it is difficult for children who tend to
smplify a program to dvide dtention between the technicd part of writing and the
orthogaphic rules. That is why they make mistakes adthoughthey know the rules. Very
often, children do nd start writing a sentence with a capital letter, and dona consider the
rules for designating softnessor writi ng sibil ants.

Together with simplifying a program, children have demonstrated dfficulties in
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switching attention, espedally when tired. Children were inertialy repeding gven tasks
(systemic perseverations), as well as elements of letters, whole letters, syllables and words
they had to write (elementary perserverations). In ather words, the writing d the dildren
reflected urderdevelopment of adivity programming and control, as well as of a seria
organization d movements, i.e., deficiency of the entire 3 functional brain urit (seeFigure

2).
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Figure 2: Compasing a Sentencefrom Words by aFirst Yea Girl of a
Remedial—Developmental Educdion Class

Defects of the @ove comporents could combine with each other. Difficulties in
programming and control are quite often combined with dfficulties in processng
auditory-verbal and kinesthetic information, related to the underdevelopment of the left

hemisphere functions; however, given the underdevelopment of the right hemisphere,
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writing dfficulties are of a different nature. The underdevelopment of the right hemisphere
functions were manifested in visual-spatial difficulties, and in deficits of amustic gnasis.
Whereas charaderistics of visual-spatial functions in the deficit of a holistic strategy of
information processng are quite well known, problems of acoustic gnasis are much less
known. From the literature data, one can assume that the right hemisphere provides the very
ealy stages of bath visual and visual-spatial information, as well as auditory information
processng (cf. Goldberg & Costa, 1995. In children with a relative deaease of
visual-spatia information processng d the right-hemispheric type, we have discovered an
involuntary memory deficit given norma voluntary memory (cf. Yablokova, 1996
Simernitskaya, 1978. In addition, these deficits included sound dstortions of words, such
as yllabic structure change, observed in the investigation d auditory verbal memory (i.e.,
memorizing two groups of three words). At the same time, these dhildren can perform well
on tests that require matching gctures and words, when perception and retention o a series
of words smilar in sound are tested (This test is responsive to the deficiency of the
left-hemispheric strategy of auditory verba information pocessng). Observations of
children duing both assessnent and classes show that these dnildren often ask the teacher

to repeat the information, which was presented auditorily, in order to get involved in its
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perception.

Our investigation d writing dfficulties forming such a syndrome in children

during their remedial-developmental education in the primary schod, alowed us to reved

the foll owing typicd mistakes in writing:

1. Misgng and substituting vowels, including vowels in the stresspasition.

2. The imposshility to master a skill of writing ideograms (“Mascow” instead of

“Moscow™).

3. The tendency to write phonemicdly.

4. Difficulty in orienting on a page, i.e., in finding the beginning d aline, or in

keeping astraight line.

5. Frequent fluctuations in the dlope ad height of letters, and the

dispropationality of their elements.

6. Writing letters sparately within aword.

7. Difficulties of the adualization d the graphic and motor representation of a

necessry letter (substitutions of handwritten letters with block letters; an

unwual way of writing letters, espedally capitals, substitutions of visualy

similar letters: e.g.,K —H).
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8. Steady mirror mistakes in writing certain letters.
9. Distortions of the order of letters.

10.  Writing d contents words or words with prepositionsin ore word.

The &ove-mentioned characteristics (see Figures 3 and 4) can be easily explained
throughthe same mecdhanism: deficiencies of halistic strategies of acoustic-gnostic and
spatia information processng and attempts to compensate them (for more detail s e
Akhuting, Zolotareva, 1997). The syndrome described hereis smilar to developmental
surface dysgraphia, characterized by atendency to phoremic writing (fair quantity of
phondogicdly plausible arors), incorred selection d vowels and mirror writing —

confusion d the letters “b” and“d.” (Temple, 1998)
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Figure 3. Attempts to remember and pu down her name by afirst year pupil of a
remedia class Thisgirl tries to compensate her impaosshbility to kegp avisua Gestalt by

soundanalysis that turns out to be succesgul only with consonants.
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Figure 4. Writing from a dictation bya pupl whowas snt to repea his 3 yea at
schod (his peed andintellecdua development met high age norms, see Akhutina,

Zolotareva, 1997)

Let usturn to the discusson d a mmplex investigation d writing, speed, and aher higher
mental functionsin children with dysgraphia conducted by O. A. Velichenkova under the
supervision d O. B. Inshakova, and the author. 59 chil dren with dysgraphiawere seleded
from 2-4" years of primary schod and formed an experimental group; 36 chil dren served as
a ontrol group.

Schod writing tests acamplished by children with dysgraphia (7 dictationsand 4
copying tests) were used for the andysis of writing. Children who duing ore test made
from 1.5to0 21.5(mean 3.6) spedfic mistakes (i.e., mistakes that canna be explained bythe
ignaance of orthographic rules), were included into the experimental group.

Investigation d oral speed in children of the experimenta groupincluded an
analysis of coherent monologicd speed (retellingafable by L. N. Tolstoy “A hen and
golden eggs’), aswell as vocabulary, the grammaticd structure of speech, andits

phoretic-phoremic aspects.
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Neuropsychological investigation d verbal andnonverbal functionsin experimental
and control groups of children was conducted by means of A.R. Luria s battery of methods
modified by E. G. Simernitskaya (1988. Besides, the estimation d manual, auditory, and
visual asymmetry was also made, using a questionnaire of Annet-Chuprikova modified by
O. B. Inshakova (199%), and S. Coren’s test (1993).

The procedure of neuropsychologicd investigation data analysis (Akhutina,

Y ablokova, & Polonskaya, 2000 included the cdculation d generali zed indices refleding
the state of the foll owing functionsin every child:

a) functionsof programming, regulation, and control of adivity (anterior index);

b) functions of information reception, processng, and storage (posterior index);

c) cagability of left-hemisphere information processng (“left hemisphere” index);

d) cgpability of right-hemisphere information processng (“right hemisphere” index);

The normali zation d indices, meaning the calculation d agiven subjed’s index ratio
to the standard deviation d the same index in the antrol group of children, led to the
following values of mean groupindices of children in the experimental group:

“anterior” index —0.91 ,

“posterior” index — 1,34

“left-hemisphereindex” — 1,21
“right-hemisphere” index — 0,70 .

(In the control groupall indices were egual to zero.)

These data show the deficiency of functions of the 2™ and the 3° brain urits in
children with dysgraphia, with the maximum deviation in functions for which the role of

paosterior cortex of left hemisphereis crucial.
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On the basis of anaysis of individual values of these four indices, children with the
most pronourced dfferencesin their indices were identified; for instance, children who hed
a high “anterior” index, whereas, their values of al other indices were much lower. Likein
the investigation in nama neurolingustics by T. V. Akhutina (1999, we separated
children with relative a deaease of: 1) programming and control functions, 2)
left-hemisphere type information pocessng, 3 right-hemisphere type information
processng. In addition, it shoud be mentioned that dividing namal subjeds into these
subgoups has an interesting parallel with three fadors. verbal comprehension fador, a
perceptual organizaion fador, and a freedom from distradibility factor, which were
distingushed by afador analysis of the WMISC-R test data (Kaufman et a., 1989.

Comparing mistakes in these “prototype” children revealed that they differed in the
number of mistakes in defining baders of a sentence; omisson and substitution of
consonarts, omisson andsubstitution of vowels. The rest of children were divided into
subgoups acording to the prevalence of one or ancther type of mistakes. Thus, three
subgroups were distinguished within the experimental group d children.

The first group included 20 children (11 boys and 9 grls), the second goup — 21
children (13 boys and 8girls), and the third group — 18 (11 boys and 7 girls). The number

of each type of mistakes madein all subgoupsis presented in the Table 2.
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Table 2.
Comparison of Typological Dysgraphic Mistakesin Three Subgroups of Children

(Percentage of the total amourt of spedfic mistakes)

Type of mistake First Seoond Third
subgroup subgoup subgoup
Errorsin sentence border marking 21 8 11
Omisson d consonants 9 13 8
Substitution d consonantsincluding: 7 12 5
- pair voiced and unvaced consonants 4 9 3
- affricats and their components 1 1 1
- sibilants 1 1 0
- sounds [r]-[1] 1 1 1
Omissons of vowels 11 6 14
Substitutions of vowels 3 4 9

The next step of the analysis was to check how these subgoups differ in
neuropsychologicd parameters andto reved the statisticdly significant differences between

subgoups, if any. These data ae shown in the Tables 3 and 4.
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Means of Generalized Indexesin Three Subgroups of Children

Table3

First subgoup Sewmndsubgoup | Third subgoup
Index
Anterior 1,38 0,54 0,82
Posterior 0,68 1,75 1,60
Left hemisphere 1,28 1,39 0,91
Right hemisphere 0,16 0,65 1,34
Table 4

Statistical significanceof mean values of indices differencesin three subgroups of

children (Mann-Whitney’s U-criterion)

Significanceof differences between subgoups (paired

Index comparison)
First vs. seaond First vs. Third Seoond \s. third
subgoups subgoups subgoups
Anterior =0,008 =0,027 =0,245
Posterior =0,009 =0,025 =0,311
Left hemisphere =0,340 =0,198 =0,130
Right hemisphere =0,190 =0,002 =0,013

As one can see from the Tables 3 and 4,the neuropsychological analysis of verbal

and non-verbal functions has down that types of deficiency were different in three

subgoups of children, and that these differences were statisticaly significant. Reveded

types of mistakes are eaily explained by different mecdhanisms, each determining the whole
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syndrome of deficits in the development of higher mental functions.

Let us consider typicd feaures of writing and aa speed in each subgroup in more
detail .

Spedfic writing mistakes in the 1 subgroup o chil dren were due to the disorders of
the programming and realization of a program of action. Thus, a lot of mistakes in
sentence border marking are due to dfficulties in dviding attention between technicd
aspeds of writing and the necessty to separate a sentence and to designate it corredly in
writing by a caita letter and a period. Voluntary attention deficit adversely affects all
gnostic and mnemonic processes, hence diildren in this subgoup demonstrate an equd
number of omissons and substitutions of letter designating vowels and consonarts. While
making many orthogaphic mistakes, these dildren made less pedfic mistakes than
children in the other two subgoups. In ore written work the mean number of spedfic
mistakes was 2.6in the 1* subgroup, 3.8in the 2™ subgoupand 4.6in the 3“ subgoup.

In this subgoup, children tended to unvoice voiced consonarts in a strong positionin
the word (such substitutions made 67% of all substitutions). Similar situation was fourd in
patients with efferent motor aphasia (Vinarskaya & Lepskaya, 1969. It was explained by a
disorder of the serial organizaion d speed.

Writing dfficulties in the 2™ subgroup of children can be explained by a gnostic
left-hemisphere deficiency. Thus, the prevalence of omissons and substitutions of
consonarts over omisgons and substitutions of vowels is nat acadental since aprocess of
differentiation d consonants is related to the functioning o speech zones of the left
hemisphere. Similar data on developmental phanologica dysgraphia were obtained by C.

Temple (1997). She has $rown that mistakes in writing consonants and their combinations
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make up the majority of mistakes ®en also in their longterm follow-up. A considerable
amourt of substitutions of paired voiced and uwvoiced consonants is typicd for auditory
information processng disorders (cf. A. R. Luria, 1966. Eledrophysiologica data obtained
by D. L. Molfese (1984 also demonstrate left hemisphere sensitivity to consonant sounds,
whichisnot displayed bythe right hemisphere.

In contrast to the 1% subgroup d children, puplsin the 2 subgroup uwvoice and voice
consonants equally often (55% and 436 of substitutions, respedively). These mistakes
correspond to so-cdled “seledion” problems characteristic of posterior cortex lesions,
acordingto A.R. Luria (1979. A severe form of dysgraphia in the 2" subgoup d children
confirms an important role of deficiency of gnostic left-hemisphere functions in the
pathogenesis of dysgraphia that has been naiced by amost al the aithors discussng
dysgraphia.

Writing dfficulties in the 3“ subgoup d children are due to the underdevelopment
of information reception, processng, and storage mostly of the right-hemispheric
type. This follows from such mistakes as omissons or substitutions of vowels, that is,
acording to the data obtained by E.G. Simertnitskaya, T.V. Akhutina, and E.V. Zolotareva,
charaderistic for writing in adults and children with right-hemispheric gnostic disorders
(compare with data by T. Tsunods, 1971,who showed in subjeds with European arigin
lateralization d perception d vowels and nd speed-related sounds and lateralization o
perception d consonants are different; also see data by G. Lyon et a., 1988, 1991who
showed that one group of children with dyslexia and dfficulties in visual-spatial
information processng made mistakes whil e reading vowels and vowel combinations).

Children in the 3 subgrouptended to vocdize paired unvoiced consonants occupying
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a strong paition in the word (89% of all substitutions were substitutions of unvoiced
consonants by voiced ones). This fad could be explained by the greaer diffusion in sourd
perception that leals to the transfer of vowel features to consonants. It's necessary to pant
out that schodchildren in the 3 subgoup had the most pronourced dysgraphia On
average they made the largest amournt of mistakes (4.6) that might be due to the
multimodality of their defed.

Let us moveto the analysis of oral speech.

The ora speech analysis has reveded that text retelling was the most difficult for the
1% subgoup d schodchildren. Text construction difficulties appeared through “semantic
haes’ in the text, as well as throughthe lad of linkage in the organizaion of text elements

(seetable 6).

Table 6.
Text and proposition programming disordersin 3 subgroups of children

(Percentage of children who made a mistake).

1* subgoup | 2°subgoup | 3“subgoup
Text fragments omisson 50 33 67
Text fragments rearrangement 15 9 6
Word sequenceinversions 30 14 11
Predicate omisson 15 0
Subjed or objed omisgon 0 15

Children in the 1% subgoup are behind aher subgroups of children also in their
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sentence onstruction abiliti es. Their retelling is characterized by such syntadic fedures as
a shot mean length of utterances, predicae omissons, a large anount of simple
sentences, and aminimal amourt of a @mmplex sentence (seetable 7). The analysis of motor
comporents of speech and speed perception showed dfficulties in word syllabic structure

due to the underdevel opment of speed serial organizaion (seetable 8).

Table 7.

Syntactic Characteristics of Coherent Speed (Retelling) in 3 subgroups of children.

1% subgoup | 2" subgoup | 3°subgoup
Parameters
Simple sentences mean amourt 3,65 3,00 2,72
Composite sentences mean amourt 1,30 1,55 1,44
Mean length of utterance (in words) 5,63 6,36 6,58

Lexicd difficulties in text retelling appeaed to be the most significant in the 2
subgroup. They manifest themselves throughthe intensive use of pronours instead of nours
(compare with Akhutina, 1998 Polonskaya, 1999. Pronaminalization index (the anourt of
pronours to the anourt of nours ratio in retelling) appeared to be the largest in the 2™
subgoup and averaged 0.7 in this group, whereas in the 3 group it came to 0.6and in the
1% group—to 0.4.

Sound ponurciation defeds, general speed indistinctness and dfficulties in the
differentiation o paronyms were also fourd more frequently in the 2™ subgoup, as

compared to aher schoodchildren. It could be ealy explaned by the audtory and
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kinesthetic information processng urderdevelopment, reveded through the
neuropsychologicd analysis. However, dstortions of syllabic structures were less
pronourced in these dhil dren, than in the 1% subgroup.

Most of the dildren in the 3“ subgoup ddn’t have ay sound ponunciation
disorders. The violation of text integrity, as well, as a tendency towards long sentence
construction and verba difficulties smultaneously revealed in their retellings. These
feaures are daracteristic for subjeds with right-hemispheric types of information

processng dficiency (Sakharny, 1989 Akhutina, 1999.

Table 8.

Phonological/articulatory disordersin 3 subgroups of children.

Type of disorder % of the total number of children

1% subgoup | 2™ subgoup | 3“subgoup

Sound ponurtiation defeds at the 20 33 22

moment of investigation

General speech indistinctness 5 48 22
Difficulties in the differentiation d 0 19 0
paronyms

Mistakes in repeding syllabic 60 67 83
sequences with oppaite

consonants

Phoremic analysis disorders:

- soundlocéaionin the word; 20 24 28

- identificaion d the number of

sounck: 30 52 50
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sounds, 75 76 89
- sequentia spelling.

Phoremic synthesis disorders:

- making upaword from sounds

in the dired order; 10 10 28
- making upaword from sounds
_ 65 43 72
in the dtered order
Syllabic structure distortions 100 52 44

A comparison d the phoremic analysis and synthesis investigation results (Table 8)
reveds that in the 1° subgoup these disorders were egually frequent. Schoolchil dren in the
2" subgroup showed phoremic analysis disorders more frequently than synthesis disorders.
In the 3“ subgroup, along with equal frequencies of soundanalysis and synthesis difficulti es,
synthesis disorders were more pronownced than in the other subgroups of children: 28% of
children in the 3“ subgoup made mistakes when presented with sounds in a smple test,
whereas only 10% o the children in the other two subgroups made such mistakes. This data
is compatible with the results of the investigation d the structure of spatia interadion
between brain biopaentials (Tsaparina, 2002: The aithor has revealed adivation d the
links of the anterior tempora cortex of the left hemisphere with contralateral zones, while
carying ou phoremic analysis and in the posterior cortex of the right hemisphere, while
carying ou phoremic synthesis.

Let us consider mistakes in repeding syllabic sequences with oppaite @mnsonants
(e.g., za-sa-sha) separately. This composite test is amed at the assesgnent of the foll owing:
1. switching ability , which is lacing in the 1% subgoup d children; 2. the phoremic

analysis ability lacking in the 2™ subgroup d children; and, 3. the ability to retain the order
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of elements that is ladking in the 3“ subgroup d children. Therefore, it is not by chancethat
children in al threesubgroups make mistakesin this test.

Thus, children in al three subgoups sowed cetain combinations of spedfic
writing dfficulties with spedfic feaures of ora speed and aher mental functions, which
could be explained by mechanisms assumed onthe basisif neuropsychologicd analysis.

In addition, let us examine the functional asymmetry degree in children from all
three subgroups. The high mean value of the Right-Hand Coefficient in the 1% subgoup
confirms our assumption that their writing, aa speed, and nonverba mental function
disorders are due to the programming, regulation, and control difficulties rather than by
gnastic unilateral disorders. Low degreeof right-handednessreveded in the 2" subgroup d
children has confirmed orce again the numerous data cncerning the acoamulation d
left-handednessfedures in children with speed pathologies (see Inshakova, 1995. In the
3" subgoup d children, the low mean values of the Right-Hand Coefficient and the
Right-Ear Coefficient have been revealed. This fits the data obtained by A.V. Semenovitch
(1998, and E.G. Simernitskaya (1985 showing that subjeds with right-hemispheric
disorders often demonstrate speafic features of motor and sensory left-handedness

Thus, the comprehensive analysis of dysgraphiain younger schodchildren all owed
us to reved the systemic interrelation o speafic writing errors committed by children, as
well asthe dharaderistics of verbal and nonverbal mental functions. Three subgoups were
distinguished among schod chil dren with dysgraphia. In the 1% subgroup, the mecdanism of
disorders of writing, aa speed), and hgher mental functions can be found in the
difficulties of adivity programming, regulation, and cortrol. In the 2 subgoup the

medhanism of disorders are foundin left-hemispheric type of the information reception,
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processng, and storage difficulties; in the 3“ subgoup — in right-hemispheric type of
information reception, processng and storage difficulties.

However, if we suppase different medhanisms for dysgraphic difficulties, we need a
speaa explanation for those mistakes that are equally frequent in three subgoups. Thus,
mistakes clasdfied as graphicdly similar letter substitution have been observed with
approximately equal frequency in all three groups (17%, 23%, and 20%). What could be
their medhanisms?

Let us pay more dtention to the most frequent substitutions in ead subgoup (they

are presented in the Table 5).

Table5.
Substitutions of graphically smilar lettersin threesubgroups of schodlchildren
(frequencies of mistakes are shown as a % of the total amount of graphically smilar

letter substitutionsin each subgroup).

1* subgoup 2" subgoup 3“subgoup

Letters Letters Letters

] 18 T 13 = iojd 18
~ [zhh] 15 ~ [bd] 12 ] 15
= [tp] 13 ] 9 = [bd] 13
~ [shr-sh] 12 ~ [shr-sh] 7 ~ [zhh] 9
= [u] 9 - [zh-h] 6 ~[tpl 8
~ [bd] 6 ~[tK] 5 ~ [tp] 7
- [k-p] 4 - [t-n] 5 - [tr] 5
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The most frequent mistakes of children in the 1* subgoup can be explained by an
omisgon d part of the motor program i.e. simplificaion d the program ( , ), or its
simplificaion/expansion ( -, mn), or by change of a subprogram of the letter writing ( - ,
-, - ). This explanation agrees with the interpretation d such mistakes as “kinetic” ones,
conreded with serial organizaion dfficulties. The most frequent substitution in the 2
subgoupis the m-n [t-p] substitution. Taking into acoourt that the - [b-d] substitution hes
amost the same frequency, andalso - [t-p] and - [d-b] substitutions can be observed, we
can gve ancther interpretation for this mistake, quite different from the one given above.
Articulations of sounds denoted by these letters differ in just one articulatory feaure — the
placeof articulationi.e., they are kinestheticdly close to ead ather, and the same concerns
m- [t-k] and m [t-n] substitutions. This faa all ows us to suppase that these substitutions
are aresult of the underdevelopment of kinesthetic analysis (compare with Luria, 1947%.
Thus, different medhanisms or their combination can cause the same mistake. Since most
pairs of substitutable letters are charaderized by opticd and kinetic simil arity of letters, and
at the same time by kinesthetic similarity of sounds they dencte, given mistakes are most
probably multifadorial by nature. Prevalence of such mistakes confirms this hypothesis.
Nevertheless even gven the multifadorial nature of graphical similarity mistakes we may
distingush the leading medhanism of a mistake according to a syndrome. Thus, children in
the 3“ subgoup have shown substitution o graphicadly similar letters dencting vowels in
3% of all substitution cases, whereas in the 2™ subgoup— only in 21% of cases. Moreover,
schodchildren in the 3 subgroup have demonstrated letter substitutions based on visual or
visuo-spatia distortions and dysmetrias, for instance, m-p [t-r].

While scrutinizing general mistakes, one can aso ask a question, why the
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perseveration and anticipation mistakes, considered by reuropsychologists as regulatory
difficulties (Akhutina, 2007, can be observed equaly frequently in all three groups of

children, according to the results of thisinvestigation (seeTable 9).

Table 9.
Mistakes with Equal Frequencies in All Three Subgroups (% of total amount of

spedfic mistakes).

Types of mistakes 1* subgoup | 2™ subgoup | 3°subgoup
Substitutions of graphicdly similar 17 23 20
letters

Mistakes in Separating Words 11 10 9
Mistakes in Marking Consonant

softness 8 9 8
Perseverations of |etters and syll ables 6 7 6
Anticipations of letters and syll ables 5 5 4
Syllable omissons 1 1 1
Rearangements of letters and 1 0 1
syllables

Mirror mistakes 1 1 1

We have dready shown above that the m-n [t-p] substitution might be due to dfferent
causes and that we can choase one interpretation d the nature of this mistake between the
others, taking into acount neighbaing mistakes. The same type of anaysis can be gplied
to perseveration and anticipation mistakes. For example, a dild has written: *

"instead of “ 7. Higher mistake aould be considered either as a substitution d paired
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voiced and uwoiced consonants or as an anticipation mistake. During the primary
classficaion d children’s mistakes, the “context” or syndrome analysis has not been
caried ou; therefore this mistakeintheword“ " might be occasiondlly related to any of
these two caegories, which lead to the data “egualizaion’. The reason for such
equdizaion is sibjedive, dependent on the observer. However, there ae aso the objedive
reasons for that. For example, if a child has problems with phoremic analysis, which takes
away much attentional resources, then there are not enough resources for some other
operations, and therefore achild makes mistakes in the other operations more often; in
particular, he/she demonstrates perseverations or anticipations. The presence of such system
mistakes, due to the ladk of attentional resources or operative memory cgpadty, also forms
atendency towards equalizaion d the number of different mistakes in different subgoups.
That is why it appeas to be so important not only to analyze writing mistakes, but also to
compare the state of writing with the state of the other verbal and nonverba functions, i.e.,
to cary ou a neuropsychoogicd syndrome analysis to reved the psychologicd structure
of the syndrome.

So, ou anaysis has shown that the writing dfficulties we have revealed in three
subgroups of children are due to their mental function spedficity discovered by methods of
the neuropsychoogical analysis. This implies two important conclusions concerning the
remediation d writing dfficulties:

1. An adequate gproach towards writing remediation requires revelation d the
psychadogicd structure of a syndrome of deviations in the development of higher
mental functions. In other words, it is necessary to define a primary defed, its g/stem

consequences, and compensatory reorganizaions.
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2. The remediation d writing dfficulties $roud include awork nat only on writing, but
aso on the whae syndrome of deviations in the development of higher mental

functions with spedal regard for awea comporent and with safe mmponents sippart.
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