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More than 50 years ago, A. R. Luria (1950) wrote a short book titled “Essays on the 

Psychophysiology of Writing.” A. R. Luria pioneered the task of describing a structure of a 

complex functional system of writing within the normal behavior by using a 

neuropsychological methodology. If he had published his book some 20 years later, the 

word “neuropsychology” would have been used in the title. However, when it was written, 

the concept of neuropsychology was not widely known; besides, working in psychology 

was truly a dangerous business before the “Pavlov session” (1950).  

 In his “Essays on the Psychophysiology of Writing,” A. R. Luria compared clinical 

data on the disintegration of mental functions with a wide range of facts concerning the 

acquisition of writing by normal subjects and in pathology, and cultural differences in 

systems of writing. Principles of social genesis, chronogenic organization, and localization 

of mental functions developed by L. S. Vygotsky allowed Luria to summarize the data. 

 Elaboration of problems of writing systemic structure in A. R. Luria’s “Essays” 

was one of the first investigations in cognitive neuropsychology. The latter formed the very 

core of contemporary neuroscience. There were many twists and turns on the road to 

developing world cognitive neuropsychology and neuroscience; for example, psychologists 

turned away from the localization problems, to return to these problems later on, and, they 
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similarly refused to deal with syndromes, to get back to this notion again as well; moreover, 

there are still discussions concerning brain modules. A. R. Luria’s classical works still serve 

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

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

development.  

 In comparing difficulties in writing, which result from local brain damage with the 

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

the following components within the writing function: 

·  An auditory analysis, a kinesthetic analysis, the visual and visual-spatial 

organization of writing, i.e., the components performed with a contribution of the 

posterior cortical zones. 

·  Kinetic organization of motor movements, together with programming and  

planning of a written message and writing itself (these components are realized with 

contribution of the anterior cortical zones). 

It is important to notice that A. R. Luria did not restrict the analysis of the functional system 

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

insisted on a complex and flexible “vertical” organization of a function, dependent on the 



 4 

degree of function mastering, the level of voluntary control, and the degree of 

automatization of the function. A. R. Luria gave an example of a patient who could not 

write his last name on the request of a psychologist, but who wrote it automatically after 

receiving a task to write the next word. These problems are analyzed in more detail i n 

Luria’s later article (see Luria, Simernitskaya, & Tybulevich, 1973). Thus, A. R. Luria 

revealed both the systemic and dynamic organization of  writing.  

 What would Luria have added to his analysis if he had written the book 25 years 

later? First, he would have pointed out the specific role of the first “energetic unit,” i.e., 

subcortical and brain stem structures that are responsible for the maintenance of an optimal 

level of cortical tone. Second, following the works of his colleagues, in particular E. P. Kok 

(1967) and E. G. Simernitskaya (1975), he would have indicated the contribution of the 

right hemisphere to the process of writing. Nowadays, with further development of 

cognitive neuropsychology, we know more about the structure of writing, but a principle 

approach remains (e.g., see the  collection of works edited by O.B. Inshakova (2001), 

Writing and Reading: Learning Difficulties and Their Remediation, and in particular my 

article “Writing Difficulties and their Neuropsychological Diagnostics”).  

 Let us consider a contemporary view on the development of the functional 
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structure of writing, while differentiating it from written speech. However, before we start 

speaking about it, several words should be said about the Russian written language.  

 A basis of the Russian written language is formed by phonetic and morphological 

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

considerable amount of words in Russian can be written on the basis of knowing the rules 

of a one-to-one sound/letter correspondence. According to Russian morphological rules, the 

same morphemes are written in the same way, although they can be pronounced differently. 

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

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

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

such as [dom, doma], but are pronounced as [dóm, damá]. Therefore, first-year school 

children can acquire a sound/letter correspondence, first in words written according to the 

phonetic principle of writing, to later become familiar with the rules of morphological 

writing. 

 Let us consider the systemic organization of writing of first graders. Suppose that 

in the middle of the first school year children write a sentence dictated by their teacher. 

What mental processes are involved in this work? To accomplish this task, the child must 
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have optimal waking conditions and optimal level of cortical tone and should maintain 

attention until the work is completed. Thus, the maintenance of a brain functioning active 

mode, corresponding to the first functional brain unit in A. R.Luria’s terms, is a necessary 

condition of the act of writing (see Table 1).  

 A child hears a sentence being dictated, perceives it, and keeps it in his/her short 

audio-verbal memory, decoding what has been heard by moving from acoustic 

representations of words to their meanings and decomposing a word into phonemes. Thus, 

the processing of auditory information is the next necessary component of the writing 

system. 

 To specify the sound structure of a word, the child soundlessly pronounces or 

whispers the words he/she hears. Kinesthetic afferentation (i.e., a feedback) helps the child 

to understand a sound structure of a word and keep it in mind when writing. L. K. Nazarova 

(1952) demonstrated that in the second half of the first school year, while writing under 

articulatory suppression conditions (the technique of “biting” the tongue), children made 

more mistakes, in particular omissions of letters and syllables. Consequently, the processing 

of kinesthetic information should be included in the structure of writing (see Table 1). 

 After specifying the sound structure of the word, the child can then correlate 
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sounds and letters actualizing visual images of the letters. When the task is to write down a 

well -known word, the child can remember a visual image of the whole word. Thus, he can 

use alphabetical and logographical skill s using an analytic (local) left-hemispheric strategy 

or a holistic (global) right hemispheric strategy for operating with visual 

images-representations of letters and words. Therefore, the processing of visual information 

should also be included into the structure of writing.  

 When a child starts writing, he has to find a place on the line where he will place 

the pen, he has to organize the elements of the letters and the letters correctly to prevent 

mirror writing. This requires participation in the act of writing the operations of processing 

of visual-spatial information (see Table 1). Thus, not only the first functional unit, but also 

different zones of the second unit are involved in the writing process. 

 The act of writing demands interaction between kinetic and kinesthetic 

components of the organization of movement, in particular mental motor programs of 

writing letters must be actualized and initiated. During the second half of the first school 

year, a program to write a letter still requires voluntary attention, the child can simpli fy, 

widen, change or duplicate this program. As a result, he can make mistakes such as an 

omission of an element (m�n, ���,   insertion of an element (n�m),  substitution of a motor 
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subprogram (u�y), and  repetition of an entire letter or syllable. Therefore, a new 

component should be included in the structure of the writing activity, namely the serial 

organization of movements and actions. Moreover, a new operation - the kinesthetic control 

of the act of writing - should be included into the named component - the processing of 

kinesthetic information (see Table 1). 

The presence of a stable voluntary program of an entire act of writing is a necessary 

condition for writing, a condition that allows one to perform an acoustic and kinesthetic 

analysis, to actualize the visual and visual-spatial images of letters and words adequately, to 

find and fulfil the motor programs.  Without it a child is easily diverted by secondary 

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

regulate and control his actions to the full extent. Thus, writing as voluntary activity 

demands the implementation of a component, the task of which is programming, regulation, 

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

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

that all three units of the mental functions brain organization are actively involved in the 

process of writing. 

Table 1. 
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The Functional Structure of Wr iting 

First Unit: Tone and Waking States Regulation  

·  Maintenance of the optimal level of cortical tone during the act of writing  

Second Unit: Information Reception, Processing, and Storage  

·  Audio-verbal information processing: auditory analysis, lexeme recognition, 

phonemic segmentation, auditory verbal short-term memory  

·  Kinesthetic information processing: differentiation of articulemes (sound 

articulation); the kinesthetic analysis of graphic movements  

·  Visual information processing: actualization of visual representations of letters and 

words  

·  Visual-spatial information processing: maintenance of orientation of letter parts, 

letters and strings in space, visual-motor coordination, and actualization of 

visual-spatial representations of words  

Third Unit: Programming, Regulation, and Control 

·  Efferent (serial) organization of movements: motor (kinetic) programming of 

graphic movements  

·  Programming and control of voluntary actions: planning, realization, and control of 
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the act of writing. 

 

 Even during the first school year a system organization of writing can be different 

in schoolchildren with an equal level of writing mastery. Children with highly-developed 

holistic strategies can rely more on representations of whole words (i.e., logographic skill s); 

however, if these processes are insufficiently developed, children resort more often to a 

sound-letter analytic strategy (i.e., alphabetical skill s).  

 Such a detailed structure of the components of writing is, however, temporary. 

Preschool children, who have not been taught to write systematically, demonstrate quite a 

different component structure of the functional system of writing. Their writing might rely 

upon the actualization of holistic visual and visual-spatial representations of known words, 

i.e., upon their logographic writing skill s. N. P. Pavlova (2000) has demonstrated in her 

experimental study of preschool writing that in general children use these logographic 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 car, 100% correct spelli ng), � ������ (a 

bus, 100%), �� � ���� (a tram, 95%), ��� � ��� (a man, 76%), �� �� (50%). To spell such words 

correctly, a phonetic principle of writing is not enough; consequently, one can suppose that 
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children recall whole visual Gestalts of words, which help them to get closer to the 

morphological principle of writing. When writing unfamiliar words, children act by analogy. 

This can result either in normative writing, for example, ��� � ����� (a pen, 66% correct 

spelli ng) or in non-normative writing due to the widening of the application field of the 

analogy. For instance, by analogy with a Russian word [�� �� ] children mark the softness of � 

(L’) by the Russian soft sign [� ] in other words, when the softness has to be marked in a 

different way: ����� (Earth) – ���� � � – ���� � �. Because phonetic principles are widely used in 

Russian, children on their own often acquire phonemic writing skill s that include a 

sound-letter correspondence. Thus, the mechanism of holistic writing (without an analysis 

of the sound structure of a word) is used by preschool children more often than in the first 

school year (see Frith, 1985). However, the ratio of holistic and analytic processes can vary 

depending on the writing vocabulary volume (the less the vocabulary, the more probable is 

the use of holistic representations); as well as on individual characteristics of children (i.e., 

the relative development of visual and auditory processes).  

 As younger schoolchildren acquire writing skill s, including orphographic rules, 

their detailed and highly voluntary process of writing is changing, becoming reduced and 

more automatic. In particular, kinesthetic and auditory analysis becomes significantly 
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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 homophony 

judgments speed does not slow down under the conditions of articulatory suppression or 

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

or tiredness, kinesthetic and auditory analysis becomes full -scale again up to aloud word 

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

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

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

Analysis of Wr iting Diff iculties 

 

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

in children attending remedial classes. Usually these children demonstrate so-called 

“delayed mental development,” i.e., partial defects in development of cognitive functions. 

Second, we will analyze the state of writing, speech, and non-verbal mental functions in 

children with dysgraphia studying in public schools. In our investigation of writing in 

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

program run by a teacher, E. V. Zolotareva, and a neuropsychologist, N. M. Pylaeva. We 

have found that all of the components of writing mentioned above can suffer in isolation or 
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in combination.  

Neuropsychological assessment of children and observations during their classes 

have shown that the insuff iciency of certain operations within brain functional units 2 and 3 

were most frequently accompanied by the underdevelopment of the 1st energetic unit. It 

became apparent through the fluctuations of activity, leading both to fatigue and to 

hyperactivity and distractabilit y. When tired, the child would manifest his weaker sides to a 

maximal degree. “Energetic” problems were often accompanied by a deficiency of 

mechanisms responsible for the “background” state of motor activity, such as muscle tone, 

posture, and the coordination of movements. 

 When describing dysgraphia, special attention in the literature has been paid to a 

certain type of dysgraphia caused by the underdevelopment of auditory verbal information 

processing and phonological analysis in particular: i.e., phonemic segmentation and 

categorization (compare developmental phonological dyslexia and dysgraphia that Castles 

and Coldheart (1993) describe as “more common pattern of dyslexia/dysgraphia” ). In 

children we investigated, such difficulties were also revealed. Usually they were combined 

with difficulties of kinesthetic analysis expressed to a greater or lesser degree. The main 

types of mistakes in these children included omissions of consonants and substitutions of 
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sounds with similar phonemic and/or articulatory features. The most frequent mistakes in 

our research were the substitution of paired unvoiced-voiced consonants. Distortions and 

omissions of words and endings of phrases, due to the deficiency of auditory verbal 

working memory, were also noticeable. The amount of these mistakes usually increased due 

to tiredness. 

 Among our subjects there was a girl with underdevelopment of visual functions. At 

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

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

problems of this child in acquisition of writing and reading were due to the instabilit y of the 

visual representations of letters and digits. During the first months of training, while 

acquiring the sound-letter correspondence and digits, the letter writing became distorted 

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

letters (capital letters or such letters as «�» or «�») could be found in her notebooks. In 

general, her writing was automatized quite slowly.   
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Figure 1. 

 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 commonly related to dysorphographia, which is 

understood as continued difficulties of writing manifested as the misuse of orthographic 

rules. The actualization of an orthographic rule and its use presupposes growth of 

complexity of a writing program; in other words, it is difficult for children who tend to 

simpli fy a program to divide attention between the technical part of writing and the 

orthographic rules. That is why they make mistakes although they know the rules. Very 

often, children do not start writing a sentence with a capital letter, and do not consider the 

rules for designating softness or writing sibilants.  

 Together with simpli fying a program, children have demonstrated difficulties in 
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switching attention, especially when tired. Children were inertially repeating given tasks 

(systemic perseverations), as well as elements of letters, whole letters, syllables and words 

they had to write (elementary perserverations). In other words, the writing of the children 

reflected underdevelopment of activity programming and control, as well as of a serial 

organization of movements, i.e., deficiency of the entire 3rd functional brain unit (see Figure 

2).  

 

 Figure 2: Composing a Sentence from Words by a First Year Girl of a 

Remedial—Developmental Education Class 

 

Defects of the above components could combine with each other. Difficulties in 

programming and control are quite often combined with difficulties in processing 

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 difficulties are of a different nature. The underdevelopment of the right hemisphere 

functions were manifested in visual-spatial difficulties, and in deficits of acoustic gnosis. 

Whereas characteristics of visual-spatial functions in the deficit of a holistic strategy of 

information processing are quite well known, problems of acoustic gnosis are much less 

known. From the literature data, one can assume that the right hemisphere provides the very 

early stages of both visual and visual-spatial information, as well as auditory information 

processing (cf. Goldberg & Costa, 1995). In children with a relative decrease of 

visual-spatial information processing of the right-hemispheric type, we have discovered an 

involuntary memory deficit given normal voluntary memory (cf. Yablokova, 1996; 

Simernitskaya, 1978). In addition, these deficits included sound distortions of words, such 

as syllabic structure change, observed in the investigation of auditory verbal memory (i.e., 

memorizing two groups of three words). At the same time, these children can perform well 

on tests that require matching pictures and words, when perception and retention of a series 

of words similar in sound are tested (This test is responsive to the deficiency of the 

left-hemispheric strategy of auditory verbal information processing). Observations of 

children during both assessment and classes show that these children 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 of writing difficulties forming such a syndrome in children 

during their remedial-developmental education in the primary school, allowed us to reveal 

the following typical mistakes in writing: 

1. Missing and substituting vowels, including vowels in the stress position. 

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

“Moscow”). 

3. The tendency to write phonemically.  

4. Difficulty in orienting on a page, i.e., in finding the beginning of a line, or in 

keeping a straight line. 

5. Frequent fluctuations in the slope and height of letters, and the 

disproportionality of their elements. 

6. Writing letters separately within a word. 

7. Difficulties of the actualization of the graphic and motor representation of a 

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

unusual way of writing letters, especially capitals; substitutions of visually 

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 of contents words or words with prepositions in one word.  

The above-mentioned characteristics (see Figures 3 and 4) can be easily explained 

through the same mechanism: deficiencies of holistic strategies of acoustic-gnostic and 

spatial information processing and attempts to compensate them (for more details see 

Akhutina, Zolotareva, 1997). The syndrome described here is similar to developmental 

surface dysgraphia, characterized by a tendency to phonemic writing (fair quantity of 

phonologically plausible errors), incorrect selection of vowels and mirror writing – 

confusion of the letters “b” and “d.” (Temple, 1998) 
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Figure 3. Attempts to remember and put down her name by a first year pupil of a 

remedial class. This girl tries to compensate her impossibilit y to keep a visual Gestalt by 

sound analysis that turns out to be successful only with consonants.  
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Figure 4. Writing from a dictation by a pupil who was sent to repeat his 3rd year at 

school (his speech and intellectual development met high age norms, see Akhutina, 

Zolotareva, 1997) 

  

Let us turn to the discussion of a complex investigation of writing, speech, and other higher 

mental functions in children with dysgraphia conducted by O. A. Velichenkova under the 

supervision of O. B. Inshakova, and the author. 59 children with dysgraphia were selected 

from 2-4th years of primary school and formed an experimental group; 36 children served as 

a control group.  

 School writing tests accomplished by children with dysgraphia (7 dictations and 4 

copying tests) were used for the analysis of writing. Children who during one test made 

from 1.5 to 21.5 (mean 3.6) specific mistakes (i.e., mistakes that cannot be explained by the 

ignorance of orthographic rules), were included into the experimental group. 

Investigation of oral speech in children of the experimental group included an 

analysis of coherent monological speech (retelli ng a fable by L. N. Tolstoy “A hen and 

golden eggs”), as well as vocabulary, the grammatical structure of speech, and its 

phonetic-phonemic aspects. 
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Neuropsychological investigation of verbal and nonverbal functions in 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 of manual, auditory, and 

visual asymmetry was also made, using a questionnaire of Annet-Chuprikova modified by 

O. B. Inshakova (1995), and S. Coren’s test (1993). 

The procedure of neuropsychological investigation data analysis (Akhutina, 

Yablokova, & Polonskaya, 2000) included the calculation of generalized indices reflecting 

the state of the following functions in every child:  

a) functions of programming, regulation, and control of activity (anterior index);  

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

c) capabilit y of left-hemisphere information processing (“ left hemisphere” index);  

d) capabilit y of right-hemisphere information processing (“ right hemisphere” index); 

The normalization of indices, meaning the calculation of a given subject’s index ratio 

to the standard deviation of the same index in the control group of children, led to the 

following values of mean group indices of children in the experimental group:  

“anterior” index – 0.91 �,  

“posterior” index – 1,34 �,  

“ left-hemisphere index” – 1,21 �,  

“ right-hemisphere” index – 0,70 �.  

(In the control group all i ndices were equal to zero.) 

These data show the deficiency of functions of the 2nd and the 3rd brain units in 

children with dysgraphia, with the maximum deviation in functions for which the role of 

posterior cortex of left hemisphere is crucial.  
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On the basis of analysis of individual values of these four indices, children with the 

most pronounced differences in their indices were identified; for instance, children who had 

a high “anterior” index, whereas, their values of all other indices were much lower. Like in 

the investigation in normal neurolinguistics by T. V. Akhutina (1998), we separated 

children with relative a decrease of: 1) programming and control functions, 2) 

left-hemisphere type information processing, 3) right-hemisphere type information 

processing. In addition, it should be mentioned that dividing normal subjects into these 

subgroups has an interesting parallel with three factors: verbal comprehension factor, a 

perceptual organization factor, and a freedom from distractibilit y factor, which were 

distinguished by a factor analysis of the WISC-R test data (Kaufman et al., 1986).  

Comparing mistakes in these “prototype” children revealed that they differed in the 

number of mistakes in defining borders of a sentence; omission and substitution of 

consonants; omission and substitution of vowels. The rest of children were divided into 

subgroups according to the prevalence of one or another type of mistakes. Thus, three 

subgroups were distinguished within the experimental group of children. 

The first group included 20 children (11 boys and 9 girls), the second group – 21 

children (13 boys and 8 girls), and the third group – 18 (11 boys and 7 girls). The number 

of each type of mistakes made in all subgroups is presented in the Table 2.   
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Table 2. 

Compar ison of Typological Dysgraphic Mistakes in Three Subgroups of Children 

 (Percentage of the total amount of specific mistakes) 

 

Type of mistake First 

subgroup  

Second 

subgroup  

Third 

subgroup  

Errors in sentence border marking  21 8 11 

Omission of consonants  9 13 8 

Substitution of consonants including:  7 12 5 

- pair voiced and unvoiced consonants  4 9 3 

- affricats and their components  1 1 1 

- sibilants 1 1 0 

- sounds [r] -[l] 1 1 1 

Omissions of vowels 11 6 14 

Substitutions of vowels 3 4 9 

 

The next step of the analysis was to check how these subgroups differ in 

neuropsychological parameters and to reveal the statistically significant differences between 

subgroups, if any. These data are shown in the Tables 3 and 4. 
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Table 3 

Means of Generalized Indexes in Three Subgroups of Children 

 

Index 

First subgroup  Second subgroup  Third subgroup  

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 significance of mean values of indices differences in three subgroups of 

children (Mann-Whitney’s U-criterion) 

Significance of differences between subgroups (paired 

comparison)  

 

Index 

First vs. second 

subgroups  

First vs. Third 

subgroups 

Second vs. third 

subgroups 

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 shown that types of deficiency were different in three 

subgroups of children, and that these differences were statistically significant. Revealed 

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

Let us consider typical features of writing and oral speech in each subgroup in more 

detail .  

Specific writing mistakes in the 1st subgroup of children 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 difficulties in dividing attention between technical 

aspects of writing and the necessity to separate a sentence and to designate it correctly in 

writing by a capital letter and a period. Voluntary attention deficit adversely affects all 

gnostic and mnemonic processes, hence children in this subgroup demonstrate an equal 

number of omissions and substitutions of letter designating vowels and consonants. While 

making many orthographic mistakes, these children made less specific mistakes than 

children in the other two subgroups: In one written work the mean number of specific 

mistakes was 2.6 in the 1st subgroup, 3.8 in the 2nd subgroup and 4.6 in the 3rd subgroup.  

In this subgroup, children tended to unvoice voiced consonants in a strong position in 

the word (such substitutions made 67% of all substitutions). Similar situation was found in  

patients with efferent motor aphasia (Vinarskaya & Lepskaya, 1968). It was explained by a 

disorder of the serial organization of speech.  

Writing difficulties in the 2nd subgroup of children can be explained by a gnostic 

left-hemisphere deficiency. Thus, the prevalence of omissions and substitutions of 

consonants over omissions and substitutions of vowels is not accidental since a process of 

differentiation of consonants is related to the functioning of speech zones of the left 

hemisphere. Similar data on developmental phonological dysgraphia were obtained by C. 

Temple (1997). She has shown that mistakes in writing consonants and their combinations 
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make up the majority of mistakes seen also in their long-term follow-up. A considerable 

amount of substitutions of paired voiced and unvoiced consonants is typical for auditory 

information processing disorders (cf. A. R. Luria, 1966). Electrophysiological data obtained 

by D. L. Molfese (1984) also demonstrate left hemisphere sensitivity to consonant sounds, 

which is not displayed by the right hemisphere.  

In contrast to the 1st subgroup of children, pupils in the 2nd subgroup unvoice and voice 

consonants equally often (55% and 45% of substitutions, respectively). These mistakes 

correspond to so-called “selection” problems characteristic of posterior cortex lesions, 

according to A.R. Luria (1975). A severe form of dysgraphia in the 2nd subgroup of children 

confirms an important role of deficiency of gnostic left-hemisphere functions in the 

pathogenesis of dysgraphia that has been noticed by almost all the authors discussing 

dysgraphia.  

Writing difficulties in the 3rd subgroup of children are due to the underdevelopment 

of  information reception, processing, and storage mostly of the right-hemispheric 

type. This follows from such mistakes as omissions or substitutions of vowels, that is, 

according to the data obtained by E.G. Simertnitskaya, T.V. Akhutina, and E.V. Zolotareva, 

characteristic for writing in adults and children with right-hemispheric gnostic disorders 

(compare with data by T. Tsunoda, 1971, who showed in subjects with European origin 

lateralization of perception of vowels and not speech-related sounds and lateralization of 

perception of consonants are different; also see data by G. Lyon et al., 1988, 1991, who 

showed that one group of children with dyslexia and difficulties in visual-spatial 

information processing made mistakes while reading vowels and vowel combinations).  

Children in the 3rd subgroup tended to vocalize paired unvoiced consonants occupying 



 28 

a strong position in the word (89% of all substitutions were substitutions of unvoiced 

consonants by voiced ones). This fact could be explained by the greater diffusion in sound 

perception that leads to the transfer of vowel features to consonants. It’s necessary to point 

out that schoolchildren in the 3rd subgroup had the most pronounced dysgraphia: On 

average they made the largest amount of mistakes (4.6) that might be due to the 

multimodality of their defect.  

Let us move to the analysis of oral speech.  

The oral speech analysis has revealed that text retelli ng was the most difficult for the 

1st subgroup of schoolchildren. Text construction difficulties appeared through “semantic 

holes” in the text, as well as through the lack of linkage in the organization of text elements  

(see table 6).  

 

Table 6.  

Text and proposition programming disorders in 3 subgroups of children 

(Percentage of children who made a mistake).  

 

 1st subgroup 2nd subgroup 3rd subgroup 

Text fragments omission 50 33 67 

Text fragments rearrangement 15 9 6 

Word sequence inversions  30 14 11 

Predicate omission 15 0 0 

Subject or object omission 0 15 0 

 

Children in the 1st subgroup are behind other subgroups of children also in their 
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sentence construction abiliti es. Their retelli ng is characterized by such syntactic features as 

a short mean  length of utterances, predicate omissions, a large amount of simple 

sentences, and a minimal amount of a complex sentence (see table 7). The analysis of motor 

components of speech and speech perception showed difficulties in word syllabic structure 

due to the underdevelopment of speech serial organization (see table 8).  

 

Table 7.  

Syntactic Characteristics of Coherent Speech (Retelli ng) in 3 subgroups of children.  

 

Parameters 
1st subgroup 2nd subgroup 3rd subgroup 

 Simple sentences mean amount 3,65 3,00 2,72 

Composite sentences mean amount 1,30 1,55 1,44 

Mean length of utterance (in words) 5,63 6,36 6,58 

 

Lexical difficulties in text retelli ng appeared to be the most significant in the 2nd 

subgroup. They manifest themselves through the intensive use of pronouns instead of nouns 

(compare with Akhutina, 1998; Polonskaya, 1999). Pronominalization index (the amount of 

pronouns to the amount of nouns ratio in retell ing) appeared to be the largest in the 2nd 

subgroup and averaged 0.7 in this group, whereas in the 3rd group it came to 0.6 and in the 

1st group – to 0.4.  

Sound pronunciation defects, general speech indistinctness and difficulties in the 

differentiation of paronyms were also found more frequently in the 2nd subgroup, as 

compared to other schoolchildren. It could be easily explained by the auditory and 
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kinesthetic information processing underdevelopment, revealed through the 

neuropsychological analysis. However, distortions of syllabic structures were less 

pronounced in these children, than in the 1st subgroup.  

Most of the children in the 3rd subgroup didn’t have any sound pronunciation 

disorders. The violation of text integrity, as well , as a tendency towards long sentence 

construction and verbal difficulties simultaneously revealed in their retelli ngs. These 

features are characteristic for subjects with right-hemispheric types of information 

processing deficiency (Sakharny, 1989; Akhutina, 1998).  

 

Table 8.  

Phonological/ar ticulatory disorders in 3 subgroups of children.  

 

% of the total number of children Type of disorder  

1st subgroup 2nd subgroup 3rd subgroup 

Sound pronunciation defects at the 

moment of investigation 

20 33 22 

General speech indistinctness 5 48 22 

Difficulties in the differentiation of 

paronyms 

0 19 0 

Mistakes in repeating syllabic 

sequences with opposite 

consonants  

60 67 83 

   

20 24 28 

Phonemic analysis disorders:  

- sound location in the word;  

- identification of the number of 

sounds;  
30  52 50 
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sounds;  

- sequential spelli ng.  

75 76 89 

   

10 10 28 

Phonemic synthesis disorders:  

- making up a word from sounds 

in the direct order;  

- making up a word from sounds 

in the altered order 
65 43 72 

Syllabic structure distortions  100 52 44 

 

A comparison of the phonemic analysis and synthesis investigation results (Table 8) 

reveals that in the 1st subgroup these disorders were equally frequent. Schoolchildren in the 

2nd subgroup showed phonemic analysis disorders more frequently than synthesis disorders. 

In the 3rd subgroup, along with equal frequencies of sound analysis and synthesis difficulties, 

synthesis disorders were more pronounced than in the other subgroups of children: 28% of 

children in the 3rd subgroup made mistakes when presented with sounds in a simple 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 of the structure of spatial interaction 

between brain biopotentials  (Tsaparina, 2002): The author has revealed activation of the 

links of the anterior temporal cortex of the left hemisphere with contralateral zones, while 

carrying out phonemic analysis and in the posterior cortex of the right hemisphere, while 

carrying out phonemic synthesis.  

Let us consider mistakes in repeating syllabic sequences with opposite consonants 

(e.g., za-sa-sha) separately. This composite test is aimed at the assessment of the following: 

1. switching abilit y , which is lacking in the 1st subgroup of children; 2. the phonemic 

analysis abilit y lacking in the 2nd subgroup of children; and, 3. the abilit y to retain the order 
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of elements that is lacking in the 3rd subgroup of children. Therefore, it is not by chance that 

children in all three subgroups make mistakes in this test. 

Thus, children in all three subgroups showed certain combinations of specific 

writing difficulties with specific features of oral speech and other mental functions, which 

could be explained by mechanisms assumed on the basis if neuropsychological 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 1st subgroup 

confirms our assumption that their writing, oral speech, and non-verbal mental function 

disorders are due to the programming, regulation, and control difficulties rather than by 

gnostic unilateral disorders. Low degree of right-handedness revealed in the 2nd subgroup of 

children has confirmed once again the numerous data concerning the accumulation of 

left-handedness features in children with speech pathologies (see Inshakova, 1995). In the 

3rd subgroup of 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 subjects with right-hemispheric 

disorders often demonstrate specific features of motor and sensory left-handedness.  

Thus, the comprehensive analysis of dysgraphia in younger schoolchildren allowed 

us to reveal the systemic interrelation of specific writing errors committed by children, as 

well as the characteristics of verbal and non-verbal mental functions. Three subgroups were 

distinguished among schoolchildren with dysgraphia. In the 1st subgroup, the mechanism of 

disorders of writing, oral speech, and higher mental functions can be found in the 

difficulties of activity programming, regulation, and control. In the 2nd subgroup the 

mechanism of disorders are found in left-hemispheric type of the information reception, 
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processing, and storage difficulties; in the 3rd subgroup – in right-hemispheric type of 

information reception, processing and storage difficulties.  

However, if we suppose different mechanisms for dysgraphic difficulties, we need a 

special explanation for those mistakes that are equally frequent in three subgroups. Thus, 

mistakes classified as graphically similar letter substitution have been observed with 

approximately equal frequency in all three groups (17%, 23%, and 20%). What could be 

their mechanisms?  

Let us pay more attention to the most frequent substitutions in each subgroup (they 

are presented in the Table 5).  

 

Table 5.  

Substitutions of graphically similar letters in three subgroups of schoolchildren 

(frequencies of mistakes are shown as a % of the total amount of graphically similar 

letter substitutions in each subgroup).  

 

1st subgroup 2nd subgroup 3rd subgroup 

Letters  Letters  Letters  

� -�  [j-i] 18 � -� [t-p] 13 � -� [jo-je] 18 

� -� [zh-h] 15 � -� [b-d] 12 � -� [u-i] 15 

� -� [t-p] 13 � -� [u-i] 9 � -� [b-d] 13 

� -� [sh’ -sh] 12 � -� [sh’ -sh] 7 � -� [zh-h] 9 

� -� [u-i] 9 � -� [zh-h] 6 � -� [t-p] 8 

� -� [b-d] 6 � -� [t-k] 5 � -� [t-p] 7 

� -� [k-p] 4 � -� [t-n] 5 � -� [t-r] 5 
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The most frequent mistakes of children in the 1st subgroup can be explained by an 

omission of part of the motor program i.e. simpli fication of the program (���, ��� ), or its 

simpli fication/expansion (� -�, m-n), or by change of a subprogram of the letter writing (� -� , 

� -�, � -� ). This explanation agrees with the interpretation of such mistakes as “kinetic” ones, 

connected with serial organization difficulties. The most frequent substitution in the 2nd 

subgroup is the m-n [t-p] substitution. Taking into account that the � -� [b-d] substitution has 

almost the same frequency, and also � -�  [t-p] and �-�  [d-b] substitutions can be observed, we 

can give another interpretation for this mistake, quite different from the one given above. 

Articulations of sounds denoted by these letters differ in just one articulatory feature – the 

place of articulation i.e., they are kinesthetically close to each other, and the same concerns 

m-� [t-k] and m-�  [t-n] substitutions. This fact allows us to suppose that these substitutions 

are a result of the underdevelopment of kinesthetic analysis (compare with Luria, 1947). 

Thus, different mechanisms or their combination can cause the same mistake. Since most 

pairs of substitutable letters are characterized by optical and kinetic similarity of letters, and 

at the same time by kinesthetic similarity of sounds they denote, given mistakes are most 

probably multi factorial by nature. Prevalence of such mistakes confirms this hypothesis. 

Nevertheless, even given the multi factorial nature of graphical similarity mistakes we may 

distinguish the leading mechanism of a mistake according to a syndrome. Thus, children in 

the 3rd subgroup have shown substitution of graphically similar letters denoting vowels in 

39% of all substitution cases, whereas in the 2nd subgroup – only in 21% of cases. Moreover, 

schoolchildren in the 3rd subgroup have demonstrated letter substitutions based on visual or 

visuo-spatial distortions and dysmetrias, for instance, m-p [ t-r] .  

While scrutinizing general mistakes, one can also ask a question, why the 
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perseveration and anticipation mistakes, considered by neuropsychologists as regulatory 

difficulties (Akhutina, 2001), can be observed equally frequently in all three groups of 

children, according to the results of this investigation (see Table 9).  

 

Table 9.  

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

specific mistakes).  

 

Types of mistakes  1st subgroup 2nd subgroup 3rd subgroup 

Substitutions of graphically similar 

letters  

17 23 20 

Mistakes in Separating Words  11 10 9 

Mistakes in Marking Consonant 

softness  

 

8 

 

9 

 

8 

Perseverations of letters and syllables  6 7 6 

Anticipations of letters and syllables 5 5 4 

Syllable omissions  1 1 1 

Rearrangements of letters and 

syllables 

1 0 1 

Mirror mistakes  1 1 1 

 

We have already shown above that the m-n [t-p] substitution might be due to different 

causes and that we can choose one interpretation of the nature of this mistake between the 

others, taking into account neighboring mistakes. The same type of analysis can be applied 

to perseveration and anticipation mistakes. For example, a child has written: “ �� ���� � � � � 

��� ” instead of “ ���� ” . His/her mistake could be considered either as a substitution of paired 
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voiced and unvoiced consonants or as an anticipation mistake. During the primary 

classification of children’s mistakes, the “context” or syndrome analysis has not been 

carried out; therefore this mistake in the word “ �� � � ” might be occasionally related to any of 

these two categories, which lead to the data “equalization” . The reason for such 

equalization is subjective, dependent on the observer. However, there are also the objective 

reasons for that. For example, if a child has problems with phonemic analysis, which takes 

away much attentional resources, then there are not enough resources for some other 

operations, and therefore a child 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 lack of attentional resources or operative memory capacity, also forms 

a tendency towards equalization of the number of different mistakes in different subgroups. 

That is why it appears 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 non-verbal functions, i.e., 

to carry out a neuropsychological syndrome analysis to reveal the psychological structure 

of the syndrome.  

So, our analysis has shown that the writing diff iculties we have revealed in three 

subgroups of children are due to their mental function specificity discovered by methods of 

the neuropsychological analysis. This implies two important conclusions concerning the 

remediation of writing diff iculties: 

1. An adequate approach towards writing remediation requires revelation of the 

psychological structure of a syndrome of deviations in the development of higher 

mental functions. In other words, it is necessary to define a primary defect, its system 

consequences, and compensatory reorganizations.  
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2. The remediation of writing difficulties should include a work not only on writing, but 

also on the whole syndrome of deviations in the development of higher mental 

functions with special regard for a weak component and with safe components support.  
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