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Abstract. Acquired disorders of writing in the Russian language have been reported for more than a century. The study of these
disorders reflects the history of Russian neuropsychology and is dominated by the syndrome approach most notably by the writings
of Luria. Indeed, our understanding of acquired dysgraphia in Russian speakers is conceptualized according to the classical
approach in Modern Russia. In this review, we describe the classical approach and compare it to the cognitive neuropsychological
models of writing disorders that are developed to explain dysgraphia in English and in other Western European languages. We
argue that the basic theoretical assumptions of the two approaches – cognitive and classical or syndrome approach – share
similarities. It is therefore proposed that identification of acquired cases of dysgraphia in Russian could potentially benefit from
taking the cognitive neuropsychological perspective. We also conclude that adopting elements of the syndrome approach would
substantially enrich the understanding of acquired dysgraphia since these offer an insight into processes not described in the
cognitive neuropsychological approach.
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1. Introduction

The theory of dynamic and systematic localization of
higher mental functions proposed by A.R. Luria domi-
nates Russian neuropsychology in the present day. This
reflects the syndrome approach in aphasia originating
from the classical writings of Broca, Wernicke and De-
jerine. The cognitive neuropsychological approach is
the dominant paradigm to explain writing difficulties
in English. Although this paradigm is proven to be a
useful approach in the assessment and rehabilitation of
aphasia, it is not yet being implemented in Russia in
the clinic or the laboratory.

Our focus in this paper will be on disorders of writ-
ing. One reason for this focus is that reports of acquired
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dysgraphia in Russian are more common than cases
of acquired dyslexia, possibly because of the relatively
transparent mappings between print and sound in Rus-
sian, with more unpredictable mappings from sound to
print needed for writing [25].

In the following sections we will review the theoret-
ical assumptions, structure and clinical implications of
the classical approach and the cognitive neuropsycho-
logical approach in relation to writing. Then Luria’s
cognitive structure of writing will be introduced, along
with an example of its application to a specific writing
task – spontaneous writing and written naming. We
will also discuss writing disorders in Russian described
by Luria and his followers identifying the aspects of
Luria’s model that may potentially enrich the cognitive
neuropsychological approach.

2. The classical approach

The revolution in thinking about aphasia and more
specifically acquired dysgraphia took place in the 1970s
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as a consequence of the rapid changes in the fields of
experimental and cognitive psychology. Prior to the
work of Marshall and Newcombe [40,41], our under-
standing of writing disorders was characterized by a
syndrome approach bound tightly to brain localization.
For example, the early writings of Dejerine [17] on
alexia without agraphia were influential in behavioral
neurology well into the 1960s when Geschwind de-
veloped a theory of disconnection in the brain [21].
However, even Dejerine proposed a verbal model to
account for these phenomena, highlighting a role for
the angular gyrus that became known as the word form
area [13]. A multitude of taxonomies for acquired
writing disorders were proposed in the 20th century
including aphasic agraphia, alexia with agraphia, pure
agraphia, apraxic agraphia and collosal agraphia. Each
of these syndromes was to become less important to
the study of patients with writing disorders, since none
of them offered any potential to treat or rehabilitate
the increasingly vital skills (spelling, typing) required
for employment in the modern age. Moreover, modern
neuroimaging studies revealed that the assumed rela-
tionships between brain regions such as the visual word
form area and spelling ability are either not correct or
incomplete [7,43,50,51].

It is instructive to compare syndromes of the classical
approach with disorders identified in Russian speakers
in the past 100 years. Pure agraphia is a disorder of
writing that occurs due to abnormal functioning of the
brain and is not accompanied by other disorders ofmen-
tal function as in many neurological disorders [12,30,
31,52]. Apraxic agraphia is not a specific writing dys-
function and is always accompanied by apraxia. Dis-
orders of writing affect separate letters as graphic sym-
bols that cause illegible writing and the disautomatiza-
tion of the writing process [38,54]. Aphasic agraphia
describes the tendency for a spelling disorder to reflect
the features of the oral language disorder. So for exam-
ple in fluent aphasia a patient may display a tendency
to produce written output that is jargon containing let-
ter omissions, substitutions and perseverations, where-
as in non-fluent aphasia the patient may not be able to
produce a single stroke [38].

3. Cognitive neuropsychological approach

The cognitive neuropsychological approach emerged
in the latter part of the 20th century and is currently the
dominant paradigm used to explain cases of acquired
dysgraphia in English and other languages (as can be

seen in this Special Issue). In terms of writing dis-
orders, the dual route framework can explain the pat-
tern of errors observed across most cases as a result
of damage to one or more pathways mapping phonol-
ogy to orthography used for normal spelling in chil-
dren and adults [5,15,16,18,20,22–24,27,45,48,49,53,
55,58–61].

According to Ellis [20], there are two routes avail-
able for normal spelling: a lexical route which process-
es a whole word as a unique lexical entry and a non-
lexical route which processes words according to their
sub-symbolic (sound) properties. The lexical route re-
quires retrieval of stored phonological and orthograph-
ic knowledge of the whole word. A word that is spo-
ken for dictation (orally or in writing) is processed by
the phonological input lexicon, which stores represen-
tations of word sounds, e.g., syllables. Word form ac-
tivation is followed by access to the conceptual rep-
resentations of a word stored in the semantic system.
This in turn activates the store of written word forms
in the orthographic output lexicon which are used to
produce a whole word form via the motor response sys-
tem that assembles letter representations, case repre-
sentations and finally a fluent written production. The
motor response system can also be accessed via the
non-lexical spelling pathway, however this occurs via
a conversion of phonemes into graphemes without any
contact to the whole word form or semantic system.
This conversion takes place via phoneme to grapheme
correspondences operating via the nonlexical spelling
system. In most Indo-European languages this sys-
tem can be used to spell nonwords (sound sequences
without meaning) as well as regularly spelled words
that follow predictable phoneme to grapheme corre-
spondences, e.g., jar, although the utility of a non-
lexical spelling system has been questioned for oth-
er languages, such as Chinese [63]. The process of
spelling to sound conversion involves (a) auditory to
phonological conversion whereby sounds are broken
into their corresponding phonemes and (b) temporary
storage in a phonemic buffer for the serial conversion
of phonemes into corresponding letter strings. The out-
put from both the lexical and the non-lexical spelling
routes feeds into a graphemic buffer which is a short
term memory store with direct access to a motor output
system for the spelling of words orally, by typing or
gesture and in written form. Each of these systems is
independent of the other thus allowing a patient to be
able to write the name of a picture from visual input but
not from dictation and vice versa. In writing, patients
can show a discrete set of impairments involving for-

AU
TH

O
R 

CO
PY



E. Kozintseva et al. / Writing disorders in Russian: What would Luria say? 225

mation of letters with spatially similar letters (b, d, p, q)
more easily confused or selective difficulties generat-
ing the upper or lower case of a letter (B or b). Cases of
mirror writing reflect problems at this peripheral stage
of motor output according to the theory.

Acquired surface dysgraphia results from damage to
the lexical spelling pathway and consequent reliance
on phoneme to grapheme conversion for spelling all
words. Errors are ‘phonological’ as they refer to a
loss of knowledge about the unpredictable mappings
between sound and print in a language with a tendency
to apply phoneme to grapheme correspondence rules
when spelling e.g. yacht spelled as YOT. The most
salient feature of surface dysgraphia is better spelling
of regular words than irregular words and a tendency to
produce regularised versions of irregular spellings [6,
62]. In surface dysgraphia intact nonword spelling is
coincidentwith regularised spelling for irregularwords.
This is taken as evidence for an impaired lexical route
whereas the nonlexical route is preserved. Acquired
phonological dysgraphia results from damage to the
nonlexical spelling pathway and reliance on the whole
word forms for spelling. Errors are ‘lexical’ because
they are whole words when nonlexical knowledge is
requested, e.g., nar spelled as CAR. Phonological dys-
graphia is reported to correspondwith an impaired abil-
ity to spell nonwords to dictation while familiar word
spelling is fairly preserved [5,8,52]. Within the dual-
route model of spelling phonological dysgraphia is as-
sumed to reflect an impairment to assembly of print
from sound via the nonlexical route whilst the retrieval
of previously learnt, familiar words via the lexical route
is intact.

In the case of acquired deep dysgraphia, there is near
complete abolition of the nonlexical spelling system
and lexical word form system leading to the produc-
tion of semantic errors, e.g., symphony written as OR-
CHESTRA due to complete reliance on the semantic
system for writing all words. The body of evidence
supporting this classification emerged from orthogra-
phies with mixed (i.e. opaque and transparent) map-
pings between sound and print such as English and
French [6,8,41]. The hallmark of deep dysgraphia is a
lexicality effect, i.e. better spelling of words than non-
words, and an imageability effect, i.e. better spelling
of high imageable words than low imageable words [8,
26,44]. These impairments are taken as evidence of
an impaired nonlexical route together with a preserved
semantic system.

Graphemic buffer dysgraphia describes a pattern of
errors in which graphemic transpositions, e.g., letar for

later or substitutions, e.g., leter for later predominate.
These errors are assumed to arise as a result of fail-
ure of the buffer to hold sound based information for a
sufficient time to allow the assembly of grapheme for
motor production. Note that damage to the buffer could
lead to errors in oral, typing or written spelling perfor-
mance [57]. Moreover, buffer damage will affect the
spelling of both words and nonwords since the buffer
holds information in store fromboth spelling pathways.

One interesting feature of a buffer dysgraphia is the
tendency to preserve the linguistic properties of a word
so that a vowel is substituted for another vowel and
not a consonant, e.g., trep for trip, a letter cluster is
substituted for another letter cluster, e.g., grench for
stench and even a geminate cluster is substituted for
another geminate, e.g., bugger for butter. Such errors
are interesting for a variety of reasons including insights
into the mental representation of a whole word in the
lexical language system [20]. The multiple levels of
cognitive processing that are necessary for spelling and
writing likely require more than one brain region for
accurate written word production [47].

4. Comparing the syndrome and cognitive
neuropsychological approaches

The syndrome approach can be contrasted to the cog-
nitive method that appeared around the latter part of the
20th century. Some writers point out that the differ-
ent approaches have very similar principles [9], noting
that the original Wernicke-Lichtheim model was the
first cognitive neuropsychological conceptualization of
aphasia [14]. For instance, sensory and motor gestalt
centers described by Lichtheim have something in com-
mon with lexicons in dual route models. Other authors
concentrate on differences between syndrome and cog-
nitive neuropsychological approaches [10,11,46]. In
our opinion, the basic theoretical propositions of these
two approaches are essentially the same. First, different
individuals are assumed to have equivalent mental pro-
cesses. Second, mental processes such as language and
speech are made up of components that are responsible
for elementary cognitive operations. Third, different
brain lesions can result in partial or total disorder to one
of several components of a mental process. Therefore,
the structures of a mental process in normal cognitive
function and in pathology differ only by the presence or
absence of the disordered components resulting in cog-
nitive dysfunction. Finally, dysfunction of one compo-
nent can lead to a particular difficulty in accomplishing
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some tasks - for instance speech tasks such as naming,
repeating, spontaneous speech and writing disorders.

The key differences between the classical and the
cognitive neuropsychological approaches are that (a)
syndromes are not stable symptom associations; (b) de-
scriptions of aphasia syndromes are not based on mod-
ern linguistic knowledge about language structure; and
(c) unambiguous data about the localization of men-
tal processes are largely absent although modern brain
imaging methods supposedly offer a clearer window
into isomorphism [19]. It is worth noting that in the
cognitive approach these problems can be dealt with not
a revolutionary reconsideration of the basic theoretical
propositions but with a more detailed specification of
cognitive processes. For instance these criticisms may
be addressed by further study of the essential mental
processes. So syndrome instability may be resolved if
the symptoms correspond to particular components un-
covered through experimental psychology, which clas-
sic syndromes did not take into account. Followers of
the cognitive approach consider that speech brain lo-
calization has to be based on a more detailed under-
standing of speech structure (problems a and b) than is
currently available, as well as on precise investigation
of brain localization using neuroimaging methods. In
Russia today, behavioral neurologists consider that the
cognitive neuropsychological approach to study of lan-
guage disorders does not require rejection of the main
propositions of a syndrome approach but should en-
hance them. Therefore, data from speech pathology of
classic syndromes can be reconsidered in light of the
tools offered by modern neuropsychology. Although
the views of Russian aphasiologists are not as widely
known as Lichtheim or Geschwind, they can be used to
enrich our understanding of aphasia in Russian speak-
ers and potentially in other languages.

5. Luria’s approach

In Russian aphasiology, A.R.Luria was the first sci-
entist to conduct detailed neuropsychological analy-
ses of acquired writing disorders. Luria’s ideas about
writing structure and dysgraphias are based on ex-
aminations of about 800 patients with cognitive dis-
orders resulted from brain injury during World War
II [37]. His detailed and extensive observations are de-
scribed in “The Essays of Writing Psychophysiology”
in 1950 [35,36].

Luria reported on writing processes more than read-
ing processes – a fact that reflects the greater prevalence

of acquired dysgraphia than dyslexia in Russian, which
is likely to be due to the orthographic transparency of
the Russian writing system for reading but not for writ-
ing [25]. Luria planned to write an analogous paper
devoted to the psychological structure of reading but,
unfortunately, those plans were not fulfilled. Neverthe-
less, there is a description of the component structure
of writing in Luria’s monograph “The Traumatic Apha-
sia” [37]. Furthermore reports of acquired writing dis-
orders can be found in Luria’s classic textbooks [32–
34,37] and in papers written by the followers of Luria
scientific school in Russia [1,2].

Luria’s theory of the dynamic localization of high-
er mental functions supposes the functions are com-
pound psychological systems consisting of many sub-
components. The same component can be included in
the structure of several different mental functions (in
Luria’s terms a component is named a “link” as if in a
chain). Every component is closely connected to the
functioning of one specific brain area. If a lesion in
such a brain area leads to a dysfunction of a compo-
nent that is common for several mental functions, this
will result in a single neuropsychological syndrome,
which includes disorders to a variety of differentmental
functions. All these disorders can be characterized by
one common quality. In this way Luria explains why
a local brain lesion may result in a pattern of differ-
ent disorders in apparently unrelated mental functions
for example, speech and praxis, memory, perception
simultaneously. At first glance it might be unclear why
Luria often associated one component of mental pro-
cess with several dissimilar functions. In this article we
do not refer to this complex issue (see classical Luria’s
monographs [32–34,37]).

At the same time different subtypes of one disordered
mental function can be caused by a dysfunction of dif-
ferent components. On the last point, Luria’s tradition
is similar to the modern cognitive neuropsychological
approach. According to Luria, the structural organiza-
tion of writing includes some components correspond-
ing to a single function, and other components that are
shared with other verbal and even nonverbal processes.
All components are linked together in a way that allows
these processes to function correctly.

Luria’s ideas about the structure of writing are to a
greater extent psychological rather than linguistic. Al-
though Luria did not address the question of compat-
ibility of the model with other languages himself, it
might be suggested that the Luria’s syndrome approach
can be applied not only to Russian but also to oth-
er languages with a different degree of consistency of
sound-to-letter correspondences, e.g., English [56].
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6. Cognitive components of writing in Luria’s
framework

According to Luria, one of the cognitive components
necessary for writing is the regulative component. This
process has four functions: 1) to formulate and main-
tain the motive and goal (the desirable result of an activ-
ity) to direct the behaviour of an individual in a mean-
ingful way; 2) to regulate the writing process according
to this meaning; 3) to control the results of the writing
process according to the intended meaning; and 4) the
conceptual-semantic system serves the understanding
of the general meaning of a text and formulating and
maintaining this meaning for writing. The goal of writ-
ing can be formulated by the patient or given externally.
The activity of the prefrontal region of the human brain
is assumed to be the biological substrate of successful
engagement of this cognitive component.

The next cognitive component ofwriting is program-
ming of the utterance. This is responsible for creating
a plan, which includes formulating the main segments
of the concept and sequencing these segments. This
planning can be performed with help of inner speech.
The neuroanatomical basis of it is assumed to be the
left posterior frontal area.

Another component of writing is successive orga-
nization of language units. This has three functions:
a) syntactic organization of the utterance (Broca’s area
is a neurological substrate for this operation); b) kinetic
articulatory programming and c) kinetic programming
of graphemes. The latter is required for the sequential
organization of phonemes and graphemes.

Visual-gnostic perception is also an important com-
ponent of writing. Every grapheme can be represent-
ed as a set of visual features that must be organized
to form a complex structure. Thus, the visual-gnostic
component operates with graphemes as complex vi-
sual gestalts. The visual-gnostic ability is assumed to
be a function of secondary regions in the left occipi-
tal cortex. According to the cognitive neuropsycholog-
ical approach, such a component allows phoneme-to-
grapheme conversion as is assumed to be necessary for
spelling via the non-lexical pathway.

Another multifunctional component of writing is
called simultaneous synthesis. This mechanism also
has several functions. First, the lexical-semantic sys-
tem is involved in simultaneous synthesis. This system
performs the operations within the system of concepts
(mental lexicon), which are organized as a simultane-
ous net. It is needed for word actualization and percep-
tion. This system is also a fundamental component of

many dual route models of spelling, which assume that
word forms and also word meanings are represented as
a neural network of interconnected nodes in a parallel
distributed framework [33,37]. Second, simultaneous
synthesis involves spatial gnosis. Spatial gnosis is used
to orient the graphemes within spatial coordinates. The
cognitive neuropsychological approach refers to this as
the peripheral writing system, which is specific to the
execution of writing and is not relevant to the processes
used for oral spelling or typing. Third, quasi-spatial
synthesis is used for syntactic decoding of logical-
grammatical quasi-spatial language constructions. It is
assumed necessary for understanding the meaning of a
text, which is desirable for dictation. Luria suggested
that this component of simultaneous synthesis is based
on the activity of left parietal-temporal-occipital area.
Although the dual route model of spelling assumes a
conceptual system, it has not developed beyond the
single word level and thus Luria’s approach offers po-
tential for further development in this component of
language processing and central disorders of spelling.

We have to mention another important stage of writ-
ing according to Luria – sound-letter analysis and syn-
thesis. This stage is complex and consists of several
interrelated cognitive components performing simulta-
neously. In essence, sound-letter analysis and synthesis
consists of two units labelled phonological and articu-
latory by Luria. Each unit can be divided into two oper-
ations. The phonological unit is divided into a) phono-
logical analysis and b) phonological synthesis. These
operations are highly interconnected and perform si-
multaneously, because phonological analysis cannot be
accomplished without phonological synthesis. On one
hand, the writer cannot compose a phonological im-
age of a word without images of separate phonemes.
Phonological analysis is responsible for differentiating
phonemes. On the other hand, the essential features of
a particular phoneme depend on phoneme position in
the word, i.e. on surrounding phonemes. So phonolog-
ical synthesis is required for combining isolated speech
sounds into complex units, such as syllables and words.
The phonological unit including analysis and synthesis
is assumed to be a function of left temporal lobe.

The articulatory unit is the second necessary part of
sound-letter analysis and synthesis. It is divided into
a) kinesthetic articulatory analysis and b) kinetic artic-
ulatory synthesis. The relations between these oper-
ations are the same as for phonological analysis and
synthesis. During kinesthetic articulatory analysis the
writer articulates aloud or silently the word to write
and defines the sound compounds of the word. In this
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case the speech sounds are coded for their articulatory
kinesthetic schemes. Luria supposed, such kinesthetic
articulatory analysis takes place in every writing act
and during the acts of speech perception, but the pro-
nunciation of words usually has reduced inner form.
The brain substrate of this component is the left inferior
parietal region.

As for the phonological unit, kinesthetic schemes
of speech sounds cannot be detected separately. This
is because the features of each articulation depend on
surrounding phonemes.1 To synthesize the kinesthetic
schemes of phonemes kinetic programming or kinetic
articulatory synthesis is needed. This process organizes
kinesthetic schemes of speech sounds into a successive
sequence. Broca’s area is assumed by Luria to be the
necessary neural substrate of this component.

It is important to note that Luria assumes the ar-
ticulatory and phonological sound-letter analysis and
synthesis systems to be two complementary mecha-
nisms. They work hand in hand and are both necessary
for accomplishing sound-letter analysis and synthesis.
Acoustic-verbalmemory is also a necessary component
of writing. This component maintains speech sounds
during the writing and reading process. This operation
is assumed to require the left medial temporal gyrus.

As can be seen, Luria’s framework includes some
components that are ignored in the cognitive neuropsy-
chological approach, for instance, the regulative com-
ponent responsible for the ongoing control and regu-
lation of the writing process and successive organiza-
tion of language units and sound-letter analysis and
synthesis. Moreover, components in Luria’s model
may be associated with the elements of cognitive mod-
els. For example, Luria’s phonological analysis would
allow phoneme-to-grapheme conversion in a nonlexi-
cal pathway of the neuropsychological approach. The
functions of both conceptual-semantic and lexical se-
mantic systems seem to be performed by the semantic
system in the cognitive neuropsychological approach.
The phonological buffer also relies on acoustic-verbal
memory [57].

In the next section we discuss the structure of a spe-
cific writing task, spontaneous writing and naming as

1In Russian the features of a phoneme are subject to change de-
pending on the surrounding phonemes and its position in a word.
For example, a phoneme [b] typically represented by the letter “6”
becomes palatalized ([b’]) before front vowels, such as [i], [e]; and
becomes unvoiced at the end of a word ([p]). It could be hypothesized
that the involvement of phonological and kinetic articulatory synthe-
sis in more orthographically consistent languages (such as Spanish
or Italian) may be reduced.

an example of implementation of Luria’s notions about
writing.

7. Cognitive structure of spontaneous writing and
naming

The first stage of spontaneous writing is formulat-
ing the motive and goal of writing and concept. After-
wards, programming of the utterance takes place. Sub-
sequently the lexical-semantic system actualizes the
meanings of words and lexical entries that have to be
organized syntactically. Then a complex operation of
sound-letter analysis and synthesis should be executed.
The processes of speech memory play a role in main-
taining the speech sounds or sound images of words for
future needs. At the next stage the visual-gnostic com-
ponent activates gestalts of graphemes in order to per-
form a phoneme-to-grapheme transformation. Spatial
organization of graphemes follows. The final step of
the writing process is sequencing the graphemes during
the motor act of writing. It should be mentioned that if
the goal is to write not a sentence but a single word the
procedure bypasses the stages of programming and syn-
tactic organizationof the utterance. Writing can also be
accomplished through a different mechanism called an
ideographic pattern. This mechanism performs an au-
tomatic direct connection between the lexical-semantic
system and kinetic sequencing of graphemes. Through
this pathway highly automatized words can be written.

One distinctive feature of Luria’s view on sponta-
neous writing is the presence of continuous online reg-
ulation and control of writing performed by the regu-
lative component. This takes place at every stage of
the writing process. The regulation and control func-
tions serve to map writing processes to the goal and the
concept formulated earlier using numerous feedback
connections. The structure of spontaneous writing is
illustrated in Fig. 1.

8. Disorders of writing

Writing disorders can emergewhen one or more cog-
nitive components of writing are impaired. As a re-
sult, any writing task that recruits an impaired compo-
nent will disintegrate in a specific manner according to
the Luria framework. These patterns are summarized
below.

A disruption of the regulative component will man-
ifest as a syndrome of disordered planning, regulation
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Fig. 1. Cognitive structure of spontaneous writing and written nam-
ing in Luria’s approach.
The following connections were omitted for better visual represen-
tation: each one of the elements {writing, sound-letter analysis
and synthesis, syntactic organization of utterance, lexical seman-
tic system} is connected to {motive/goal and conceptual seman-
tic system}; each one of the components {kinetic sequencing of
graphemes, spatial grapheme orientation, visual-gnostic grapheme
actualization, acoustic verbal memory} is connected to {conceptual
semantic system and motive/goal}.

and control of behavior. The goal and the concept that
direct writing can be simplified or inadequate. This
reflects impairment to the online regulation and control
of these processes, which would be subordinated to the
goal and concept-semantic system in normal written
output.

If programming of an utterance is impaired, difficul-
ties in external expression of the speech intention can

be observed. The patient usually knows what he wants
to write in general, but has difficulties in formulating
the text in full detail. This type of agraphia is called
dynamic.

A disorder of the lexical-semantic system is the cause
of amnestic agraphia, when a patient has difficulties
with word actualization, manifesting in form of seman-
tic paraphasias (substitutions).

Impairment to the phonological analysis and syn-
thesis has similar implications, but on a smaller grain
size level. Literal paraphasias in letters, which share
phonological features (for instance, “b” and “p”), is the
main symptom of this type of agraphia called sensory
agraphia. This writing disorder is one of the charac-
teristics of sensory aphasia. Impairment of kinesthetic
articulatory analysis and synthesis is the cause of kines-
thetic motor aphasia. Substitutions of letters similar in
articulation may be observed in written word output,
for example, “m” and “b”.

Another form of motor writing disorder identified by
Luria is efferent motor agraphia. It is a characteristic
of efferent motor aphasia. Agrammatism and distur-
bance of the kinetic successive sequencing of articula-
tory schemes of speech sounds and graphemes is the
core impairment in this disorder. It usually manifests
in repetitions, omissions and displacement of letters.

Acoustic-mnestic agraphia, that accompanies acous-
tic-mnestic aphasia, emerges if speech memory is dis-
turbed. It results mainly in difficulties in maintaining
phonological information. Impairments with phone-
me-to-grapheme transformation are considered to be an
autonomous writing disorder. A patient has knowledge
of phonemes and graphemes independently of each oth-
er, but has difficulties in establishing correspondences
between them.

An impairment of a component responsible for vis-
ual-gnostic analysis manifests itself as a problem in ac-
tualizing and composing the gestalts for graphemes. A
patient can substitute letters, which are close in visual-
gnostic features, for example, “κ” [k] and “x” [kh].
Luria referred to this type of writing disorder as an op-
tical agraphia and considered it to be a part of a more
general visual-gnostic syndrome.

Other patients can change letters similar in spatial
features, for instance, left-right or top-down letter ori-
entation problems (when a patient writes “b” instead
of “d”). This is regarded as a central symptom of spa-
tial agraphia and a symptom of a general syndrome of
spatial disorders.

The cognitive neuropsychological approach takes in-
to account the evidence that there are distinct pathways

AU
TH

O
R 

CO
PY



230 E. Kozintseva et al. / Writing disorders in Russian: What would Luria say?

for oral and written spelling [57]. In Luria’s tradition
spelling (sound-letter analysis) and writing are also dis-
tinguished. If sound-letter analysis becomes impaired,
the patient would spell and write words making the
same errors. If the sound-letter analysis system is in-
tact, some letter substitutions may nevertheless occur
in writing. This phenomenon is explained through dis-
ruption of phoneme-to-grapheme conversion (note that
grapheme-to-phoneme conversion may be intact so the
patient may become aware of a mistake). Similarly,
there are cases when sound-letter analysis is impaired
but writing is intact. This is called ideographic writing
(Fig. 1; the connection between the lexical semantic
system and kinetic sequencing of graphemes).

The following tasks are used to assess dysgraphia
in Russia: 1) automatized writing (name, home town);
2) writing single letters from dictation; 3) pointing
to letters; 4) sound-letter analysis: a) oral spelling;
b) identifying the number of letters in a word; c) as-
sembling words from single letters written on separate
cards; 5) writing words, phrases, sentences to dictation;
6)writingwith the tongue clamped (to reduce inner pro-
nunciation); 7) spontaneous writing. It should be not-
ed however that the assessment in Luria’s approach is
based on a syndrome approach. This means that each
symptom is interpreted in the context of other symp-
toms. Thus, for an effective assessment other mental
functions should be taken into account, for instance, in
order to diagnose dysgraphia testing oral speech is also
essential.

It is likely that there are unreported cases of acquired
dysgraphia in Russian speaking adults and children that
reflect the patterns of deep, phonological and surface
dysgraphia in other languages. Russian is a transparent
script from orthography to phonology (feedforward)
because there are no inconsistencies in the mappings
between print and sound (with only a few exceptions:
for instance, a consonant “ ” that is usually read as [ch]
is pronounced as [sh] in two words “ ” (what) and
“ ” (of course)).2 However, as in other Indo-
European languages with a writing system that is most-
ly feedforward consistent (Italian, Slovak, Spanish),
such languages are not necessarily transparent for writ-
ing from dictation [16]. The Russian writing system
is highly feedback inconsistent, that is many sounds
and sound combinations can be written in a number of
different ways (for example, [ ] occurring at the end
of the word can be written as “ ”, “ ”, “ ” or “ ”).

2Unlike many transparent languages, however, the pronunciation
of a letter in Russian depends on its position and context and is
governed by a set of rules [25].

9. Conclusion

The influence of orthographic transparency on ac-
quired dysgraphia in different languages has become
an important theoretical issue in the field. Languages
with transparent writing systems are of interest because
it was assumed that disorders of reading and writing
would not exist [4]. However, there are reports of de-
velopmental dysgraphia [3] and acquired dysgraphia in
Italian [39,42] as well as reports of acquired dysgraphia
in Spanish [28] and Turkish [48]. Therefore, there are
strong reasons to predict these patterns in acquired and
developmental cases in Russian.

Reports of acquired dysgraphia in Russian are plen-
tiful in the literature [32–37]. However, they all reflect
one theoretical perspective only – the syndrome ap-
proach. The present reviewhas shown that this tradition
has many basic similarities with cognitive approach.
So these two traditions could enrich each other and this
integration could be useful for the treatment and re-
habilitation of acquired dysgraphia in adults and chil-
dren with developmental dysgraphia. However, adapt-
ing the cognitive neuropsychological approach to Rus-
sian speakers raises issues that need attention before a
paradigm shift can occur in Russia toward a focus in
assessment on the impact of orthographic transparency
onwriting disorders based on establishedmethods [29].

Luria’s views on writing disorders differ from the
cognitive neuropsychological paradigm in a remark-
able way. The first distinction is about the different
component composition of cognitive processes. The
second difference is that Luria assumes a component
is associated to a distinct brain area. Moreover, most
of the components for writing are not specific to one
mental process, but are necessary for other verbal and
nonverbal functions as are the processes of attention
and memory that are becoming increasingly important
in cognitive neuropsychological models. This results
fromLuria’s conceptions about syndrome structure and
the principles of his theory of dynamic and systematic
localization of higher mental functions.

Probably the most important difference between the
two approaches is that in cognitive models the terms
“structural component” and “the function of the com-
ponent” are not distinguished. One structural unit cor-
responds to one function; in other words, it is asso-
ciated with just one function. Therefore, damage of
this structural component leads to a loss of that func-
tion. In Luria’s theory one structural component can
have several functions included in different stages of
processing. If this structural component is disturbed,
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this results in simultaneous loss of all its functions,
and this complex of dysfunctions forms a neuropsycho-
logical syndrome. It should be noted however that a
structural component does not assume a specific brain
anatomical structure but rather a component of a mental
process. For instance, if a structural component such
as the “successive organization of language units” is
defective, this will lead to a simultaneous loss of all
functions such as successive articulatory sequencing,
successive sequencing of graphemes and syntactic or-
ganization of the utterance. It is interesting that these
three functional components, which are provided by
one structural component, are involved at the different
stages of writing. It can be seen that in Luria’s theory
one structural component does not correspond to a par-
ticular stage of a mental process as in cognitivemodels.
One structural component can operate at several stages
and, on the contrary, one stage of a mental process can
include simultaneous involvement of several different
structural components (as can be seen in sound-letter
analysis and synthesis).

Despite the fact that Luria’s views belong to the syn-
drome approach, writing structure in his theories com-
ply with the logic of the cognitive neuropsychological
approach. This is a result of Luria’s notion that a men-
tal function consists of structural components playing
their own specific roles and damage of each component
disturbs mental process in a specific way.
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201.

[18] M.-P. de Partz, A. Lorchy and A. Pillon. Multiple levels of let-
ter representation in written spelling: Evidence from a single
case of dysgraphia with multiple deficits, Behavioural Neu-
rology 16(2/3) (2005), 119–144.

[19] J.T. Devlin, J.L. Jamison, L.M. Gonnerman and P.M.
Matthews, The role of the posterior fusiform gyrus in reading,
Journal of Cognitive Neuroscience 18 (2006), 911–922.

[20] A.W. Ellis, Reading, writing and dyslexia: a cognitive analy-
sis, London: Lawrence Erlbaum, 1984.

[21] N. Geschwind, Disconnexion syndromes in animals and man,
Brain 88 (1965), 585–644.

[22] N.L. Graham, K. Patterson and J.R. Hodges, Progressive dys-
graphia: Co-occurrence of central and peripheral impairments,
Cognitive Neuropsychology 14(4) (1997), 957–1005.

[23] N.L. Graham, K. Patterson and J.R. Hodges, The impact of
semantic memory impairment on spelling: Evidence from
semantic dementia, Neuropsychologia 38(4) (2000), 143–163.

[24] N.L.Graham, K. Patterson and J.R.Hodges, The emergence of
jargon in progressive fluent dysgraphia: The widening gap be-
tween target and response, Cognitive Neuropsychology 18(4)
(2001), 343–361.

[25] A.N. Kornev, N. Rakhlin and E.L. Grigorenko, Dyslexia from
a cross-linguistic and cross-cultural perspective: the case of
Russian and Russia, Learning Disabilities: a Contemporary
Journal 8(1) (2010), 41–69.

[26] F.M. Hatfield, Visual and phonological factors in acquired
dysgraphia, Neuropsychologia 23(1) (1985), 13–29.

[27] G. Houghton and M. Zorzi. Normal and impaired spelling in
a connectionist dual-route architecture, Cognitive Neuropsy-
chology 20(2) (2003), 115–162.

AU
TH

O
R 

CO
PY



232 E. Kozintseva et al. / Writing disorders in Russian: What would Luria say?

[28] I.C. Iribarren, G. Jarema and A.R. Lecours, Two different dys-
graphic syndromes in a regular orthography: Spanish, Brain
and Language 77(2) (2001), 166–175.

[29] J. Kay, R. Lesser and M. Coltheart, Psycholinguistic Assess-
ments of Language Processing in Aphasia (PALPA), Hove:
Erlbaum, 1992.

[30] M.P. Lorch, Disorders of writing and spelling, in: Handbook
of neurological speech and language disorders, H.S. Kirshner,
ed., Marcel Dekker, 1995.

[31] M.P., Lorch and I. Barrière, The history of written language
disorders: Reexamining Pitres’ case (1884) of pure agraphia,
Brain and Language 85(2) (2003), 271–279.

[32] A.R. Luria, Higher cortical functions of man and their distur-
bances in local brain lesions, Moscow: Moscow University
Press, 1962.

[33] A.R. Luria, Higher cortical functions in man. New York, Basic
Books, 1980.

[34] A.R. Luria, The working brain: an introduction to neuropsy-
chology, London: Penguin Books, 1973.

[35] A.R. Luria, Essays on the psychophysiology of the letter.
Moscow: Publishing House the RSFSR Academy, 1950.

[36] A.R. Luria, Writing and speaking. Neurolinguistic research.
Moscow: Academy, 2002.

[37] A.R. Luria, Traumatic aphasia. Moscow: Publishing House
of the Academy of Medical Sciences USSR, 1947.

[38] C. Luzzatti, Acquired reading andwriting disorders, in: Hand-
book of the Neuroscience of Language, B. Stemmer and H.
Whitaker, eds, San Diego: Academic Press, 2008, pp. 209–
218.

[39] S. Luzzi, M. Bartolini, M. Coccia, L. Provinciali, M. Picciril-
li and J.S. Snowden, Surface dysgraphia in a regular orthog-
raphy: Apostrophe use by an Italian writer, Neurocase 9(4)
(2003), 285–296.

[40] J.C. Marshall and F. Newcombe, Syntactic and semantic errors
in paralexia, Neuropsychologia 4 (1966), 169–176.

[41] J.C. Marshall and F. Newcombe, Patterns of paralexia: A psy-
cholinguistic approach, Journal of Psycholinguistic Research
2 (1973), 175–199.

[42] M. Miozzo and P. de Bastiani, The organization of letter-form
representations in written spelling: Evidence from acquired
dysgraphia, Brain and Language 80(3) (2002), 366–392.

[43] K. Nakamura, M. Honda, T. Okada, T. Hanakawa, K. Toma,
H. Fukuyama, J. Konishi and H. Shibasaki, Participation of the
left posterior inferior temporal cortex in writing and mental
recall of kanji orthography: A functional MRI study, Brain
123 (2000), 954–967.

[44] F. Newcombe and J.C Marshall, On psycholinguistic clas-
sifications of acquired dyslexias, Annals of Dyslexia 31 (1)
(1981), 29–46.

[45] K.E. Patterson, Lexical but nonsemantic spelling, Cognitive
Neuropsychology 3 (1986), 341–367.

[46] D. Poeppel and G. Hickok, Towards a new functional anatomy
of language, Cognition 92(1–2) (2004), 1–12.

[47] C.J. Price and A. Mechelli, Reading and reading disturbance,
Current Opinion in Neurobiology 15 (2005), 231–235.

[48] I. Raman and B.S. Weekes, Deep dysgraphia in Turkish, Be-
havioural Neurology 16(2/3) (2005), 59–70.

[49] S.Z. Rapcsak, P.M. Beeson and A.B Rubens. Writing with the
right hemisphere, Brain and Language 41 (1991), 510–530.

[50] S.Z. Rapcsak and P.M. Beeson, Neuroanatomical correlates
of spelling and writing, in: Handbook of adult language dis-
orders, A.E. Hillis, ed., Philadelphia, PA: Psychology Press,
2002, pp. 71–99.

[51] S.Z. Rapcsak and P.M. Beeson. The role of left posterior infe-
rior temporal cortex in spelling, Neurology 62 (2004), 2221–
2229.

[52] D. Roeltgen, Agraphia, in: Clinical Neuropsychology, K.M.
Heilman and E. Valenstein, eds, Oxford University Press,
1985, pp. 75–96.

[53] T. Shallice, Phonological agraphia and the lexical route in
writing, Brain 104 (1981), 413–429.

[54] M.J. Tainturier and A. Caramazza, The status of double letters
in graphemic representations, Journal of Memory and Lan-
guage 35 (1996), 53–73.

[55] M.J. Tainturier and B. Rapp, The spelling process, in: The
Handbook of Cognitive Neuropsychology: What Deficits Re-
veal About the Human Mind, B. Rapp, ed., Psychology Press,
2001.

[56] R. Venezky, The structure of English orthography. The Hague:
Mouton, 1970.

[57] J. Ward, Understanding oral spelling: A review and synthesis,
Neurocase 9 (2003), 1–14.

[58] B.S. Weekes, A cognitive neuropsychological analysis of al-
lograph errors from a patient with acquired dysgraphia, Apha-
siology 8 (1994), 409–425.

[59] B.S. Weekes, Right hemisphere writing and spelling, Aphasi-
ology 9(4) (1995), 305–319.

[60] B.S.Weekes, Acquired disorders of reading andwriting: Cross
script comparisons, Behavioural Neurology 16(2/3) (2005),
51–58.

[61] B.S. Weekes, Deep dysgraphia: Evidence for a summation
account ofwrittenword production, Brain andLanguage99(1)
(2006), 21–22.

[62] B.S. Weekes, R. Davies, B. Parris and G. Robinson, Age of
acquisition effects on spelling in surface dysgraphia, Aphasi-
ology 17(6–7) (2003), 563–584.

[63] W. Yin, S. He and B.S. Weekes, Acquired dyslexia and dys-
graphia in Chinese, Behavioural Neurology 16 (2005), 159–
167.

AU
TH

O
R 

CO
PY



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




