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Abstract The prevalence of disorders
of arithmetic skills in children of circa
6 % calls for intensive consideration of

the subject by health care providers and
researchers. The necessity of interdisci-
plinary cooperation is evident. The cur-
rent classiÞcations by the ICD-10 (Spe-
ciÞc disorder of arithmetic skills) and
DSM-IV (Mathematics disorder) repre-
sent different viewpoints. A develop-
mental dyscalculia is exclusively diag-
nosed according to clinical presenta-
tion. Arithmetic and its disorders are
brain functions, determined and inßu-
enced by the (cerebral) human develop-
ment. With modern neuroimaging
techniques, a connectionistic model of
distinct arithmetic functions has been
speciÞed. The results of single case
descriptions of arithmetic disorders
correspond well in that context with the

concept of parallel cortico-subcortical
and subcortico-cortical neuronal cir-
cuits. In comparison with dyslexia,
there is intense need for research in the
Þeld of arithmetic disorders. Only
through analysis and understanding of
the complex cerebral connections in
arithmetic can improved diagnostic as
well as multidimensionally therapeutic
approaches to arithmetic disorders be
achieved, possibly opening new ways
of academic and social integration of
the affected individuals.
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Introduction: diagnostic problems

The two major classiÞcation systems of psychiatric disorders,
the ICD-10 and the DSM-IV (20), agree in their deÞnition of
disorders of arithmetic skills in stating that the individualÔs
arithmetical abilities are substantially below his overall intel-
ligence level and consequently school performance is affected.
Sensory deÞcits increase such difficulties, as they can inter-
fere, to varying degrees, with the acquisition of basic arith-
metic abilities as addition, subtraction, multiplication and
division.

In the chapter F81: ÔSpeciÞc developmental disorders of
scholastic skillsÕ of the ICD-10, which also includes the ÔSpe-

ciÞc reading disorderÕ, the ÔSpeciÞc disorder of reading and
spellingÕ and the Ôcombined disorder of scholastic skillsÕ; the
ÔSpeciÞc disorder of arithmetical skillsÕ is coded as F81.2. The
diagnostic guidelines of the ICD-10 for the disorder demand:
ÔThe childÕs arithmetical performance should be signiÞcantly
below the level expected on the basis of his or her age, general
intelligence, and school placement, and is best assessed by
means of an individually administered, standardized test of
arithmetic. Reading and spelling skills should be within the
normal range expected for the childÕs mental age, preferably
as assessed on an individually administered, appropriately
standardized test.ÕAlso, ÔF81.8Õ and ÔF81.9Õ are mentioned.

The DSM-IV diagnostic criteria for the ÔMathematics
DisorderÕ is shown in Fig. 1.
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In their publication: ÔHow SpeciÞc are SpeciÞc Develop-
mental Disorders?Õ Rispens and van Yperen (58) delineated,
among other things, the historical path of the classiÞcation of
arithmetic disorders over the last few decades. While lan-
guage-related learning disorders such as ÔLearning distur-
banceÕ or ÔSpeech disturbanceÕ have been deÞned in the inter-
national classiÞcation systems since 1952 (DSM-I) and 1957
(ICD-7), respectively, the term ÔSpeciÞc arithmetical retarda-
tionÕ Þrst appeared in the chapter ÔSpeciÞc delays in develop-
mentÕ in Rutter et al. (60) in 1975 and then the ICD-9 in 1978.
The DSM-III introduced the term ÔDevelopmental arithmetic
disorderÕ in 1980 in its chapter ÔSpeciÞc developmental disor-
dersÕ. This denomination is also used by the DSM-III-R in the
chapter ÔDevelopmental disordersÕ. The corresponding termi-
nology is completely altered in the DSM-IV, where, in the
chapter ÔLearning disordersÕ, the diagnosis ÔMathematics
disorderÕ can be found, for the Þrst time not emphasizing the
ÔdevelopmentalÕ character of the arithmetics disorder. Even
though no longitudinal studies exist that follow the arithmetics
disorder from childhood and adolescence to adulthood, the dis-
order is no statistical conjecture. It can be diagnosed in child-
hood, is inßuenced by the individualÕs social and physical
environment as well as the patterns of human development,
especially of the cerebral structures and functions. Arithmetic
abilities are primarily a cerebral function, and can be affected
by developmental deÞcits of the underlying cerebral struc-
tures. Such associations between neuropsychiatric disorders
and disturbed cerebral development are of undiminished sci-
entiÞc interest (i.e. Rapoport 56). In this context, ontogenetic
viewpoints of brain development must also be considered in
the discussion of arithmetic disorders and can not be neglected
in the classiÞcation. It was Luria (46) who introduced the
ontogenetic formation of numerals and arithmetic operations
into the discussion of arithmetic disorders. Based on case

descriptions and neuropathological correlations of arithmetic
disorders in classical papers by Henschen (28) or Berger (5),
and in continuation of the developmental model of numbers by
Piaget (52, 53), Luria acknowledged the visual, spatial and
imaginary aspects of numeral terminology in their age-
dependent order. His views on the character of functional sys-
tems in the CNS allow the localization of deÞcits in the frontal
and parieto-occipital cortex in connection with arithmetic dis-
orders. From his studies of arithmetic underachievers in normal
school students, Kosc (37) was able to deÞne ÔDevelopmental
dyscalculiaÕ more precisely as a Ôstructural disorder of mathe-
matical abilities which has its origin in a genetic or congenital
disorder of those parts of the brain that are the direct anatomico-
physiological substrate of the maturation of the mathematical
abilities adequate to age, without a simultaneous disorder of
general mental functions.Õ This deÞnition puts the genetic dis-
position for a cerebral disorder into a developmental context,
in contrast to the more simplistic views of arithmetic disorders
as the result of cerebral lesions or deteriorations.

A multitude of aberrations in the normal CNS development
can be the basis for impaired arithmetic abilities. These include
genetic and environmental factors, nutritional impairments, as
well as pre-, peri- and postnatal complications, to name only
the most important. Of specific importance are influences
between the 28th and 35th week of gestation, a period of par-
ticular sensitivity in the human development. In spite of the
achievements of modern neonatology, hypoxic-ischemic birth
trauma is a major cause for cerebral dysfunctions. The neu-
ronal damage is caused by an excessive production of excita-
tory neurotransmitters such as glutamate and aspartate which
has a cytotoxic effect. Calcium enters the cytosol; the cellular
membrane and organelles are destroyed. Free radicals are
produced, causing further damage to the membrane by lipid
peroxidation.

Fig. 1 Diagnostic criteria for
315.1 Mathematics disorder;
DSM-IV.



Case descriptions of arithmetic disorders following
circumscribed cerebral lesions are of undiminished value.
Considered together with the corresponding  developmental
abnormalities of the brain they allow for hypotheses of arith-
metic abilities and their disorders in humans. Similar possi-
bilities might be provided by animal research. Kawai and
Matsuzawa (33) found evidence for a numeral memory in
chimpanzees, similar to that of pre-school children, showing
that a Ôsense of numerosityÕ exists even in animals.

The modern possibilities of neuroimaging, such as func-
tional magnetic resonance imaging (fMRI), magneten-
cephalography (MEG), positron emission tomography (PET),
single photon emission computed tomography (SPECT) or
techniques such as event-related brain potentials allow the
assessment of cerebral functions during deÞned tasks, i.e.,
number processing (66, 68). This improves our understanding
in the workings of the neuronal organization of cerebral sys-
tems; the course of cognitive tasks, including arithmetics, can
be visualized. As a result, a connectionist model of several
distinct locations of calculation has been originated in the
frontal and parieto-occipital cortex and the angular gyrus.
Besides the so-called dominant hemisphere, the right hemi-
sphere as well as bilateral distributions have been discussed in
recent years. Subcortical structures, such as the thalamus or the
lentiform nuclei, and their role in cognitive processes have
gained increased attention. In calculation, as in other neu-
ropsychiatric functions, a circuit of cortical and subcortical
structures for information processing seems feasible (10, 12).
The case descriptions provide important neuroanatomic clues
to the topography of such circuits, even though generalizations
from singular cases should be drawn with caution (27, 34, 42,
45, 48, 70, 73).

Unfortunately the body of research on arithmetic functions
and their disorders is considerably smaller both in quantity and
quality when compared to the available data on reading,
dyslexia and alexia. A keyword search for ÔdyscalculiaÕ in the
Medline data for the years 1966Ð1996 produced a list of 81
publications. An analogous search for ÔdyslexiaÕ found 3273
publications containing that keyword. The research focus on
the Þeld of learning disorders has not changed signiÞcantly in
recent years. 

However, there are striking similarities between the ques-
tions raised repeatedly in dyslexia research and those in
dyscalculia: is dyslexia a genetically determined disorder and
to what extend are environmental factors at work, is the con-
dition solely a representation of an underlying phonological
processing deÞcit, are there subtypes of the disorder, are there
connections and comorbidities with other disorders, which
cerebral structures are involved? Also, with the term Ôdevel-
opmental dyslexiaÕ the possible developmental aspects of the
condition are reßected upon.

Kulak (38) analyzed the relatively larger body of research
on the Þeld of reading disorders and tried to draw conclusions

for directions of research on the SpeciÞc disorder of arith-
metical skills. She suggests that individuals with a severe form
of either disorder do not only differ quantitatively in their
acquisition of knowledge but in their quality. She proposes a
careful componential analysis of the skills involved in the
acquisition of mathematical knowledge, as this has been a 
useful approach to reading disorders.

Dyslexia is seen as the perhaps most common neurobehav-
ioral disorder affecting children, with prevalence rates ranging
from 5 to 17.5 % (31, 64). While with the identiÞcation of gene
loci on chromosome 6p and 15q the genetic aspect was clari-
Þed (21, 57), many other questions are still discussed contro-
versially, as it is illustrated by the competing hypotheses
regarding underlying cerebral structures. From Þndings of
magnetic source imaging studies, the temporo-parieto-occip-
ital brain regions, differences in the striate or extrastriate cor-
tex, or the angular gyrus are considered as the neural basis of
dyslexia (30, 51, 54, 55, 65). Based on PET studies this is
disputed by Paulesu et al. (49), who favor the hypothesis of a
disconnection syndrome underlying developmental dyslexia,
meaning the defective phonological system is due to weak
connectivity between anterior and posterior language areas.
Still other authors, such as Stein and Walsh (69), emphasize the
Ômagnocellular theoryÕ of dyslexia, with the posterior parietal
cortex as its main cortical localization. This theory, centered
around the ÔM-cellsÕ, which are neurons in the magnocellular
layers of the lateral geniculate, does not single out either
phonological, visual, or temporal deÞcits. Rather, temporal
processing in all three systems is supposed to be impaired. For
their article, Stein and Walsh chose the title ÔTo see but not to
readÕ, which could be very well adapted into: ÔTo see but not
to calculateÕ.

As the prevalence of the arithmetic disorders is similar to
that of dyslexia, there is a imperative necessity to better under-
stand the mental architecture of number processing and the
cerebral basis of mental arithmetic in children. The available
neuroimaging studies are scarce, but suggest interesting cere-
bral associations. Dehaene and his colleagues were able to
show with PET and MRI (16) and the analysis of cerebral
blood flow and ERP (17) that different brain systems are
activated in mental multiplication of number pairs and larger-
smaller comparison of the same pairs, respectively, when com-
pared to baseline.

Interesting insights into the process of mental arithmetic
were provided by a functional neuroimaging study by Dehaene
et al. (16) carried out in bilingual probands. The probands were
tested under three conditions: rest with eyes closed, mental
multiplication of pairs of Arabic digits cortices, and large-
smaller comparison of the same pairs. Both multiplication and
comparison activated the left and right lateral occipital cor-
tices, the left precentral gyrus, and the supplementary motor
area. Beyond these common activations, multiplication acti-
vated also the left and right inferior parietal gyri, the left
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fusiform and lingual gyri, and the right cuneus. Relative to
comparison, multiplication also yielded superior activity in the
left lenticular nucleus and in BrodmannÕs area 8, and induced
a hemispheric asymmetry in the activation of the precentral
and inferior frontal gyri. Conversely, relative to multiplication,
comparison yielded superior activity in the right superior tem-
poral gyrus, the left and right middle temporal gyri, the right
superior frontal gyrus, and the right inferior frontal gyrus. The
authors conclude that these results underline the role of bilat-
eral inferior parietal regions in number processing and suggest
that multiplication and comparison may rest on distinct
networks.

These Þndings support the Ôtriple-code modelÕ for calcula-
tion, which Dehaene and Cohen described in earlier works (see
Fig. 2)

Although the probands in these studies were adults, the
results are relevant for the comparative research of arithmetic
abilities and disorders and provide important evidence for their
ontogenetic view in childhood. This regards the localization,
suggested by a bilateral activation of parietal and prefrontal
cortical as well as subcortical structures in coding and resolv-
ing arithmetic tasks, but also the different modes of represen-
tation, verbal, spatial and approximate, of numbers in the
brain. It can be concluded that the approximate-spatial num-
ber representation is ontogenetically much older than the exact
verbal. The distinction of these two cerebral representations of
numbers, one existing only in humans, the other also shown to
be present in some mammals, should bear signiÞcance for the
description and categorizing of arithmetic performances and
deÞcits and thus for the classiÞcation of arithmetic disorders.

On the question of developmental dyscalculia

Although neither the ICD-10 nor the DSM-IV use or deÞne the
term ÔdevelopmentalÕ, a number of authors employ the term
developmental dyscalculia (DD). Slade and Russell (67) used
the terms of acalculia and dyscalculia, as coined by Henschen

(28), and pointed out that Guttmann (1937) drew attention to
dyscalculia as a developmental disorder in which the ability of
the child to acquire calculation is itself disturbed. Slade and
Russell continue Ôthat the term DD is speciÞcally reserved for
cases in which disabilities in arithmetic are known to  have
been present from an early age; moreover there must be no
suggestion that the subjectÕs arithmetical abilities were for-
merly at a higher level and had shown deterioration and,
Þnally, there must be no evidence of gross cerebral disorder
such as would account for the disability.ÕThe authors then pro-
vide four case descriptions with Ôsevere and long-standing dif-
Þculties in arithmetical calculationÕ and cautiously suggest
that these probands Ômay be considered examples of DD.Õ
Incidentally, their description of the 15 year old S.B. is prob-
ably the Þrst case report of a comorbidity between anorexia
nervosa and an arithmetic disorder, but the authors do not pro-
vide more detailed information (see Neum�rker et al. in this
issue). 

Slade and Russell propose three major domains for the
identiÞcation of a DD:

O The displayed pattern of deÞcit
O Qualitative features of the individualÕs arithmetical per-

formance
O The response to remedial teaching.

Although various authors used the term DD in the following
years (e.g., 4, 71), only von Aster (see von Aster in this issue)
related to the paper by Slade and Russell in connection with
the Developmental Gerstmann Syndrome. Some authors cite
Cohn (13) as the originator of the designation DD. In his out-
standing review on ÔCognitive neuropsychology and its appli-
cation in childrenÕ, Temple (72) reßected very discriminate on
DD. He enhances KoscÕs (37) deÞnition of DD as a Ôstructural
disorder of mathematical ability, which has its origins in a
genetic or congenital disorder of those parts of the brain that
are the direct anatomico-physiological substrates of the matu-
ration of mathematical abilities adequate to age, without a
simultaneous disorder of general mental functions.Õ From his

Fig. 2 The triple code model
from Dehaene and Cohen (see 17;
we thank Stanislas Dehaene for
the kind permission to replicate
this Þgure).



studies, Kosc suggested a prevalence for DD of 6.4 % in
school age children in Bratislava. Lewis, Hitch and Walker
(44) found only a prevalence rate of 1.3 % for a disorder of
arithmetical skills in 9- to 10-year old schoolchildren. Do these
different numbers solely originate from unlike study designs
or other methodological variances, or are they the result of
divergent conceptions between DD and speciÞc arithmetic
difficulties?

The research group of Shalev (24, 25, 61Ð63) regularly uses
the term DD and deÞnes it in accordance with the DSM-III-R
as Ôa primary cognitive disorder affecting the ability of an oth-
erwise normal child to learn arithmeticÕ. In this issue the same
authors express that Ôfor DD several deÞnitions are available,
none of which is universally agreed upon.ÕShalev et al. advise
reviving KoscÕs (37) view of DD, deÞned Ôas a speciÞc, genet-
ically determined learning disability in a child with normal
intelligence.Õ

Rosenberger (59) compared 72 relative math underachiev-
ers and 30 relative reading underachievers. He came to the con-
clusion that Ôthe math group showed higher scores for atten-
tion, but not for hyperactivity, impulsivity, or poor peer rela-
tions. Both perceptual-motor and attentional deÞcits appear to
characterize children who are speciÞcally learning disabled for
math.ÕHowever, his classiÞcation of DD and the references to
other authors are quite equivocal.

Gordon attempted in 1992 (23) to give a comprehensive
synopsis of DD in children. For the categorization of DD he
relied on BadianÕs (4) model: type one with an alexia and
agraphia for numbers and words, type two with spatial dyscal-
culia, type three with an anarithmetia, type four attention-
sequential dyscalculia and mixed types. GordonÕs deÞnes DD
based on Cohn (13) as a Ôdevelopmental lag in the acquisition
of numerical skills. DD can be manifested in a number of
ways, including the following: inability to recognize number
symbols; stephosymbolia or mirror writing; failure to recog-
nize the basic mathematical operations or use of operator and
separator symbols; inability to recall tables and ÔcarryÕ num-
bers in multiplications; and failure to maintain the proper order
of numbers in calculation.Õ Although the author assigns the
term ÔdevelopmentalÕ to the classical ÔdyscalculiaÕ, he fails to
provide a clear delineation of the developmental aspects of the
arithmetic abilities and disorders.

The same is true for ÔspeciÞcÕ, a term now widely used, as
Rispens and van Yperen (58) point out in their article: ÔHow
speciÞc are speciÞc developmental disorders?Õ Considering
the prevalence of about 6 %, this question will be of great
importance in the future research on arithmetic disabilities.
Perhaps MRI studies of the cerebral development from child-
hood to adolescence (22) or functional imaging such as the
PET and fMRI Þndings of Dehaene et al. (19) can provide
evidence for cortical and subcortical variations in arithmetic
disorders and thus contribute to accurate terminology and a
better deÞnition of DD in the future.

Lessons from single case descriptions of arithmetic
disorders for the concept of parallel cortico-subcortical
and subcortico-cortical neuronal circuits

ÔAcalculia is a loss of calculating abilities occurring as a result
of cerebral damageÕ, wrote Boller (7) in his remarkable his-
torical analysis of the subject (see also 8). This thesis is illus-
trated with case descriptions of arithmetics disorders and their
assignment to cerebral structures, such as in the ÔclassicsÕ by
Henschen (28) or Berger (5). A typical case reported on cere-
bral bleeding and a concurrent arithmetics disorder as a focal
disease of brain from Lewandowsky and Stadelmann (43). 
The authors did not only provide an accurate clinico-neuro-
logical and neuropsychological description, but also reported
the brain location precisely: the left occipital lobe. Similar
case reports can be found throughout the scientiÞc literature
up to the present (e.g., 29). However, the overwhelming major-
ity of cases are adults. Analogous descriptions for children,
taking the developmental aspect into consideration, are sparse.
In 1918 Peritz (50) wrote the comprehensive treatise ÔZur
Pathopsychologie des RechnensÕ (On the pathopsychology of
calculation), including a chapter: ÔOn the psychology of count-
ing and calculation in the childÕ. Although Peritz writes in his
introductory remarks to this chapter: Ô... we know preciously
little about how the Þrst counting develops in the child...Õ, the
author comes to the conclusion that Ô...counting and calcula-
tion have observation as their principal foundation.Õ The opti-
cal type prevails in children, later to be replaced by an
Ô...acoustic-motor [type] as a result of mechanization of the
association process through intensive exercise. The earlier
types reappear regularly in more complicated problems.Õ
Approximately 80 years later, Bryant (9) concluded in his arti-
cle ÔChildren and arithmeticÕ that children easily recognize
one-way part-part relations but that the number system at Þrst
causes them difficulty. Nevertheless, Wynn (75) could show in
a series of experiments that babies can apparently make sim-
ple arithmetical calculations. The current knowledge about the
complex developmental framework of numerical abilities is
comprehensively described by Geary in this issue.

Case reports on arithmetic disorders have also been used by
some authors for systemic-functional considerations of the
disorder in its relation to brain functions. In his extensive brain
pathology Ôpredominantly based on war experiencesÕ, Kleist
(36) included a chapter on arithmetic disorders in which he
asked the Ôkey questionÕ: are there independent arithmetics
disorders or are they just a consequence of other disorders,
such as the inability to read or write numbers or more basic
aphasic and agnostic disorders? After an analysis of the cases
the author concludes that the arithmetic abilities are localized
in the left occipital lobe of the brain, in the lateral occipital
convolution next to the angular gyrus. Kleist continues: Ôthe
ordered pattern of augmentation from left to right and from
front to back allows only one conclusion: the more proximate
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the trauma is located to the left visual cortex the more fre-
quently remote effects reach this brain area to affect the cal-
culation center which is located there.Õ Kleist does not distin-
guish a frontal arithmetic disorder from an occipital form,
because Ôcalculation is, like thinking, most likely a sensory-
motor twin function.ÕHence Kleist reaches a dynamic view of
this extremely complex brain function. Leonhard, a student of
Kleist, went even further in his interpretation of case descrip-
tions of arithmetic disorders. Based on the fact that different
people carry out mathematic operations differently, it seemed
evident for Leonhard (41) that Ô...one cannot speak of a uni-
form anatomic localization [of arithmetic functions]Õ. His
model of calculation types is based to a signiÞcant extent on
Þndings from mathematic prodigies. In the Ônumeral imageÕ-
type, exempliÞed by L. Euler (1707Ð1783), the visual approach
is most prominent, whereas the Ônumeral wordÕ-type relies
more on the auditive aspects, with C. F. Gauss (1777Ð1855) as
a prominent example. Beyond those two types Leonhard
described a third ÔdepictingÕ-type, in which mathematical oper-
ations are carried out within mental spatial representations of
numbers. The author suggests that the individual calculation
type is probably formed by hereditary factors and individual
constituents, but most notably Leonhard questioned with his
model the localization of arithmetics disorders, as he could not
contrive a signiÞcant role of the angular gyrus for the calcula-
tion abilities of the Ônumeral wordÕ-type (39Ð41). These and
other contradictions demanded new models for the explanation
of the complex process of arithmetics and its disorders, which
could contribute to improved diagnostic and therapeutic stan-
dards. Not only have physicians, psychologists, and neuropsy-
chologists contributed to this research, but also to a momentous
extent educators and mathematicians. The operation theory by
Aebli (1) might serve as an example, in which mathematical
operations represents one structure inherent to the operation
itself and another distinct quantitative-spatial structure. The
quantitative part describes the calculation aspects, while the
spatial part signiÞes the geometrical procedures.

McCloskey et al. (47) developed a componential model of
the physiologic process of arithmetics. They distinguished a
Ônumber-processing systemÕ for number comprehension and
numeral images from a Ôcalculation systemÕfor the processing
of the mathematical operand or word and the execution of the
calculation process utilizing basic arithmetic facts. The
ÔEncoding Complex TheoryÕ by Campbell and Clark (11) was
meant as a counterproposal to the model of McCloskey et al.
(47). The authorsÕ fundamental assumption is that arithmetic
operations are not carried out in separate, relatively
autonomous modules but rather that auditive and visual infor-
mation processing leads to an interaction of different areas
which individually coded allows for a retrieval of memorized
information.

Numerous studies on these two models have been carried
out, pointing out their strengths and weaknesses. But neither

of the two theories, one standing for autonomous modules as
well as an abstract and unique representation of numbers, the
other based on networks and a stimuli-dependent representa-
tion of numbers, were able to provide satisfying explanations
and predictions of the complex cognitive function in question.
Dehaene and Cohen (14) provided the case description of a 41
year old patient with severe head trauma who underwent sur-
gery for a left extradural hematoma and accompanying apha-
sia and acalculia with the selective preservation of approxi-
mation abilities, i.e., the patient lost all precise knowledge of
numbers and arithmetical operations and could only operate
with approximate numerical quantities. From their Þndings
they proposed the existence of two distinct number-processing
routes in normal subjects. According to the authors, one route
permits exact number representation, memory and calculation
using symbolic notation. The other route allows for approxi-
mate computations using an analogous representation of quan-
tities. With these Ôtwo mental calculation systemsÕ Dehaene
and Cohen could for the Þrst time systematically describe the
arithmetic operations, the operational steps and the deÞcits in
a single case analysis. As the patient suffered from a massive
lesion involving almost all of the posterior half of the left
hemisphere, the authors were able to demonstrate the existence
of limited number processing abilities in the right hemisphere,
drawing from the concept of Ôarithmetic intuitionÕ of the right
hemisphere by Assal and Jacot-Descombes (3). Based on fur-
ther findings, Dehaene and Cohen further systematically
developed in subsequent publications their concept of mental
processes and neuroanatomical circuits in number processing
and mental arithmetic into the Ôtriple-code modelÕ. Their con-
cept of the anatomical distribution of the three cardinal num-
ber representations on an external view of the left an right
hemisphere from 1995 (15) was further modified by the
authors in 1997 (17) based on the analysis of two acalculic
patients, one with a left subcortical lesion and the other with a
right inferior parietal lesion and GerstmannÕs syndrome.
Dehaene and Cohen eventually arrived at the model of a left
subcortical network that contributes to the storage and retrieval
of rote verbal arithmetic facts, while a bilateral inferior pari-
etal network is dedicated to the mental manipulation of numer-
ical quantities. The graphic illustration of their model is shown
in Fig. 2. The neuroimaging studies by Dehaene et al. (16, 19)
that provided further support to the model are mentioned above
(18).

In conclusion it can be shown that through scrutinizing
single case analyses, meaning the exact clinico-neurological,
neuropsychological, and psychopathological assessment of
the patientÕs status and course, as the ÔclassicsÕ used to do it,
and with the utilization of modern neuroimaging techniques
for the visualization of brain functions a functional analysis of
complex functions of the CNS becomes possible. There is an
evident lack of such analyses in children, which makes it
impossible to know, to what degree the number processing in



the brain as we know it from adults is modiÞed by the aspect
of development.

A case of special interest: the brain of Albert Einstein

Albert Einstein (1879Ð1955), devisor of the law of general
equivalence of mass and energy, both the speciÞc and the
general theory of relativity, 1921 Nobel prize laureate for his
accomplishments in quantum theory, decreed that his brain
could be used for scientiÞc purposes. Could a more fascinat-
ing opportunity be imagined than to examine the brain of a
man whose prodigious mathematical thinking and mental
capacity was beyond any doubt, to see whether these extraor-
dinary abilities correspond with singularities of the brain and
its neuronal architecture when compared to others? Witelson,
Kigar, and Harvey (74) published the examination results of

EinsteinÕs brain, taken 7 hours after his death in 1955, Þxated
in fomalin, photographed, weighed, measured, and divided
into 240 equal blocks of 10 cm3 volume. Of special note was
among others the extensive development of the posterior pari-
etal lobes in both longitudinal and breadth dimensions, thereby
constraining the posterior expansion of the Sylvian Þssure and
the development of the parietal operculum, but resulting in a
larger expanse of the inferior parietal lobule. A further conse-
quence of this morphology was that the full supramarginal
gyrus lay behind the Sylvian Þssure, individuated by a major
sulcus as is usually the case. Histologic Þndings about the neu-
ronal density in the frontal and temporal cortex were presented
by the authors in earlier publications (2, 35). When all is con-
sidered, it seems evident that the most pertinent Þndings are
those from the parietal region. Einstein himself once stated that
in his thinking: ÔWords do not play a role [it is rather] the asso-
ciative play with images more or less clear.Õ
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