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Literacy as a determining factor for
brain organization: from Lecours’
contribution to the present day

Maria Alice de Mattos Pimenta Parente!, Rochele Paz Fonseca®, Lilian Cristine Scherer3

Abstract — This review aimed to discuss the influence of literacy and formal education on human brain organi-
zation, based on evidence drawn from three sources: (1) results and limitations of a project coordinated by André
Roch Lecours on the influence of illiteracy on brain organization and of studies on aphasia in illiterate popula-
tions; (2) data on the impact of schooling on the neuropsychological assessment of healthy and brain-damaged
individuals, and (3) studies on the effect of schooling on dementia. These findings suggest that schooling and
literacy processes influence cerebral organization of healthy individuals, as well as of brain-lesion individuals
and those with dementia. Concerning illiteracy, the systematic pioneering studies developed by Lecours and the
continuity of his investigations were essential to alert the scientific and clinical communities to take into account
the role of educational experience on cognitive processing and its brain substrates.

Key words: literacy, education, human cognition.

A alfabetiza¢ao como um fator determinante na organizacgao do cérebro: da contribui¢ao de Lecours a atualidade
Resumo — Esta revisao tem por objetivo discutir a influéncia da alfabetizacao e da educagdo formal na organi-
zag¢ao do cérebro humano, com base em evidéncias aportadas por trés fontes: (1) resultados e limitagoes de um
projeto coordenado por André Roch Lecours sobre a influéncia do analfabetismo na organizagao cerebral e de
estudos sobre afasia em populagdes analfabetas; (2) dados sobre o impacto da escolaridade na avaliagao neurop-
sicoldgica de individuos sauddveis e com lesao cerebral, e (3) estudos sobre o efeito da escolaridade na deméncia.
Tais achados sugerem que processos de escolaridade influenciam a organizagao cerebral de individuos saudéveis,
bem como a de individuos com lesdo cerebral e com quadro de deméncia. Com relagdo ao analfabetismo, os
estudos sistemdticos pioneiros de Lecours, bem como a continuidade de suas investigagdes, foram essenciais
para alertar as comunidades cientificas e clinicas quanto a necessidade de considerarem o papel da experiéncia

educacional no processamento cognitivo e em seus substratos cerebrais.

Palavras-chave: alfabetizagdo, educagdo, cogni¢ao humana.

Introduction

In the 1980s researchers from different cities in Bra-
zil worked together with a French-Canadian group led by
Professors André Roch Lecours (1936-2005), from the Uni-
versity of Montreal, and Jaques Mehler, from the Ecole des
hautes etudes in Paris, in a broad study entitled “Literacy as
a determining factor for human brain organization” This
research verified whether writing ability development and
schooling affected cerebral organization. In the context of
a period prior to the availability of cerebral imaging, this

experimental research paradigm was composed by com-
parison of four groups of patients with unilateral brain
lesion, with their respective controls matched for number
of years of education. Clinical groups were comprised right
hemisphere (RH) lesion patients and left hemisphere (LH)
lesion patients, both grouped into illiterates or literates,
while the two control groups were formed by neurologi-
cally healthy individuals, matched by schooling level, age
and gender. The aim was to investigate the effect of formal
learning of writing. Accordingly, the illiterate group in-
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cluded only individuals who, besides being unable to read
or write, had never attended classes at school.

Two results were evident and generated further reper-
cussions. The first finding related to the influence of school-
ing on simple tests from aphasia evaluation instruments’,
while the second finding concerned RH participation in
illiterate populations while solving naming tasks.>’

This review aimed to discuss the influence of litera-
cy and formal education on human brain organization,
based on evidence drawn from three sources: (1) results
and limitations of the project mentioned above, coordi-
nated by Lecours, and of studies on aphasia in illiterate
populations; (2) data on the impact of schooling on the
neuropsychological assessment of healthy and brain-dam-
aged individuals, and (3) studies on the effect of education
on dementia. To accomplish this aim, the historical and
methodological context will first be outlined followed by
the results of Lecours’ research, Subsequently, a review of
some topics will be presented, which after more than 25
years have complemented the discussions, along with the
limitations of research into the influence of literacy on hu-
man brain organization.

Currently, there are a large number of neuropsycho-
logical studies focusing on the influence of sociocultural
factors and, particularly schooling level.** This discussion
goes beyond the impact of neuropsychological assessment
and beyond focal lesions. A relevant issue concerns the ex-
tent to which schooling can be associated to higher cogni-
tive quality in aging.

Studies developed by Lecours and colleagues and
research on aphasia in illiterate populations

The relationship between illiteracy and aphasia is per-
meated by the notion of LH dominance for language. In
this context, it has been hypothesized that schooling and
written language learning may influence and modify this
dominance.®” Evidence to confirm this hypothesis comes
from the more frequent occurrence of aphasia in illiterate
individuals with RH damage, associated with better spon-
taneous recovery of illiterate patients with LH lesion. Such
observations suggest a higher importance of the RH for
linguistic processing in illiterate individuals compared to
literates.

After these pioneering studies, several reports of
non-systematic cases of illiterate aphasics have followed,
highlighting the absence or rare occurrence of linguistic
impairment after LH lesion, associated to crossed aphasia
in RH lesions.*'® In a more systematic way, three studies
have investigated groups of patients with varying educa-
tion levels, aiming to characterize hemispheric lateraliza-
tion for language in illiterate individuals. Regarding the
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first study, 62 right-handed and 3 left-handed adults, all
LH brain-damaged, were grouped according to school-
ing:'"' 37 were classified as illiterate, with an average of
2.5 years of schooling; 14, semiliterate, with an average of
5.6 years of schooling; and 14 literate, with 10.6 years of
formal education. In descending order, greatest transitory
or persistent aphasia was present in literate adults (78%),
followed by semiliterate adults (64%), and finally illiterate
adults (36%). Since there were significant differences in the
comparison between the performance of the first and third
groups, the authors concluded that literacy exerts influence
on the cerebral dominance for language.

On the other hand, incongruent results have been
found in the literature. For instance, a Portuguese study
(second study) with a significant sample size investigated
209 schooled adults and 38 illiterate adults'>. Regarding
the proportion of aphasia occurrences, similarities were
seen between the two groups. Among schooled partici-
pants, language impairments were detected in 114 patients
(54.5%), while among illiterates this pattern was observed
in 21 (55.2%). There was only one illiterate patient with a
RH lesion. The other illiterate patients, akin to schooled
participants, had LH lesions. In contrast to the previous
study, the role of the RH in language dominance did not
evidence any changes.

In a bid to achieve greater systematization of studies
on illiteracy, an investigation coordinated by Lecours and
colleagues (third study) based on a more tightly-controlled
experimental design was developed in Brazil*: besides two
control groups, one for each level of schooling, patients
with exclusive LH or RH damage were selected. A total of
296 adults (153 males and 143 females), all monolingual
and Brazilian Portuguese native speakers, participated in
the study. Considering the distribution of the groups of
different schooling levels by lesion side, there were 48 illit-
erate participants (unable to read or write, with no school
attendance) and 61 literate participants (8 or more years
of formal schooling) presenting LH damage, and 47 illiter-
ates and 32 literate participants with RH lesions. Neuropsy-
chological language assessment in this study encompassed
simple tests of naming, repetition and oral comprehension.
Brain-damaged patients scored below controls across all
tasks. In repetition and comprehension tasks, this differ-
ence was statistically significant for patients with LH lesion,
but not for RH brain-damaged patients. This finding was
expected, indicating LH post-lesion aphasia. In naming
tasks, however, this statistically significant difference be-
tween clinic and control group was observed among illiter-
ate patients with RH lesion, as well as literate and illiterate
LH brain-damaged patients. Consequently, the authors
proposed that their findings point to a higher participation
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of the RH in illiterate populations in language processing
than in literate populations. This hypothesis suggests that
cerebral language representation seems to be more bilat-
eral in illiterate individuals than in schooled individuals,
although “cerebral dominance” continues the norm for
both groups.

Despite being pioneering in terms of thematic selec-
tion and methodological rigor, two limitations have been
detected in the project coordinated by Lecours. The first
concerns the reduced specification of cerebral substrate,
overcome by the use of positron emission topography
(PET) in illiterate individuals'>'*. The second limitation
relates to the impossibility of dissociating the influence of
illiteracy from the effect of formal schooling, in which sev-
eral other cognitive processes are developed besides written
language.

The findings produced by Lecours’ group, reported
above, have recently been criticized." The authors of this
criticism claimed that the use of graphical drawings in
neuropsychological evaluation is more difficult in non-
schooled individuals and, as a consequence, results did not
demonstrate lesion effects but instead reflected pre-mor-
bid differences in comparing illiterate to literate individu-
als. However, careful reading of the two articles written
by Lecours and colleagues'? shows that difficulties related
to schooling were controlled for in non-brain-damaged
participants in the first study.' Results from RH and LH
brain-damaged literate and illiterate patients were always
obtained by comparison to data from non-brain-damaged
controls.”? Thus, the comparison between literate and illiter-
ate patients was developed by an analysis of the differences
between literate controls and literate patients with RH le-
sion, and between illiterate controls and illiterate patients
with lesion in this hemisphere. This safeguard in terms of
methodology was intended to offset pre-morbid effects,
emphasizing RH influence on illiterate participants’ lan-
guage processing, identified in research using PET and in
Reis and Peterson’s study ."°

A follow-up procedure for Lecours’ project entailed a
reassessment carried our six months after the initial evalu-
ation. The authors had the opportunity to examine 59 pa-
tients with unilateral brain damage from the fist study who
had not been submitted to a speech therapy intervention.
This group was composed of 18 illiterate and 21 literate
patients with LH lesion, as well as 13 illiterate and 7 liter-
ate RH brain-damaged patients. Differences between the
two evaluations were found only in data from the naming
tasks. LH brain-damaged illiterate patients showed sig-
nificant evolution. However, LH brain-damaged literate
participants and RH brain-damaged illiterate patients did
not present significant spontaneous evolution. The small

number of patients in each group and the criteria based on
clinical assessment did not allow analyses of the effect of le-
sion size and site. Notwithstanding, the test-retest method
reinforces the notion that schooling and literacy influence
cerebral organization for language and reiterates the higher
RH participation in language processing by illiterates.

A recent study on aphasia recovery conducted in the
United States observed similar recovery in a comparison
between participants with low and high educational level'.
The lack of specificity regarding the analyzed population
precludes comparison with other studies. Since a socioeco-
nomic profile scale (Holingshead) was used in the present
study, the groups may not reflect the contrast present in
Lecours’ study, which compared illiterate participants with
no schooling to literate participants who had been exposed
to formal education for more than five years.

Research with PET and statistical analysis of parametric
mapping (SPM) has reported differences in brain images of
Portuguese illiterate and literate elderly women in tests of
non-word repetition.'” In the comparison between real and
non-words as baseline, both groups generated similar brain
images. Conversely, when non-words were analyzed taking
real words as baseline, the literate group showed a wide ac-
tivation area in left and right anterior insula, right fronto-
opercular cortex, anterior cortex of cingulate gyrus, left
basal ganglia, anterior thalamus, hypothalamus and medial
part of the cerebellum. Yet in the illiterate elderly group,
activation was restricted to the medial frontal region. These
results reinforce the findings of increased difficulty in re-
peating non-words, reflected by the illiterate sample who
participated in the experiment. The authors interpret these
data as indicating that differences in experience, in this
case, language learning, may lead to changes in neuropsy-
cholinguistic processing. The process of becoming literate
requires phonologic attention training which conducts the
organization and production of motor sequences. In this
way, language becomes conscious, involving the declarative
memory system and not only automatic processes, which
require the implicit memory system. Consequently, brain
regions responsible for the cognitive functions acquired
during formal writing system acquisition tend to be more
associated in literate than in illiterate individuals.

Word repetition tasks involve working memory resourc-
es, and there is a general assumption that schooling and
literacy have a strong effect on different types of memory
processes. The role of the left prefrontal cortex (PFC) and
medial temporal lobe (MTL) in encoding auditory-verbal
information was studied in an event-related fMRI study
comparing literate and illiterate women.'® For both liter-
ate and illiterate subjects, brain activation patterns dem-
onstrated a positive correlation between task performance
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and activation in the left inferior PFC and MTL regions.
Moreover, in this study, activations were recorded in both
right and left MTL in illiterate participants. The authors
suggested that illiterate subjects may have used a different
strategy. Instead of relying on phonological encoding they
may have used visuospatial imagery to memorize frequent
short words presented in the stimuli. An alternative inter-
pretation was based on the occurrence of a greater bilateral
recruitment of brain regions among the illiterate popula-
tion, in accordance with findings of language studies.

On the other hand, while investigating areas surround-
ing the corpus callosum, the same research team did not
find any significant differences.'” In the anterior part of
the posterior third of the corpus callosum, thinner in un-
schooled elderly ladies, fibers connect the two post-central
cortical regions of each hemisphere, crucial areas for writ-
ing processing due to their involvement with visual-audi-
tory-motor associations. The researchers maintained the
assumption that the reduction in posterior areas of the
corpus callosum in illiterate elderly women occurs due to
the lack or limitation of environmental stimuli important
for the development of a given ability.

To sum up, despite their limited number, studies in il-
literate populations have shown that literacy has an effect
on cerebral functional dynamics. Moreover, considering
that schooling is a social factor dependent on experience,
the investigations yielded evidence demonstrating that the
brain is an organic structure which interacts closely with
its environment.

The impact of schooling on neuropsychological
assessment of brain-damaged and
non-brain-damaged individuals

Studies with non-brain-damaged individuals

Schooling is undoubtedly the most-investigated factor
in the neurologically healthy populations in research focus-
ing on normalization or in comparative analysis between
groups of different levels of education. Although Lecours’
studies have demonstrated the relevance of this factor in
contrasting groups, more recent investigations have high-
lighted this importance even in populations with diverse
levels of high education.? Schooling influence has been
analyzed in neuropsychological evaluation of executive
functions, attention,” perception,’? memory, construction-
al praxias,?' language** and communication.” Results of
the majority of studies suggest association between better
performance and higher education levels, whereby school-
ing effect proved more evident, frequent and significant
than the effect of aging.

Two categories can be depicted in the investigations
of schooling in neuropsychological evaluation: 1) stud-
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ies comparing the performance of groups with different
schooling levels and 2) research searching for norms based
on performance, according to a distribution of normative
groups by schooling.

Besides the traditional comparison between literate
and illiterate individuals, where the extreme educational
levels highlight the difference in cognitive performance,
studies which search for norms of performance accord-
ing to education levels have become ever more frequent.
For instance, the impact of schooling on performance in
the Mini-Mental State Examination has been verified by
Brazilian researchers.” They found significant differences
in the comparison of four education groups according to
the number of years of formal schooling: illiterates and
low schooling (1 to 4 incomplete years), medium schooling
(4 to 8 incomplete years) and high schooling (8 years or
more), yet not between low and medium levels. Similarly,
Mexican researchers® carried out research for the normal-
ization of a neuropsychological battery according to age
and schooling: 1) 0 years, 2) 1-4 years, 3) 5-9 years and 4)
10 years or more of schooling. Performance in some tasks
demonstrated a schooling effect (copy of semi-complex
figure, language comprehension and phonological verbal
fluency), while performance in other tasks was minimally
influenced by this socio-demographic variable (praxias and
recognition). Further, a ceiling effect was observed in the
group with 10 to 24 years of schooling.

Another study corroborated the existence of a correla-
tion between semantic memory in elderly and their school-
ing level.”” By analyzing naming and semantic memory
ability of 121 elderly individuals - all submitted to the
Boston Naming Test (BNT), 79 submitted to the Semantic
Fluency Test (Sem-Flu) and 72 to the Pyramids and Palm
Trees Test - the researchers verified a significant influence
of the participants’ education level on all tests.

In this context, an important aspect to be emphasized is
the complex effect of the schooling variable in interaction
with age, which has been reported in the literature, while
also reflecting a tendency toward reduced education effect
as age progresses. In a sociodemographic investigation,
findings suggested a tendency toward a reduced effect of
the schooling variable in the elderly population’s perfor-
mance in tasks of communicative processing assessment.
This decrease in schooling influence as age progresses has
also been reported in a study on performance in episodic
memory tasks.”” Generally, it is not possible to state that
the interaction between age and education is characterized
as being linear. On the contrary, a relative heterogeneity in
the relationship between these two variables has been ob-
served in cases which have registered an inversion in these
effects — for instance, when elderly participants with a low
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schooling level score higher than those with high educa-
tion level.?® This diversity of interaction patterns between
age and schooling depending on the cognitive domain has
been highlighted by some authors,*"** the heterogeneity
in communicative performance being even higher in the
elderly population.®®*!*

This heterogeneity is more evident in low schooling
elderly individuals. For instance, among the group of adults
above 65 years’ old who studied for 1 to 4 years, illiterate
and semi-illiterate or functionally illiterate individuals may
be found,* as well as elderly adults with a high perfor-
mance (Fonseca et al., in press). Factors such as varying
levels of daily cognitive stimulation, linked, for instance,
to the frequency and quality of reading and writing habits,
may influence elderly participant performance.

Such specificities of the cognitive processing of illiterate
individuals justify the development of specific assessment
instruments for use in this population (for example, al-
ternative versions of the Stroop Color-Word Test).* Thus,
neuropsychological evaluation practices among illiterate
subjects tend to be differentiated, predominantly employ-
ing numbers as opposed to verbal written information.

Studies in brain-damaged individuals:

the controversy over schooling influence

Results from studies involving non-brain-damaged in-
dividuals have corroborated the idea of the determining
interference of schooling on participants’ performance in
neuropsychological tasks. This consensus is not shared by
investigations with brain-damaged patients, the findings of
which tend to be more controversial. In a study on 30 LH
brain-damaged patients (not aphasics), 30 RH brain-dam-
aged patients and 30 controls,* cluster analysis identified
three groups according to participants’ performance on a
free verbal fluency test: high performance (1), intermediate
performance (2) and inferior to average performance (3).
The homogeneity in brain-damaged participants’ distribu-
tion in the three clusters led to the conclusion that lesions
had not been the main factor in determining group forma-
tion, but rather education level. The most schooled brain-
damaged participants were concentrated in the cluster with
high performance, while least schooled participants consti-
tuted the cluster with the worst performance. However, cor-
relation between lesion impact and education was detected
in low-schooled participants where the impact of a more
limited education level seems to be more significant than
impact of the lesion. In other words, the education effect
was more determining than the lesion effect. In a Brazil-
ian study on neuropsychological assessment of RH brain-
damaged participants’ communication,® an effect of this
neurological impairment was observed in conversational

discourse, verbal fluency and emotional and linguistic
prosody tasks. However, this investigation did not analyze
the relationship between RH lesion influence and patients’
education. A further analysis, yet to be published, did not
detect any lesion effect in semantic judgment, metaphor
and indirect speech act interpretation, or linguistic prosody
comprehension tasks, probably because the schooling effect
was more significant than lesion influence, there being no
interaction between these two factors.

On the other hand, despite this evidence of a more
prominent influence of the years of schooling on RH le-
sion, a study which assessed aphasic patient performance
on the Montreal-Toulouse 86 Aphasia Battery, comprising
naming, oral comprehension and repetition tests, found a
schooling effect only in non-brain damaged individuals.*
However, aphasics’ performance was not influenced by
schooling level. Thus, the findings reported above suggest
that the overlap between the sociocultural effect of school-
ing and the neurological factor of the vascular lesion occurs
only in the context of an RH lesion, and is not replicable in
LH brain-damaged individuals, a distinction which needs
further investigation.

In light of the contradictory results, Reis and Peters-
son' suggested that, although the literature reports school-
ing influence in normal individuals, studies with brain-
damaged populations have not corroborated the impact of
this effect. In research in clinical populations, the schooling
variable is a criterion for matching control and neurologi-
cal groups, in order to favor a more precise analysis of the
relationship between pathology and cognitive performance.
Research on Alzheimer’s disease,” Parkinson disease,*® RH
brain damage,* among other neurological conditions, il-
lustrates this concern. In fact, the most important aspect
to be investigated is not to verify whether education influ-
ences neurologically impaired population performance,
but rather to analyze to what extent lesion and schooling
effects interact with the varying neuropsychological task
performance. For instance, in severe cases of Broca’s apha-
sia, independently of the participant’s schooling level, the
naming task, for example, cannot be adopted. The same
applies to advanced cases of Alzheimer’s disease in simple
tests of digit memory. However, in moderate and mild
cases, the complexity of cognitive processing of the task
may favor the emergence of the schooling effect. Thus, it is
possible that in a task requiring only linguistic processing,
disturbance in this function will be more important than
the education effect, which develops different cognitive
abilities. However, if a task also demands several abilities
developed and required at school, such as inferential pro-
cessing, text comprehension and verbal fluency tasks, it is
possible that, besides the lesion effect, the education factor
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also becomes evident. The complexity of the relationship
between schooling and the lesion effect does not detract
from the importance of its discussion, since the differences
in education and reading habits are very evident in our
country and probably in other Latin American countries,
thereby demonstrating that this controversial and relevant
issue needs further investigation.

The relation between education and dementia

Since the 1990s, several studies have reported that a
higher education and cultural level reduces the impact of
dementia®. However, the number of studies which have not
observed differences in the dementia processes in patients
with varying education levels carry equal weight.*"*>* In
fact, this issue remains very complex.

Taking studies on schooling influence on dementia pro-
cesses as a starting point, several models have attempted
to explain the impact of this variable on neurocognitive
organization. One of these theoretical paradigms is the
cognitive reserve hypothesis. This hypothesis emerged
when researchers noted there was no direct relationship be-
tween lesion severity and clinical symptoms.* Two groups
of models of the cognitive reserve paradigm will be briefly
addressed: (1) passive models and (2) active models. The
passive models conceive the idea of “reserve” as being simi-
lar to “hardware”, and therefore consider anatomical vari-
ables as an index measure of reserve. Yet the active models
compare “reserve” to “software’, reflecting individual dif-
ferences in terms of the way each person approaches a task,
using, for instance, different strategies to tackle it. Active
models assume that individual performance is mediated
by several factors such as education (considering years of
school attendance or higher degree attained), premorbid
IQ (tested by the Wechsler Adult Intelligence Scale (WAIS)
Vocabulary subtest or the National Adult Reading Test),
and profession/occupation experience.*

As stated above, researchers noted there was no direct
relationship between lesion severity and clinical diagnoses.
A first attempt to explain this discrepancy was proposed*
based on synapse count or brain volume, which would
be related to brain reserve capacity thus characterizing a
passive model. The author’s assumption was supported
by research showing positive correlation between brain
size and cognitive functioning in pathological and healthy
populations. A greater brain “reserve” would thus prevent
or reduce clinical manifestations. To illustrate, an fMRI
study*® found positive correlation between brain volume
and general intelligence in 97 healthy elderly adults. How-
ever, caution must be exercised when interpreting these
data, since they may reflect a correlation between age and
frontal lobe atrophy in low-schooled individuals.*’
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Another example based on the passive model to explain
cognitive reserve, with emphasis on cerebral organization
changes, was a PET study in elderly illiterate women."
The study identified cerebral areas developed by learning
a writing system. According to the authors, oral or written
language utilizes: (1) areas in the auditory cortex and in
the subcortex for phonological modulation; (2) auditory
and multisensory integration cortexes for lexical-semantic
components; (3) visual areas for reading; (4) parietal cor-
tex and dorsolateral visual area, as well as motor areas, for
writing, and (5) interconnections among all these areas.
The researchers suggested the occurrence of an increase
in the amount of connections upon schooling, especially
of those which demand visual associations with the RH,
including higher participation of the corpus callosum. To
date, studies run by these authors have confirmed the oc-
currence of higher activations in the RH in illiterates along
with lower activations in posterior regions of the corpus
callosum, corroborating the underlying assumptions made
by the model. However, these studies are recent and war-
rant more in-depth investigation.

The active model has been corroborated by PET studies
in Alzheimer’s disease and healthy individuals.*”* By ana-
lyzing individuals’ performance in visual recognition tasks,
the researchers revealed a correlation between data on task
resolution and participants’ cognitive reserve.

Among the active models, the aspect which has been
most investigated is education, which has been assumed
to produce greater cognitive resources, crucial to overcome
functional losses and to search for compensatory strategies.
However, one experiment did not identify cognitive reserves
as a determinant for the onset of degenerative diseases
caused by aging.”® The authors of this experiment postulat-
ed that a higher formal education level did not modify the
course of Alzheimer’s disease. Instead, low-schooled indi-
viduals demonstrated, in studies on autopsies of patients di-
agnosed as having dementia, a higher tendency for strokes,
due to the incidence of minor cerebrovascular accidents.

Evidence from this review of the effect of literacy and
formal education on human brain organization suggested
that schooling processes influenced cerebral organization
of healthy individuals, as well as in brain-damaged indi-
viduals and those with dementia. Concerning illiteracy, the
systematic pioneering studies developed by André Roch
Lecours, as well as the continuity of his investigations, were
essential to alert the scientific and clinical communities to
take into account cerebral flexibility and educational ex-
perience. The differences among the groups with different
schooling levels and literacy conditions probably correlate
to a higher sensitivity to the education factor whenever
cognitive abilities are examined in formal testing settings.
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According to this assumption, illiterate individuals are less
exposed to visual stimuli than those who have experienced
educational environments. Experiencing formal education
potentially exposes the literate person to frequent linguis-
tic and visuospatial stimulation, familiarizing them with
this type of stimuli in contrast to illiterates, who do not
frequently experience this.

The variability among low-schooling and illiterate in-
dividuals should be investigated further. For instance, the
hypothesis that the frequency of reading and writing habits
may be related to this variability may reflect that, besides
the schooling factor, usually considered in the neuropsy-
chological assessment process, the type and frequency of
writing and reading habits should also be observed in com-
parative and normative studies. Moreover, a more frequent
and extensive investigation of the relationship between
schooling and brain lesions, as well as of schooling and
the rate of occurrence and evolution of dementia, represent
relevant issues to be pursued.

Currently there are no doubts that the multiple inter-
actions with the environment lead the brain to function
in an adaptive form. A large proportion of environmen-
tal influences are a product of culture, created by human
beings and expressed mainly by their languages. Thus it
becomes clear that, despite the constant confirmation that
schooling and/or literacy have an impact on cerebral orga-
nization and cortical and intra-hemispheric connections,
along with a marked influence on performance in neuro-
psychological tasks, several questions need to be explored:
Which changes underlying the schooling process may jus-
tify the differences found? What is the interaction between
education and right and left hemisphere brain lesion? Does
education guarantee a cognitive reserve that prevents or
postpones the dementia in Alzheimer’s disease? Are popu-
lations with different education levels equally susceptible
to neuropsychological rehabilitation? Lastly, the complexity
of the factors influencing its theoretical basis make neuro-
psychological research a constant challenge. This challenge
is yet greater in terms of understanding the relationships
between formal educational experience and cognitive pro-
cessing of individuals from countries like Brazil, which are
renowned for their broad cultural diversity.

References

1. Lecours AR, Mehler J, Parente MAMP. et al. Illiteracy and
brain damage: aphasia testing in culturally contrated popula-
tion. Neuropsychologia 1987;25:231-245.

2. Lecours AR, Mehler J, Parente MAMP. Illiteracy in brain
damage: a contribution to the study of speech and language
disorders in illiterates with brain damage. Neuropsychologia
1988;104:98-108.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Parente MAMP, Lecours AR. Participa¢do do hemisfério di-

reito na recuperagio das afasias de analfabetos. Neuropsycho-
logia Latina 1998;4:73-78.

. O’Bryant SE, Humphreys JD, Smith GE, et al. Detecting de-

mentia with the Mini mental state examination in highly
educated individuals. Arch Neurol 2008;65:963-967.

. Zunzunegui MV, Cuadra PG, Beé LE, Ser T, Wolfson, C. De-

velopment of simple cognitive function measures in a com-
munity dwelling population of elderly in Spain. Int ] Geriatr
Psychiatry 2000;15:130-140.

. Critchley M. Premorbid literacy and the pattern of subse-

quent aphasia. Proc Soc Med 1956;49:335-336.

. Weber E. Das schreiben als ursache de einseitigen lage des

sprachzentrums. Zentralblatte als Physiologie 1904;18:341-347.

. Gorlitzer von Mundy V. Zur frage des paarig veranlagten

sprachzentren. Nervenarzt 1957;28:212-216.

. Mételus J, Cathala HP, Aubry-Issartier A, Bodak A. Une obser-

vation d’aphasie chez une illetrée (analphabeéte) concourant
au langage. Ann Med Psychol 1981;139:992-001.

Wechsler AF. Crossed aphasia in an illiterate dextral. Brain
Lang 1976;3:164-172.

Cameron RF, Currier RD, Haerer AF. Aphasia and literacy. Br
] Disord Commun 1971; 6:161-163.

Damasio AR, Castro-Caldas A, Grosso JT, Ferro, JM. Brain
specialization for language does not depend on literacy. Arch
Neurol 1976;33:300-301.

Castro-Caldas A, Reis A. Neurobiological substrates of illit-
eracy. Neuroscientist 2000;6:475-482.

Petersson K, Reis A, Askelof S, Castro-Caldas A, Ingvar M.
Language processing modulated by literacy: a network analy-
sis of verbal repetition in literate and illiterate subjects. ] Cogn
Neurosci 2000;12:364-382.

Reis A, Petersson K. Educational level socioeconomic status
and aphasia research: a comment on Connor et al. (2001) -
effect socioeconomic status on aphasia severity and recovery.
Brain Lang 2003;87:449-452.

Connor LT, Obler LK, Tocco M, Fitzpatrick PM, Albert ML.
Effect of socio economic status on aphasia severity and recov-
ery. Brain Lang 2001;78:254-257.

Castro-Caldas A, Peterson KM, Reis A, Stone-Elander S, In-
gvar M. The illiterate brain: Learning to read and write during
childhood influences the functional organization of the adult
brain. Brain 1998;121:1053-1063.

Peterson KM, Reis A, Castro-Caldas A, Ingvar M. Effective
auditory-verbal encoding activities the left prefrontal and the
medial temporal lobes: A generalization to illiterate subjects.
Neuroimage. 1999; 10:45-54.

Castro-Caldas A, Miranda Cavaleiro P, Carmo I, et al. Influ-
ence of learning to read and write on the morphology of the
corpus callosum. Eur ] Neurol 1999;6:23-28.

Del Ser T, Haschinski V, Merskey H, Munoz DG. An autopsy-

Parente MAMP, et al Literacy and brain organization 171



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

172

Dement Neuropsychol 2008 September;2(3):165-172

verified study of the effect of education on degenerative de-
mentia. Brain 1999;122:2309-2319.

Ostrosky-Solis F, Ardila A, Rosselli M. NEUROPSI: a brief
neuropsychological test battery in Spanish with norms by age
and educational level. ] Int Neuropsychol Soc 1999;5:413-433.
Herrera-Guzman I, Pefia-Casanova J, Lara JP, Gudayol-Ferré
E, Bohm P. Influence of age, sex, and education on the Visual
Object and Space Perception Battery (VOSP) in a healthy nor-
mal elderly population. Clin Neuropsychol 2004;18:385-394.
Ardila A, Ostrosky-Solis F, Rosselli, M, Gomez C. Age-related
cognitive decline during normal aging: the complex effect of
education. Arch Clin Neuropsychol 2000;15:495-513.
Evrard M. Ageing and lexical access to common and proper
names in picture naming. Brain Lang 2002;81:174-179.
Coté H, Moix V, Giroux E Evaluation des troubles de la com-
munication des cérébrolésés droits. Rééducation Orthopho-
nique 2004;219:107-122.

Bertolucci PHF, Brucki SMD, Campacci S, Juliano Y. [The
Mini-Mental State Examination in a general population: im-
pact of educational status]. Arq Neuropsiquiatr 1994;52:1-7.
Rami L, Serradell M, Bosch B, et al. Normative data for the
Boston Naming Test and the Pyramids and Palm Trees Test
in the elderly Spanish population, J Clin Exp Neuropsychol
2008;30:1-6.

Fonseca RP,Joanette Y, Ska B, Giroux F, Parente MAMP. Age
and education effects on adults performance in the Bateria
Montreal de Avaliagdo da Comunicagao - Bateria MAC. Paper
presented at 2nd Meeting of the European Societies of Neu-
ropsychology. Toulouse, France: Euronpsy 2006, 2006:83.
Hassing L, Wahlin A, Bickman L. Minimal influence of age,
education, and gender on episodic memory functioning in
very old age: a population-based study of nonagenarians.
Arch Gerontol Geriatr 1998;27:75-87.

Duong A, Giroux F, Tardif A, Ska B. The heterogeneity of pic-
ture-supported narratives in Alzheimer’s disease. Brain Lang
2005;93:173-184.

Valdois S, Joanette Y, Poiussant A, Ska B, Dehaut F. Hetero-
geneity in the cognitive profile of normal elderly. J Clin Exp
Neuropsychol 1990;12:587-596.

Ska B, Duong A. Communication, discourse et démence. Psy-
chol Neuropsychiatr Vieil 2005;3:125-133.

Kulaif T, Valle LER. Alternative to the stroop color-word test
for illiterate individuals. Clin Neuropsychol 2008;22:73-83.
Beausoleil N, Fortin R, Le Blanc B, Joanette Y. Unconstrained
oral naming performance in right- and left-hemisphere-dam-
aged individuals: When education overrides the lesion. Apha-
siology 2003;17:143-158.

Literacy and brain organization Parente MAMP, et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Fonseca RP, Fachel JMG, Chaves, MLE, Liedtke FV, Parente
MAMP. Right hemisphere damage: communication process-
ing in adults evaluated by the Brazilian Protocole MEC - Ba-
teria MAC. Dement Neuropsychol 2007;3:266-275.

Soares, EC. Avaliagao de linguagem em sujeitos adultos através
do Teste MT Beta 86 Modificado: estudo piloto e aplicagdo
em sujeitos afasicos. Disserta¢ao. Universidade Federal de Sao
Paulo: Sao Paulo; 2007.

Poore QE, Rapport L], Fuerst DR, Keenan P. Word list gen-
eration performance in Alzheimer’s disease and vascular de-
mentia. Neuropsychol Dev Cogn B Aging Neuropsychol Cogn
2006;13:86-94.

Monetta L, Pell MD. Effects of verbal working memory defi-
cits on metaphor comprehension in patients with Parkinson’s
disease. Brain Lang 2007;101:80-89.

Zaidel E, Kasher A, Soroker N, Batori G. Effects of right and
left hemisphere damage on performance of the Right Hemi-
sphere Communication Battery. Brain Lang 2002;80:510-535.
Caramelli P, Poissant A, Gauthier P, et al. Educational level
and neurospsychological heterogeneity in dementia of the
Alzheimer type. Alzheimer Dis Assoc Disord 1997;11:9-15.
Cobb JL, Wolf PA, Au R, White R, D’Agostino RB. The effect of
education on the incidence of dementia and Alzheimer’s dis-
ease in the Framingham Study. Neurology 1995;45:1701-1712.
Castro-Caldas A, Guerreiro M. Cultural background as a risk
factor for dementia. In: Boller F, Cappa SF, editors. Handbook
of Neuropsychology. Amsterdam: Elsevier; 2001:453-462.
Corral M, Rodriguez M, Amenedo E, Sanchez JL, Diaz E. Cog-
nitive reserve, age, and neuropsychological performance in
healthy participants’ Dev Neuropsychol 2006;29:479-491.
Stern, Y. What is cognitive reserve? Theory and research applica-
tion of the reserve concept. ] Int Neuropsychol Soc 2002;8:448-460.
Satz P. Brain reserve capacity on symptom onset after brain
injury: A formulation and review of evidence for threshold
theory. Neuropsychology 1993;7:273-295.

MacLullich AM, Ferguson KJ, Deary IJ, Seckl JR, Starr JM,
Wardlaw JM. Intracranial capacity and brain volumes are as-
sociated with cognition in healthy elderly men. Neurology
2002;59:169-174.

Scarmeas N, Zarahn E, Anderson KE, et al. Cognitive reserve
modulates functional brain responses during memory tasks:
A PET study in healthy young and elderly subjects. Neuroim-
age 2003;19:1215-227.

Scarmeas N, Zarahn E, Anderson KE, et al. Cognitive reserve-
mediated modulation of positron emission tomographic ac-
tivations during memory tasks in Alzheimer disease. Arch
Neurol 2004;61:73-78.



