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It is proposed that analysis of illiteracy can not only discern the influence of schooling background on neuropsychological test 
performance, but also contributes to obtaining a better understanding about the cerebral organization of cognitive activity. 
Brain organization of cognition, and cognitive sequelae of brain pathology in illiterates are reviewed. It is concluded that: (1) 
cognitive abilities, as measured by standard neuropsychological tests, are significantly influenced by schooling background; 
and (2) educational and cultural variables may affect the degree (albeit, not the direction) of hemispheric dominance for 
language, and other cognitive abilities. A more bilateral representation of cognitive abilities in illiterates is hypothesized. 
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INTRODUCTION 

At least two different relevant aspects may be considered 
when studying the neuropsychology of illiteracy: (1) The 
analysis of illiteracy can help to discern the influence of 
schooling background on neuropsychological test per
formance. To distinguish the effects of brain damage from 
the influence of the subject's educational history rep
resents a central problem in neuropsychological evalu
ation. Educational variables can significantly influence 
performance in neuropsychological test measures (e.g. 
Ardila et aI., 1992a,b). (2) The study of illiteracy can con
tribute to obtaining a better and more accurate understand
ing of the cerebral organization of cognitive activity 
(Lecours et aI., 1987a,b; Ardila et aI., 1989b; Rosselli et 
at., 1990). 

Illiterates represent a non-neglectable proportion of the 
world population (about one-third of people are illiterate; 
Unicef, 1985). Only a few centuries ago, reading and writ
ing abilities were simply uncommon among the general 
population. Writing has only some 5000-6000 years in 
human history. It may be assumed that the acquisition of 
these skills may have somehow changed the brain 
organization of cognitive activity in general. 

BRAIN ORGANIZATION OF COGNITION IN 
ILLITERATES 

Several procedures have been applied to tackle the 
question about brain organization of cognition in illiterate 
persons. 

Dichotic listening measures in illiterates 
The role of the acquisition of reading and writing skills in 
the process of left brain specialization for language has 
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been the aim of several dichotic listening research studies 
(e.g. Damasio et at., 1979; Tzavaras et at., 1981; Castro 
and Morais, 1987). 

Damasio et at. (1979) compared performance in three 
dichotic listening tasks in unschooled illiterates, semi-lit
erates, and high school or college education individuals. In 
general, the two former groups ("dysliterates") scored at a 
significantly lower level than the high-educated subjects. 
When the stimuli consisted of pairs of digits or pairs of 
phonologically different meaningful words, a right ear 
advantage was found in all groups. When the stimuli were 
pairs of phonologically similar meaningful words, differ
ing only in their initial consonants, a right ear advantage in 
the literate, and a left ear advantage in the dysliterate group 
was observed. 

Tzavaras et al. (1981) studied the cerebral organization 
of right-handed Greek illiterates, and high-school control 
subjects, by testing their dichotic listening of pairs of 
digits. The two groups demonstrated a right ear advantage. 
The ear advantage index was significantly higher in the 
illiterate group when compared with the control group. 
The difference between the two ears was interpreted by the 
authors as a semi-extinction of the left ear, and as a non
ability of language strategies of the right hemisphere. The 
authors concluded that it would be expected that education 
in general instigates several cognitive strategies for lan
guage which permit bi-hemispheric participation in 
linguistic function. If this is true, we can speculate that this 
harmonious bi-hemispheric control of language in edu
cated subjects is not present among illiterates, who operate 
under the strong inhibitory influence of their left hemi
sphere. The results of this experiment, however, may have 
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been influenced by the mean age differences between the 
experimental and control groups (Castro and Morais, 
1987). 

Castro and Morais (1987) tested right-handed females 
(illiterates, semi-literates, and literates) using a dichotic 
listening task. The three groups were homogeneous with 
regard to age. Subjects were presented with pairs of words 
phonologically similar and dissimilar, which differed 
either in the initial consonant only, or in at least the first 
three phonemes. The subjects' task was to report the word 
heard at the attended ear. A right ear advantage was 
observed in all groups for both similar and dissimilar pairs 
of words. There were no significant differences in the inci
dence of right ear advantage between literates and illiter
ates. Performance levels were higher for dissimilar than 
similar pairs and they increased from illiterates to semi
literates and from semi-literates to literates. 

Results of these dichotic listening studies in illiterates 
are evidently confusing. It seems that illiterates and liter
ates presented a right ear advantage with digits and dis
similar words. However, some illiterates may present a 
left ear advantage when similar words are used. At present, 
non-definitive conclusions can be obtained by dichotic lis
tening studies. Methodological problems have been 
pointed out in these studies: the relationship between 
literacy and age, and lack of control for the orientation of 
attention (Castro and Morais, 1987). Evidently, more 
research is needed in this area in order to obtain suf
ficiently reliable conclusions. 

Neuropsychological assessment and illiteracy 
Educational attainment correlates to a high degree with 
scores on standard tests of intelligence. This correlation 
ranges from about 0.65 to 0.75 (Matarazzo, 1979), and in 
consequence, it could be considered that test performance 
correlations with IQ are in fact correlations with edu
cational level. Correlations with verbal intelligence sub
tests are usually higher (from about 0.66 to 0.75) than 
correlations with performance intelligence subtests (from 
about 0.57 to 0.61). It could be argued that psychometric 
measures of intelligence are strongl y biased by our current 
schooling system. In consequence, not only psychometric 
but also functional criteria of intelligence should always 
be taken into consideration (Pirozzolo, 1985). 

Several studies have demonstrated a similarly strong 
association between educational level and performance on 
various neuropsychological measures (e.g. Finlayson et 
aI., 1977;Ostroskyetai., 1985, 1986; Heatonetai., 1986; 
Bomstein and Suga, 1988; Ardila et ai., 1992). However, 
some tests have been observed to be more sensitive to 
eductional variables (e.g. language tests) than others (e.g. 
the Wisconsin Card Sorting Test; Rosselli and Ardila, 
1993). Extremely low scores in current neuropsycholog
ical tests are observed in illiterate people. Low scores in 
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neuropsychological tests observed in illiterates may be 
partly due not only to differences in learning opportunities 
of those abilities that the examiner considers relevant 
(although, evidently, they are not the really relevant abili
ties for illiterates' survival), and to the fact that illiterates 
are not used to being tested (i.e. they have not learned how 
to behave in a testing situation), but also to the fact that 
testing itself represents a nonsense (non-relevant) 
situation. 

Cornelious and Caspi (1987) found that educational 
level has a substantial relationship with performance in 
verbal meaning tests but was not systematically related to 
everyday problem solving (i.e. functional criterion of 
intelligence). Craik et ai. (1987) observed that differences 
in memory loss during aging are related to socioeconomic 
status. Ardila and Rosselli (1989) reported that the edu
cational variable was even more influential on neuro
psychological performance than the age variable, and 
Albert and Heaton (1988) argued that, when education is 
controlled, there is no longer evidence of an age-related 
decline in verbal intelligence. 

Ostrosky et al. (1985, 1986) applied a neuropsycholog
ical diagnostic test battery to a subject sample from two 
different socioeducationallevels (high and low) in Mexico 
City. High socioeducational subjects performed better 
than low socioeducational subjects in all sections of the 
battery. However, differences were particularly notable in 
conceptual language tasks, and in programming of motor 
sequences, two abilities eventually associated with verbal 
learning history and writing skill training. 

This significant schooling effect on neuropsychological 
test performance has been reported for different types of 
abilities. Some of them will be briefly mentioned. 

Spatial abilities. Ardila et al. (1989b) administered a 
basic neuropsychological test battery to two extreme edu
cational groups: illiterate and professional individuals. 
Subjects were matched according to sex and age. All the 
analyzed vi suo spatial tasks (copying a cube, a house, and 
Rey-Osterrieth Complex Figure; telling the time; recog
nizing superimposed figures; recognizing the national 
map; and drawing the plan of the room) showed highly 
significant differences between the two groups. In all these 
subtests, gender interacted with educational level. In the 
illiterate group men outperformed women, but no gender 
differences were observed in the professional sample. 

Significant cross-cultural differences in perceptual 
abilities have been observed. Deregowski (1980) argues 
that in all societies there is a preference in children for 
drawing in two dimensions that persists if they do not have 
practice in three-dimensional drawings. Dawson (1967) 
suggested that general exposure to pictorial material might 
not be enough for learning pictorial representation, and 
some use of pictorial material is also required. Modiano et 
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al. (1982) showed errors in Mexican Indian children in 
identifying color paintings and photographs of everyday 
objects. Hudson (1960, 1962) studied depth perception 
using pictures that contained figures of an elephant, an 
antelope and a man with a spear. It was observed that 
European children around 7-8 years old have a great deal 
of difficulty perceiving pictures as three-dimensional. 
However at around 12 years, virtually all can recognize 
three-dimensionality. African children (Bantu or Gha
nian) did not perceive the three dimensions of the picture. 
Non-literate Bantu and Europeans responded to the pic
ture as flat and not three-dimensional. On the other hand, 
hunting people with specific environmental demands 
usually present good visual discrimination and excellent 
spatial skills. For instance, the embedded figures test is 
better performed by cultural groups for whom hunting is 
important for survival (Berry, 1971, 1979). 

Memory. Statistically significant differences between 
illiterates and professionals were also found in memory 
tests by Ardila et al. (1989b). For instance, professionals 
memorized a lO-word list after an average of 3.22 presen
tations; while illiterates required 6.55 repetitions. Signifi
cant differences were also found in the lO-word delay 
recall. There was a statistically significant interaction be
tween age and educational level, with illiterates presenting 
a more notable variation across age groups. Immediate and 
delayed logical memory tests were also sensitive to edu
cational level. Barltlett (1932) proposed that illiterates 
more frequently use procedures of rote learning while lit
erate people refer to more active information integration 
procedures. Cole and Scribner (1974) observed that when 
memorizing information literates and illiterates make use 
of their own groupings to structure their recall; for instance 
high school subjects rely mainly on taxonomic categories, 
whereas illiterate bush farmers make little use of this prin
ciple. The authors argue that cultural differences in memo
rizing do not consist of the presence or absence of 
mnemonic techniques in general, but in the utilization of a 
specific technique: reorganization of to-be-remembered 
material. This particular strategy for recall could be tied to 
school learning experiences. Cole et al. (1971a,b) com
pared Liberian Kpelle children with American children in 
the recall of spoken words and objects. They found a 
superior performance in the latter group. Kpelle subjects, 
on the other hand, showed a dissociation between verbal 
and non-verbal memory: they recalled objects better than 
spoken words. In Ardila et al. ' s (1989b) study, differences 
between educational groups decreased sharply when no 
language mediation was used in the visual memory tasks. 

Language. Language abilities have been strongly corre
lated with socioeducational level. Robinson (1974) 
observed that low socioeconomical parents use more non-

verbal strategies in their relationship with their children. 
Bernstein (1974) points out that the language used by low 
socioeconomical people is less fluent and has a simpler 
grammatical structure; it relies much more on emotional 
than logical strategies. Bruner et al. (1966) suggested that 
rural unschooled children may lack symbolic represen
tation skills because their linguistic ability is tied to the 
immediate context of the referent. They proposed that for
mal education facilitates the development of language into 
a fully symbolic tool. Lantz (1979), however, showed that 
rural unschooled children performed better than schooled 
Indian or American children in coding and decoding cul
turally relevant objects, such as grain, seeds, etc. Thus 
children without formal schooling are able to separate lan
guage symbols from the physical referent and to use those 
symbols for communicating accurately, but display of this 
ability depends upon the stimuli used (Laboratory of Com
parative Human Cognition, 1983). Luria (1976) points out 
that the significance of schooling lies not just in the acqui
sition of new knowledge, but in the creation of new 
motives and formal modes of discursive verbal and logical 
thinking divorced from the immediate practical 
experience. 

Praxic abilities. Education has been shown to be an 
important variable in motor performance subtests 
(Ostrosky et aI., 1985). Rosselli et al. (1990) observed in 
illiterates differences according to educational level in the 
performance of buccofacial, ideomotor, and finger alter
nating movements subtests. Illiterate subjects presented 
some errors in these tasks while high educational level 
subjects did not present any mistakes. Interaction between 
education and age in performing buccofacial movements 
under verbal command was observed, and older illiterates 
presented the highest number of errors. In ideomotor 
praxis subtests a significant interaction between education 
and sex was observed. Illiterate women presented roughly 
double the mistakes of illiterate men. Fine finger move
ments were poorly performed by illiterate subjects in Ros
selli et al.'s study. The absence of training and practice in 
fine movements (particularly writing) may account for the 
difference in fine movement test performance between the 
illiterates and high-educated subjects. Ostrosky et al. 
(1985, 1986) reported significant differences in perform
ing programmed movements between subjects coming 
from different educational levels. 

The literature reviewed in this section points to the 
importance of schooling effects on neuropsychological 
tests. Virtually all cognitive abilities measured by neuro
psychological tests are sensitive to some degree to the sub
ject's educational background. Without careful 
consideration of educational variables, neuropsychology 
runs the risk of finding brain pathology where there are 
only educational differences. Norms should be developed 
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for low educational subjects. Neuropsychological testing 
should be given to illiterate subjects in order to find out 
their cognitive and behavioral profile and to design appro
priate neuropsychological assessment procedures for this 
population. 

BRAIN DAMAGE AND ILLITERACY 

Two opposite points of view are found in the neuropsych
ologicalliterature regarding the influence of education on 
brain organization of language. Cameron et al. (1971) 
reported that there is a lower frequency of aphasias associ
ated with injuries of the left hemisphere among right
handed illiterate patients than among educated ones. The 
authors concluded that language is more bilaterally repre
sented in the illiter!:lte group. Damasio et al. (1976) claim 
that there is no qualitative or quantitative difference be
tween the aphasias of educated and illiterate patients. The 
aphasia of literates or illiterates did not differ in expect
ancy rate, distribution of clinical types or semiological 
structure. 

Matute's (1988) research studies provide some support 
to Damasio et al.'s conclusions. She compared three 
groups of right-handed Mexican subjects: brain-damaged 
illiterates, brain-damaged literates, and normal illiterates. 
An aphasia test was given to all three subject groups as part 
of a neuropsychological assessment. All left hemisphere
damaged illiterate subjects presented aphasia, while no 
illiterates presented aphasia after right hemisphere dam
age. The aphasia was, however, less severe in the illiterate 
group than in the literate one. The literate group presented 
a higher number of errors, with lower scores in the aphasia 
subtests than the illiterate brain-damaged individuals. 

Lecours et al. (1987a,b, 1988) studied some relation
ships between brain damage and schooling with regard to 
aphasic impairments of language. The authors concluded 
from their results that: (1) there was a greater right hemi
sphere language involvement in illiterates than in well
educated subjects; and (2) left stroke school-educated sub
jects seemed to be "sicker" than their illiterate 
counterparts, that is: (a) the classical symptoms of aphasia 
(suppression stereotype,jargonaphasia) are more apparent 
among left stroke literates than among left stroke illiter
ates; and (b) auditory comprehension was more frequently 
impaired among the left literate patients. Lecours et al. 
(1987b) studied also the influence of education on unilat
eral neglect syndrome. They analyzed a large sample of 
right-handed unilingual brain-damaged subjects: illiter
ates (left stroke and right stroke) and literates (left stroke 
and right stroke). Evidence of unilateral neglect syndrome 
was found in both left and right brain-damaged literates 
and illiterates. Their results provide no indication that tro
pisms were globally stronger depending on the side of the 
lesion or on the educational level of the subjects. Rosselli 
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et al. (1985), however, reported a higher frequency of right 
hemi-spatial neglect in low-educated subjects. 

Studies of brain-damaged illiterates when compared 
with brain-damaged literates lead to the following con
clusions: (1) literacy does not change the dominance of the 
left hemisphere for language; illiterates as well as literates 
present aphasia most often after left brain damage, and not 
after right brain damage; (2) it seems, however, that the 
right hemisphere has more participation in language in 
illiterate subjects. There is a general consensus that left
damaged literates present a higher number of errors in 
aphasia tests than left-damaged illiterates (Lecours et al., 
1988; Matute, 1988), and that right-damaged illiterates 
present more frequently lower performance in aphasia 
tests than right brain-damaged literates (Lecours et al., 
1987a,b). 

CONCLUSIONS 

It is evident that literacy is strongly reflected in the per
formance of those tasks used not only in psychological, 
but also neuropsychological evaluation. Very important 
cognitive consequences of learning to read and to write 
have been suggested: changes in visual perception, logical 
reasoning, and remembering strategies (Laboratory of 
Comparative Human Cognition, 1983). Even the influ
ence of schooling on formal operational thinking has been 
pointed out (Laurendeau-Bendavid, 1977). 

The analysis of performance of illiterate populations in 
neuropsychological measures suggests that cognitive 
abilities, as measured by standard neuropsychological 
tests, are significantly influenced by schooling. It is a mis
take to assume that the inability to perform simple cogni
tive tasks, such as those incorporated in current 
neuropsychological test batteries, necessarily means 
abnormal brain function. The degree of literacy can often 
represent the crucial variable. 

The influence of literacy seems to go further: literacy 
may somehow change the brain organization of cognition. 
We are far from completely understanding the influence of 
external variables on brain organization of cognitive 
activity. However it is a fact that educational and cultural 
variables may affect not only handedness (Ardila et al., 
1989a; Bryden et al., 1993), but also the degree of hemi
spheric dominance for language (Matute, 1988; Lecours et 
al., 1988) and most likely other cognitive abilities. Studies 
on the consequences of brain damage in illiterate popu
lations evidence a more bilateral representation not only 
for linguistic, but probably also for visuospatial abilities. 
Apparently, literacy does not change the direction of lat
erality in the brain organization of cognition, but the 
degree of this lateralization. 

It can be assumed that the brain organization of cogni
tion in prehistoric humans was closer to the organization 
observed in illiterate rather than schooled people. Writing 
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has only a 5000-6000 year history. and obviously prehis
toric humans were illiterate. Cultural knowledge and cog
nitive abilities mediated through written language are 
recent historical acquisitions. A more bilateral represen
tation of not only linguistic but also visuospatial functions 
in prehistoric humans can be hypothesized. 
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