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Abstract While it is known that the process of becoming literate begins in early
childhood and usually involves several years of schooling, research related to
cognitive characteristics has been done mostly on illiterate adults, and information
concerning illiterate children is therefore limited. The aim of the present study,
involving 21 illiterate and 22 literate Mexican children aged 6 to 13, was to
investigate the effects of literacy on neuropsychological characteristics during
childhood. The children’s performance on 16 cognitive domains of the Evaluacion
Neuropsicologica Infantil (ENI, Child Neuropsychological Assessment) was
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110 E. Matute et al.

examined in three mixed within- and between-groups profile analyses. The results
suggest that the effect of literacy observed in adults is already evident in children in
almost every task analysed. Moreover, the fact that an age effect was detected for
the calculation abilities suggests that maths learning is school- and environment-
dependent.

Keywords Child literacy - Child illiteracy - Mexico - Phonemic awareness

Resumé Comparaison des performances cognitives des enfants alphabétisés et
analphabetes — S’il est notoire que le processus d’alphabétisation est amorcé dans la
petite enfance et s’accomplit en régle générale durant sept ans de scolarité, les
études sur les caractéristiques cognitives portent pour la plupart sur les adultes
illettrés, et les données concernant les enfants analphabétes sont par conséquent
limitées. La présente étude, qui a impliqué 21 enfants mexicains illettrés et 22
lettrés, agés de 6 a 13 ans, visait a étudier les effets de 1’alphabétisation sur les
caractéristiques neuropsychologiques pendant I’enfance. Les performances des en-
fants dans les 16 domaines cognitifs de 1’Evaluation neuropsychologique infantile
(Evaluacion Neuropsicologica Infantil, ENI) ont été examinées dans trois analyses
de profil croisées intergroupes et entre les groupes. Les résultats laissent penser que
I’effet de I’alphabétisation observé chez les adultes est déja manifeste chez les
enfants dans presque toutes les taches analysées. En outre, un effet d’age détecté
dans les capacités de calcul suggere que 1’apprentissage des mathématiques dépend
de 1I’établissement scolaire et de I’environnement.

Zusammenfassung Vergleich der kognitiven Leistungen von analphabetischen
und alphabetisierten Kindern — Es ist zwar bekannt, dass der Alphabetisierungs-
prozess in der frithen Kindheit beginnt und normalerweise mehrere Schuljahre
dauert, doch beschiftigt sich die Kognitionsforschung bislang iiberwiegend mit
analphabetischen Erwachsenen, sodass die Informationen iiber analphabetische
Kinder begrenzt sind. Ziel der vorliegenden Studie an 21 analphabetischen und 22
alphabetisierten mexikanischen Kindern zwischen 6 und 13 Jahren war die
Untersuchung der neuropsychologischen Effekte der Alphabetisierung im Kindes-
alter. Die Leistungen der Kinder in 16 kognitiven Bereichen der Evaluacion Neu-
ropsicologica Infantil (ENI, Neuropsychologische Evaluation von Kindern) wurden
in drei gemischten Profilanalysen, jeweils innerhalb einer Gruppe und zwischen
verschiedenen Gruppen, untersucht. Die Ergebnisse deuten darauf hin, dass bei fast
jeder analysierten Aufgabe die bei Erwachsenen beobachtete Wirkung der Alpha-
betisierung auch schon bei Kindern erkennbar ist. Dariiber hinaus fiihrt die Fest-
stellung eines Alterseffekts fiir die Rechenféhigkeiten zu der Annahme, dass die
Lernerfolge in Mathematik schul- und umgebungsabhéngig sind.

Resumen Comparacién del rendimiento cognitivo en niflos analfabetos y niflos
alfabetizados — Si bien se sabe que el proceso de alfabetizacion comienza en la
temprana infancia y normalmente implica varios afios de formacion escolar, las
investigaciones relacionadas con caracteristicas cognitivas se realizaron en su
mayor parte sobre adultos analfabetos, por lo cual la informacion concerniente a
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nifios analfabetos es limitada. El objetivo de este estudio, realizado en nifios
mexicanos de 6 a 13 afios de edad, 21 de ellos analfabetos y 22 alfabetizados,
consistié en investigar los efectos de la alfabetizacion sobre las caracteristicas
neuropsicoldgicas durante la infancia. El rendimiento de los nifios sobre 16 areas
congnitivas de la Evaluacion Neuropsicologica Infantil (ENI) se examiné en tres
analisis de perfiles de grupos mixtos, intragrupales e intergrupales. Los resultados
sugieren que los efectos de la alfabetizacion observados en adultos ya se evidencian
en los nifios, en casi todas las tareas analizadas. Ademas, el hecho de que se haya
detectado un efecto de la edad para las habilidades de calculo indica que el
aprendizaje de matematicas depende de la escuela y también del entorno.

Pe3tome CpaBHeHHE KOTHUTHBHBIX ITOKa3aTeledl y HErpaMOTHBIX M T'PAMOTHBIX
nereil — V3BeCTHO, YTO MpPOIECC CTAHOBJICHMSI TPAMOTHOCTH HauyMHAETCs elle B
paHHEeM JeTCTBE M OOBIYHO BKJIIOYAET HECKOJBKO JIeT OOydYeHHs B MIKOJIE;
UCCIIEIOBaHHsI  NPOBOJMINCh, B OCHOBHOM, OTHOCHTEJIBHO KOTHHUTHUBHBIX
XapaKTEePUCTHK HETPAMOTHBIX B3POCIBIX, M IO3TOMY MH(POPMANUs OTHOCHUTEIHHO
HErpaMOTHBIX JeTei Obula orpaHudeHa. llenplo JaHHOrO —HCCieIOBaHUS,
OXBaTHIBAIOIIET0 MEKCHKAaHCKHUX JeTel B Bo3pacte oT 6 mo 13 mer, w3 Hux — 21
HErpaMOTHBIH M 22 IpaMOTHBIX, OBUIO MCCIEOBAaTh BIMSHUE TI'PAMOTHOCTH Ha
HEHUPOIICHXOJIOTMYECKIE XapaKTEePUCTUKH B IEpHO] ieTcTBa. [loayueHHble JaHHbIe
ObUIM M3Yy4YEeHBI HA OCHOBE NMPO(MIBHOIO aHAJIM3a B TPEX CMEIIAHHBIX I'PYMIAaX I10
16 xorHMTHBHBIM acnekTaM Helporncuxonornueckoit oneHku aeted (Evaluacion
Neuropsicologica Infantil, ENI). B pe3ynbrare, aBTOpbI CTaThH MPEATONIATAIOT, YTO
HaJIM4YMe YPOBHS I'PaMOTHOCTH, UMEIOIIET0 Y B3POCIIbIX, YK€ IPOSBISICTCS Y JIeTei
HOYTH B KQXKIOM IPOAHAIM3MPOBAHHOM 33/1laHHH. bosee Toro, O6bUI0 yCTaHOBIIEHO
BIIMSIHME BO3pacTa Ha MaTEMAaTHYECKHE CIIOCOOHOCTH; STOT (DaKT MpeEIoJaraer,
YTO U3y4YECHHE MAaTEMATHKH 3aBHCHUT OT LIKOJIBI M CPEJIBI.

The influence of literacy on children’s neuropsychological test performance

The study of the relationship between literacy and cognition represents an important
model for the analysis of the effects of cultural and, more specifically, educational
background on neurodevelopment (Ardila et al. 2010). Traditionally, two
approaches have been used to analyse the effect of literacy on cognition: (1)
comparative studies of cultural characteristics between literate societies and oral
tradition societies and (2) studies of certain characteristics of illiterate adults in
literate societies. A wide range of variation has been demonstrated. The first group
of studies, which compared the characteristics of cognition between oral tradition
and literate societies, found, for example, that grammarians (people who require
metalinguistic awareness) exist only in the latter (Olson 1995). The capacity to
successfully perform complex calculations and complex spatial representations has
also been related to literate societies (Cardona 1994; Matute 1998).
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112 E. Matute et al.

Moreover, studies in neuropsychology and cognitive psychology carried out with
illiterate subjects who are members of a mostly literate society have focused on
differences in psychological and neuropsychological task performance between
illiterate and literate individuals. In a pioneering study, José Morais et al. (1979)
stated that illiterate people find it difficult to perform phonemic awareness tasks;
such as for example counting how many sounds are in the word “dog” or being
asked to delete the /1/ sound in the word /floor/. Many other studies have also found
that scores on language tasks such as non-word repetition (e.g., Castro-Caldas et al.
1998; Reis and Castro-Caldas 1997) and phonemic fluency (e.g. Matute and Casas
1999; Ostrosky et al. 1998; Petersson et al. 2001; Ratcliff et al. 1998; Reis and
Castro-Caldas 1997; Rosselli et al. 1990) that depend upon phonemic awareness are
low among illiterate adults. In general, it has been observed that literates outperform
illiterates in many language-related tasks, including word repetition (Lecours et al.
1987; Reis and Castro-Caldas 1997), sentence repetition (Lecours et al. 1987),
semantic verbal fluency (Gonzalez da Silva et al. 2004; Reis and Castro-Caldas
1997; Rosselli et al. 1990), verbal memory (Reis and Castro-Caldas 1997; Rosselli
et al. 1990), and visual confrontation naming (Carraher et al. 1982; Lecours et al.
1987; Reis et al. 1994, Reis et al. 2001; Schliemann and Acioly 1989). Low
performance on calculation tasks (Rosselli et al. 1990, Deloche et al. 1999) and
visual tasks (Ardila et al. 1989; De Clerk 1976; Kolinsky et al. 1987), as well as
better performance in copying a complex figure (Ardila and Rosselli 2003) and
constructional tasks (Matute et al. 2000) have also been reported.

Most cognitive research on illiteracy has been carried out by studying adult
populations, but the condition of being an illiterate adult cannot be fully understood
if the individual’s past history and experience are not taken into account. Clearly,
the development of integrative processes begins long before those processes become
evident; for instance, several abilities must be acquired before a child can show that
s/he is able to read, while the acquisition of others does not become apparent until
reading acquisition has actually occurred. In fact, when analysing phonemic
awareness as a predictor of learning to read, Heinz Wimmer et al. (1991) found that
children with a high level of performance on phonemic awareness tasks early in
grade one showed consistently high reading and spelling achievement by the end of
that grade. Moreover, an effect of schooling and reading experience on phonemic
awareness tasks has also been supported by Shlomo Bentin et al. (1991), who
compared the performance of kindergarten and first-grade children matched by age
in a phonemic segmentation task. They found that the effect of schooling was larger
than that of age. These results support an association between reading instruction
and the development of phonemic awareness. Whereas formal instruction in reading
seems to influence phonological awareness,' at the phoneme level this influence is
absent for syllabic analysis, rapid-naming and verbal memory span (Korkman et al.
1999). However, Frederick Morrison et al. (1995) found a significant influence of
schooling on a picture memory task among kindergarten and first-grade children.

! Phonological awareness subsumes awareness of phonological strings, awareness of syllables, onset-
rime awareness and phoneme awareness. The latter is related to the awareness of the letter sounds and is
called more specifically phonemic awareness.
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Most often, reading acquisition takes place in a school setting. Thus, the effect of
reading acquisition must be considered together with the environmental character-
istics of the site where it is carried out. More recently, some studies have inquired
into the role of environmental factors upon certain cognitive domains. For instance,
Dennis Molfese et al. (2003) analysed the effect of environmental factors on brain
responses to speech and non-speech stimuli by comparing the event-related
potentials (ERPs) of 134 children at 3 and 8 years of age. Their sample was divided
into two stimulation groups (high and low) according to child-centred activities in
the home and parenting practices associated with language and reading. Results
showed that ERP responses to speech and non-speech analogues successfully
discriminated between children who received low vs. high levels of stimulation. The
authors suggest that parenting practices and the social experiences available to
children influence not only their cognitive abilities but also the way their brains
process speech sounds.

Neuropsychological development depends on two basic variables: brain matu-
ration and the individual’s history (experience). Therefore, when studying the
effects of literacy on neuropsychological characteristics it is crucial to consider that
the process of becoming literate begins in early childhood and usually involves
several years of schooling. Thus, reading acquisition is a slow process. Clearly,
improving reading speed and reading level achievement are linked to the child’s
opportunities to practise these skills. For example, schools with limited resources
often waste instructional time, offer only limited instruction and lack textbooks;
hence the students who attend those schools rarely practise reading and may remain
illiterate for years (Abadzi 2008).

It can be conjectured that during these years, differences in cognitive processes will
be reflected in levels of reading achievement. Cognitive adjustment processes and
compensatory strategies must develop in illiterates to allow them to function
according to the demands of their environment, in terms of resolving everyday
problems. Consequently, it becomes most important to determine whether the effects
of illiteracy are already evident in neuropsychological test performance in children.

The aim of the present study was to investigate whether or not the effects of
literacy on neuropsychological characteristics are already evident during childhood,
as previous reports have established for illiterate adult populations. Our first
assumption was that the effects of schooling and literacy — two variables that can
hardly be disassociated — are evident early in school-aged children. We did not
anticipate that all neuropsychological domains would be related to reading
acquisition to the same degree; rather, we assumed that among school-aged
children certain neuropsychological skills would be more closely related to literacy
than others. Some neuropsychological domains develop more sharply before
reading acquisition (e.g. phoneme perception, counting), while others continue to
develop at an older age (e.g. calculation abilities and abstract reasoning) (Rosselli-
Cock et al. 2004). Therefore, one would expect those cognitive domains that reach
maturation after the age of reading acquisition to be more markedly affected by a
lack of schooling and literacy. However, in the case of certain cognitive skills, it is
possible that the effects of the lack of schooling and literacy do not become evident
until adulthood.
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This study examines the effects of literacy and schooling on known school-
related cognitive abilities, such as calculation and metalinguistic awareness, as well
as on non-school-related functions, including perception and memory, in children
aged 6 to 13.

An analysis of the demographic context gives our goals greater significance,
since illiteracy (even at the beginning of the 21st century) represents a huge
challenge. It is estimated that in the contemporary world about 759 million people
are illiterate (UNESCO 2010). The estimated global rate of children above the age
of five who did not attend school in the 1992—-2002 period was 28 per cent (UNICEF
2003). Even though elementary school is obligatory in Mexico, the 2000 Census
reported that 2,431,655 out of 19,700,930 children in the country aged 6 to 14 did
not know how to read and write; a figure that represents 12.3 per cent of all Mexican
school-aged children (INEGI 2001). Moreover, 1,617,710 children (8.2 per cent) in
this age range do not attend school. A series of family circumstances may affect
school non-attendance. In many cases, children do not go to school because they
need to work in order to complement their parents’ income, or because they stay at
home to take care of their younger siblings or grandparents while their parents are at
work; in others, the financial costs or other requirements entailed in enrolling
children in school may be prohibitive. These are intellectually normal children who
have lost out on the school experience due to socioeconomic circumstances (Martin
1998; Ayala Rubio 2001). While most Mexican children spend their days at school
learning how to read and write, illiterate children spend their time outside learning
other types of skills that will very likely shape their cognitive strategies in a way
quite distinct from that of schoolchildren. The question, then, is to determine just
how different these illiterate children are from their literate companions. Answering
this question will allow us to better understand the impact of literacy on cognitive
processes.

Method
Participants

Initially, 44 children who met the inclusion criteria (see below) were recruited. The
22 illiterate youngsters were matched one-by-one, according to age and sex, with
the literate ones. Since there are no standardised tests designed to assess
neurological integrity in illiterate children, the Soft Neurological Signs Evaluation
section of the Child Neuropsychological Assessment, the Evaluacion Neuro-
psicologica Infantil (Matute et al. 2007) was used as a measure of general
development and as a means of eliminating potential participants who presented the
most extreme higher values; i.e. children with a higher number of soft neurological
signs, such as for example difficulties in right-left spatial orientation, trouble to
jump on one foot or to perform motor sequences with both hands. Only one illiterate
child was eliminated through the application of this assessment. No significant
differences were observed between the two groups on any of the soft neurological
signs.
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Table 1 Frequency distribution of the sample by group, age, gender and school grade

Age in yrs Illiterate group Literate group Literate group Total
Boys Girls Boys Girls School grade

6 2 1 2 0 Kindergarten and Grade 1

7 1 2 2 3 Grades 1 and 2

8 0 2 0 2 Grades 3 and 4 4

9 5 1 5 2 Grades 3, 4 and 5 13

10 0 2 0 1 Grade 5 3

11 0 1 1 1 Grades 5 and 6 3

12 2 0 1 0 Grade 7

13 2 0 2 0 Grades 6 and 7

Total 12 9 13 9 43

After conducting this procedure, the sample consisted of 43 healthy children
ranging in age from 6 to 13 years. The illiterate group (IG) was composed of 21
children, 12 boys and 9 girls (mean age 9.0 years; SD = 2.20), while the control
literate group (LG) was composed of 22 children, 13 boys and 9 girls (mean age
8.9 years, SD = 2.06) with schooling from kindergarten to Grade 7 (see Table 1).
All children were recruited from neighbourhoods with similar socioeconomic levels.
Participants were selected from low-income areas with high rates of unschooled
population located on the outskirts of two Mexican cities, Guadalajara and Tijuana.
Information provided by INEA (Instituto Nacional para la Educacion de Adultos,
the National Institute for Adult Education) was used to locate urban zones with high
illiteracy rates in those two cities. Psychology students assisted in the study by
carrying out a door-to-door survey: in each house in the selected zones they asked
how many persons were living there, their ages and their years of schooling. Later, a
visit was made to the homes where children with no schooling history had been
identified.

Inclusion criteria for both groups were as follows: (a) daily life behaviour as
expected for the child’s chronological age, according to an interview with a parent
or grandparent; (b) no milestone development delays; (c) no history of brain injury,
epilepsy or known neurological disorders; (d) no history of significant illness; (e) no
hearing or visual impairment; and (f) no evident emotional disturbance. Children
with a history of school failure were not included.

The additional inclusion criteria for IG were: (a) no history of school attendance;
and (b) school non-attendance due to social-family reasons, such as children living
with their grandparents while parents work elsewhere, or problems in complying
with administrative requirements, such as presenting birth certificates, etc. For LG,
all children (a) were screened for grade retention; (b) showed chronological age/
grade level concordance; and (c) had no previous or current learning difficulties, as
determined through interviews with parents and teachers. A structured parents’
report was also used to establish familial and personal background, the child’s
health history and behavioural characteristics. All children who met the inclusion
criteria agreed to participate, and their parents or grandparents also consented.
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Materials

The neuropsychological test battery, Evaluacion Neuropsicologica Infantil (ENI)
was used. This battery evaluates a total of 18 different cognitive domains, but only
the following 16 were used in this study (the other two subtests, Reading and
Writing, were excluded for the obvious reason that the study includes an illiterate
population):

1.

b

10.

11.

12.

13.

14.

15.
16.

Constructional abilities (with items from 4 subtests): stick construction
(copying a design using toothpicks), copying figures, drawing a human figure
and copying a complex figure.

Verbal memory coding: word learning and free story-recall subtests.

Visual memory coding (consists of only one test): geometrical figure learning.
Delayed verbal recall: delayed recall of words (free recall, cue recall and
recognition) and delayed recall of a story.

Delayed visual recall: with items testing delayed free and cue recall, and recall
by recognition of geometrical figures.

Tactile perception: evaluating by touch the recognition of real, out-of-sight
objects; children were blindfolded and asked to identify objects placed on
their right or left hand.

Visual perception includes the following visual subtests: recognition of
superimposed figures and blurry images of objects, visual closure (identifi-
cation of incomplete drawings), object integration (integrating the parts that
make up an object) and recognition of facial emotional expressions.
Auditory perception: includes three tests that involve recognising musical
notes and environmental sounds, plus identification of minimal phonological
contrasts.

Oral language: includes repetition of syllables, words, non-words and
sentences, naming objects, following commands, narrative coherence, length
expression, pointing and discourse comprehension.

Metalinguistic awareness: uses oral language to assess phonemic blending
within a word, phoneme counting within a word and word-counting within a
sentence.

Calculation includes the following subtests: counting items, reading numbers,
writing numbers, comparison of magnitudes, and simple and complex
arithmetical facts.

Spatial abilities: verbal spatial abilities (expression and comprehension of
spatial terms such as right and left terms) and non-verbal spatial skills (line
orientation and tracing coordinates).

Attention: includes cancellation and digits forward and backward tasks.
Concept formation and reasoning: similarities, matrices and word problem
tests.

Verbal fluency: two tasks of semantic fluency and one task of letter fluency.
Graphic fluency: includes one graphic semantic task (drawing of meaningful
figures within a time limit) and a graphic non-semantic task (drawing
geometric figures with four lines that connect five dots in a square).
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Procedure

All children were tested individually by either a psychologist or a graduate
psychology student in a quiet room at the neighbourhood school or in their own
home. Two sessions of about 1 hour each were required. In order to eliminate test
order bias, the tasks were counterbalanced using four different orders. Children
were tested only if we had received their agreement and their parents’ consent to
participate. The family of each child received a box of groceries in exchange for
their participation in the study.

Statistical analyses

In all cases, raw scores were transformed into z-scores, based on the performance of
the entire group. Three Analyses of Variance (ANOVAs) were conducted; the first
one to confirm that the members of each group (literate and illiterate) shared similar
cognitive characteristics (within-group main effects); the second one to confirm that
the two groups (literate and illiterate) scored significantly different (between-groups
effects) on the non-school related cognitive domains (with 14 measures taken as
dependent variables: constructional abilities, verbal memory coding, visual memory
coding, delayed verbal recall, delayed visual recall, tactile perception, visual
perception, auditory perception, oral language, spatial abilities, attention, concept
formation and reasoning, verbal fluency and graphic fluency); while the third and
final ANOVA compared the two groups (between-groups effect) on the school-
related cognitive domains (2 measures: metalinguistic awareness and calculation).
Participants’ ages were used as a covariate in the latter two analyses. The alpha level
used was set at p < 0.05.

Results
Cognitive domains

The first goal of this study was to determine cognitive differences between illiterate
and literate children. Table 2 shows the two groups’ z mean scores, standard
deviations, range and skewness for the different cognitive domains. Differences
between groups are also shown.

The first ANOVA, based on the non-school-related cognitive domains, did not
show a within-groups main effect; i.e. children’s performance across tasks did not
differ, whereas the between-groups (literate vs. illiterate) effect was significant, as
the literate group performed better than the illiterate group across those measures
(see Fig. 1). A one-way ANOVA for each measure showed a significant group
effect for all domains except tactile perception (see Table 2). Though age was a
significant covariant, no significant interaction between the non-school-related
measures and age was evident (see Table 3).

The second set of profile analyses was run to explore the school-related
neuropsychological domains. Upon analysing the within-groups effect for the
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Fig. 1 Non-school-related cognitive domains profile plot

Table 3 Results of the between-groups and within-groups ANOVAs

F p n

Non-school related domains

Within-groups main effect 1.43 0.181 0.039
Between-groups main effect 56.75 0.0001 0.619
Age as a covariant 37.64 0.0001 0.510
Interaction between non-school related domains and age 1.53 0.142 0.042
School-related domains

Within-groups main effect 15.11 0.0001 0.270
Interaction between school-related domains and group 6.79 0.013 0.140
Interaction between school-related domains and age 16.04 0.0001 0.290
Age as covariant 25.35 0.0001 0.390
Interaction between school-related domains and age 16.05 0.0001 0.286
Between-groups effects 178.88 0.0001 0.810

Note F stands for F-Test values; p stands for statistical significance level and 5 stands for effect size

school-related cognitive domains, a significant between-groups effect was found.
An interaction between school-related domains and group was also evident
(Table 3). As can be seen in Fig. 2, the profile plot of this second analysis shows an
inverse achievement between groups; that is, the illiterate group had higher results
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Fig. 2 School-related cognitive domains and group interaction profile plot

in the calculation domain than in the metalinguistic awareness domain, whereas the
literate group had a higher performance in the metalinguistic awareness domain than
in the calculation domain. Age was a significant covariant, meaning that the effect
of literacy on these tests depends on the age of the child. Also, a significant
interaction between the school-related measures and age suggests that older
children, who have longer periods of school exposure, achieve higher scores than
younger children (see Table 3).

Discussion
School-related domains

Neuropsychological studies conducted with illiterate adults, as well as research
carried out with children beginning school, have found that the development of
certain neuropsychological domains is school/literacy-related. In this study, we
assessed two such domains: metalinguistic awareness and calculation abilities. In
relation to the former, literacy has been linked to metalinguistic awareness, since it
is by means of the latter that it becomes possible to transform aspects of language
into objects of reflection. Specifically, studies associated with phonemic awareness
suggest that learning to read leads children to dissect language into small, non-
significant units. Studies of illiterate adults have shown that people who lack the
ability to read and write found it difficult to consider words and non-words as
sequences of phonemes (Morais et al. 1979) and, as a result, underperformed on
tasks that require thinking about a word’s phonemic characteristics (e.g. phonemic
fluency tasks) (Reis and Castro-Caldas 1997). Our results show that, like illiterate
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adults, illiterate children cannot divide words into phonemes or count the phonemes
in a specific word (Phoneme Counting Test), nor are they able to manipulate
phonemes by blending them to form other words (Phoneme Blending Test), though
they can discriminate two words that differ by minimal phonological contrasts
(Phonemic Perception Test).

The illiterate children in our study were only poorly able to identify the number
of words in an oral sentence (Word Counting Test). Their performance on the word-
counting task suggests that they found it difficult to think about language as a string
of words. Although Annette Karmiloff-Smith et al. (1996) found that the
segmentation of oral texts into word units can be taught orally, our illiterate
children were unable to perform this task. It may be that a child’s awareness of
words emerges only once written language is learned, or when specific training is
provided through schooling. Moreover, if these children cannot divide a sentence
into its constitutive words, they can hardly be expected to have the ability to use
words as a category system. In fact, David Olson (2002) has suggested that children
with alphabetic learning do come to think about language in terms of the category
systems employed in writing. The lower performance of our illiterate children on
visual confrontation naming, verbal fluency and similarities tests may well be
related to their lack of word awareness, which interferes with their ability to use
words as objects of reflection.

The other school-related cognitive domain tested in this study was calculation,
which included eight tasks: one counting task, four tasks related to number-
handling, and three associated with the ability to make calculations. Illiterate
children showed a higher performance on the Counting Test; a result that suggests
that counting is an ability that is learned mostly outside the school, whereas number-
handling and calculation procedures are more school-dependent. Counting knowl-
edge and counting skills are natural human enterprises (Crump 1990) that begin to
develop sometime between two and three years of age; i.e. before the pre-school
years (Gelman and Gallistel 1978; Gelman and Meck 1983). In fact, some of our
illiterate children were able to solve certain arithmetical fact problems in which they
may have used counting as their problem-solving strategy. There is evidence of the
development of mathematical skills in children prior to formal instruction in school
(for a review, see Bizans et al. 2005), and counting and recall are the most common
procedures used by these children to solve arithmetical problems (Siegler and
Jenkins 1989).

For this study, we assumed that some mathematical knowledge is acquired
through daily life experience; however, it is well known that calculation procedures
constitute a skill that is taught explicitly in the classroom during schooling, so its
acquisition is also directly related to the school environment. Indeed, a univariate
general lineal model analysis revealed that age has a significant effect on the
calculation domain in both groups: F(7, 14) = 3.49, p = 0.022, 112 = 0.63 and F(7,
13) = 8.05, p = 0.001, 5> = 0.81, for the literate and illiterate groups, respectively.
These findings indicate that changes in calculation performance take place in
relation to age (older children have higher performance), even though illiterate
children have a lower performance compared to that of literate ones. This suggests
that maths learning is school- and social-environment dependent.
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Non-school-related domains

When comparing the neuropsychological profile of illiterate children with that of
literate children in non-school-related cognitive domains, the latter outperformed
the former in all cognitive domains except tactile perception. However, the greatest
difference was found in Spatial Abilities (Fig. 1 and Table 2).

All the spatial ability tests used in this study involved graphic materials;
therefore, the spatial difficulties experienced by illiterate children may be influenced
by their lack of experience with these types of materials and tests. For this reason,
these results cannot be generalised to other spatial tasks, such as identifying the
position, movement or direction of objects or points in space. Moreover, three out of
five spatial tasks (Right-left Comprehension, Right-left Expression and Different
Angled Pictures) are language-related, since they involve the use of spatial words.
On these three tasks, the differences seen between groups were smaller than on the
other two — Line Orientation and Coordinates — which involve only visual
abstraction. As Regine Kolinsky et al. (1987) have suggested, illiterate adults find it
difficult to deal with graphic materials that require visual abstraction.

A word must be added about the Stick Construction task, which has been used in
a different study with illiterate adults by one of the authors (Matute et al. 2000). In
that study, participants were asked to copy four different designs using toothpicks.
Overall performance was used as a global criterion and the types of errors such as
disarticulation between sticks (when a gap greater than two millimetres is present
between two toothpicks tips that must be together to form an angle), omission of
sticks, addition of sticks and rotation of the figure) were used as analytical criteria.
Illiterate adults underperformed literate adults according to both the analytical
criterion of disarticulation and the global criterion. In the present study, although the
type of errors committed was not scored separately, the overall performance of
illiterate children was lower than that observed in the literate group. The findings of
both this study and the earlier one suggest that a lower performance by illiterate
subjects on this type of task is evident across the life span.

Verbal fluency has frequently been assessed in illiterate adults (Ostrosky-Solis
et al. 1999; Reis et al. 1994; Rosselli et al. 1990). Though adults find it difficult to
perform initial phoneme-fluency tasks (Reis and Castro-Caldas 1997; Manly et al.
1999), results regarding semantic fluency tasks are inconclusive and seem to
depend on the ecological validity of the task itself (Gonzalez da Silva et al. 2004).
Our findings show that illiterate children attained lower scores on the two verbal
(phoneme and semantic fluency) tasks and the two graphic tasks, compared to
literate children. However, the greatest score differences between the two groups
were observed on the phonemic verbal fluency and graphic semantic fluency tasks.

Evaluation
Overall, the profile analyses showed that the domains with higher scores for the

literate group are those in which the illiterate group obtained the lowest scores.
However, no domain effect was evident, suggesting the presence of a similar profile
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for both groups. The only interaction observed was between group- and school-
related domains, indicating that it is only on this type of task that the literacy effect
is more clearly seen at this age.

It is certainly important to take into account the fact that pioneering studies
related to illiteracy were carried out with adults; thus the effects of schooling that
can be observed in adults today is related to the schools and schooling that existed
40 years ago or more. It is safe to assume that the schools of those days were
distinct from modern ones in many ways, including scheduling, study programmes,
materials and the teaching methods employed. For example, important reforms were
introduced into Mexican public schools in the 1960s, including a reduction of the
timetable, free textbooks for all children (Villa Lever 1988), and an increase in both
the number of schools and the number of children per class, all of which were
related to the country’s demographic explosion. A library programme that began in
1986 helped those children who had no books at home to be in contact with them in
a more recreational manner. By the same token, the society of 40 years ago differed
from modern society even with respect to marginalised groups. Today, there is
much more information that stimulates children outside school than there was
40 years ago. Upon taking into account the changes in schooling and society that
have occurred in the past 50 years, together with the cognitive similarities observed
between illiterate children and illiterate adults, our results confirm the existence of a
stronger influence of literacy upon cognition in those cognitive areas in which low
performances by both populations coincide.

Current results suggest that the neuropsychological measures traditionally used to
assess children are highly dependent on literacy and schooling. Also, of course, the
neuropsychological development of the subjects in our sample is not complete,
since they are children, so it is possible that the effects of literacy on some tasks
could become more evident at a later age. In other words, for some tasks where no
differences between the IG and LG groups were evident, distinct results might be
seen in older subjects.

Literacy and schooling are manifestations of cultural background and social
status, so it is to be expected that the latter will be different if a variation of the
former exists. Hence we cannot assume that IG and LG are equal just because
they live in the same community, though their social characteristics would be
more similar than if they resided in different neighbourhoods. Family income and
levels of parental education are often used as indicators of social and economic
status (SES). In fact, when analysing the parents’ educational levels in our
sample, we found that in the IG 7 fathers and 9 mothers had never attended
school, while only two mothers from the LG had no schooling. Moreover, none
of the parents of the IG had received secondary school education (9 mothers and
8 fathers went to elementary school), whereas 15 mothers and 15 fathers of the
LG reported a school level higher than the elementary level (no data on levels of
schooling were recorded for 11 IG parents and 12 LG parents). Thus, we can
assume that the interplay of parents’ level of schooling and children’s literacy
levels affected test performance.
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Conclusion

The comparative research on cognitive characteristics in illiterate and literate
children discussed above constitutes a pioneering study in the field of illiteracy in
childhood. Our data show that literacy has an effect on all cognitive domains
included in this study; though an age effect was also evident, as younger children
generally attained lower scores. With respect to the domains of calculation and
metalinguistic awareness, the development of which had been related mainly to
schooling, our results suggest that calculation is acquired not only at school but also
through daily life experience.

It is important to mention that our study has one important limitation: its small
sample size. It is not easy to find urban children who are completely illiterate; in
fact, urban children in Mexico who are completely illiterate represent only a very
small portion of the population, since the vast majority of children have had at least
a few months of school attendance. Studying the neuropsychological characteristics
of illiterate children is a huge challenge and constitutes a unique tool with which to
explore the relationship between literacy and cognition in a developing brain. A
pragmatic issue that has to be dealt with in future research is that studying the
relationship between cognition and children’s different reading levels could help
teachers in developing countries strengthen the support provided by parents for
reading acquisition. As in adults, norms for children’s tests in developing countries
must also take into account literacy levels and years of schooling when
chronological age/grade level concordance does not exist. Furthermore, research
on unschooled, but literate, children and/or adults could provide additional data that
would allow us to gain a better understanding of the relationship between literacy
and cognitive characteristics.
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