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Abstract

Researchers of cognitive processing in illiteracy have proposed that the acquisition of literacy modifies the
functional organization of the brain. They have suggested that, while illiterate individuals have access only to innate
semantic processing skills, those who have learned the correspondence between graphemes and phonemes have
several mechanisms available to them through which to process oral language. We conducted 2 experiments to
verify that suggestion with respect to language processing, and to elucidate further the differences between literate
and illiterate individuals in the cognitive strategies used to process oral language, as well as hemispheric
specialization for these processes. Our findings suggest that semantic processing strategies are qualitatively the
same in literates and illiterates, despite the fact that overall performance is augmented by increased education. In
contrast, explicit processing of oral information based on phonological characteristics appears to be qualitatively
different between literates and illiterates: effective strategies in the processing of phonological information depend
upon having had a formal education, regardless of the level of education. We also confirmed the differential abilities
needed for the processing of semantic and phonological information and related them to hemisphere-specific
processing. JINS 2004,10, 818-827.)
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INTRODUCTION logical data also support this finding, showing increased
size of the corpus callosum between left and right posterior
- o . . £b’arietal cortices in literate, as compared with illiterate, indi-

nitive and cerebral correlates of illiteracy. Some investiga- iduals (Castro-Caldas et al., 1998). The effect of literacy

tors have used |II|tergcy as a naturally occurring bram mode n the function and morphology of the brain, however,
of language processing unadulterated by the acquisition smains unclear

symbolic representation through learning to read and write In an attempt to elucidate the cognitive mechanisms

(Castro-(_:aldas etal., 1998; RE.‘\'S & C_a_stro-CaIdas, 1997}hvolved in language processing among illiterate individu-
By studying language processing in illiterates, they have

it tod 1o elucidate th i hani Vol (?Is, Reis and Castro-Caldas (1997) reasoned that, if a par-
attempted to elucidate the cognitive mechanisms INVOIVeG. , .5 siill is not learned at a given developmental period,

n Ianguage processing, as yvgll as changes in cerebral Of3fhe expression of this ability will be limited in the future.
nization consequent to attaining literacy.

. - Based on this assumption, they proposed a three-pathwa
Researchers studying the cerebral correlates of illiterac P y prop P y

. L . odel of language processing, which includes semantic,
have suggested that learning to read and write in childhoo guage p 9

modifies the cerebral organization for language processing xical, and phonological strategies (Castro-Caldas et al.,
998). They d ibed th th th functioni
in adulthood. Petersson et al. (1998) have found difference ). They described these three pathways as functioning

. i . . renceg, parallel. While they presumed that the processing of
in the posterior parietal cortex between literate and illiter-

te individual formi bal tition test. Moroh semantic information is innate and does not require train-
ate individuals performing a verbai repetition test. Vorp 0'ing, they suggested that the explicit processing of phono-

logical information depends on the acquisition of symbolic
_ - representation. Thus, through learning to match graphemes
Reprint requests to: Mary H. Kosmidis, Ph.D., Department of Psychol- ith thei di h b f
ogy, Aristotle University of Thessaloniki, 54124 Thessaloniki, Greece.WIt t elr.corr.espon '_ng p oneme;, one gcomes aware o
E-mail: kosmidis@psy.auth.gr phonological information, and acquires a visual representa-
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tion of sound segments (Reis & Castro-Caldas, 1997). Concompleted, elementary school (their literate group), there
sequently, they concluded that illiterate individuals arewas a potential confound of education inherent in their find-
limited to lexicosemantic processing, whereas literate indiings. Despite the clear differences between their groups, the
viduals have access to a combination of the three pathwaysxtent to which these differences could be attributed to the
making their efforts more effective (Reis & Castro-Caldas,acquisition of grapheme—phoneme correspondeecese
1997). as proposed by the investigators, or were also influenced by
Despite the fact that illiterate individuals generally showexposure to formal schooling was unclear.
no apparent problem with the comprehension and pro- Given the potential confound of formal schooling, we
duction of words in everyday speech, several studies havalso sought to determine—to the extent possible—its effects
demonstrated differences betweenilliterate and literate indien the measures used in the present study by investigating
viduals in their performance on a variety of neuropsycho-whether any differences in lexical information processing
logical tests (Ardila et al., 1989; Lecours et al., 1987; Manlybetween illiterate and literate individuals might be a func-
et al., 1999; Matute et al., 2000; Reis et al., 2003). Moretion of education. In other words, is the poor performance
specifically, a number of studies have shown that illiteratef illiterates on tasks requiring explicit phonological pro-
have difficulty with explicit phonological processing (Manly cessing simply a reflection of its negative correlation with
et al., 1999; Morais et al., 1979; Reis & Castro-Caldasthe number of years of schooling? Or does it reflect a skill
1997), presumably due to the lack of knowledge of thethat must be taught? Given the rarity of individuals who are
grapheme-phoneme correspondence that develops throudliterate despite several years of formal schooling, as well
learning to read and write. This lack of phonemic represenas the converse, namely, literate individuals with no formal
tation may also compromise functions such as working memschooling (i.e., self-taught), we sought to disentangle the
ory (Manly et al., 1999). Working memory is thought to effect of formal education on our findings by comparing
rely on the use of a phonological loop wherein one mentallyliterate groups and varying the amount of education.
repeats auditory information long enough to process it (Bad- In order to test the model proposed by Reis and Castro-
deley et al., 1998). Creating a visual representation of pho€aldas (1997) and its implications for understanding the
nological information may enhance the ability to retain it in effects of literacy or exposure to formal education on the
working memory. processing of semantic and phonological information, we
Another area that has received considerable attentiosought to replicate and extend their findings related to
recently is that of the influence of level of education on testsemantic and phonological word fluent¢y accordance with
performance. In fact, level of education has been found tahe implications of previous investigations, suggesting a
correlate highly with performance on a variety of neuropsy-qualitative change in lexical information processing once
chological measures, including word fluency on phonolog-any grapheme—phoneme correspondence had been learned,
ical fluency tests (Cohen & Stanczak, 2000; Crossley et al.we defined illiteracy in our study as having no knowledge
1997; Kempler et al., 1998; Kosmidis et al., 2004; Tom-of any grapheme—phoneme correspondence in individuals
baugh et al., 1999; Tomer & Levin, 1993). The effect of who had never attended school.
education on these measures appears to be continuous: the
more education one has, the better one’s performance. There-

fore, we wondered if the differentiation made by previoUSExpERIMENT 1—WORD FLUENCY:

investigators regarding the ability of literates and iIIiteratesSEMANTIC VERSUSPHONOLOGICAL
to explicitly process phonological information might really WORD PRODUCTION

be a reflection of the level of education attained, rather than
whether or not they had acquired symbolic representatioseveral studies have used word fluency tests in studying
through learning grapheme—phoneme correspondence. language processing in illiteracy (Manly et al., 1999;
Our goal in undertaking the present study was twofold.Ostrosky-Solis et al., 1998, 1999; Petersson et al., 2001,
On the one hand, we sought to investigate the putative disRatcliff et al., 1998; Reis & Castro-Caldas, 1997). Overall,
tinction between processing information based on its semarthese investigations have reported group differences on both
tic characteristicwversusprocessing information based on semantic and phonological tasks, with illiterates perform-
its phonological characteristics in illiterate individuals rel- ing the poorest on phonological word fluency. Only one
ative to literate individuals with a low level of education. group of investigators failed to find a literacy group differ-
Semantic processing has been purported to be an inna&nce on semantic fluency (Petersson et al., 2001; Reis et al.,
skill, and, thus, uninfluenced by knowledge of grapheme-2003). The authors suggested that this was due to the type
phoneme correspondence, whereas explicit processing of category chosen, namely, supermarket items, which may
information based on its phonological characteristics is conbe less artificial and abstract than the categories most often
sidered to be dependent on acquisition of symbolic repreused, and, thus, more ecologically valid for this population.
sentation through learning to read and write (Reis & Castroin fact, the various versions of word fluency tests may not
Caldas, 1997). Since the participants in the Reis and Castrdse equivalent in their level of difficulty, with factors limit-
Caldas (1997) study were either completely illiterate withing performance on any given task being quite different
no formal schooling or had attended, but not necessariljrom one population to the next (Ratcliff et al., 1998).
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We administered a standardized version of a word flu-and read a short text (taken from a first-grade reading test).
ency test for Greek (Kosmidis et al., 2003, 2004) in order toNone of the illiteratguneducated participants succeeded
confirm previous reports of poorer word fluency amongon this brief screening device (none could identify any of
illiterates given phonological, rather than semantic, cuesthe printed letters of the alphabet, although some could
We were primarily interested, however, in investigatingname a few letters that they had heard before). They all
potential differences in the cognitive strategies used by eaclived in a small Greek town and worked in agriculture.
group to perform optimally on these tasks. More specifi-According to their self-report, their illiteracy did not impede
cally, we calculated the average size of clusters of wordsheir integration into the local community.
that are related to a subgroup, a process that appears to beln order to control for potential sociocultural differences
dependent on verbal memory and word storage (Troyer et althat might influence performance, we recruited another group
1997). of 20 age-matched womeM(g4= 69.90 yearsSD= 8.91,

We hypothesized that illiterate individuals may have lessange= 56—85) from the same community as the first group
output than literate individuals for reasons other than diffi-and who had attended school from 1 to 9 yeds{ catior
culty with phonological processing, and an investigation 0f5.35,SD= 1.90). The women in the literateow education
the strategies used to perform this task might elucidate thgroup succeeded on the brief screening device mentioned
nature of the putative differences in language processingabove (all could read the letters of the alphabet as well as a
More specifically, we expected that we would find a differ- simple text aloud) and reported reading on a regular basis,
ence between illiterajeineducated and litergtlow educa-  primarily church texts and popular magazines. Most were
tion individuals in output on both the semantic and theemployed as maids.
phonological tasks. We also expected, that in the case of the Finally, in order to assess the model suggesting that dif-
semantic test, the two groups would use the strategy offerences in word fluency performance between literate and
clustering information equally effectively, reflecting an innateilliterate individuals might, in fact, be attributable to level
ability to use semantic characteristics regardless of formabf education rather than exposure to formal schogbiegse
education. In contrast, we expected that the illitefate we also included a group of 21 more highly educated women
uneducated group would be less able to use clustering strafM,q. = 61.62 yearsSD = 5.04, range= 55-74). These
egies based on phonological cues than the lit¢tate =~ women had progressed beyond the basic level of education
education group, consequent to their lack of phonologica(compulsory education in Greece now is 9 years), having
awareness. This would indicate a strategic difference betweeattended school for a minimum of 10 years, while some had
the illiterate/uneducated group and the literd®w educa-  a university degree as welMggucation= 13.60 yearsSD =
tion group in lexical processing. 2.56). Since we encountered difficulties in identifying such

In order to differentiate the effect of level of education a group in the same small town and in the same age range as
versughat of illiteracy or a lack of knowledge of grapheme— the other two groups, we recruited these participants from a
phoneme correspondence, we also compared two groups [#rge metropolitan area. All of the women in the literate
literate individuals with different levels of education. We high-education group were either currently employed in
expected that the litergtéow education group would per- white-collar jobs or had retired.
form more poorly than the literatligh education group on Participants in all three groups denied any serious health
their output on both tasks, but that they would not differ in problems that might affect the central nervous system.
their use of cognitive strategies, on either task, thus impli-Despite their advanced age, we did not test the hearing
cating the influence of symbolic representation rather tharabilities of any of the participants. Upon observation, none
that of the amount of education on information processingof the participants appeared to have obvious hearing prob-
lems nor did any request the experimenter to repeat instruc-
tions or test items because she had not heard them. Because
the literat¢’high education group was significantly youn-
ger than the literatdow education groupt[39) = 3.684,

p = .001], and age has been shown to influence word flu-
Sixty right-handed women volunteered to participate in thisency performance (Kosmidis et al., 2004), we included age
study. They were classified into one of three groups baseds a covariate where appropriate.

on their educational background. One group comprised 19

completely illiterate womenNge = 71.95 yearsSD = Procedure

7.57, range= 63-92). They had never attended school due

to socioeconomic reasons (they grew up in a povertyWe administered a semantic and phonological word flu-
stricken agrarian society during and after World War Il, in ency test that has been used in the Greek population and for
which going to school interfered with agrarian responsibil-which we have developed norms for healthy adults (Kos-
ities and was often considered superfluous for girls undemidis et al., 2004). On the semantic task, participants pro-
the circumstances), but could sign their initials. Their illit- duced as many different words as they could belonging to
eracy was confirmed by a brief test requesting that theyre-specified categories (i.@nimals, fruit, objecty each
identify several graphemes (e.g., letters of the alphabetyithin 60 s. Variables of interest on this test were the fol-

METHODS

Research Participants
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lowing: the sum of the words generated for all three categothe illiterate/uneducated group generated fewer words than
ries and the average semantic cluster size for all thre¢he literatg/low education group on both tasks. When inves-
categories (clusters were scored when at least three consdiating the strategy of clustering words [Pillai’s Trace:
utive responses, excluding repetitions or rule infractionsf(2,36) = 8.58,p = .001], we found that the illiterafe
belonged to the same conceptual subcategory; for examplaneducated and the literglew education groups did not
farm animals, winter fruit, furnitureWe divided the num- differ in the average size of the clusters produced on the
ber of words within a cluster by the number of clusters insemantic testf(1,37) = .56, p > .05]. In contrast, the
each category separately to calculate the average clust#literate/uneducated group created smaller clusters than
size first, then added the average cluster size of all semantite literate low education group on the phonological test
categories and divided by 3). On the phonemic task, parfF(1,37)= 17.55,p < .001].
ticipants produced words beginning with pre-specified let- When investigating the influence of level of education
ters [i.e.,X (“chi”), X (“sigma”) and A (“alpha”)], each on these processes, we compared the performance of the
within 60 s. Since one of the groups was illiterate, insteacdsame literatglow education group to that of the literate
of naming the letters, we asked all participants to generatbigh education group. Whereas the liteydtev education
words beginning with the sound of each letter (it is notgroup generated fewer words than the litefaigh educa-
uncommon in Greek to substitute the sound of the lettetion group on both tasks [MANCOVA covarying for age;
when indicating a particular letter of the alphabet). Vari- Pillai’s Trace:F(2,37)= 8.30,p=.001; semantid=(1,38)=
ables of interest were the following: sum of the words pro-5.24,p < .05; phonological+(1,38)= 17.05,p < .001],
duced for each of the three letters and average phonologic#hey did not differ from each other in the use of clustering
cluster size for all three letters (clusters were scored whestrategies on either the semantic or the phonological test
at least three consecutive items began with the same souffillai’s Trace:F(2,37)= .39,p > .05; semantick(1,38)=
based on the first two letters; for exampsk, sift, situa- .04, p > .05; phonologicalF(1,38)= .80,p > .05].
tion. We then divided the number of words within a cluster
by the number of clusters'ln each category separately t?)ISCUSSION
calculate average cluster size, then added the average clus-
ter size of all phonological categories and divided by 3). Our findings of decreased total word production among
illiterate/uneducated, relative to literalew education, indi-
viduals are consistent with previous reports of decreased
RESULTS word fluency to phonological, primarily, but also to seman-

We conducted a multivariate analysis of varianceliC categories (Manly et al., 1999; Ostrosky-Solis et al.,
(MANOVA) to compare the performance of the illitergte 1998, 1999; Petersson et al., 2001; Ratcliff et al., 1998;
uneducated and the litergtew education groups on seman- Reis & Castro-Caldas, 1997). Since optimal overall perfor-
tic and phonological word fluency tasks ugia 2 groups)x ~ mance depends on the effective use of specific cognitive
2 (tasks) design. Table 1 lists the mean values for eachtrategies, we also investigated the use of such a strategy by
group and task variable. Our analyses yielded an effect ofach group. The creation of clusters is dependent on the
group [Pillai's TraceF(2,36) = 27.71,p < .001] on both  @bility to categorize information based on semantic or pho-
semantic F(1,37) = 24.71,p < .001] and phonological nological characteristics. We found that, as predicted,

[F(1,37)=53.53,p < .001] total word production, whereby illiterate/uneducated individuals generated clusters of the
same size as the literalew education group on the seman-

tic test, suggesting that the strategy used for grouping
semantic—conceptual information is not dependent on either
symbolic representation or exposure to formal schooling,
but, rather, reflects an innate human ability. In contrast, the
illiterate/uneducated group presented difficulty subcatego-
rizing words based on phonological information: they cre-
Group ated smaller clusters than the literdtav education group,
suggesting that the strategy used for organizing information

Table 1. Mean number of words (and standard deviation)
generated on semantic and phonemic verbal fluency tests for
illiterate/uneducated, literafdow education, and literafdigh
education women

Illiterat Literat Literat ; S ) .
unle?jf::Z{ed Iowleedrchtion highl Z&i:;tion based on phonological characteristics is an acquired skill.
(n = 19) (n = 20) (n=21) In order to disentangle whether the acquisition of strat-
Variable M (SD) M (SD) M (SD) egies to process information based on phonological charac-

teristics is related to literacy (symbolic representatipe

SeTmar:tiC 30.58 (5.36)  40.35 (6.7 50.14 (000 SCOY €xposureto formal schooling, we also investigated the
Ccl)szter size 428((1‘ 02) 3 99((1' 363) 3'79((0' 59)) effect of the amount of education on word fluency output
Phonological ' ' ' ' ' ' and cognitive strategies. We compared the litefiate edu-

Total 411 (3.63) 18.25 (7.64) 32.38 (8.56) cation group with a literatéhigh education group and found
Cluster size .07(0.31)  1.33(1.28) 2.26(1.53) thatthe former group generated fewer words than the latter

group. This pattern was observed on both semantic and
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phonological fluency tests, and, combined with the afore-associative learning skills, motivation when given such arti-
mentioned findings, suggested that total word output is dicial tasks, etc.

function of the amount of education rather than of the pho-

nological awareness (symbolic representation) typically

attained through formal schooling. In contrast, the two lit- EXPERIMENT 2—DICHOTIC

erate groups did not differ in their use of clustering strat-LISTENING

egies on either task, suggesting that the strategies used §y-notic listening tests have been used to study cerebral
perform the tasks are not a function of education, but, iNyeralization for language in illiterates (Castro & Morais,
light of our aforementioned findings, reflect knowledge of 1g9g7- pamasio et al.. 1976: Karavatos et al.. 1984: Tza-

grapheme—phoneme correspondence or exposure to formal 55 et 41, 1981, 1993). Previous investigations have yielded

schooling. conflicting results: decreased laterality for language among

_ The influence of level of education in the current exper-jjjiterates relative to literates (Joanette et al., 1983) or not
iment was noteworthy. As expected, increased educat'ofbamasio et al., 1976), or stronger lateralization among

led to increased performance on total word production Onyjiterates relative to literates (Tzavaras et al., 1981). In an
verbal fluency tasks. Previous investigators have implied,iempt to explain these inconsistent findings, others have

that semantic processing occurs implicitly and naturally,jiscssed the influence of stimulus bias on the effect found
without aid or training, and, consequently, that it should be(Ahonniska et al., 1993; Castro & Morais, 1987). More

less affected by low (or no) education (Reis & Castro-recent models of the dichotic listening procedure take into
Caldas, 1997). In the present study, we replicated the findscount not only the structural brain areas involved in
ing of Reis and Castro-Caldas (1997); in fact, in our studyyingyistic processing (left hemisphere areas), but also the

increased education appeared to have improved the effegy tional mechanisms, namely, bilaterally represented atten-
tiveness of processing not only of phonological, but of,na resource activity (Reinvang et al., 1994).

semantic information as well. The pattern of this finding is oy jnterest in conducting the current experiment was to
therefore consistent with the Reis and Castro-Caldas (1997|?1vestigate differences between illiteratmeducated and

model. Our results are also of particular interest becausfyerate/jow education individuals with respect to the pro-
previous studies have reported that education plays a MOI& ssing of real words based on their semantic and phono-

influential role _in_phonological,- rather than semantic, word|qgica| commonalities. We used a dichotic listening paradigm
fluency (Kosmidis et al., 2004; Tombaugh et al., 1999). i, oqer to investigate previous reports of increased reli-

_ When observing the pattern of the cognitive strategy,nce on semantic information and decreased phonological
involved in performing the tasks, however, a different pic- ;5 cessing skills among illiterataneducated individuals

ture emerged. The semantic and phonological tasks yieldegen processing oral language (Reis & Castro-Caldas, 1997)
a different pattern of group differences. Whereas illitefate 54 to correlate these patterns with information-specific
uneducated individuals could rely on their implicit seman-pemispheric processing. Therefore, we designed a novel

tic processing strategies to perform the semantic fluencyjchotic listening test that included semantically related and
task, when these strategies were not relevant, they werg,qnojagically related word pairs, in addition to the more
considerably less effective in processing phonological infory 4 gitional unrelated word pair format. We were interested
mation than th_e literadow education group, _|nd|cat|ng in exploring ear advantage for each word pair type and the
that the strategies used to process and organize phonologkiationship of putative lateralization differences between
cal information are qualitatively different from those used;, jividuals who were illiteratéuneducated and those who

in semantic processing. The fact that the performance Qjyere in the literatglow education group based on the type
the literate’low education group did not differ from that of ¢ information to be processed. Additionally, we explored

the literatg’high education group on the phonological task, e effect of amount of education on this process by also

is consistent with the notion of a skill that one has eitherstudying the performance of a litergtegh education group,

developed through attaining grapheme—phoneme correspopsative to that of the same literatiew education group.
dence or exposure to formal schooling, or has not devel-

oped it at all, and would suggest that the processing of

information based on its phonological characteristics is NoOMETHODS

influenced by the level of education attained, but rather, by

the acquisition of symbolic representation. Overall, whilegasearch Participants

the putatively explicitly acquired strategies (clustering words

according to their phonological characteristics) appeared téll participants in the illiteratéuneducated and literate
either exist or not, implicit strategies (clustering wordslow education groups that had participated in the previous
according to their semantic characteristics) were consistergxperiment also participated in the current investigation,
across all three groups. Thus, the improved word outpubut only 15 of the literatghigh education group. The latter
observed with increasing education might reflect other facgroup was significantly younger than the other two
tors contributing to performance related to formal school-[F(2,51)= 8.16,p < .001; illiterate’uneducatedl = 71.95,
ing, namely, increased vocabulary, cognitive efficiency,SD= 7.57, literaté¢low educationM = 69.90,SD= 8.91;
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literate/high educationM = 61.87,SD= 5.00]. Therefore, A comparison of the two literafeducated groups revealed
statistical analyses included age as a covariate wherthatthe literatglow education group performed more poorly
appropriate. than the literatghigh education group [Pillai’s Trace:
F(1,35)= 5.39,p < .005] only on the semantically related
word pairsfF(1,37)= 15.98,p < .001]; the two literatg
Procedure educated groups did not differ from each other on either the
honologically relatedf(1,37)= 15.32,p < .001] or the
Twenty—four set; of frequently used words were presente@mdated pairsi(1,37)= 10.84,p < .005]. This pattern of
by aud|0. recording. The WOI’.dS were pres?nted in blocks oFesults, combined with the aforementioned findings, sug-
three pairs f_oIIowed by a brief pause. Pairs Of_ WO_VdS Welests a dissociation between the processing of semantic and
presented simultaneously, one word in eachwadliffer- honological information with respect to education: seman-
ent channels. During the pause, participants repeated gs ,,cessing appears to be influenced by the level of edu-
many as they could of the six words they had just heard. W, attained, whereas phonological processing depends

used wprd”palrls thg‘t bﬁlon?ed, to”onelof tglreedcateglorleyn whether the individual had attained symbolic represen-
semantically related, phonologically related, and unrelateg, i, ner seor had been exposed to formal schooling.

words. Eight sets of words were chosen so that each pair pygitional within subject analyses showed that the
9e|o_nged to t,he same §emantlc category (engrning/pro- illiterate/uneducated group’s performance was the same for
'/-night /vra 'th',/)'_ Eight sets of words were ghosen SO allthree types of word pairs. In contrast, both of the litefate
that they were similar to each other phonologically (€.9..qycated groups performed better on the semantically related
step/vi-ma/-verb/ri-ma/), and eight sets of words were i < than on the other types. Table 2 lists the mean perfor-
merely matched according to number of syllables (e'g'mance of the three groups on each type of word pair.

tongu€/glo™-ssg/-monkey mai-mou/). We did not attempt In order to explore the effect of stimulus type on ear

to match paired stimuli with respect to frequency, phone- . aniage addressed in previous studies (Ahonniska et al.,

mic complexity, or other characteristics. A male actor read1993. Castro & Morais, 1987), we compared the number of
th(_a stimuli gnd recorded them on two separate channel@ords repeated of those administered to the left ear to those
usinga Macintosh Powerbook computer. Stimulus pairs wer?ven to the right ear for each group separately, and for the
edited so as to match .both WOI’d.S for onset and duration q emantically and phonologically related pairs separately
presentation. _Each _stl_mulus pair was separated from Fhﬁnaximum score for each category and each ear was 24).
next by a 2-s intertrial interval, and each set of three pairq gne of the groups showed an ear difference for the seman-

Was_f(_)llowed by a 5-s interval, to allow sufficient time for tically related words [illiteratéuneducated(18) = —1.706,
participants to respond. The test was then tape-recorded 05; literate/low educationt(19) = —.881,p > .05:
and administered on a Panasonic RQ-E25V stereo casse FFeraltes;high educationt(13) — 302 0 < _05']_ In con-

player with Panasqnic stereo hggdphgnes ata comfortab{F-ast, only the illiteratéuneducated group showed better
listening level. During test administration, the headphone?)erformance from the right ear as compared with the left

were reversed for the second half of the trials in order toear for the phonologically related word pairs [illiterate

control for any imbalance between the two channels. TWCUneducatedt(lS) — —2.330,p < .05; literate/low educa-
sample trials preceded the actual test in order to familiariz ion: t(19) = —1.293,p > '.05. Iite;ate’high education:

participants with the procedure. One variable of interesE(B): —1.388,p > .05]. Table 3 lists the mean number of

was the total number of words for each category (i.e., semang s repeated based on group, task, and ear to which they
tic, phonologic, unrelated) repeated correctly, regardless of

the ear to which the words were presented (maximum score
on each category of paired words was 48). Another variable
of interest was the total number of words repeated for eachable 2. Mean number of words (and standard deviation)
ear for the semantic and phonological categories (i.e.repeated on a dichotic listening test for illiterat@educated,
semantic-left ear, semantic—right ear, phonological-left eafiterate/low education, and literagéigh education women

phonological-right ear).

Group
llliterate/ Literate/ Literate/

RESULTS uneducated low education high education

L (n=19) (n=20) (n=21)
A MANOVA revealed a group effect [Pillai’s Trace: \sqriable M (SD) M (SD) M (SD)
F(1,35) = 5.39,p < .005] on all three types of stimulus -
pairs: semantically relatedF[1,37) = 15.98,p < .001], Semantically
phonologically relatedf(1,37) = 15.32,p < .001], and related_ 20.42(5.85)  29.30 (7.82) 39.53 (5.83)

Phonologically

unrelated F(1,37)= 10.84,p < .005]. Analyses suggested related 19.05 (4.16)  26.25 (6.91) 31.20 (6.04)
poorer performance in the illiteragteneducated group rel- o |ated 18.63 (5.27)  25.55 (7.58) 31.87 (6.64)
ative to the literatélow education group on all types of
word pairs. Note Maximum possible correct for each variable is 48 words.
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Table 3. Mean number of words (and standard deviation) repeated by illiterate
uneducated, semiliterate, and literate women for semantically and phonologically
related words presented to left and right ears

Word pair type

Semantically Phonologically
related words related words

Left ear Right ear Left ear Right ear
Group M (SD) M (SD) M (SD) M (SD)

Illiterate/uneducatedr(=19) 8.53 (4.71) 12.16 (6.24) 6.79 (4.69) 12.21 (6.21)
Literate/low education (=20) 14.05 (6.38) 15.80 (5.46) 11.70 (6.51) 14.50 (5.38)
Literate/high educationrf=15) 20.29 (2.92) 20.50 (2.21) 15.36 (4.47) 16.93 (2.59)

Note Maximum possible correct for each variable is 24 words.

were presented. When we repeated the analyses covaryingrelated word pairs, digit pairs or syllablesa( ga, da,

for age, however, the only ear advantage found previouslgtc.), the words in our pairs were related to each other. This

disappeared. may have enhanced the participants’ ability to repeat words
presented to the non-dominant ear. Finally, we cannot rule
out the possibility that hearing problems added error to our

DISCUSSION measurements, leading to the unexpected lack of an ear

In the present experiment, we found that the illiteyate €ff€Ct for any of the participant groups.

uneducated group did not benefit from the semantic mate-

rial in perceiving words presented dichotically: their per-

formance was consistent across the three types of WorgENERAL DISCUSSION

pairs. Instead, those who did benefit from the semantic inforin the present experiments, we sought to elucidate the cog-
mation were the two literag@ducated groups, with the nitive mechanisms involved in processing the semantic and
literate/ high education group benefiting the most. Increaseghonological characteristics of orally presented informa-
education, thus, appears to enhance the ability to utiliz¢ion in illiterate/uneducated individuals. More specifically,
semantic associations. In fact, identifying and using assowe tested the proposition that the processing of semanti-
ciations is a skill often trained during formal schooling in cally related material is dependent on an innate skill, and,
order to retain information. Not surprisingly, this increasedthus, intact in illiteratguneducated individuals. In contrast,
effectiveness appeared to increase with the level of educahe processing of phonologically related material, we hypoth-
tion attained. Consequently, only the semantically relateasized, should be dependent on symbolic representation skills
word pairs differentiated the three groups. This finding isacquired through learning grapheme—phoneme correspon-
consistent with the results of Experiment 1, wherein totaldence, and, consequently, undeveloped or inaccessible in
word production was related to amount of education, aslliterate/uneducated individuals. A second goal was to dis-
well as with the existing literature (Manly et al., 1999; entangle the potential confound of education inherent in
Ostrosky-Solis et al., 1998, 1999; Petersson et al., 2001any comparison of illiterates with no formal schooling
Ratcliff et al., 1998; Reis & Castro-Caldas, 1997). The find-and literates with formal schooling: which, if any, of the
ing that illiterate’'uneducated individuals performed more cognitive processes might be a function of education? We
poorly on the repetition of phonologically related word pairsapproached this question by comparing two groups of
than the literatglow education group, while the two literate literate/educated individuals, one with a low level of edu-
educated groups did not differ from each other, is also coneation and the other with a high level of education.

sistent with our conclusions in the previous experiment that In order to answer the two questions we posed, we con-
phonological processing reflects a skill based on phonologducted two separate experiments. Both involved commonly
ical awareness or exposure to formal schooling—not thaised neuropsychological tests, which, however, were
amount of education attained. The apparent right ear advamesigned so as to differentiate the mechanisms involved in
tage we found among illiterateineducated individuals on the processing of semantic and of phonological informa-
the phonologically related word pairs appeared to be attribtion. In Experiment 1, we explored total word output, as
utable to reduced left ear processing relative to the othewell as one of the cognitive strategies (i.e., clustering) used
two groups, but also was an artifact of age. The lack of a&o perform on semantic and phonological word fluency tasks.
right ear advantage in all groups, while inconsistent within Experiment 2, we used a novel dichotic listening test
the literature, may be attributed to the unique nature of oufusing the dichotic stimuli presentation procedure as a par-
stimuli. Unlike other dichotic listening tests, which utilize adigm) to compare the groups on the processing of seman-
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tically and phonologically related word pairs; we were education, it was symbolic representation skills or formal
interested not only in the total number of words repeatedchooling that determined performance for the phonologi-
for each type of word pair (i.e., semantically related, pho-cally related pairs, a pattern consistent with our findings in
nologically related, unrelated), but also potential ear differ-Experiment 1. Moreover, whereas the illiterateeducated
ences in the number of words repeated for each word paigroup repeated an equivalent number of words from both
category. the semantically related and the phonologically related word
Our findings in Experiment 1 suggested that overall wordpairs, both the literatdow education and literagdigh edu-
production on both semantic and phonological word flu-cation groups were more successful in repeating semanti-
ency is a function of education. It is consistent with previ- cally, as compared with phonologically, related words. The
ous findings regarding the strong influence of level of pattern of these findings supports the contention that the
education on phonological processing, and confirms the@rocessing of orally presented information based on its
proposition of Reis and Castro-Caldas (1997) that explicisemantic characteristics is a function of the amount of edu-
phonological processing skills must be acquired in ordecation attained, whereas the processing of orally presented
for the innate ability to manifest itself. In contrast to previ- information based on its phonological characteristics reflects
ous studies reporting a greater influence of education oan acquired skill that is unrelated to level of education.
phonological, as compared with semantic, word fluency, In exploring hemispheric specialization for processing
the present data also suggested that increased education Ezmantic and phonological information, we investigated
to improved semantic word fluency. This improvement couldpotential ear effects for the semantic and the phonological
be attributed to formal schooling, which teaches other skillavord pairs. There were no ear differences for any of the
in addition to language processing (e.g., increased vocaburoups on the semantically related pairs, indicating that each
lary, effective memory and working memory strategies,of the groups involved both hemispheres equally in process-
abstract thinking skills, increased motivation to performing information based on its semantic characteristics. For
well, appreciation of the inherent importance of examina-phonologically related pairs, there was a right-ear advan-
tions on artificial tasks). tage for the illiteratéuneducated group only. This right-ear
We also investigated the hypothesis that the cognitiveadvantage was produced by the significantly poorer perfor-
strategies used for processing oral lexical information are aance on the words heard by the left ear by the illitefate
function of education. More specifically, we explored the uneducated group, indicating reduced right hemisphere
extent to which illiteratduneducated, literafdow educa- involvement. It is possible that performance on dichotic
tion, and literat¢high education individuals utilized seman- listening tasks reflects not only linguistic processing, but
tic and phonological information in order to process oralalso attentional or other cognitive processes, such as match-
language explicitly. Our results suggested a twofold pating stimuli, typically mediated by the right hemisphere and
tern: processing of material based on its semantic chara@ugmented by education.
teristics reflected abilities that were adequate in illitefate  To the extent that performance on words heard by each
uneducated individuals, but were augmented by the numbezar indicates the level of involvement of the opposite hemi-
of years of schooling. In contrast, explicit processing of thesphere, then, finding no ear advantage would imply that the
phonological characteristics of material appeared to beontribution of each hemisphere is equivalent for process-
acquired with literacy or formal schooling, regardless ofing the specific type of information. A right-ear advantage,
the level of education attained: those who had attended schobbwever, would indicate preferential use of the left hemi-
and had acquired symbolic representation could perfornsphere to perform the task. Our findings of a right-ear advan-
the task, but those who had not, did very poorly. Our find-tage for the illiteratéuneducated group when processing
ings extend the previous model of information processingnformation based on its phonological characteristics indi-
based on its phonological characteristics (Reis & Castroeated a left-hemisphere preference. This right-ear advan-
Caldas, 1997) by suggesting that the system may be motage only in illiterat¢uneducated group is consistent with
flexible for processing information based on semantic charthe findings of at least one study reporting stronger lateral-
acteristics as itis enhanced with increased education. Explicization among illiteratéuneducated individuals for dichoti-
processing of phonological information appears to be a skiltally presented digits (Tzavaras et al., 1981). Tzavaras and
that is related to knowledge of grapheme-phoneme correhis colleagues postulated that education reduced the inhib-
spondence or exposure to formal schooling, and, thus, natory influence of the left hemisphere on the right with respect
influenced by the level of education completed. We couldto language processing, thus enabling bihemispheric par-
not have reached this conclusion had we only investigateticipation. When we repeated the analyses including age as
total word production and not one of the cognitive strat-a covariate, however, the right-ear advantage observed in
egies involved in performing each task. the illiterate/uneducated group disappeared. In fact, Castro
Finally, in Experiment 2 we confirmed the differential and Morais (1987) have suggested that some of the incon-
abilities needed for the processing of semantic and phonasistent reports regarding hemispheric lateralization in
logical information and related them to hemisphere-specifidglliterate/uneducated individuals may be attributable to age
processing. Whereas successful repetition of semanticallgifferences, particularly with respect to the report of a
related pairs on the dichotic listening task was a function ofstronger right ear advantage in illiterates (Tzavaras et al.,
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