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Abstract

The levels-of-processing approach to speech processing (cf.
Kolinsky, 1998) distinguishes three levels, from bottom to top:
perception, recognition (which involves activation of stored
knowledge) and formal explicit analysis or comparison (which
belongs to metalinguistic ability), and assumes that only the
former is immune to literacy-dependent knowledge. In this
contribution, we first briefly review the main ideas and evidence
supporting the role of learning to read in the alphabetic system
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in the development of conscious representations of phonemes,
and we contrast conscious and unconscious representations
of phonemes. Then, we examine in detail recent compelling
behavioral and neuroscientific evidence for the involvement of
orthographic representation in the recognition of spoken words.
We conclude by arguing that there is a strong need of theoretical
re-elaboration of the models of speech recognition, which
typically have ignored the influence of reading acquisition.

(...) if you are abcedminded, to this claybook, what curios of signs (please
stoop), in this allaphbed!

Finnegans’ Wake

James Joyce

Although most current models of speech recognition typically
assume that speech is processed without reference to its written
code, the influence of orthographic knowledge on lexical and post-
lexical speech processing has been consistently observed these last
twenty years. In the present paper, we will review the behavioral and
neuroscientific evidence for such a role, analyzing it by reference to
the levels-of-processing approach proposed by Kolinsky (1998). In
this approach, three levels, from bottom to top, are distinguished in
speech processing: perception, recognition (which involves activation
of stored knowledge) and formal explicit analysis (which belongs to
metalinguistic ability). Only the first level is supposed to be immune
to literacy-dependent knowledge and attentional influences. Here,
we will follow the historical (rather than processing) order, starting
from metaphonological processing.

Two methods can be used to show that literacy affects speech
processing: on the one hand, the comparison between literate and
illiterate populations, preferentially adults, which allows to control
for possible maturation effects; on the other hand, the study, in
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literate people, of the impact of spelling knowledge on speech
processing. Although we will focus on the latter method, reference
to data issued from the first one will also be included when relevant
for the discussion.

The impact of orthographic knowledge on metaphonological
processing

It is now widely accepted that the ability to read and write
strongly impacts on the development of metalinguistic abilities. The
role of alphabetic literacy is critical as regards phoneme awareness,
and its impact has been untangled from the influence of cognitive
maturation by comparing illiterate to ex-illiterate Portuguese adults,
the latter having learned to read and write at adult age, in special
alphabetization classes. Using tasks that require either to delete the
initial consonant ofa short verbal expression or to add one at the onset,
Morais, Cary, Alegria and Bertelson (1979) showed that illiterates
were unable to do either of these tasks (nearly half of them did not
make a single correct response), whereas ex-illiterates obtained on
the average a reasonably high performance level (nearly half of them
succeeded on every trial). These results show that the awareness of
phonemes does not develop spontaneously, but is elicited by learning
to read and write, at least in an alphabetic system (Read, Zhang, Nie,
& Ding, 1986; Prakash, Rekha, Nigam, & Karanth, 1993; Nakamura,
Kolinsky, Spagnoletti, & Morais, 1998; Spagnoletti, Morais, Alegria,
& Dominicy, 1989). Although conscious access to syllables or rhyme
does not depend so critically on literacy, ex-illiterates also score
higher than illiterates in tasks involving such abilities (e.g., Bertelson,
De Gelder, Tfouni, & Morais, 1989; Morais, Bertelson, Cary, &
Alegria, 1986).
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Not surprisingly, in literates, the tasks that require explicit
analysis of sub-lexical units are affected by orthographic knowledge.
In 1979, Seidenberg and Tanenhaus reported a congruency effect
of word spelling knowledge and phonology in a purely auditory
phonological judgment task: the time taken to decide that two spoken
words rhyme is shorter when their spellings are similar (“toast-roast”)
than when they are not (“toast-ghost”), and the opposite effect holds
for negative decisions (faster for “leaf-ref” than for “leaf-deat”). The
same year, Ehri and Wilce found that, in phoneme counting, the
number of letters influences performance, with beginning readers
counting five phonemes in a word like “pitch” (/pitf/), but only four
in “rich” (/ritf/). Later on, Castles, Holmes, Neath and Kinoshita
(2003) showed that both adults and fifth-grade children are better
at deleting or reversing orthographically transparent phonemes, i.e.,
for which there is a direct correspondence with letters (like deleting
/d/ in “dentist”), than more orthographically opaque items in which
there is no simple correspondence (like deleting /k/ in “queen”).

We ourselves provided a converging demonstration of the influence
of word spelling knowledge on adult listeners’ metaphonological
performance by investigating the explicit and intentional operations
called forth when blending two consonant-vowel-consonant (CVC)
monosyllabic words (cf. Treiman, 1983, 1986) into a new CVC word
(Ventura, Kolinsky, Brito-Mendes & Morais, 2001). As a matter of fact,
Portuguese listeners preferred the C/VC blend (onset vs. rhyme) for
words that are spelled with a final consonant (e.g., answering “bel”
rather than “bal” for the orthographic monosyllables “bar-mel”),
but the CV/C blend (onset plus peak vs. coda) for words that are
spelled with a final mute “¢” (e.g., answering “cul” rather than “kel”
for the orthographic disyllables “cure-pele”). This response pattern
was observed even when instructions emphasized the importance of
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the “sounds” and even when the words were homophones (e.g., “par”
vs. “pare”) presented in different contexts including either mute-e-
words or final C-words. In addition, we showed that the effect was
not due to acoustic-phonetic differences, since it was observed even
with a material in which the acoustic portion of the rhyme had been
crossed between the stimuli (e.g., the rhymes in “rale” and “sal” were
interchanged). Thus, phonological judgments about the structure of the
syllable are shaped by the links between phonology and orthography.

We also showed that the influence of orthographic
representations extends beyond the domain of sub-lexical elements
such as phonemes, rhymes or syllables. Indeed, studying Thai, a
language in which tones (i.e., suprasegmental elements) are lexically
distinctive and marked orthographically, but not always consistent,
we observed an orthographic congruency effect in tasks that require
an explicit analysis of tone information, like tone monitoring and
same-different tone judgment: better performance was found when
both the tone and the tone marker led to the same response than
when they led to opposite, competing responses (Pattamadilok,
Kolinsky, Luksaneeyanawin, & Morais, 2008).

On the basis of this bulk of data, some authors argued that
metalinguistictasks,in particularthoserequiringphonemeawareness,
are performed by relying only on orthographic representations (Castles
& Colthaert, 2004; Castles et al., 2003). However, although there is a
strong association between letter knowledge and performance on
phoneme awareness tasks (e.g., Lukatela, Carello, Shankweiler &
Liberman, 1995), the ability to manipulate specific phonemes does
not require knowledge of the specific letter-sound correspondence.
Indeed, Hulme, Caravolas, Malkova and Brigstocke (2005) showed
that both Czech and English children reliably isolated phonemes for
which they did not know the corresponding letter. This refutes the idea
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that phoneme manipulation ability can only develop as a consequence
of orthographic (letter-sound correspondence) knowledge.
Nevertheless, one ought to admit that the orthographic effects
observed in metaphonological situations probably reflect strategic
resorting to word spelling knowledge. Evidence for a strategic-
based influence of orthography on speech processing has been
provided by Cutler, Treiman and van Ooijen (2010) in a phoneme
detection situation. Using this task, Frauenfelder, Segui and Dijkstra
(1990) (see also Dijkstra, Roelofs, & Fieuws, 1995) had previously
shown that adults detect more rapidly orthographically consistent
phonemes, for which the phonographemic correspondence is
bi-univocal since there exists only one spelling in the language
(e.g., in French - the language of the referred study-, /p/), than
orthographically inconsistent phonemes like /k/, which can be

W » o« M« » <« h” ((k” <« » <« » «_»
b

spelled in many different ways: “c”, “cc”, “ch”, “cc , ‘K e’ °q
“qu’”, “cqu” . However, using a task in which English listeners had to
detect the initial target sounds of isolated English words, Cutler et al.
(2010) showed that this holds true only when spelling was rendered
salient by the presence in the experiment of many irregularly spelled
filler words (e.g., “kneel”, “cough’”, “pyjamas”). Although Cutler et al.
interpret their data as reflecting prelexical processing of speech, we
believe that phoneme detection is a metalinguistic task. As a matter
of fact, illiterate adults present serious difficulties to detect target
phonemes (e.g., Morais et al., 1986). Thus, what Cutler et al’s data
show is that the involvement of word spelling is not mandatory in
metalinguistic judgments, but strategically motivated, for example,
when it might facilitate a decision about phonemes.The impact of
orthographic knowledge on spoken word recognition

Much more impressive is the fact that orthographic knowledge
impacts not only metaphonological performance, but also the on-line
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processing of spoken words. Ziegler and Ferrand (1998) reported one
of the most robust pieces of evidence in favor of this idea, by showing
that the French-speaking participants’ knowledge of word spelling
influences their performance in an auditory lexical decision task.
As a matter of fact, French words with rhymes that can be spelled
in multiple ways in other words of this language (e.g., the rhyme of
the word “nom” can be spelled differently in words like “son”, “long,
“rond’;, etc.) produced longer auditory lexical decision latencies and
more errors than did words with rhymes that are spelled only one
way (e.g., “biche”). Since then, this orthographic consistency effect
has been replicated in several languages (e.g., French: Pattamadilok,
Morais, Ventura, & Kolinsky, 2007; Portuguese: Ventura, Morais,
Pattamadilok, & Kolinsky, 2004; English: Ziegler, Petrova, & Ferrand,
2008) and in other speech on-line tasks like semantic or gender
decision (Pattamadilok, Perre, Dufau, & Ziegler, 2009; Peereman,
Dufour, & Burt, 2009).

Although we identified the event-related brain potentials (ERPs)
time-locked correlations of this effect (Pattamadilok et al., 2009;
Perre, Pattamadilok, Montant, & Ziegler, 2009), several questions
remain open. In particular, the cognitive mechanisms underlying the
orthographic consistency effect, its exact cognitive locus, as well as
its precise cerebral basis are still under debate.

How does orthography influence speech recognition? Online
vs. offline accounts

Two hypotheses have been proposed to explain the cognitive
mechanisms underlying the orthographic consistency effect.
According to the online account (e.g., Ziegler & Ferrand, 1998),
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processing speech activates on line the corresponding orthographic
code. Supporting this claim, some brain imaging data show that the
brain areas involved in written word processing are activated by
spoken utterances, at least when listeners process speech actively,
as is the case in the auditory lexical decision task. Indeed, in this
particular situation, Dehaene, Pegado, Braga, Ventura, Nunes,
Jobert, Dehaene-Lambertz, Kolinsky, Morais & Cohen (2010) found
an increase in the activation of the visual word form area (VWFA),
an area of the left ventral occipito-temporal cortex (vOTC) involved
in written word processing (Cohen, Dehaene, Naccache, Lehéricy,
Dehaene-Lambertz, Hénaff, & Michel,, 2000), in early literate and
ex-illiterate adults compared to illiterate adults.
Alternatively,learningto read could also modify the very nature of
the lexical representations, leading these to incorporate orthographic
information and/or to be more fine-grained (e.g., Muneaux & Ziegler,
2004; Taft, 2006; Taft & Hambly, 1985). This developmental or offline
account thus assumes that orthographic effects take place within a
modified phonological system rather than being due to feedback
projections from the orthographic system onto a pure phonological
one. The data from both source localization and neurostimulation
techniques (transcranial magnetic stimulation, TMS) suggest that
this may indeed be the case in tasks requiring lexical processing. The
cortical generator of the orthographic consistency effect obtained
in auditory lexical decision, and revealed by source localization,
has been shown to be within the vicinity of the left auditory cortex
(the left supramarginal gyrus, superior temporal gyrus/sulcus, Perre
et al, 2009). Coherently, a TMS study (Pattamadilok, Knierim,
Duncan, & Devlin, 2010) reported that disrupting the function of
the left supramarginal gyrus, but not of the left vOTC, canceled the
orthographic consistency effect obtained in lexical decision.
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Together, these observations suggest that orthography contributes
to speech recognition both by top-down online mechanisms and by
restructuring the very nature of the phonological representations.

Westill, however, need to understand what “restructuring” means.
Does restructuring occur only in terms of degree of abstraction, or
also in terms of grain size, with phonological representations turned
more detailed by literacy? Evidence on this point is mitigated. In
fact, according to the developmental lexical restructuring hypothesis,
which makes no reference to literacy acquisition, children would add
phonological detail to lexical representations during development in
order to differentiate among increasing numbers of phonologically
similar items (Garlock, Walley, & Metsala, 2001; Metsala & Walley,
1998; Storkel, 2002; Walley, Metsala, & Garlock, 2003). Compatible
with this idea is the observation of a significant interaction between
word frequency and neighborhood density in auditory tasks like
word repetition or gating (e.g., Garlock et al., 2001; Metsala, 1997),
in which listeners are presented with increasingly longer segments of
a spoken word while attempting to identify it (e.g., Grosjean, 1980,
1996).Indeed, thisinteractionis explained in terms of two functionally
distinct and opposing influences of phonological neighbors. The on-
line effect would result from competing similar sound high-frequency
words: performance is facilitated for words from sparse as opposed to
dense neighborhoods. The off-line effect would reflect pressures for
segmental restructuring of words resembling many others: it affects
the processing of low-frequency words, for which performance is
better for words from dense as opposed to sparse neighborhoods.
Using a gating and a word identification-in-noise task, we showed a
similar interaction in illiterate adults (Ventura, Kolinsky, Fernandes,
Querido, & Morais, 2007). Thus, lexical restructuring, in that sense,
seems to occur in the absence of literacy.
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But these results do not imply that there is no effect at all of
literacy acquisition on the representations of speech. More research
is needed to answer this question, taking into account the level of
abstraction and awareness of representations. In the next section, we
address a distinct but related question, namely how precociously may
literacy influence the dynamics of speech processing, and in particular
whether such an influence may already occur at a prelexical stage.

Does orthographic knowledge and literacy only influence lexical
representations or more basic, perceptual, speech processes?

Given the tight relation between speech and orthography, if one
assumes that the phonological representations of literate people have
been modified by their acquisition of orthographic knowledge, one
might expect the orthographic consistency effect to occur in any
speech recognition task. This is indeed the case, but with one important
exception, namely, the shadowing task, in which the listener has to
repeat as rapidly as possible any spoken sequence, be it a word or
a pseudo-word. Contrary to lexical decision or semantic judgment,
the shadowing response does not rely on any binary choice decision
and requires only a precise analysis of the phonetic properties of the
stimulus (word or pseudoword) in order to build an articulatory plan.
The few studies that investigated the orthographic consistency effect
in this task have almost always reported negative results.

We were the first to explore the influence of orthographic
consistency in shadowing (Ventura et al., 2004). The absence of the
orthographic consistency effect in the standard version of this task,
combined with the fact that the effect was found in lexical decision
and in lexically contingent shadowing, in which participants had to
repeat the stimulus only when it was a word, but not in phonemically
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contingent shadowing, in which participants had to repeat the
stimulus only when it started with a pre-specified phoneme, led us
to conclude that only lexical processes are affected by orthographic
knowledge. Pattamadilok et al. (2007) confirmed this finding in a
language (French) whose written code is orthographically more
inconsistent than the one of the language tested in Ventura et al’s study
(Portuguese). Pattamadilok et al. showed in addition a systematic
association between the occurrence (or not) of the orthographic
consistency effect and of the word frequency effect. To our knowledge,
the study by Ziegler, Ferrand and Montant (2004) was the only one
that showed an orthographic consistency effect in shadowing. Yet,
their finding could be explained by the fact that only word stimuli
were presented, which may have induced the participants to perform
the task at the lexical level. Moreover, the effect may have been
contaminated by the number of orthographic neighbors that differed
between consistent and inconsistent words, which was not the case in
our French study (Pattamadilok et al., 2007).

The whole ensemble of data thus suggests that lexical access is
critical for the occurrence of the orthographic consistency effect.
Both the on-line and the off-line views can accommodate this fact.
However, examining why literate people do not show this effect in
shadowing may provide some further information on the cognitive
mechanisms of the effect.

This is what we did in a recent study (Pattamadilok, Morais,
& Kolinsky, 2011) in which we compared the occurrence of the
orthographic consistency effect in two versions of the shadowing
task, namely, when the speech signal was clearly presented (the
silent condition) and when its quality was degraded by adding noise
(the noise condition). The result obtained in the silent situation
replicated the findings previously obtained by Ventura et al. (2004)
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and Pattamadilok et al. (2007): there was no hint of an orthographic
consistency effect. On the contrary, when background noise was
added to the speech signal, the overall performance level decreased
and orthographic consistency affected both reaction times (RTs) and
accuracy (atleast for high-frequency words), with better performance
for consistent words. Thus, increasing task difficulty may, under
some circumstances, induce changes in the processes involved in
performing a task. Here, when the acoustic signal was clear, speech
could be accurately perceived and reproduced only on the basis of
the acoustic information. But when the acoustic signal was degraded,
the speech processing system had to resort to the redundancy that is
present at the level of orthographic representations.

This interpretation does not imply that all orthographic effects
are dependent on attentional, strategic processes. On the contrary,
we recently showed that such effects can even occur with unattended
speech, namely using a passive oddball protocol in which participants
watched silent movies and were required to ignore the auditory
stimulation (Pattamadilok, Morais, Colin, & Kolinsky, submitted).
As a matter of fact, in a situation in which we manipulated the
orthographic congruency between frequent (e.g., “tri’, /tRi/) and
deviant spoken words, we observed a stronger electrophysiological
Mismatch Negativity (MMN) response to the orthographically
incongruent (e.g., “prix’, /pRi/) than to the orthographically
congruent (e.g., “cri’, /kRi/) deviant spoken word. Since the MMN
is an automatic index of experience-dependent auditory memory
traces, this shows a profound, attention-independent, impact of
spelling knowledge on the speech processing system.

Nevertheless, not all early perceptual processes are affected by
orthographic knowledge or, more generally, by literacy. Studies on
illiterate people have shown them to be quite able to make phonetic
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discriminations, presenting almost perfect scores for differentiating

<

for instance “faca” (knife) from “vaca” (cow) while being very poor
at manipulating phonemes explicitly (Adrian, Alegria, & Morais,
1995; Loureiro, Braga, do Nascimento Souza, Nunes Filho, Queiroz,
& Dellatolas, 2004; Scliar-Cabral, Morais, Nepomuceno, & Kolinsky,
1997). In comparison to literates, illiterates also present the same
phenomenon of categorical perception of speech sounds, as estimated
through the relation between identification and discrimination
performances (Serniclaes, Ventura, Morais, & Kolinsky, 2005).
Still, literacy seems to modulate boundary precision, with literates
showing a steeper identification slope than illiterates. Although in
our study this effect could be attributed to a lexical bias (one of the
end points of the continuum used by Serniclaes et al. was a word in
Portuguese: “da’, while the other, /ba/, was not), a similar effect was
recently reported in a developmental study. Examining 6-8 years-old
children and adults with a voicing (/de-te/) continuum, Hoonhorst,
Medina, Colin, Markessis, Radeau and Deltenre (2011) reported
no effect of age on categorical perception per se, but observed that
boundary precision increased with age and was correlated with
reading level.

Thus, although the data do not confirm the strong hypothesis
according to which perceptual categorization of speech sounds
depends on reading acquisition (Burnham, 2003), they suggest
notwithstanding that literacy helps in finely tune phonological
boundaries and hence in increasing the precision of phoneme
identification.

Additional evidence for modification of the auditory system by
reading acquisition comes from our functional magnetic resonance
imaging (fMRI) study, in which we observed increased activation
of the planum temporale (PT) in early literates and ex-illiterates



174 Régine Kolinsky, Chotiga Pattamadilok, and José Morais, The impact...

compared to illiterates in listening to speech (Dehaene et al., 2010).
Direct on-line feedback from orthography to phonology is not a very
plausible interpretation of the enhanced PT activation observed in
literates, as PT activates only in response to auditory input, not to
written words (Dehaene et al., 2010) or isolated letters (Van Atteveldt,
Formisano, Goebel, & Blomert, 2004). Still, PT activation may itself
be modulated by on-line feedback from multimodal regions (superior
temporal sulcus and superior temporal gyrus) that participate in the
audio-visual integration of isolated letters and phonemes, reacting to
their congruence (van Atteveldt et al., 2004).

The developmental pace of the influence of orthographic
knowledge on speech processing

The feedback connections and/or restructuring process take
place rapidly in the course of learning to read. We demonstrated this
in our developmental studies: the orthographic consistency effect
emerges after about one and a half year of reading classes in both
Portuguese and French (Pattamadilok, Morais, De Vylder, Ventura,
& Kolinsky, 2009; Ventura, Kolinsky, Pattamadilok, & Morais, 2008;
Ventura, Morais, & Kolinsky, 2007). Interestingly, in both languages
this effect is initially a generalized one: contrary to adults, second-
graders present a consistency effect for both words and pseudowords,
in both lexical decision and shadowing. We interpreted this as
reflecting the intensive use of sublexical units (viz., the grapheme-
phoneme and phoneme-grapheme correspondences) at this stage
of literacy acquisition, which contributes to establish a vivid flow
of information between sublexical orthographic and phonological
representations in the processing system.
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However, the pace at which the orthographic consistency effect
reaches the adult pattern (characterized by a limitation of the effect
to lexical decision and to words) depends on the orthographic
transparency of the written code, with an earlier shift from the
beginning reader to the adult’s pattern in French than in Portuguese.
Whereas in French the adult pattern was reached during the third
grade (Pattamadilok et al., 2009), in Portuguese it was reached only
two or even three years later (Ventura et al., 2008). This suggests
that, in the course of literacy acquisition, the overall orthographic
inconsistency of the language’s orthographic code influences the
rate at which orthographic representations impact on spoken
word recognition: given that French orthography is much more
inconsistent than Portuguese, frequent confrontation with the
inefficiency of the sublexical decoding strategy may induce French
children to develop lexical orthographic representations of words
earlier than their Portuguese peers.

Are there other effects of literacy on speech processing?

As for literate adults (e.g., Baddeley, 1966; Conrad & Hull,
1964), illiterate’s immediate ordered recall performance is worse
when items sound similar, for example, when they rime, than when
they do not, thus showing that they spontaneously use phonological
codes in short-term memory (Morais et al., 1986). However, they
reach far lower performance compared to literates in verbal memory
tasks (Morais et al., 1986; see also discussions in Morais & Kolinsky,
2001, 2002, 2005). Since ex-illiterates also obtain far poorer scores
than early literates, part of this effect may be linked to experience and
organizational processes obtained through schooling. However, it is
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also possible that in literates spelling knowledge helps maintaining
the representation of spoken strings in memory. Under this view,
the ex-illiterates’ low reading ability does not allow the automatic
activation of orthographic representations in verbal memory tasks.
The notion that spelling knowledge helps maintaining the
representation of spoken strings in memory was supported recently
(Pattamadilok, Lafontaine, Morais, & Kolinsky, 2010). Using serial
recall of auditory seven-word lists, we observed that, compared to
the situation where words shared neither the phonological nor the
orthographic rime (as in the list “fric, grade, loge, taule, coupe,
blanche, moche”), inter-item orthographic dissimilarity, viz. when
words ended with the same inconsistent rime, e.g., /or/, but did
not always share their spelling (as in the list “sport, nord, chlore,
bord, flore, corps, tort”) assists verbal working memory by reducing
or even avoiding the detrimental effect of phonological similarity,
viz. when words ended with the same inconsistent rime, e.g. /as/
and shared the same spelling (as in the list “classe, brasse, chasse,
passe, masse, basse, casse”). This orthographic modulation of the
phonological similarity effect only occurred at positions four to six
of the word list. Recall performance at position seven benefited from
a recency effect that may be assumed to result from a more surface-
level (acoustic-phonetic) representation, while better performance at
positions one to three is attributable to primacy effects, and can be
accounted for in terms of consolidation through recapitulation. The
beneficial influence of orthographic knowledge may, therefore, be
only apparent when the item stored in short-term memory takes the
form of an abstract but unconsolidated phonological representation,
which in fact corresponds to the harder to remember serial positions.
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Conclusion

All the most influential current models of spoken word
recognition lack an account of the orthographic effects that we
reviewed in the present paper.

For instance, the Cohort model (Marslen-Wilson & Tyler,
1980; Marslen-Wilson & Welsh, 1978) claims that the word-initial
cohort is constructed from the phonological information contained
in a spoken word. Thereby, the cohort consists of all spoken words
that share the same initial segment(s) of the input word. Although
high-level information such as semantic, syntactic or contextual
information also plays a role by eliminating competitors from the
cohort, the contribution of word spelling, which is a form of lexical
knowledge, is totally ignored.

The absence of interaction between the phonological information
and the corresponding orthographic information is inherent to
autonomous models such as RACE or MERGE (Cutler & Norris,
1979; Norris, McQueen, & Cutler, 2000). But, strangely, the role of
orthography is not mentioned either in a highly interactive model
such as TRACE (McClelland & Elman, 1986), although this could
easily accommodate the impact of orthography on spoken word
recognition by means of interactions between the representations
activated at different levels (i.e., features, phonemes, and words).

Full interactivity between phonology and orthography, as
proposed for example in the bimodal interactive activation model
(Grainger & Ferrand, 1994, 1996), which assumes systematic
interaction by means of a single mechanism, does not seem to reflect
all the data, either. As we discussed here, behavioral orthographic
effects are not general, since they do not occur when the task can be
made without reference to the lexicon. However, as indicated above,
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physiological measurements show an influence of orthography on
speech processing even when words are not attended to.

There is thus a strong need of theoretical re-elaboration of the
models of speech recognition, to make them able to integrate the
influence of orthographic knowledge on spoken word processing.

On the one hand, ifliteracy acquisition is a “virus’, as proposed by
Frith (1998, p. 1051), it does not seem to “infect all speech processing’,
as illustrated by the lack of influence of spelling knowledge in most
shadowing situations, and the absence of literacy effect on speech
discrimination (Adridn et al., 1995; Loureiro et al. 2004; Scliar-
Cabral etal., 1997), on the classic estimation of categorical perception
(Serniclaes et al., 2005) and on other perceptual phenomena such
as phonetic feature blendings and migration of speech properties
(Morais, Castro, Scliar-Cabral, Kolinsky, & Content, 1987; Morais
& Kolinsky, 1994; see also other data in Cutler & Davis, 2012, and
discussions in Morais & Kolinsky, 2001, 2002, 2005).

On the other hand, the available evidence is also only partly
compatible with Kolinsky’s (1998) levels-of-processing approach to
speech processing. This assumed the perceptual level to be immune to
literacy-dependent knowledge and attentional influences. However,
modulation (perhaps indirect) of speech perception regions (like the
PT) by visual information (Van Atteveldt et al., 2004) and literacy
(Dehaene et al., 2010) as well as literacy effects on some perceptual
processes like phonemic boundary precision (Hoonhorst et al., 2011;
Serniclaes et al., 2005) suggest that some, though not all, perceptual
processes might be affected by literacy-dependent knowledge. At
the other extreme of the processing path, it is worth noting that
metalinguistic performance is not always “infected” by letter (Hulme
etal., 2005) and spelling (Cutler et al., 2010) knowledge either. Future
studies are thus needed to better identify the conditions and extent of
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the influence of literacy-related knowledge on both perceptual and
metalinguistic processes and representations.
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