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Abstract. This paper reviews current psycholinguistic and neuroimaging
evidence on language processing with particular focus on the relationship
between production and comprehension. In the first part, different methods of
psycholinguistic research are introduced and examples for psycholinguistic
models (production: Levelt et al. 1999; comprehension: Friederici 2002) are
sketched. In the second part, the neural correlates of semantic, phonological,
and syntactic processing are reviewed. For semantics and phonology there
seem to be different fronto-temporal networks which are shared in production
and comprehension. The results for the processing of syntactic information
are not entirely conclusive. Yet the data reveal that phonological strategies
may be used in syntactic tasks. This finding opens the discussion of
alternative, phonology-based strategies for language processing. Such
strategies are accounted for by dual-route models featuring one direct and one
indirect route which often involves phonological processing. This insight
leads to some tentative conclusions about remediation strategies in dyslexics
with selective (e.g., phonological) deficits.
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INTRODUCTION

During the past 150 years there have been numerous
attempts to identify the neural systems underlying hu-
man linguistic abilities. First evidence for a localist ap-
proach to mapping different aspects of language to
distinct brain regions was reported in the late 19th cen-
tury by Broca (1861) and Wernicke (1874) on the basis
of single case studies. The patient Leborgne described
by Broca suffered from a severe production deficit, al-
lowing him only to utter the syllable “tan”. However, he
could vary the prosody related to the intended meaning.
Broca examined the patient’s brain post mortem and de-
tected a profound lesion in the left inferior frontal lobe,
appearing to cover approximately a region labelled
Brodmann’s areas (BA) 44 and BA 45 (cf. Fig. 1 for the
original illustration by Brodmann (1909) of cortical
regions differing in cytoarchitecture. BA 44 and 45 are
highlighted).

From these findings, Broca concluded that the le-
sion site (which later was named Broca’s area to hon-
our its discoverer) was somehow related to language
production. Thirteen years later, Wernicke presented
results from a different patient who, after a lesion in the
left superior temporal lobe (later referred to as
Wernicke’s area), exhibited severe problems in under-
standing normal speech. Interestingly, his own speak-
ing ability was preserved in the sense that he was able
to utter many words in a row; however, this speech
stream was meaningless, as the content words were
chosen inappropriately. On the basis of this double dis-
sociation, the so-called neurological model of lan-
guage processing was formulated by Lichtheim (1885)
and introduced into the Anglo-Saxon community by
Geschwind (1970). This model attributes language
production to the motor-related frontal areas and com-
prehension to Wernicke’s area located in the posterior
portion of the superior temporal gyrus (pSTG). Addi-
tional neural structures such as the angular gyrus and
the arcurate fasciculus connecting both regions were
included in the model, which for many years was the
principal reference for neurologists dealing with lan-
guage disorders.

With the advent of functional neuroimaging tech-
niques evidence became available from healthy subjects
providing insight into the normal functions of the brain
regions associated with language processing. These
data, in turn, led (at least partially) to dramatical
changes in the view of the brain’s functionality. Some of

the neuroimaging evidence will be presented in this pa-
per. Before doing this, two examples of psycholiguistic
models of language production (Levelt et al. 1999) and
comprehension (Friederici 2002) are given together
with supporting evidence. These models provide a basis
for the functional interpretation of the data recorded in
positron-emission tomography (PET), functional mag-
netic resonance imaging (fMRI), electroencephalogra-
phy (EEG), and magnetoencephalography (MEG).
Throughout the paper, the distinction between language
production and language comprehension will be made,
as the findings in both domains are similar but not
identical to each other.

Fig. 1. The original cytoarchitectonic map of Brodmann
(1909), showing a lateral (top) and medial (bottom) view of
the human brain. The cerebral cortex is parcellated into more
than 50 regions. The language-relevant areas 44 and 45 in the
left inferior frontal gyrus (known as “Broca’s area”) are high-
lighted. Modified from Brodmann (1909).



PSYCHOLINGUISTIC APPROACHES
TO LANGUAGE PROCESSING

Psycholinguistic methods

In order to obtain empirical data researchers have to
apply some stimulation in order to elicit the process of
interest. This stimulation can vary depending on the na-
ture of the process of interest. In the simplest case, some
data (e.g., EEG, MEG, fMRI) are recorded while the
subject listens to or utters natural speech. In this case,
the “regular” processes are tapped; however, it is diffi-
cult to draw conclusions about the existence, character-
istics, or interactions of underlying sub-processes,
unless there is some external criterion by which the pro-
cesses can be differentiated (such as in the MEG study
by Levelt and coauthors (1998). Here, the dipole analy-
sis was guided by prior knowledge from behavioral ex-
periments about the time windows during which
semantic, syntactic, and phonological processing takes
place). In order to assess sub-processes of which there is
no or deficient a priori knowledge, subjects can be in-
structed to make a metalinguistic decision about some
property of a stimulus that is possibly related to the
sub-process. For instance, subjects may judge whether
two successive stimuli are identical or different, or
whether a stimulus matches to some predefined target.
Using this rationale, Démonet and coauthors (1992) had
their subjects decide whether in a given stimulus the
phoneme /b/ occurred after the phoneme /d/. In a study
by Burton and coauthors (2000), subjects indicated
whether or not two successive CVC syllables were iden-
tical. Such tasks lack the naturality of the process under
investigation, since the outcome of highly automatic
processes such as phoneme identification must be ana-
lyzed consciously before any reaction can be made (cf.
Wittmann and Fink 2004, for a discussion of methods in
phonological processing). Here, the problem is to what
extent the results obtained in metalinguistic decision
tasks are still related to the natural speech process they
were meant to tap. Therefore, other methods have been
invented that allow drawing conclusions about particu-
lar aspects of natural language processing. By disturb-
ing the natural process very specifically, the resulting
differences in the dependent variable (reaction times,
response latencies, EEG, BOLD response, etc.) reveal
some of the characteristics of the underlying process. In
language production, one well-established method is
the picture-word interference paradigm (Glaser and
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Diingelhoff 1984) where a picture has to be named
while a distractor word is presented visually on the com-
puter screen or acoustically via ear-phones. In such an
experiment, the naming latencies increase when the pic-
ture and the distractor are semantically related but de-
crease if they are phonologically related (Schriefers et
al. 1990). In comprehension studies, semantic or syntac-
tic violations induce different alterations of the ERP sig-
nal (cf. Friederici 2002, for a review).

Another way to obtain information about particular
processes is the investigation of deviant or erroneous
performance of either healthy subjects (i.e., speech er-
rors), persons with circumscribed impairments (e.g.,
aphasic patients, children with developmental disor-
ders), or other subjects differing in their performance
from the average adult subject with respect to some
other variable (such as age, gender, second vs. first lan-
guage acquisition, etc.). Since the late 19th century, the
analysis of patients’ data has been a main source of in-
formation (e.g., Caramazza et al. 2000). Focussing on
the performance of healthy persons, Meringer and
Mayer (1895) presented a large corpus of spontaneous
speech errors that could serve as a basis for detailed
analyses. As a consequence of their analyses, the au-
thors proposed a classification of speech errors that is
still accepted today. Meringer and Mayer (1895) made a
principle distinction between meaning-related errors
(“yours” — “mine”) and form-related errors (“train”
—“brain”) and detected that a great proportion of mean-
ing-related errors are characterized by a close phono-
logical relationship between the exchanged elements
(so-called mixed errors). However, the analysis of spon-
taneous speech errors can be criticized with respect to
some biases that are likely to occur during the collection
of the corpus. As Bock (1996) demonstrated, the low
probability of the occurrence of speech errors requires
an enormous amount of utterances to obtain a suffi-
ciently large and representative corpus. Top—down pro-
cesses such as expectancy can influence the registration
of errors (Elman and McClelland 1988, Warren and
Warren 1970); the attentional focus of the listener can
be either on formal or on semantic aspects (Poulisse
1999); some errors cannot be detected as easily as others
(e.g., phonological relative to lexical errors: Cohen
1980; errors that do not change the content of an utter-
ance: Bock, 1996), and the inter-rater reliability is sub-
stantially low (Ferber 1991).

In order to circumvent these fallacies, Baars et al.
(1975) developed an experimental technique that per-
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mitted the controlled induction of a substantial amount
of phonological and mixed errors. Still, as in the case of
studies relying on decisions on particular properties of
language, the use of data related to any kind of violation
can be criticized as not revealing the regular processes.
Such studies may produce either non-representative
performance (in language production) or extra pro-
cesses such as error detection (and, if requested in the
experiment, even repair of the violation during compre-
hension: Indefrey et al. 2001b, Meyer et al. 2000) that
possibly interfere with the processes of interest. Finally,
and in general, any psycholinguistic experiment can be
conducted in different modalities (i.e., auditorially or
visually), with the focus on units of different size (i.e.,
single words, phrases, sentences, or even larger units
such as stories: Indefrey etal. 2001a, Papathanassiou et
al. 2000). As the dependent variable, either offline mea-
sures (such as error rates, speech errors) or online mea-
sures (such as reaction times or neuroimaging data) can
be recorded. As a conclusion, none of the many methods
available in psycholinguistic research is a perfect instru-
ment; however, the aspects in which they differ from
each other can constitute either a problem or an advan-
tage, depending on the focus of interest in each single
case. Moreover, as outlined above, there are obvious
parallels between the methods applied in production
and comprehension research. In some cases as in the
picture-word interference paradigm or in overt reading
tasks, one cannot distinguish completely to what extent
aspects of production and comprehension interact.
Therefore, the careful analysis of the processes involved
in each task is a prerequisite of each psycholinguistic
study.

Psycholinguistic models

In the last decades, a number of models have been
proposed for both language production (e.g., Dell 1986,
Fromkin 1971, Garrett 1975, 1980, Levelt 1989, Levelt
et al. 1999, MacKay 1987, Shattuck-Hufnagel 1979,
1987, Stemberger 1985) and comprehension (e.g.,
Frazier, 1987, Friederici 2002, Hagoort 2003, Liberman
et al. 1967, Marslen-Wilson and Tyler 1980,
McClelland 1991, McClelland and Elman 1986). The
interaction of these two domains of language processing
has just recently moved into the focus of interest (e.g.,
Garrett 2000; Hickok and Poeppel 2000, Levelt et al.
1999). In more general terms, one major distinction be-
tween the different models within one domain con-

cerned e architecture, i.e., the issue of parallelism or
seriality of the processes engaged. There has been an
ongoing debate about the question whether the different
types of core information (i.e., semantics, syntax, and
phonology) are accessed simultaneously (production:
e.g., Dell 1986; comprehension: e.g., Marslen-Wilson
and Tyler 1980) or in some hierarchical order (produc-
tion: e.g., Levelt et al. 1999; comprehension: e.g.,
Friederici 1999, 2002). Here, two serial models
(Friederici, 2002, Leveltetal. 1999) will be presented as
examples of psycholinguistic approaches. Both models
are well supported but not undisputed (for an example
for an opposing parallel approach to language
comprehension cf. Hagoort 2003).

PRODUCTION: THE LEVELT MODEL

On the basis of an earlier and highly detailed version
(Levelt 1989) and including new empirical evidence,
Levelt and coauthors (1999) put forth a language produc-
tion model that focuses on single-word utterances. The
model consists of five different levels or strata: (i) the lex-
ical concept; (ii) the lemma (i.e., the lexical concept plus
syntactic information); (iii) the morpheme; (iv) the pho-
nological word; and (v) the phonetic gestural score level.
These strata are connected by unidirectional links point-
ing from earlier to later processing steps (i.e., from the
lexical concept towards articulation). There are no inhib-
itory connections.

The production process of a single word is assumed
to take place as follows (Fig. 2). In a first step of concep-
tual preparation, the adequate lexical concept (i.e., the
idea) is selected out of a number of more or less appro-
priate concurrents. Depending on the perspective the
speaker takes, he/she may refer to an item as “animal”,
“dog”, or “beagle”. Related concepts are organized in a
network-like structure; thus, any activated node sends
some amount of activation to its neighbors. Lexical con-
cepts are represented as units, not as bundles of features
that are partially shared by related concepts. This orga-
nization principle was chosen to avoid the so-called
hyperonym problem, i.e. the fact that each activated
concept (here: dog) would automatically activate its
superordinate concepts (here: animal, mammal, verte-
brate, etc.) which thus should be selected as often as the
intended concept itself, which is apparently not the case.
Note, however, that there are different solutions to the
hyperonym problem compatible with a feature-based
representation (Carpenter and Grossberg 1987, cf.
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duction model of Levelt and coauthors (1999). Modified from
Levelt and coauthors (1999).
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Bowers 1999). According to the model, only one lexical
concept is finally selected and further processed, with
one exception: in the case of synonyms (e.g., couch —
sofa), both concepts are selected and further processed
(cf. Excursus 1).

In the next step, activation spreads to the lemma level.
Here, syntactic information such as word category, gen-
der, case, number, etc. is supposed to be stored in sepa-
rate nodes (one node for each kind of information). With
respect to grammatical gender, there is an ongoing de-
bate whether gender information is activated and ac-
cessed any time the corresponding noun is activated
(e.g., Caramazza and Miozzo 1997, Roelofs et al. 1998,
cf. Schriefers and Jescheniak 1999, for a review). Al-
though put somewhat ambiguously elsewhere (Bock
and Levelt 1994), the current model assumptions are
such that gender information is activated any time a
word is accessed, but is only selected when needed for
the retrieval of the phonological code (Roelofs et al.
1998).

With the selection of conceptual-semantic and syn-
tactic information being complete, the processing on the
first of two qualitatively different domains is finished.
Now, the speaker has to cross the divide between the do-
main of more content-related information and the form
stratum, comprising morpho-phonological and pho-
netic information. With respect to that rift in the model
architecture, the Levelt model is also referred to as a
“two stage model”.

On the morphological level, three different kinds of
information are activated, namely the word’s morpho-
logical make-up, its metrical shape, and its segmental
make-up. However, on this level, there is no syllable in-
formation available.

In the next step, the phonological properties of the
word are accessed. According to Levelt and coauthors
(1999), all phonemes of a word are accessed in parallel.
Hereafter, the syllabification is initiated. Note that the
syllable structure of a word can differ from the segments
retrieved on the morphological level. If the plural form
of “horse” is to be produced, the two morphemes
“horse” and “iz” (the plural marker) are selected. After
the syllabification process, however, the two resulting
syllables will be “hor” and “ses”. The syllabification
follows language-specific rules. The product of the syl-
labification process is called the phonological word or
prosodic word (Levelt et al. 1999, p. 5). Finally, pho-
netic encoding (i.e., retrieving the phonological word’s
gestural score) and, in the last step, articulation is initi-
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ated. A self-monitoring mechanism located on the
phonological code level and onwards guarantees
optimum error-free production.

Excursus 1: Selection of one single concept?

In the Levelt model, it is assumed that only one lexical
concept is selected, which then undergoes further pro-
duction processing. Evidence for this notion comes from
ERP experiments by Jescheniak and coauthors (2003)
who demonstrated that, in the time window of phonologi-
cal processing, only the phonological code of the target
concept, but not that of related concepts, is activated.

There is, however, an exception to this rule in the case
of synonyms (e.g., couch — sofa) (Jescheniak and
Schriefers 1998, Peterson and Savoy 1998), several
competitors may be processed in parallel. Peterson and
Savoy (1998) labeled their alternative to the strictly se-
rial approach by Levelt (1989) and Roelofs (1997) “cas-
caded processing”. Synonyms appear to play a unique
role in lexical access. Testing antonyms, i.e., concepts
with opposite meaning which are closely related to the
target, Jescheniak and Schriefers (1999) did not report
any phonological coactivation. Levelt and coauthors
(1999) account for the available evidence by admitting
that, in the case of “contextual appropriateness”, more
than one concept may be selected.

Excursus 2: From words to phrases: modeling
multi-word utterances

Although the Levelt model focuses on single-word
utterances, some attempts have been made recently to
expand the framework to multi-word utterances (Levelt
2001). Based on evidence from viewing time studies
(Meyer and Van der Meulen 2000, Meyer et al. 1998,
Van der Meulen et al. 2001) it is assumed that, in the de-
scription of scenes containing two objects, the lemmas
of both objects are retrieved simultaneously, while the
phonological encoding is successive and not overlap-
ping in time. This view is challenged by Costa and
Caramazza (2002). Using the picture-word interference
paradigm, they had subjects produce phrases in two lan-
guages (English: determiner + adjective + noun; Span-
ish: determiner + noun + adjective) and tested for
semantic and phonological effects on the noun in each
phrase (i.e., the adjective in the English phrases vs. the
noun in the Spanish phrases). The authors obtained both
effects in both languages (i.e., independent from word

order) and thus argue that the phonological word of the
second element of a phrase is already activated before
the production of the phonological word of the first ele-
ment is completed. These results are corroborated by
Experiments 2 and 3 in the study by Roelofs (2002). He,
too, used the picture-word interference paradigm to test
effects of relatedness (distractor did or did not equal the
second element of a verb-particle construction, i.e., the
particle) and preparation (using sets in which all particle
verbs did or did not share the first element, i.c., the
verb). Relatedness and preparation yielded significant
and additive effects. This demonstrates that the phono-
logical word of the second item (the particle) was al-
ready activated when the utterance of the first element
was initiated.

COMPREHENSION: THE FRIEDERICI MODEL

Based on the so-called syntax-first model by Frazier
(e.g., Frazier 1987, Frazier and Fodor 1978) and inte-
grating the growing amount of electrophysiological evi-
dence, Friederici (1995, 1998, 1999, 2002) proposed a
neurocognitive model of language comprehension that
focuses on word processing in a phrasal or sentence con-
text. By including not only behavioral studies (which
were mostly reading studies), but explicitly relying on
online data from EEG and MEG experiments, Friederici
(2002) contributed to resolving the controversy be-
tween models assuming serial (e.g., Frazier 1987) or
parallel (e.g., Marslen-Wilson and Tyler 1980) process-
ing. Her model parallels the Levelt model in implement-
ing a strictly serial order of the first processing steps;
however, it assumes interactions in later phases respon-
sible for lexical integration. These processes will now
be sketched (Fig. 3).

During Phase 0 in auditory sentence comprehension
(0—-100 ms), the primary acoustic analysis is performed,
the phonemes are extracted, and the phonological word
form is identified. In the next phase (Phase 1: 150-200
ms), word category information is accessed, allowing
the formation of an initial syntactic structure. In Phase 2
(300-500 ms), thematic roles are assigned on the basis
of lexical-semantic and morpho-syntactic processes.
Phase 3 (500-1 000 ms) comprises integration pro-
cesses, including the re-analysis of elements which are
incompatible with the actual syntactic structure.

In the first version of the model, Friederici (1995) fo-
cused only on the temporal aspects of the processing
steps. With neuroimaging evidence becoming more
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guage comprehension of Friederici (2002). Modified from
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available, she included the spatial aspect in the model by
integrating available results from PET, fMRI, and
MEG. In the most recent version (Friederici 2002), even
the interaction with working memory processes is con-
sidered (this issue, however, will be excluded from the
present discussion of the model).

Excursus 3: The relationship of Phase 0 and Phase 1

In the model architecture, the seriality and independ-
ence of the processes in the first phases are assumed.
This issue was investigated in a recent study by Hahne
and coauthors (2002) which focused on the interaction
of physical parameters (processed in Phase 0) and syn-
tactic information (Phase 1). As a physical variable, the
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authors manipulated whether or not the last word in a
sentence was presented from the same location as the
previous element. As a syntactic variable, the presence
or absence of a word category violation on the final ele-
ment of the sentence was varied. As a third condition,
the combination of a change in the location and a syntac-
tic violation was applied. In the physical condition, a
change in the word location elicited mismatch
negativity in the EEG, whereas syntactic violations re-
sulted in an early left anterior negativity (ELAN). Both
effects had a different topography but were additive, as
revealed by the double violation in the third condition.
The authors take these results as evidence for the inde-
pendent and parallel functioning of the two systems. On
the one hand, this conclusion contradicts the seriality as-
sumption; on the other hand, however, the independence
of the two processing phases is still preserved.

Excursus 4: The relationship of Phase 1 and Phase 2

According to the Friederici model, processing during
Phase 1 and Phase 2 should be serial and independent. In
terms of the functional relationship of the two phases,
this means that processing during Phase 1 can influence
processing in Phase 2, but not vice versa.

Evidence for this notion can be obtained from experi-
ments including double violations, with one aspect of
the violation being processed during Phase 1 and the
other in Phase 2. Such a study was conducted by
Friederici and coauthors (1999), who investigated
phrase structure violations (eliciting an ELAN in
Phase 1) and semantic violations (resulting in a
negativity around 400 ms, called N400, in Phase 2) to-
gether with double syntactic-semantic violations. As
expected, in the single violation conditions, the ELAN
or the N400 were present. In the double violation condi-
tion, there was only an ELAN effect, but no N400. This
result is clearly in line with the predictions of the
Friederici model.

However, the absence of the N400 might result from
differences in the availability of semantic and syntactic
information which are due to the construction rules of
the stimulus materials. Both violations were realized on
a participle, where the word category error could be de-
tected from the affix (ge-), but the semantic information
could only be derived from the stem subsequent to the
affix. In order to control for such timing differences,
Hahne and Friederici (2002) replicated the experiment
but reversed the temporal relationship of semantic and
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syntactic information. In their materials, the authors
used nouns and participles sharing the same onset and
diverging only in the suffix (noun: -ung; participle: -t).
Thus, semantic information could be accessed before
word category information. However, in the double vio-
lation condition, the same pattern as in the study by
Friederici and coauthors (1999) was observed. This
means that, although the semantic cohort of the target
could have been activated with the availability of the
first phonemes, the semantic analysis was only initiated:
(i) when the word category analysis was completed; and
(i1) if no error was detected in this analysis. Thus, the ev-
idence available at present clearly indicates that pro-
cessing in Phase 1 influences processing in Phase 2 such
that the detection of a word category violation inhibits
further semantic processing.

Production and comprehension: Two sides
of the same coin?

To communicate means to exchange a message, and
in most communications, each member is both sender
and recipient. From an economic point of view, one
could wonder why anybody even considers the exis-
tence of two systems supporting the same action. On the
other hand, in order to render communication as effi-
cient as possible, two systems which are working inde-
pendently from each other and are thus most likely not
to interfere could be an attractive solution. Thus, there is
no a priori reason to hypothesize one united or two
separate language systems.

In fact, most psycholinguistic models only concen-
trate on one aspect of communication (i.e., production
or comprehension) while neglecting the other. With re-
spect to the two models discussed above, this is true for
the Friederici model. In the Levelt model, however, the
self-monitoring mechanism relates language produc-
tion to comprehension. By controlling the phonological
output, errors in the syllabification progress can be de-
tected and corrected. Levelt and coauthors (1999) as-
sume that production and comprehension share the
same systems from the lemma stratum upwards; how-
ever, they state explicitly that the phonological system
underlying comprehension and the self-monitoring sys-
tem are different from each other. Evidence for the for-
mer statement comes from a study by Pickering and
coauthors (2000) who found syntactic priming on the
sentence level not only from production to production,
but also from production to comprehension. However,

the results of Jacobsen (1999) suggest some caution in
assuming identical lemma levels for production and
comprehension. In this study, subjects had to name pic-
tures or read words in German. Using a paradigm in
which a sentence fragment did or did not prime the
grammatical gender of the picture or word target,
Jacobsen (1999) observed facilitation and inhibition in
the picture naming task relative to gender-neutral
primes for gender-congruent and incongruent primes,
respectively. However, in the reading task, there were
only inhibition effects. On the basis of these results, one
might conclude that production and comprehension (as
operationalized by word reading) share only partly
overlapping lemma levels.

In line with the argument of Levelt and coauthors
(1999) in favor of partly distinct systems for production
and comprehension are the results by Nickels and
Howard (1995). They compared the performance of
aphasic patients and showed that the input and output
deficits differ from each other. The authors conclude
that this performance could only be due to separate pho-
nological systems for production and comprehension
(on the theoretical as well as on the neural level). How-
ever, in a review considering the theoretical implica-
tions of several proposed mechanisms for self-
-monitoring, Postma (2000) pointed out that one central
comprehension-based monitor which is supported by
some automatic production-based modules provides the
best solution for a self-monitoring mechanism. Consid-
ering the role of the production network for language
comprehension and vice versa on the basis of numerous
results, Garrett (2000) argued that comprehension may
support error-free production, while as, assumed by the
motor theory of Liberman et al. (1967) production
could serve as an auxiliary for comprehension: “[...]
production systems should be viewed as having a func-
tionally similar role with respect to comprehension,
namely, that they provide a continual error control
mechanism via the production monitoring of partial
products of the recognition system. A somewhat
broader way of putting this point is to think of the
production system as a filter on the generation of
multiple analyses by the recognition system.” (Garrett
2000, p. 48-49).

To conclude, the exact relationship of the production
and the perception system remains subject to further re-
search. This research can take two different perspec-
tives. First, behavioral studies may reveal further
similarities and dissimilarities of the architecture of



both domains. Moreover, electrophysiological time-
-sensitive measures, especially EEG and MEG, may
provide new insights into the temporal aspects of the
sub-processes of production and comprehension. Sec-
ond, functional neuroimaging studies using fMRI or
PET are most likely to reveal evidence about which neu-
ral systems in the brain support semantic, syntactic,
phonological, and other linguistic processes in both do-
mains, and, in particular, to which extent these systems
are identical for both production and comprehension.

The remainder of this paper will focus on the latter
subject, i.e., the neural correlates of language process-
ing. In this context, a special focus will be on the shared
and unique brain resources involved in comprehension
and production.

THE NEURAL CORRELATES
OF LANGUAGE PROCESSING

Semantic processing

Among the different sub-domains of language, se-
mantics is one of the most frequently investigated in
neuroimaging studies. Accordingly, there is a profound
knowledge about the neural networks supporting se-
mantic processing. Since the results presented by
Wernicke (1874), there are some hints at the contribu-
tion of the temporal lobe to semantic knowledge.

PRODUCTION

In language production, the temporal lobe appears to
play an important role in semantic processing. In a pic-
ture naming experiment with healthy subjects, Damasio
and coauthors (1996) found activation in the middle and
inferior temporal lobe. In a baseline task, subjects had to
indicate whether unknown faces were presented upright
or upside down by saying “up” or “down”. In particular,
the authors were able to show category-specific activa-
tions in distinct regions of the temporal lobe. While pic-
tures of animals activated the ITG, tools required
activation in the posterior aspects of the temporal lobe.
Pictures of faces of famous persons evoked activation in
the vicinity of the temporal pole. Moreover, pictures of
all three categories resulted in activation of the left IFG
(BA 45). In a parallel experiment, the authors showed
that patients with lesions in these regions exhibited se-
lective naming deficits for pictures belonging to the
categories shown to activate the lesioned area.
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Further evidence for the specialization of certain re-
gions for the processing of items of a particular semantic
class comes from a study by Martin and coauthors
(1996). In a silent naming task, subjects were presented
with pictures of tools, animals, or non-objects. While
both tools and animals (as compared to non-objects) ac-
tivated the left insula as well as fusiform gyri bilaterally,
there was specific activation for tools in prefrontal areas
(BA 44/6), whereas pictures of animals activated addi-
tionally the visual cortices. These results were
replicated by Chao and Martin (2000, Experiment 2).

COMPREHENSION

In language comprehension, comparable results were
reported with respect to the distinction between natural
and man-made objects (e.g., Kapur et al. 1994, Miceli et
al. 2002). Kapur and coauthors (1994) compared a se-
mantic task (“living or non-living”’) using written words
with a task they called “lexical decision” (detecting the
letter “a”) and found activation in left inferior frontal re-
gions (BA 45, BA 46, BA 47, and BA 10). Similarly,
Miceli and coauthors (2002) reported the involvement
of the left IFG (BA 47) and middle frontal gyrus (MFG;
BA 9 and BA 9/46) in an animateness decision task
compared to silently reading pseudo-words.

Besides the decision between animals and artifacts,
the decision whether a given word is abstract or con-
crete has been widely used as a semantic decision task
(e.g., Desmond et al. 1995, Friederici et al. 2000b,
Gabrieli et al. 1996, Poldrack et al. 1999). There is
again unequivocal evidence for the involvement of
the IFG in semantic decision-making. Desmond and
coauthors (1995) conducted an fMRI study with a
case judgment task (upper/lower case) as a baseline.
The authors obtained activation in left BA 45, BA 46,
and BA 47 for the semantic decision relative to base-
line. With the same design, the results were replicated
by Gabrieli and coauthors (1996) and by Wagner and
coauthors (1997) who also reported activation in left
BA 44, BA 45, BA 46, BA 47, and BA 9, as well as in
right BA 44, BA 45, and BA 9. Using nouns and prep-
ositions as stimuli, Friederici and coauthors (2000b)
also found activation in BA 45 as well as in temporal
areas (posterior portion of the left MTG, BA 21/37;
posterior portion of the left STG, BA 22) relative to a
baseline task in which subjects decided whether a
consonant letter string was presented with wide or
narrow spacing.
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ARE THERE “SEMANTIC MAPS”?

As reported so far, there is compelling evidence that se-
mantic processing in both production and comprehension
relies on the contribution of (at least partially) specialized
regions within the temporal lobe. In order to test whether the
same temporal regions are activated for the processing of se-
mantic information during both production and comprehen-
sion, Vandenberghe and coauthors (1996) presented
subjects with triplets of items (pictures of objects or their
written names) in a PET study. In three tasks, subjects either
had to make judgments about the semantic relatedness of
the objects, about their natural size, or about the physical
size of the items on the computer screen. In the semantic re-
latedness decision task, Vandenberghe and coauthors
(1996) observed activation for both words (comprehension)
and pictures (production) in the left MTG (BA 21), the left
ITG (BA 20), the left fusiform gyrus (BA 21/37), the left
parieto-occipital junction (BA 19/39), the left SOG (BA
19), the left hippocampus, vermis, and the right cerebellum.
Moreover, there was frontal activation in the left IFG (BA
45 and BA 11/47). These findings were corroborated by
Chee and coauthors (2000) who used the same design as
Vandenberghe and coauthors (1996). The authors reported
a common semantic network for English words, pictures,
and Chinese characters (Kanji) that comprised the left IFG
(BA 44 and 45), MFG (BA 9), the left fusiform gyurs, and
left posterior temporal regions. This network was activated
when subjects decided which of two objects or characters
were semantically more closely related to a probe. A per-
ceptual size judgment served as a baseline task.

The present data might suggest that the temporal lobe
regions responsible for the processing of semantic infor-
mation are parceled such that in each single region one
particular class of semantic information (such as animals,
or dogs, or even terriers) is stored. However, in their
meta-analysis of studies claiming to provide evidence for
the existence of semantic maps, Devlin and coauthors
(2002) concluded that the only valid distinction between
semantic classes that result in distinct activation pattern is
that between natural objects (medial anterior temporal
poles) and man-made objects (left posterior MTG).

A COMMON FRONTO-TEMPORAL NETWORK
FOR PRODUCTION AND COMPREHENSION

From the studies discussed so far, it becomes obvious
that frontal (in particular inferior frontal) and temporal
(in particular middle and inferior temporal) areas are in-

volved in semantic processing. Moreover, it appears as
if frontal areas are more often recruited whenever a se-
mantic decision has to be performed, while declarative
knowledge (such as semantic categories) is stored in the
temporal lobe. This assumption was confirmed by an
fMRI study by Thompson-Shill and coauthors (1997)
for both production and comprehension. The authors
applied a design consisting of a combination of three
tasks (word generation (production), classification, and
comparison (written words = comprehension)) and
three conditions (baseline, “low selection”, and “high
selection”). In the “low selection” condition, the seman-
tic information was easy accessible, whereas in the
“high selection” condition, specific information (such
as the price of an object or its weight) had to be re-
trieved. In all three tasks, the authors obtained evidence
that activation in the inferior frontal gyrus (BA 44 and
BA 45) varied as a function of the semantic information
that had to be accessed in order to perform the task cor-
rectly. In other words, the higher the need for selection
of particular bits of information, the more pronounced is
the inferior frontal activation. In line with these data, an-
other fMRI study by Thompson-Schill and coauthors
(1999) provided evidence that, relative to an unprimed
word generation task, “correct” priming (i.e., producing
the target word in two successive trials) led to a decrease
in activation in the IFG (approximately BA 44), while
incorrect priming (i.e., producing different target words
on successive trials) increased the inferior frontal acti-
vation. In contrast, activation in temporal regions
(roughly the medial fusiform gyrus) decreased any time
a prime occurred before the target, be it identical or dif-
ferent to the target. As a conclusion from both studies,
Thompson-Schill and coauthors state that there appears
to be a functional differentiation between temporal and
frontal areas in processing semantic information, with
temporal areas being involved in access to semantic in-
formation in general, while activation of inferior frontal
regions is required in particular when the need of selec-
tion of fine-grained information increases (cf. the study
by Burton et al. 2000, for comparable results from pho-
nological processing during comprehension). This no-
tion was further supported by a recent study by Amunts
and coauthors (2004) who investigated semantic pro-
cessing in a verbal fluency task. Compared to a non-de-
manding task (e.g., continuously repeating overlearned
items such as months of a year or day of a week), higher
semantic demands (generating examples of semantic
categories such as furniture or flowers) elicited



activation in BA 45. It should be noted, however, that
Swick and Knight (1996) showed that patients with
lesions in prefrontal regions (BA 6, 8, 9, 10, 44, 45, and
46) were hardly or not at all affected in a cued recall task
and in concreteness judgments.

CONCLUDING REMARKS

From the results of studies of semantic processing re-
ported here, the following pattern emerges: (i) middle
and inferior temporal regions (BA 20, 21, 37, and 38)
appear to house the semantic aspects of the mental lexi-
con, exhibiting to some extent specialization to the pro-
cessing of distinct classes of information (e.g., artifacts
and animals); (ii) left inferior frontal areas (BA 45 and
47) are possibly required to select specific semantic in-
formation from the lexicon; (3) language production (as
operationalized, e.g., by picture naming or word genera-
tion) and language comprehension (e.g., concreteness
or animateness judgments on words) involve activation
of the same frontal and temporal areas. On the basis of
this pattern of evidence, it may be presumed that the
same holds true for syntactic and phonological
processing. These issues are discussed now.

Phonological processing

STRUCTURE
Comprehension

Focusing on activity in the temporal lobe, recent
studies of phonological processing in patients and
healthy subjects show the contribution of the pSTG (i.e.,
Wernicke’s area) in language comprehension (e.g., Bur-
ton etal. 2000). With respect to frontal regions, there is
consistent activation in the superior posterior portion of
Broca’s area (BA 44) when subjects perform phonolog-
ical decision tasks such as phoneme monitoring, pho-
neme discrimination, or phoneme sequencing (Burton
et al. 2000, Démonet et al. 1992, Fiez and Petersen
1998, Fiezetal. 1995, Poldrack et al. 1999, Zatorre et al.
1992, 1996). A recent meta-analysis by Bookheimer
(2002) nicely summarizes many of the available data.

Production

In production, a similar pattern was observed with
respect to pSTG activation (Anderson et al. 1999,
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Benson et al. 2001, Buchsbaum et al. 2001). However,
the situation is somewhat different for frontal activa-
tions, since there is high variability in the reported
data. Price and coauthors (1997) sought to investigate
phonological processes during production in particu-
lar. They had subjects perform different naming task
(objects, colors, letters, and words) together with an
articulatory baseline task. The authors calculated the
contrasts of each task against baseline and conducted
conjunction analyses for pairs of contrasts. As a result,
activations related to the processes common to both
contrasts in each conjunction analysis showed up. In
the conjunction analysis explicitly planned to track
phonological processing (Experiment 5: naming ob-
jects and colors), no activation of BA 44, but of BA 46
was reported. Phonological processing was again the
only cognitive component of interest that was mea-
sured by the conjunction analysis in Experiment 4 (al-
though this was not explicitly mentioned by the
authors). Again, Price and coauthors (1997) did not re-
port any activation of Broca’s area. Two picture nam-
ing studies, one by Levelt and coauthors (1998) using
MEG and one by Murtha and coauthors (1999) using
PET, reported activation of Broca’s area that was re-
lated to phonological processes. Chao and Martin
(2000) presented subjects with pictures of real objects
(experimental conditions) or scrambled objects (base-
line). When subjects simply looked at the objects, there
was no inferior frontal activation (Experiment 1).
However, if they had to name these objects silently,
this evoked additional activation in Broca’s area (Ex-
periment 2). The latter results are corroborated by data
of Crosson and coauthors (2001) and Thompson-Schill
and coauthors (1997) who reported activation of BA
44 in word generation tasks in which subjects had to
produce a semantically appropriate verb in response to
anoun. The study by Lurito and coauthors (2000) em-
ployed a rhyming task and a ,,fluency* task in which
subjects had to generate words starting with a particu-
lar phoneme and found practically identical activation
foci in Broca’s area in both tasks.

A common fronto-temporal network for production
and comprehension?

The reported results do not permit final conclusions
to be drawn about the neural correlates of phonological
processing during language production (cf. Fiez 1997,
Fiez and Petersen 1998, Indefrey and Levelt 2000,
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Poldrack etal. 1999 for reviews). This may be due to the
different paradigms used in the different studies. Thus,
in order to investigate the direct relationship of the neu-
ral correlates of phonological processing during lan-
guage production and comprehension, it is advisable to
apply comparable paradigms. The above-mentioned
studies of phonological processing during language
comprehension employed decision tasks on phonologi-
cal properties of target words or syllables. In the domain
of language production, similar paradigms (e.g., van
Turennout et al. 1997) are well established but so far
have not been used in studies investigating the neural
correlates of language production.

On this basis, Heim and coauthors (2003b) conducted
an fMRI study investigating the neural correlates of lan-
guage production. We used two phonological decision
tasks that were performed on the initial phonemes of
German picture names (PHON1: Does the picture name
begin with the phoneme “b” or not? PHON2: Does the
picture name begin with a vowel or not?). Subjects indi-
cated their answers by pressing one of two buttons. In
line with the production model by Levelt and coauthors
(1999), a semantic decision task (SEM: Is the presented
object natural or man-made?) served as the baseline
condition (for the use of these and similar tasks, cf.
Abdel-Rahman and Sommer 2000, Rodriguez-Fornells
etal. 2002, Schmitt et al. 2000, Szatkowska et al. 2000,
van Turennout et al. 1997, 1998). In a second baseline
condition (BASE), the subjects were required to make a
target object decision. In all contrasts (PHON1-SEM;
PHON2-SEM; PHON1-BASE; PHON2-BASE) and in
the conjunction analyses yielding the common (i.e., task
independent) activation caused by phonological pro-
cessing, we observed foci in the superior portion of BA
44 (Broca’s area) and in the pSTG. Thus, our data
showed that the same network activated in phonological
processing during language comprehension also con-
tributes to phonological processing during production.

DYNAMICS
Comprehension

Considering the temporal dynamics in the
fronto-temporal network identified above, an fMRI
study by Thierry and coauthors (1999) demonstrated
that in a phoneme sequencing task (as used by Démonet
et al. 1992) as well as in a fast repetition task,
Wernicke’s area was activated earlier than Broca’s area.

In the combined data from both tasks, this time differ-
ence was about 3s.

Production

For language production, Heim and Friederici (2003)
re-analyzed the time course of the activation reported by
Heim and coauthors (2003b) in Broca’s area and
Wernicke’s area. We observed the reverse of the pattern
of the data of Thierry and coauthors (1999), i.e., activa-
tion in Broca’s area preceded that in Wernicke’s area by
approximately 3 s. To our view, these data (together
with those by Burton et al. 2000 and Thierry et al. 1999)
suggested that the superior portion of Broca’s area plays
a significant role in the extraction of phonemes, which
happens either after the perception of the speech signal
or in preparation for production (“phonological re-
trieval”). However, it should be kept in mind that the
temporal resolution of fMRI is not very satisfactory
(i.e., in the range of seconds). Moreover, the actual
time-to-peak values depend on the actual modeling.
Thus, the reported data must be regarded as preliminary
evidence and need further corroboration with different
designs and methods.

Syntactic processing

STRUCTURE
Comprehension

On the basis of neuropsychological studies (cf.
Grodzinsky 2000) and experiments on healthy subjects
using neuroimaging methods, it appears that during lan-
guage comprehension Broca’s area is involved in pro-
cessing syntactic information. On the sentence level,
there is a positive relationship between an increase in
syntactic complexity of a sentence and the amount of re-
gional cerebral blood flow in regions supposed to be
part of Broca’s area (including BA 44, BA 45, and even
BA 47; Caplan et al. 1998, 1999, 2000, Just et al. 1996,
Stromswold et al. 1996). The mid portion of BA 44 was
shown to be activated, in particular, as a function of syn-
tactic memory required to process syntactically com-
plex sentences rather than as a function of syntactic
complexity as such (Cooke et al. 2002, Fiebach et al.
2001). Friederici and coauthors (2000a) varied the se-
mantic and syntactic content of sentences independ-
ently and found the opercular part of Broca’s area (i.e.,



BA 44) to be activated only in the condition in which the
syntactic structure of the sentence was preserved but all
content words had been replaced by pseudo-words. A
similar activation in a region deep in BA 44 was ob-
served for pseudo-word sentences containing syntactic
and morphosyntactic information (Moro et al. 2001). In
the domain of single word syntax, Broca’s area was in-
volved in the processing of verbs but not nouns in a lexi-
cal decision task (Perani et al. 1999). The left BA 44/6
was activated for function words (prepositions) but not
for content words (nouns) when subjects performed a
detection task on subsequent synonyms (Nobre et al.
1997). Since function words tend to be more abstract
than content words, the authors concluded that abstract
entries are harder to access and need an extra “motor”
representation in the premotor cortex. However, this
difference between processing function words and con-
tent words disappears if concreteness is counterbal-
anced between the word categories (Friederici et al.
2000b). In this latter study, subjects were presented with
nouns and prepositions. One half of the items of either
category was concrete, the other half abstract. In a syn-
tactic task, subjects made a word category decision; in
the semantic task they judged the word’s concreteness.
The result indicated that task requirements rather than
word class determined activation differences in the infe-
rior frontal cortex as a function of task: the semantic task
(abstract vs. concrete) activated BA 45 whereas the syn-
tactic task (noun vs. preposition) activated BA 44. This
finding implies that Broca’s area is not the cortical lo-
calization site of a particular word class (i.e., function
words) but rather supports the underlying processes of
word category decision and assignment (for somato-
topic activations along the motor strip for action words
related to face, arm, or leg, cf. Hauk et al. 2004).

If it is syntactic task or processing requirements that
characterizes the role of the inferior tip of BA 44, one
may further speculate that not only word category infor-
mation but any kind of syntactic information is pro-
cessed here. A language like German that offers
different types of syntactic information (namely, word
category and gender) is an ideal testing ground for this
hypothesis. According to syntax-first models of com-
prehension only word category information such as
noun, verb, article is processed during an initial phase of
phrase structure building while lexically bound verb ar-
gument structure information and syntactic gender in-
formation are processed in a second phase. While word
category information is an essential part of every lan-
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guage, this is not true of grammatical gender. Some lan-
guages (like German and French) make use of gender
information; others (like English or Japanese) do not.
Within the group of languages that implement grammat-
ical gender, the gender of the same word may differ
among the languages (e.g., the car: e/masccoche (Span-
ish) vs. lagm voiture (French) vs. dasne, Auto (German)).
This indicates that syntactic gender, in contrast to
natural gender (s/he) is an idiosyncratic part of the
lexical entry for a given noun in a given language.

We directly compared the processing of word cate-
gory information (SYN1) and grammatical gender in-
formation (SYN2) in German (Heim et al. 2003a). A
non-lexical task in which subjects had to decide if con-
sonant letter strings were written with wide or narrow
spacing served as the baseline (cf. Friederici et al.
2000b). In each single contrast (SYNI1-BASE;
SYN2-BASE) and the conjunction analysis, we ob-
served activation in the inferior tip of BA 44. In addi-
tion, there were task-specific activations in other parts
of the left inferior frontal gyrus. This result suggests that
the lower portion of Broca’s area serves as part of differ-
ent networks and plays an important role in the
processing of several types of syntactic information.

It should, however, be mentioned that there was a sec-
ond and somewhat surprising effect in our data. As re-
ported in Heim (2003, Experiment 2), our sample
actually consisted of two sub-groups that used different
strategies for the gender decision task. While one group
had direct access to the gender information, the other
group used a verbalization strategy, i.e., they produced
the definite determiner of the word in order to perform
the judgment. Interestingly, Miceli and coauthors
(2002) reported that the same strategy was used by their
subjects. Verbalizers and non-verbalizers differed sig-
nificantly in their reaction times (with verbalizers being
faster) and showed different patterns of brain activation.
The non-verbalizers showed the same activation in the
inferior tip of BA 44 that was observed in the word cate-
gory decision. The verbalizers, however, displayed acti-
vation in other cortical areas, among them more anterior
parts of the left inferior frontal gyrus and the superior
portion of BA 44 similar to that observed in phonologi-
cal processing, and similar to that reported by Miceli
and coauthors (2002), in their verbalizing sample.

These data are in line with a dual-route model of ac-
cess to grammatical gender including a direct, implicit,
lexically-based route and an indirect, explicit,
form-based route (Friedmann and Biran 2003, Gollan
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and Frost 2001). Moreover, Schiller and coauthors
(2003) obtained electrophysiological and behavioral fa-
cilitation effects in a gender decision task when the
stimuli were phonologically marked. I will return to this
issue below.

Production

In the field of language production, there is much less
knowledge about neural systems supporting syntactic
processing. Indefrey and coauthors (2001a) set out to
bridge this gap. Having subjects describe scenarios in
which coloured objects moved towards and away from
one another in different formats, Indefrey and coauthors
(2001a) obtained PET evidence for the involvement of
Broca’s area in syntactic processing. In one condition,
subjects had to produce complete sentences (e.g., Das
rote Dreieck jagt den blauen Kreis — The ney red triangle
is chasing themase bluemase circle). In the second condi-
tion, they had to indicate the elements by gen-
der-marked adjective-noun phrases and the action by
the infinitive (e.g., rotes Dreieck, blauer Kreis, jagen —
rednent triangle, bluemase circle, to chase), while in the
third condition, word lists had to be produced, i.e., the
objects were named, and the adjectives as well as the ac-
tion was referred to in the basic form (Dreieck, rot,
Kreis, blau, jagen — triangle, red, circle, blue, to chase).
Thus, syntactic information in the utterance was varied
parametrically, with the sentences containing the full
syntactic information (sentential structure information,
phrase structure information, gender marking, sub-
ject-object differentiation, etc.), the adjective-noun
phrases having phrase-structure information and gender
marking, and the word lists containing no syntactic in-
formation. Indefrey and colleagues reported activation
in Broca’s area and, predominantly, in the Rolandic
operculum (dorsally adjacent to the inferior part of BA
44) that co-varied with the amount of syntactic informa-
tion required. A replication of their study (Indefrey et al.
2004) yielded comparable results, with slightly more
anterior activation (i.e., in the inferior portion of BA 44
proper). In sum, it appears that the inferior portion of
Broca’s area plays an important role in the explicit and
implicit processing of syntactic information.

There are, however, again some additional data that
should be considered. As reported above, some evi-
dence suggests a dual pathway scenario for access to
grammatical gender in comprehension. The same
seems to hold for language production. In one fMRI

study (Heim 2003, Experiment 1), subjects had to indi-
cate by button press if the grammatical gender of the
German name of a picture was masculine or feminine.
Again, many subjects managed this task by silently
generating the definite determiner of the picture name
before responding. As in the comprehension study
(Heim et al., submitted), this group showed activation
in the superior portion of Broca’s area. Implications of
these findings will be discussed in the final section of
this paper.

DYNAMICS

There is electrophysiological evidence from studies
using violation paradigms that word category informa-
tion is processed prior to syntactic gender information
(e.g., Gunter et al. 2000, Hahne and Friederici 2002).
Word category violations elicited an early left anterior
negativity (ELAN, ca. 150-200 ms) in event-related po-
tentials (ERPs) (Hahne and Friederici 2002), whereas
grammatical gender violations evoked a left anterior
negativity in a later time window (350-550 ms). As
Friederici and coauthors (2000c) demonstrated by
means of dipole localization, the sources of the ELAN
signal lay in BA 44 and in the anterior portion of the left
superior temporal gyrus, as would have been supposed
by the data referred to above.

However, these data concerned the processing of vio-
lations of word category or grammatical gender in a sen-
tence context. The reaction time data from the fMRI
experiment by Heim and coauthors (2003a) might give
some indication about the temporal dynamics of the pro-
cessing of these two types of syntactic information. In
line with the pattern of the ERPs in violation paradigms,
the reaction times for a word category decision were sig-
nificantly shorter than for a grammatical gender
decision.

Phonological processing in non-phonological
tasks

As reported above, some subjects automatically ap-
plied and/or profited from the use of a verbalization
strategy, i.e., they produced the definite determiner of a
word or picture name in order to gain (explicit) access to
the grammatical gender information. Whenever such
strategies were reported, the subjects showed activation
in the superior portion of Broca’s area, resembling the
activation observed in phonological processing.



SILENT AND OVERT VERBALIZATION

We thus conducted an event-related fMRI experi-
ment where in one task, the subjects were explicitly in-
structed to overtly produce the definite determiner of a
picture name, while in a control condition, they simply
named the picture (Heim et al. 2002). Our results dem-
onstrated that the production of the determiner selec-
tively involved the most superior portion of Broca’s
area. This activation very much resembles that observed
by Heim (2003, Experiments 1 and 2) when the definite
determiner was silently produced in a production or in a
comprehension task, respectively. Most interestingly,
this activation is in a region comparable to that activated
in phonological tasks, i.e., the superior portion of BA
44. Moreover, the verbalization strategy draws upon
phonological information. Thus, the question arises to
what extent the access to the word form, i.e., the phono-
logical code, mediates the performance in linguistic
contexts. This issue will be focused on in the following
section.

PROSODIC PROCESSING IN SPOKEN AND
WRITTEN LANGUAGE COMPREHENSION

First, and instead of answering this question di-
rectly, some additional results from the processing of
prosody (a sub-domain of phonology: speech melody,
rhythm, accents, etc.) will be considered. Using ERPs,
Steinhauer and coauthors (1999) investigated the role
of intonational phrase (IPh) boundaries, i.e., pauses
between two phonological phrases, in the context of
syntactically ambiguous (garden path) and normal sen-
tences. The authors observed a positive brain potential
(the so-called closure positive shift, CPS) which oc-
curred whenever an [Ph boundary was present. Inter-
estingly, Steinhauer and Friederici (2001) were able to
demonstrate this CPS also in the visual domain in the
presence vs. absence of a comma (instead of the pause
in the auditory experiments). The CPS was also found
when subjects first heard the (de-lexicalized) sentence
melody (without any words), then read the sentence
and judged whether the melody was suitable for the
sentence. The authors explain this effect by subvocal
phonological sentence phrasing, i.e., silent verbaliza-
tion during the processing of the written stimulus.
These results indicate that phonological processing
is crucial for the processing of spoken and written
language.
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THE ROLE OF PHONOLOGICAL PROCESSING
IN READING

The data presented so far suggest that phonological
processing is essential in language comprehension
(Steinhauer and Friederici 2001, cf. Steinhauer 2003,
for a comprehensive review). Moreover, for some indi-
viduals or particular types of linguistic information
(e.g., grammatical gender), the access to phonological
cues may facilitate linguistic performance (Heim 2003 —
Experiments 1 and 2, Miceli et al. 2002, Schiller et al.
2003).

As Frost (1994) reported, subjects reading Hebrew
characters tended to wait until the vowel marks were
presented with some delay (prelexical phonology) al-
though the Hebrew characters would have provided
enough cues to read the words (lexical phonology).
Unsworth and Pexman (2003) investigated the relation-
ship between reading skill and three phonological ef-
fects (homophone, homograph, and regularity effects.
Unskilled but not skilled readers showed regularity ef-
fects in a lexical decision task and a phonological task.
The authors concluded that the skilled readers made
more efficient use of phonological knowledge. Ziegler
and coauthors (2000) performed a reading study in Chi-
nese where the characters can be associated with mean-
ing without access to the phonological form. Their
results showed, however, that reading times were faster
for characters with higher phonological frequencies but
not with higher orthographical frequencies. The authors
suggest an automatic phonological mechanism in-
volved in reading. In contrast, Hanley and McDonnell
(1997) reported the case of patient PS, who had a good
understanding of written language, but could not access
the second meaning of a written homophone (air/heir).
Thus, Hanley and McDonnell (1997) argue that
phonological processing can be regarded as helpful, but
not obligatory in the understanding of written language.

The facilitative effect of phonological processing has
been observed in several contexts by a number of re-
searchers, often as dissociations between spared and im-
paired performance of patients but also in neuroimaging
studies. As a consequence, models have been proposed
which share the label “dual route model”. As mentioned
above, dual route models for access to grammatical gen-
der information were formulated by Friedmann and
Biran (2003) and by Gollan and Frost (2001).

Other dual-route models focus on written language
comprehension (e.g., Coltheart et al. 2001). They have
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Fig. 4. Schematic outline of the dual-route model of visual word recognition of Coltheart and coauthors (2001). Modified from

Coltheart and coauthors (2001).

in common one direct route and another, indirect path-
way which is form-related or phonologically mediated.
In the direct, fast route, whole words are mapped onto
the corresponding word form representations stored in
the mental lexicon (addressed phonology). In contrast,
in the indirect, non-lexical pathway, written input is
translated letter by letter into phonological information
(assembled phonology, grapheme-to-phoneme conver-
sion). For an outline of the dual-route model of reading
by Coltheart and coauthors (2001), see Fig. 4.

In the literature, there are some imaging studies in ac-
cordance with a dual-route account (Fiebach et al. 2002,
Fiez et al. 1999, Ischebeck et al. 2004, Rumsey et al.
1997, cf. Mechelli et al. 2003, for areview). Fiezand co-
authors (1999) applied a word-naming paradigm and
observed activation in BA 44 for low frequency words
with inconsistent spelling-to-sound mapping, as well as
for non-words. Since this region had been shown to be
involved in phonological processing, Fiez and coau-
thors (1999) interpreted their result as demonstrating
rule-based phonological processes in accessing these
infrequent and irregular words. Similarly, when investi-
gating the effects of word frequency with fMRI,
Fiebach and coauthors (2002) observed activation for

pseudo-words and low frequency words compared to
high frequency words in BA 44 (but see Chen et al.
2002). The authors suggest that this posterior part of
Broca’s area might support rule-based grapheme-to-pho-
neme conversion. The same region was also observed in
a study tapping the reverse process, i.e., pho-
neme-to-grapheme conversion (Omura et al. 2004).
However, since all these interpretations were
ex-post-facto, further imaging studies are necessary to
directly demonstrate the relationship of activation in
BA 44 and the processes hypothesized by dual-route
models.

CONCLUSION

In this paper, the neural correlates of processing se-
mantic, syntactic, and phonological aspects of lan-
guage in production and comprehension were
reviewed. It became evident that phonological pro-
cessing can have facilitative effects in particular in
written language comprehension. This finding may be
related to the phonological deficit hypothesis of dys-
lexia (e.g., Snowling 2001, cf. Ramus 2003, for a re-
cent and comprehensive review). Further research will



clarify the extent to which the phonological route can
be intentionally chosen as a processing strategy (cf.
Miyake et al. 2004). Such a strategic use of this route
could then be employed in therapeutic interventions in
order to either selectively train phonological abilities
or to bypass the direct but impaired processing on the
other route.

INDEX OF ANATOMICAL ABBREVIATIONS

alns - Anterior portion of the insula

BA - Brodmann's area

CH - Head of the caudate nucleus

FG - Fusiform gyrus

FO - Frontal operculum

GC - Cingulate gyrus

IFG - Inferior frontal gyrus

IFS - Inferior frontal sulcus

ITG - Inferior temporal gyrus

ITS - Inferior temporal sulcus

LG - Lingual gyrus

MC - Motor cortex

MFG - Middle frontal gyrus

mlns - Middle portion of the insula

MOG - Middle occipital gyrus

MTG - Middle temporal gyrus

plns - Posterior portion of the insula

PMC - Premotor cortex

PO - Parietal operculum

PrCG - Precentral gyrus

PrCS - Precentral sulcus

pSTG - Posterior portion of the STG

RO - Rolandic operculum

SFG - Superior frontal gyrus

SFS - Superior frontal sulcus

SMG - Supramarginal gyrus

SOG - Superior occipital gyrus

STG - Superior temporal gyrus

STS - Superior temporal sulcus
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