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Abstract

Two experiments investigated phonological, derivational-morphological and semantic aspects of grammatical gender assignment in a perception
and a production task in German aphasic patients and age-matched controls. The agreement of a gender indicating adjective (feminine, masculine
or neuter) and a noun was evaluated during perception in Experiment 1 (grammaticality judgment). In Experiment 2 the same participants had to
produce the matching definite article to a noun. In the perception task patients with left frontal lesions (LF) made more errors during phonological
gender assignment as compared to derivational-morphological and semantic gender assignment, while patients with lesions of the posterior superior
temporal gyrus (pSTG) made more errors in derivational-morphological gender assignment as compared to phonological and semantic gender
assignment. In the production task no differences between patient groups were found. These data support previous evidence that left frontal brain
areas are critically involved in phonological processing. The pSTG on the other hand may be critically engaged in the integration of phonological

and lexical information essential for phonological and derivational-morphological gender assignment.
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1. Introduction

While both speaking and understanding appears to be sim-
ple and intuitive, language processing can be a rather complex
and complicated process because different types of information
have to be integrated on-line. In everyday life we do not think
about this learned, habituated and automatized skill, we use lan-
guage easily. Only in the case of language breakdown, specific
functions of different information types become visible. Brain
injured patients with particular language deficits can give us
information about the nature of language processing. For exam-
ple, a small, grammatical feature such as the grammatical lexical
gender of nouns can provoke difficulties in sentence production
and perception or object naming after brain insult. In German,
the noun’s gender defines the form of the determiner, of its case
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markings and the adjective forms modifying the noun. Case,
determiner and adjective form one unit and agree within a noun
phrase. Therefore, a gender mismatch in a phrase or sentence
can misguide the understanding of a sentence content. Acute
aphasic patients often use wrong determiners in German. Apha-
sic patients with left frontal lesions are reported to show deficits
inserting and producing the determiner in sentences with the
exception of natural gender (personal communication with A.
Marschhauser).

Across languages two distinct notions of gender, a lexical-
syntactic property of a noun, are known: grammatical gender
and natural gender. In some gender systems, e.g., English (i.e.,
him/her), they are correlated, but in other systems grammati-
cal and natural gender do not coincide (e.g., Mddchen—girl is
neuter and not feminine in German), and grammatical gender
is arbitrary (for more details see Corbett, 1991). Rather than a
simple and transparent pronominal gender system like English,'

! Gender is reflected only in personal, possessive, and reflexive pronouns (see
for example Corbett, 1991, p. 12).
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German adheres to three different assignment rules or princi-
ples, which can be determined by semantics, morphological
form and specific phoneme combinations of a noun. Seman-
tic principles assign the grammatical gender to a certain noun
because of its meaning and its belonging to a specific category
(e.g., biological or natural gender, chemicals). Gender assign-
ments by semantic principles are certain and exceptions can be
found rarely (see Kopcke, 1982). Morphological principles are
based on the form of a noun, such as affixes and suffixes (e.g.,
word stem + ending:-chen is neuter, see Mddchen). Specifically
derivational-morphological rules are unequivocal and without
exceptions (see Fleischer & Barz, 1995). Phonological princi-
ples are determined by certain vowel combinations in the noun’s
initial and/or final phonemes (e.g., initial sound: Kn- is often
masculine, final sound: -ef is often neuter). The latter gender
type is probabilistic in nature. Exceptions can be found always,
but can be explained usually by semantic or (derivational-)
morphological rules (e.g., der Wicht—the magc little imppagc 18
phonologically marked at the ending with fricative 4 ¢ for fem-
inine nouns, but has masculine grammatical gender because it is
a term for a human being).2 Furthermore, combinations of these
rules are possible (e.g., Tante—aunt is grammatically feminine
and includes the ending -e which often determines feminine gen-
der; additionally, the biological gender is also feminine). The
more principles are involved and agree the more certain the gen-
der assignment is (Kopcke, 1982). All in all, gender assignment
of 70-80% of German nouns can be explained by the three gen-
der principles (see Kopcke & Zubin, 1996).

Current psycholinguistic intra-lexical models of language
production and perception (Friederici, von Cramon, & Kotz,
1999; Levelt, Roelofs, & Meyer, 1999) assume that grammat-
ical gender is stored as a property of a noun. A bidirectional
connection between gender node and lemma node would allow
facilitation effects by gender priming. Nevertheless, morpho-
phonological gender features could not facilitate gender pro-
cessing as the lemma-lexeme connection was thought to be
unidirectional.

In contrast to such intra-lexical models, interactive mod-
els (Bates, Devescovi, Hernandez, & Pizzamiglio, 1996; Bates,
Devescovi, Pizzamiglio, D’ Amico, & Hernandez, 1995) allow
interaction of syntactic and lexical information. They assume
that lexical candidates are predicted on the basis of semantic
or syntactic context information that reduce the search area for
possible elements in the mental lexicon. Gender information
pre-activate a subgroup of lexical elements. Thus, facilitation
effects are assumed for congruent gender information and inhibi-
tion or prolongation effects for incongruent gender information.
Caused by the interactive activation and feedback loops morpho-
phonological gender markings would help to predict gender
on-line and may lead to facilitation effects.

It seems conceivable though that frequent, unequivocal gen-
der principles may lead to facilitation effects during production
and comprehension according to interactive models. It may

2 Képeke (1982) analyzed a corpus of monosyllabic words. The proportion of
exceptions to phonological rules varied between 3% and 36% per rule.

also be possible that during comprehension the given additional
morpho-phonological gender information has to be matched
with the lexical gender entry by a post-lexical matching process
similar to a post-lexical checking mechanism which evaluates
gender congruency of a given element (see Friederici & Jacob-
sen, 1999).

In recent years effects of grammatical gender on lexical
access or gender priming have been demonstrated across several
languages and tasks. For gender priming in speech production,
slower reaction times manifested in inhibition were reported for
gender incongruent prime-target pairs as compared to gender
congruent pairs (so called gender congruency effect) or neutral
pairs in the visual and the auditory domain in picture nam-
ing tasks (Bentrovato, Devescovi, D’ Amico, & Bates, 1999;
Jacobsen, 1999; Jescheniak, 1999; van Berkum, 1997), in word
repetition (Bates et al., 1996), as well as in cued shadowing for
Russian (Akhutina et al., 2001; Akhutina, Kurgansky, Polinsky,
& Bates, 1999). The latter effect using cued shadowing was
not replicated in Serbo-Croatian (Carello, Lukatela, & Turvey,
1988). In addition, gender transparency results in a smaller con-
gruency effect for opaque nouns (nouns without unequivocal
morphophonological gender marking) as compared to transpar-
ent nouns in cued shadowing (Akhutina et al., 1999), an effect
that is also shown for markedness, a feature for transparency and
frequency in Russian (Akhutina et al., 2001).

In perception, slowed reaction times (RT) and higher error
rates were also observed for gender incongruent as compared to
gender congruent conditions in lexical decision tasks (Carello
et al., 1988; Gurjanov, Lukatela, Lukatela, Savic, & Turvey,
1985), grammaticality judgments (Akhutina et al., 2001; Bates
et al.,, 1996), and in gender monitoring (Bates et al., 1996).
As in speech production, the RT congruency effects were
more reduced in atypical phonologically marked possessive
adjective-noun pairs, opaque and unmarked nouns than in typi-
cal, transparently marked pairs or transparent nouns (Akhutina
et al., 2001; Bates et al., 1996; Gurjanov et al., 1985). Thus, an
additional factor — phonological gender marking or transparency
— leads to facilitated responses (see also Bates et al., 1995).

Friederici and Jacobsen (1999) explained the robust reaction
time slowing effect of congruency with post-lexical checking
processes that evaluate the gender congruency of an incoming
word. They proposed that in language comprehension gender
information (i.e., definite determiner or adjective) may not
preselect gender congruent lexical candidates. Studies in
Roman languages showed that additionally to the lexical
gender information of primes and targets, listeners can exploit
phonological gender agreement cues “on-line”, helping them
to process an upcoming word and to check gender congruency
post-lexically (Bates et al., 1995, 1996). All reported studies
showed that determiners prime a following noun, as gender
matching determiners lead to facilitated reactions in contrast
to determiners with mismatching gender, and that phonological
gender cues can modulate the post-lexical congruency checking
subtle.

On the other hand, studies with brain-injured patients have
yielded mixed results. Overall higher error rates and longer
reaction times were observed for aphasics in comparison to
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healthy controls in different languages and tasks (see for exam-
ple, Akhutina et al., 2001; Bates & Dick, 2001; Devescovi et
al., 1997; Jakubowicz & Goldblum, 1995; Perlak & Jarema,
2003; Vigliocco & Franck, 1999). In speech production, gender
priming was observed for Russian aphasics in a cued shadowing
task (Akhutina et al., 2001), whereas no priming was observed
for Italian aphasics in gender monitoring (Bates & Dick, 2001).
Nevertheless, Italian aphasics and French fluent aphasics ben-
efited from conceptual and morpho-phonological gender infor-
mation (Bates & Dick, 2001; Jakubowicz & Goldblum, 1995;
Vigliocco & Franck, 1999), whereas Russian aphasics failed to
show the markedness effect (Akhutina et al., 2001). In percep-
tion, a RT congruency effect was observed for Russian aphasics
in a grammaticality judgement (Akhutina et al., 2001), while
a percentage correct congruency effect was observed for Ital-
ian aphasics judging grammaticality (Bates & Dick, 2001). No
markedness effect was revealed for Polish aphasics in a lexical
decision task (Perlak & Jarema, 2003) and for Russian aphasics
in a grammaticality judgment (Akhutina et al., 2001), whereas
Italian nonfluent aphasics benefited from phonological gender
markings in a grammaticality judgment (Bates & Dick, 2001).
To summarize, aphasic patients show deficits during gender
processing (in comprehension and production), but results are
inconclusive across patient groups and languages. Factors, such
as lesion sites, task type and language may have contributed to
this.

Functional imaging investigating gender and phonological
processing has implicated two brain structures, the left infe-
rior frontal gyrus (IFG) and the left posterior superior temporal
gyrus (pSTG). The posterior and dorsal region of the left IFG,
corresponding to superior BA 44/45, may be specialized for
phonological processing whereas the anterior region of the IFG,
corresponding to BA 47/45, may be specialized for seman-
tic processing (Fiez, 1997). FMRI studies utilizing different
phonological tasks revealed activation in the posterior and dor-
sal region of the left IFG (syllable counting: Poldrack et al.,
1999; sound judgement requiring sound segmentation: Burton,
Small, & Blumstein, 2000; sequence manipulation and match-
ing: Gelfand & Bookheimer, 2003; phonological decision: Gold
& Buckner, 2002; Heim, Opitz, Miiller, & Friederici, 2003; gen-
der selection—determiner production: Heim, Opitz, & Friederici,
2002). One can conclude that the left posterior IFG is not nec-
essary for processing sound structure per se, but rather for
sequential operations that may underlie the ability to form words
from dissociable elements (Gelfand & Bookheimer, 2003) and
for segmentation processes in speech perception (Poldrack et
al., 1999).

Next to activations of the left IFG (BA45/47 and BA44), left
posterior frontal (BA6) and parietal cortex (BA40, near supra-
marginal gyrus) as well as pSTG were found to be active in
phonological decision tasks (Gold & Buckner, 2002; Heim et
al., 2003). Posterior STG activation was also reported in stud-
ies with semantic, syntactic, and pragmatic violation processing
(Friederici, Riischemeyer, Hahne, & Fiebach, 2003; Kuperberg
et al., 2000), and it was proposed that pSTG supports a pro-
cessing stage during which different types of information, e.g.
semantic, syntactic and pragmatic, are mapped onto each other to

achieve a final interpretation (Friederici et al., 2003; Kuperberg
et al., 2000).

To investigate differences in the involvement of both critical
brain regions (left pSTG and IFG) in gender processing related to
morpho-phonological or lexical-semantic markings, two patient
groups with lesions only in the left pSTG or lesions in the left IFG
(also combined with temporal lesions) were tested. In the present
study, both patient groups and age-, gender- and education-
matched control subjects participated in a gender perception
and a gender production task. To control stimuli for conceptual-
semantic, morphological and phonological information, specific
German gender principles were chosen. The material consisted
of items following: (A) phonological principles marked by a
phoneme-sequence and (B) derivational-morphological princi-
ples marked by a suffix, or following (C) semantic principles
carrying only lexical-semantic information (for further details
see Section 2). Thus, it is possible to study the involvement
of lexical-semantic and phonological gender information, with
lesion site controlled. The following predictions were made for
perception and production: as indicated by fMRI studies, the
left IFG may appear to be engaged in phonological sequencing,
thus, LF patients may show deficient processing in particular for
phonological gender requiring "fine-grained" phoneme sequenc-
ing and discrimination. In contrast, the pSTG is known to be
involved in the integration of different information types. There-
fore, pSTG patients may show deficient processing of either
gender principle.

2. Methods
2.1. Participants

Ten male patients with unilateral brain lesions (4 with left-
hemisphere and 1 left-handed patient with right-hemisphere damage
[inverse language structure, Patient 2] of the posterior superior tem-
poral gyrus [pSTG], 5 with left-hemisphere damage in anterior brain
areas [LF]) as well as 10 male age- and education-matched controls
were tested (see Table 1). As the left-handed patient had inverse lan-
guage organization and showed no deviant deficiency pattern from left
hemisphere patients, he was included in the analysis (see for exam-
ple, Alexander, Fischette, & Fischer, 1989 and Winkelman & Glasson,
1984). All patients were native speakers of German. The patients
were tested at a chronic stage post-incident. The average time since
lesion in the LF group was: 16 months (range: 7-24 months) and in
the pSTG group: 16 months (range: 4-25 months). Lesions primar-
ily resulted from left hemisphere ischemic strokes and left hemisphere
hemorrhage (1 right hemisphere hemorrhage). Lesion sites were deter-
mined by (T1- and T2-weighted) anatomical MRI datasets froma 3.0 T
system (Bruker 30/100 Medspec) and evaluated by an experienced
neurologist. Figs. 1 and 2 depict individual lesions and Fig. 3 shows
the lesion composite for STG and LF patients separately. The indi-
vidual patient information is listed in Table 1. Patient 4 with pSTG
lesion has an auditory agnosia. Thus, the score of the Token Test
is not objective. The Token Test provides only mild or no impair-
ments for all patients. The Aachen Aphasia Test AAT (Huber, Poeck,
Weniger, & Willmes, 1983), for example, shows no visual compre-
hension deficits and classifies the aphasia for all patients as residual.
Speech was not affected in all patients. Nevertheless, the patients
show small grammatical deficits in spontaneous speech (personal
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Table 1
Patient history: descriptions of lesions for each individual patient
pSTG controls Patients with pSTG lesions Test time  Lesion site Token test®  AAT (VIS)*  Aphasia

B syndrome
Control group Sex Age Edu Patient group Sex Age Edu
1 M 37 10 1 M 37 10 25 L pSTG 2 58/60 Residual
2 M 42 12 2 M 44 12 21 R pSTG 17 49/60 Residual
3 M 67 12 3 M 68 12 20 L pSTG 12 57/60 Residual
4 M 38 12 4 M 38 12 10 L pSTG, SMG 33 57/60 Residual
5 M 36 12 5 M 36 12 4 L pSTG 2 60/60 Residual
LF controls Patients with LF lesions Test time  Lesion site Token test*  AAT (VIS)*  Aphasia

3 syndrome
Control group Sex Age Edu Patient group Sex Age Edu
6 M 21 10 6 M 20 10 24 IFG, L aINS 2 60/60 Residual
7 M 36 12 7 M 37 10 23 IFG, FPOC, L INS, pMTG 2 54/60 Residual
8 M 62 12 8 M 62 12 15 MFG, LPMC 0 58/60 Residual
9 M 26 10 9 M 28 10 10 IFG, FPOC, L aINS 9 57/60 Residual
10 M 47 10 10 M 49 10 7 IFG, FPOC, L INS 4 57/60 Residual

Edu: school education in years; test time: in months post-lesion; L, left; R, right; pSTG, posterior superior temporal gyrus; SMG, supramarginal gyrus; IFG, inferior
frontal gyrus; aINS, only anterior insula; INS, insula; FPOC, fronto-parietal opercular cortex; pMTG, posterior middle temporal gyrus; MFG, middle frontal gyrus;

LPMC, lateral premotor cortex.

2 Indication of severity or degree of the language comprehension disorder: A, number of mistakes in token test: no/very mild (0-6); mild (7-23); moderate (24-39);
severe (>40); B, visual comprehension scores of the Aachen Aphasia Test (AAT) based on a total of 60 points.

communication with A. Marschhauser). Furthermore, patients and
controls were tested with LeMo (De Bleser, Cholewa, Stadie, &
Tabatabaie, 2004) for reading and discriminating words, discriminat-
ing words and pseudo-words, visual digit span and visual word span
indicating no deficits. All subjects were screened for neglect/neglect
dyslexia.

2.2. Materials

Four hundred and sixty-four German nouns matched in number
of syllables (mean = 2.2, range: 1-3 syllables) and word frequency
(mean = 8.3/mill, range: 0—100/mill) were used. Number of syllables
and word frequency were controlled and matched for each gender type
and each gender rule. The presented nouns were of all three German
gender types (feminine, masculine, neuter) and of all three gender
rules (phonological, derivational-morphological, semantic; see Table 2
for details). Two noun lists were constructed. One list consisted of
120 derivational-morphologically marked nouns (40 per gender type)
and 112 semantically marked nouns (32 feminine, 40 masculine, 40
neuter); the other list consisted of 120 phonologically marked nouns
(40 per gender type) and 112 semantically marked nouns (32 fem-
inine, 40 masculine, 40 neuter). The presentation order of the lists
was counterbalanced across the participants. As fillers, pseudowords
derived from these German nouns were formed by changing one
vowel (e.g., der Tang—the seaweed = der Tong) preserving marked
endings.

3. Experiment 1
3.1. Experimental procedure

Participants were seated 1 m in front of a SONY monitor. They
used a keyboard with three buttons (left and right button for the gender
congruency judgement counterbalanced across the experiment, mid-
dle button to start the experiment). A written instruction was given
before each experimental run. Additionally, the instruction was repeated
acoustically to ensure understanding. A short training block consisting
of 20 trials, with verbal feedback after the training, was administered
preceding the experimental blocks. The training block ensured that
all participants became accustomed with the grammaticality judgment,
especially for the filler items.

Experiment 1 utilized a gender congruency task. One of three
possible gender indicating adjectives weiblich—feminine, mdnnlich—
masculine, sdchlich—neuter and subsequent nouns or pseudowords
were presented. The participants had to decide whether the presented
gender type agreed with the noun’s gender by pressing the left or the
right button, respectively. They were asked to respond as quickly and
correctly as possible. Reaction times (RT) and percentage of correct
responses were recorded online via an ERTS keyboard and ERTS con-
trol software (Beringer, 1995). The trial sequence consisted of fixation
cross (1000 ms), adjective (500 ms), inter-stimulus-interval (300 ms),
noun/pseudoword (500 ms), response time (2000 ms) and inter-trial-
interval (1000 ms).

Table 2

Overview of the gender assignment categories

Gender category Gender type Word ending/rule Examples

Phonological (Phon) Feminine < fricative + ¢ Luft (air)
Masculine <« nasal + consonant Empfang (reception)
Neuter <-et Quartert (quartet)

Morphological (Morph) Feminine < -ei Bickerei (bakery)
Masculine < -(n)er Pfortner (gate keeper)
Neuter & -lein Nislein (little nose)

Semantic (Sem) Feminine < natural gender Tochter (daughter)
Masculine <« natural gender Onkel (uncle)
Neuter < chemicals Eisen (iron)
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Fig. 1. Anatomical datasets for STG patients (1-5) with three different horizontal slices. The second STG patient shows lesions in the right hemisphere.
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Fig. 2. Anatomical datasets for LF patients (6—10) with three different horizontal slices.
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Fig. 3. Lesion overlap for STG patients (top) and LF patients (bottom) with blue color indicating minimum overlap and yellow—red color indicating maximum lesion

overlap.

3.2. Data analysis

Analyses of RTs corrected to 2 S.D./norm and percentage
of correct responses of Experiment 1 were performed off-line
after the data survey. Individual performance patterns were
inspected to ensure the behavioral homogeneity in both patient
groups. Patients of the same lesion type showed always the
same performance pattern, thus, no subject had to be excluded.
Group differences between both LF and pSTG controls were
not observed and, henceforth, not mentioned. An ANOVA
with group as between-factor (LF patients versus LF con-
trols, pSTG patients versus pSTG controls, LF patients versus
pSTG patients), and rule (with three levels: phonological—
Phon, derivational-morphological—Morph, semantic—Sem)
and congruency (with two levels: gender congruent, gender
incongruent) as within-factors was calculated. The gender con-
gruency effect is reflected in higher RTs and less correct
responses for incongruent conditions as compared to congru-
ent conditions. Therefore, the differences between incongruent
and congruent conditions of the congruency effect are posi-
tive for RTs and negative for percentage of correct responses.
Significant effects are reported as p < 0.05 and non-significant
effects as p > 0.05. Based on the posed hypotheses, only sig-
nificant effects and interactions with the between factor group
as well as resolutions of these interactions will be reported
descriptively (for statistical values see Table 4). Thus, the non-
significant interaction of group and congruency as well as the
non-significant three-way group x congruency X rule interac-
tion occur not in Table 4. Significant group independent effects
and interactions will be listed separately (see Table 5).

3.3. Reaction times
LF aphasics showed slower reaction times (1075 ms) com-

pared to their controls (879 ms; see Table 3). Both groups
responded faster to congruent than incongruent targets (LF con-

trols difference: 68.4 ms; LF patients difference: 76.2 ms). There
were no main effects of rule nor any significant interactions
(p > 0.05) (Table 4).

Posterior STG aphasics responded slower (1053 ms) com-
pared to their controls (763 ms; see Table 3). Only controls
reacted significantly faster to congruent than incongruent tar-
gets (difference: 70.6 ms; see Table 4), whereas pSTG patients
showed no difference between both target types. There were no
main effects of rule nor any significant interactions (p > 0.05).

Both patient groups responded comparably (LF: 1075 ms;
pSTG: 1053 ms; see Table 3). Thus, no significant effects of
group, rule nor any interactions were maintained (p > 0.05).
Although different congruency effects were found in LF and
pSTG patients, this pattern was not reflected in an interaction of
group and congruency due to high standard deviations.

In summary, patients reacted slower than controls in the per-
ception task. For both control groups (LF and pSTG) and LF
patients significant congruency effects were observed resulting
in longer reaction times for gender incongruent items as com-
pared to gender congruent items. Posterior STG patients showed
no congruency effect. No rule effects were observed for reaction
times in patients and controls.

3.4. Correct responses

LF patients reacted less accurately (65.7%) than their con-
trol subjects (88.8%; see Table 3). Additionally, the group x

Table 3
Mean reaction times and proportions of correct responses as well as standard
errors in brackets for each group in the perception task

Group Reaction time (ms) Correct responses (%)
LF controls 879 (19) 89 (2)
STG controls 763 (38) 92 (2)
LF patients 1075 (39) 66 (5)
STG patients 1053 (36) 67 (4)
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Table 4
Statistical analyses for perception and production of group dependent effects
Source Comparison/group df. Perception Production
RT (F) CORR (F) RT (F) CORR (F)
Gr LF Pat vs. Con 1,8 6.53* 6.68* 1.67 3.22
STG Pat vs. Con 1,8 9.91* 10.29* 15.02* 2.69
Pat LF vs. STG 1,8 0.06 0.01 0.03 0.97
GrxRu LF Pat vs. Con 2,16 0.89 5.80* 1.14 2.00
STG Pat vs. Con 2,16 0.89 5.76* 2.68 2.26
Pat LF vs. STG 2,16 0.19 4.42* 1.38 0.84
Ru LF Con 1,4 0.07 0.17 0.72 0.52
STG Con 1,4 0.35 0.85 3.38 2.88
LF Pat 1,4 1.24 8.30* 1.21 4.09
STG Pat 1,4 1.02 6.03* 3.56 2.00
Co LF Con 1,4 8.02* 2.02
STG Con 1,4 13.56* 1.08
LF Pat 1,4 9.78* 1.14
STG Pat 1,4 1.72 0.01
RuxCo LF Con 2,8 1.00 3.44
STG Con 2,8 1.17 0.27
LF Pat 2,8 0.69 0.52
STG Pat 2,8 4.52 3.66

Gr, group; Ru, rule; Co, congruency; F, F value; *p < 0.05.

rule interaction gave evidence for different rule effects. Con-
trol subjects responded comparably correct across all gen-
der principles (see Table 4). LF patients gave less correct
answers to phonological gender as compared to derivational—
morphological and semantic gender (Phon versus Morph:
F(1,4) = 12.09, p = 0.0254, difference: 11.4%; Phon versus
Sem: F(1,4) = 12.61, p = 0.0238, difference: 9.9%). There
was no difference between Morph and Sem (p > 0.05, differ-
ence: 1.5%; see Fig. 4). No congruency effects nor interactions
were observed for both LF patients and controls (p > 0.05, see
Table 4).

Posterior STG patients responded less accurately (66.5%)
than their control subjects (91.6%; see Table 3). The main effect
of group was underlined by an interaction of group and rule

(see Table 4). Control subjects responded comparably accurate
across all gender principles (see Table 4). Posterior STG patients
reacted less accurately to both gender rules with phonological
markings (Phon and Morph) as compared to semantic mark-
ings (Phon versus Sem: F(1,4) = 8.21, p = 0.0457, difference:
10.8%; Morph versus Sem: F(1,4) = 20.98, p = 0.0102, dif-
ference: 11.1%). There was no difference between phonological
and derivational-morphological gender (p > 0.05, difference:
0.3%; see Fig. 4). No congruency effects nor interactions were
observed for both pSTG patients and controls (p > 0.05, see
Table 4).

The between-group comparison of LF and pSTG aphasics
maintained no significant effect of group (LF: 65.7%; pSTG:
66.5%; see Table 3), but an interaction of group and rule (see

Il Reaction time —e— Correct responses
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Fig. 4. Reaction times (in ms) and correct responses (in %) are plotted for all groups and gender rules in the perception task.
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Table 4). This underlines the differences of the rule effects
observed in the analyses for each patient group (see Fig. 4). LF
patients showed less correct responses for phonological gender
and pSTG patients showed less correct responses for phonolog-
ical and derivational-morphological gender (see above).

In summary, patients reacted less accurately than controls in
perception. LF patients reacted less accurately to phonological
gender as compared to derivational-morphological and seman-
tic gender. Posterior STG patients reacted less accurately to
phonological and derivational-morphological gender as com-
pared to semantic gender. No congruency effects were observed
in patients and controls (p > 0.05).

3.5. Discussion

As expected, we obtained significant differences between
patients and controls, with patients reacting slower and mak-
ing more errors than controls. Robust congruency effects were
found in reaction times for normal controls and patients with left
frontal lesions. We interpret these data as a manifestation of post-
lexical checking mechanisms (as reported in many studies, see
for example Friederici & Jacobsen, 1999; Jacobsen, 1999) evalu-
ating the gender congruency of the incoming words and resulting
in slower reaction times for gender incongruent items as com-
pared to gender congruent items. The congruency effect was not
found in patients with posterior STG lesions. This may indi-
cate that post-lexical checking or matching is impaired in pSTG
patients. A similar effect for percentage of correct responses
was not observed. Deficits related to particular gender rules
only became apparent in both patient groups for percentage of
correct responses. LF patients were more deficient in phono-
logical gender as compared to derivational-morphological and
semantic gender. For the processing of phonological gender
with phoneme combinations at the word ending “fine grained”
phoneme sequencing seems necessary and not processing of
phonological gender information and gender marking per se, as
more correct responses for derivational-morphological gender
as compared to less correct responses for phonological gen-
der were observed. The data thus support our hypothesis that if
the left IFG is responsible for sequencing, phonological gender
should be affected more than other gender principles. Posterior
STG patients were deficient in processing gender when marked
by phonological form (i.e. sequence) or morphological form (i.e.
suffix) as compared to semantic content.> On the basis of the
reaction time data (missing congruency effect) it seems plausi-
ble that post-lexical checking mechanisms are affected in these
patients. Such mechanisms may include the matching or integra-
tion of phonological information (i.e. phonological sequence)
and lexical information (i.e. entire word) in case of phono-
logical gender, and of morphological (i.e. suffix) and lexical
(word stem) information in case of derivational-morphological
gender. A phonologically marked “clearness” or transparency

3 As gender differences in the processing of semantic gender have been pre-
viously reported, it is highly unlikely that the semantic gender effect reported
here is due to the gender of the participants.

effect for reaction times and percentage of correct responses
was not supported by the current data neither for controls nor for
patients.

4. Experiment 2

4.1. Experimental procedure

Experiment 2 used a gender production task. All subjects had to
produce the correct determiner for the presented nouns controlled for
the three gender types and gender principles (see Section 2 for further
details). Participants were seated 1 m in front of a SONY monitor. The
same nouns as in Experiment 1 were presented. The trial sequence
consisted of cross (1000 ms), noun (500 ms), response time (2000 ms)
and an inter-trial-interval (1000 ms). The answer was given by speaking
the definite article into a microphone linked to the ERTS keyboard.
The voice functioned as a button press and RTs were registered online,
whereas CORR were noted manually.

4.2. Data analysis

Analyses of RT and CORR were performed off-line after the
data survey similar to Experiment 1. An ANOVA with group as
between-factor (LF patients versus LF controls, pSTG patients
versus pSTG controls, LF patients versus pSTG patients)
and rule (with three levels: phonological—Phon, derivational—
morphological—Morph, semantic—Sem) as within-factors was
calculated. Significant effects are reported as p < 0.05 and
non-significant effects as p > 0.05. Based on the hypotheses,
only significant effects and interactions with the between fac-
tor group as well as resolutions of these interactions will be
reported descriptively (for statistical values see Table 4). Signif-
icant group independent effects and interactions will be listed
separately (see Table 5).

4.3. Reaction times

In the between-group analysis of left frontal patients with
their controls and of both patient groups no group effects were
maintained (p > 0.05, see Table 4). Due to the high patient’s
standard deviation, group effects were not significant. After
visual inspection one can, however, observe that left frontal
patients (1196 ms) reacted slower than controls (957 ms) across
all conditions (Table 6 and Fig. 5).

Only in the between-group analysis comparing pSTG apha-
sics and controls a significant main effect of group was observed
(see Table 4). Posterior STG patients (1163 ms) reacted slower
than control subjects (726 ms; see Table 6).

All by-group analyses revealed no significant rule effects for
both patient and control groups (see Fig. 4).

4.4. Correct responses

As can be seen in Table 4 and 5 all between-group and by-
group comparisons maintained no significant main effects of
group and rule nor interaction. Statistically, due to high patient’s
standard deviation, patients reacted as accurately as controls. But
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Table 5
Statistical analyses for perception and production of group independent effects
Source Comparison d.f. Perception Production
RT (F) CORR (F) RT (F) CORR (F)
Ru LF Pat vs. Con 2,16 1.28 6.17* 1.23 2.31
STG Pat vs. Con 2,16 0.54 2.12 4.40* 2.15
Pat LF vs. STG 2,16 2.03 9.50* 1.48 3.75
Co LF Pat vs. Con 1,8 17.77* 2.11
STG Pat vs. Con 1,8 9.09* 0.19
Pat LF vs. STG 1,8 8.62* 0.82
Ru x Co LF Pat vs. Con 2,16 0.20 2.81
STG Pat vs. Con 2,16 5.38* 2.97
Pat LF vs. STG 2,16 3.30 2.25
Ru, rule; Co, congruency; F, F value; *p < 0.05.
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Fig. 5. Reaction times (in ms) and correct answers (in %) are plotted for all groups dependent on task type.

after visual inspection one can observe that LF patients (80.5%)
reacted less accurately than LF controls (95.7%) and posterior
STG patients (89.5%) reacted nearly as accurately as their con-
trols (96.6%) (Fig. 6).

4.5. Discussion

In production, pSTG patients reacted slower than controls.
LF patients seem to respond slower than controls, but statis-
tical values failed to reach significance due to high standard
errors (LF patients: 107; LF controls: 17). This problem also
occurred for percentage of correct responses (LF patients: 4.8;

Table 6
Mean reaction times and proportions of correct responses as well as standard
errors in brackets for each group in the production task

Group Reaction time (ms) Correct responses (%)
LF controls 967 (17) 96 (1)
STG controls 726 (23) 97 (2)
LF patients 1196 (107) 81(5)
STG patients 1163 (58) 90 (3)

LF controls: 0.9). Both patient groups did not differ significantly
from controls. Thus, one can state that patients are not signifi-
cantly deficient in production of gender congruent determiners.
Rule effects of reaction times and correct responses were not
found. In contrast, facilitation for phonologically marked, trans-
parent gender or inhibition for opaque gender was reported in
the literature for normals as well as for aphasics (e.g., in Rus-
sian, Akhutina et al., 1999, 2001; in Italian, Bates et al., 1995,
1996; Bates & Dick, 2001; Vigliocco & Franck, 1999; in French,
Jakubowicz & Goldblum, 1995). As mentioned in Experiment 1
transparency effects occur in languages with frequent unequivo-
cal phonological gender markings which are not highly frequent
in German. Thus, it is possible that a transparency effect cannot
be established in general.

5. General discussion

Taken together, the data from the current experiments support
different roles of left pSTG and the left IFG in gender process-
ing related to phonological, morphological, and lexical-semantic
markings in perception and in production.
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Fig. 6. Reaction times (in ms) and correct answers (in %) are plotted for all groups and gender rules in the production task.

To explain the RT congruency effect in the perception exper-
iment we referred to an account by Friederici and Jacobsen
(1999), who proposed a post-lexical checking mechanism. This
mechanism leads to slower reaction times for gender incon-
gruent items, which was reported in many studies for healthy
subjects (e.g., for German, Jacobsen, 1999; Jescheniak, 1999;
for Dutch, van Berkum, 1997, for Italian, Bates & Dick, 2001;
Bentrovato et al., 1999; Vigliocco & Franck, 1999; for Russian,
Akhutina et al., 2001; for Serbo-Croatian, Carello et al., 1988;
Gurjanov et al., 1985).

Only pSTG patients did not reveal the congruency effect
in the perception task. This may indicate a deficit with post-
lexical checking or matching. The deficit goes hand in hand
with the reported percent correct pattern for gender principles
of this patient group. We propose that information about the
phonological form has to be integrated or matched with the
lexical information post-lexically for both phonological and
derivational-morphological gender principles. This integration
process seems to be deficient in pSTG patients. In these patients
the white matter connection (arcuate fasciculus) from posterior
to frontal brain areas is partially or completely interrupted. This
possible white matter disconnection could cause: (1) integration
failures as lexical-semantic and/or phonological information
from posterior brain areas cannot be matched with lexical-
semantic and/or phonemic information processed in frontal brain
areas, or (2) interaction failures between posterior and frontal
brain areas. To determine the integrative or interactive nature
of this failure more investigations are necessary. In production,
no rule effect was observed for pSTG patients in percentage of
correct responses and reaction times. This underlines the dis-
tinctiveness of perception processes (checking and integration)
and production processes (phonological generation). In percep-
tion, the first analysis concerns the phonological information
of the incoming word, which has to be matched to the lexical
gender information. This checking or matching mechanism fails
for form-based principles (i.e. phonological and morphological

principles), but is not necessary for lexical-semantic principles,
and therefore leaves the latter domain intact. In production,
according to the language production model of Levelt and col-
leagues (Levelt, 1989; Levelt et al., 1999), the first step is lexical
selection leading to the lexical entry with its syntactic proper-
ties of the noun (e.g. grammatical gender), then morphological
encoding and phonological encoding takes place. If gender infor-
mation is already available early during such a process, that is,
after lexical selection, this may ease correct gender production
in these patients.

LF patients showed the RT congruency effect for percep-
tion. This indicates that post-lexical checking is intact. They
revealed a percentage correct deficit for phonological gender in
perception. LF brain areas are often discussed to be involved
in phoneme discrimination or sequencing (Burton et al., 2000;
Gelfand & Bookheimer, 2003; Poldrack et al., 1999), which
would be necessary for the correct perceptual processing of
phonological gender in contrast to derivational-morphological
and semantic gender. Derivational-morphological gender car-
ries phonological gender information, which does not need fine
phoneme sequencing (the whole suffixed syllable determines
gender marking) and which is additionally stored in the lexicon
(in German, derivational-morphological information is lexical).
This is an advantage, which results in more correct responses for
derivational-morphological gender as compared to phonologi-
cal gender.

To conclude, in perception, posterior STG and left IFG may
need to be functionally interconnected more strongly as this is
necessary for post-lexical integration of different information
types than in production. Lesion location plays an impor-
tant role in German gender processing, as different lesions
lead to different deficit patterns for the three gender rules.
Lesions of left IFG seem to impair phonological sequenc-
ing, while pSTG lesions seem to restrict the integration of
different information types (phonological and lexical) within
the pSTG or the interaction between pSTG and frontal areas
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caused by a complete or partial interruption of the arcuate
fasciculus.
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