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ABSTRACT
Traditional computational accounts of gender representation and learning (e.g., Carroll, 1989, 1995)
differ radically from cue-based and connectionist accounts. The latter but not the former predicts
that access to noun gender will vary depending on the reliability of noun endings (and other sublexi-
cal elements and morphological constituents) in marking gender, and that agreement markers can
be used strategically to constrain the genders of ambiguously marked nouns. Adult native (L1)
speakers of Russian (Experiment 1) and advanced nonnative (L2) speakers (Experiment 2) read
Russian sentences on a computer and were asked to choose one of two inflected past tense verbs in
a forced choice task. The verbs either matched or mismatched the gender of the subject NP. Half
of the target trials used opaque (end-palatalized) subject nouns, which were ambiguously marked
for gender, and the other half used transparent (regularly marked) subject nouns. Noun type was
crossed with the presence or absence of a gender-marked adjective in the subject NP. When an
adjective was present in the subject NP, both L1 and L2 speakers were significantly faster at reading
and selecting the correct verb form. L2 but not L1 speakers showed longer reading and choice
latencies and made more errors when the subject noun was opaque. The data showed that L2 speak-
ers used adjective inflections to disambiguate the gender of opaque subject nouns and to select
gender appropriate verb inflections. The accuracy data for L1 and L2 speakers were tested against
several connectionist models. The models’ success in accounting for the data suggested that L1 and
L2 speakers may depend on a common learning mechanism and thus resemble one another at the
computational level, contrary to traditional computational accounts (Carroll, 1989, 1995).

From a linguist’s perspective, gender is a morphosyntactic property of nouns.
Nouns have an intrinsic gender. Adjectives, pronouns, numerals, adverbs, verbs,
and other classes do not. Nonnominal constituents reflect the gender of associ-
ated nouns through inflectional morphology or form changes. For purposes of
grammatical analysis, gender is most transparently reflected through the mor-
phological association of words in a sentence: “The determining criterion of
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gender is agreement. . . . Saying that a language has three genders implies that
there are three classes of nouns which can be distinguished syntactically by the
agreements they take” (Corbett, 1991, p. 4). For native (L1) and nonnative (L2)
speakers, though, it is still an open question as to what role agreement plays, if
any, on gender assignment to nouns (Carroll, 1995; Sokolik & Smith, 1992).
The broader issue, which is the topic of this article, concerns the interactions
between gender attribution (knowing the gender of nouns) and gender assign-
ment (knowing the co-occurrence requirements for constituents related to the
noun) (see Carroll, 1995, for further elaboration of these terms). These interac-
tions are examined in terms of the immediate on-line processing of gender as
well as in terms of the longer term processes associated with learning gender.
Standard experimental methods and connectionist modeling are brought to bear
on these issues.

Traditional models of gender representation and processing are based on well-
structured symbolic representations (Carroll, 1989; Corbett & Fraser, 1993;
Neidle, 1982). Gender is a feature of individual nouns or other morphological
units in a morphosyntactic lexicon (e.g., in French [+masc]; Carroll, 1989, p.
558). Representations are morphological, as opposed to those based on phonetic
or phonological codes (Carroll, 1989): “Because only psycholinguistic processes
can construct such representations, we must hypothesize ones that will, for ex-
ample, construct and label word trees, define a particular constituent as the
head of a word, and elaborate percolation principles which will ensure that the
morphosyntactic features of the head are reassigned to the word as a whole” (p.
567). Gender agreement depends on more than the mere co-occurrence of poten-
tially relevant constituents (Carroll, 1995): “gender agreement with a given noun
takes place only when both the noun and the agreeing constituent occur in
highly constrained syntactic positions (namely, under government and c-com-
mand)” (p. 200). Related examples for Russian can be found in Neidle (1982),
where lexical entries include a definitive gender feature (e.g., [+masc]) and
where lexical representations are processed within the well defined syntactic
requirements of lexical functional grammar (Bresnan, 1982).

According to standard generative views (e.g., Chomsky, 1965), word classes
are defined by sets of morphosyntactic features. Gender could be a universally
available morphosyntactic feature associated with nouns. Given that the gender
feature is universally available in L1 acquisition, the feature needs to be para-
metrically set, not learned. Once a child figures out that the language has gender,
“no nominal expression can be lexically encoded without a gender feature. This
follows because the gender feature is part of the specification of what a noun
is” (Carroll, 1989, p. 572). If gender is acquired and encoded in the manner
outlined by Carroll, then it follows that L1 speakers should show little difficulty
in accessing and using gender. This is precisely what Carroll (1989) claims,
with respect to native French speakers: “Francophones, adult and child alike,
have consistent and virtually instantaneous access to the gender of known words
because every nominal element bears a gender feature in its lexical entry and
that information is made available during production and speech decoding pro-
cesses” (p. 572). In support of Carroll, developmental data suggest that learning
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about gender proceeds quickly. By the age of 3, German, Polish, and Russian
children use gender reliably in their native language (Maratsos, 1988).

On the other hand, even native Italian adults find processing the gender of
some nouns to be more difficult than others. Bates, Devescovi, Pizzamiglio,
D’Amico, and Hernandez (1995) asked adult L1 speakers of Italian to indicate
the gender of Italian nouns that were presented auditorily: some ended in a
reliable cue to gender (i.e., the vowels o for masculine and a for feminine) and
others ended in an ambiguous cue (i.e., the vowel e, which occurs with mascu-
line and feminine nouns). Participants made more errors and took longer to
respond when gender was ambiguously marked with the -e ending. This finding
suggests that even adult L1 speakers may still have some difficulty processing
gender. Findings like these are difficult to reconcile with the traditional compu-
tational model outlined by Carroll.

Researchers have also found that L1 speakers do not always fit the predictions
of the traditional computational model. These studies examined the roles of
phonological, morphological, and orthographic features of nouns in gender clas-
sification. Tucker, Lambert, and Rigault (1977) tabulated the within- and be-
tween-category distributions of phonological endings of nouns in the French
dictionary Petit Larousse and were able to identify a set of noun endings that
could be found in 85% of the 31,619 nouns in the dictionary. The endings varied
in how strongly they were correlated with the masculine and feminine genders.
When Tucker et al. tested the endings using rare and novel words, participants
aged 7 to 18 years chose a masculine or feminine determiner (un or une) in
close proportion to the distribution of these endings on masculine and feminine
nouns in the Petit Larousse. The Tucker et al. data indicated that phonological
markers that vary in reliability are nevertheless useful for classifying gender,
and that L1 speakers rely on these markers, especially when words are unfamil-
iar or new. The traditional computational model that Carroll (1989) outlined
does not provide for the type of inferencing evidenced in Tucker et al. This
criticism, though, needs to be tempered with the observation that Carroll al-
lowed for the possibility that native French speakers would resort to heuristic
rules based on sublexical attributes of nouns when the gender of nouns was not
known and the nouns were not morphologically analyzable. Some of these rules
could be like those discovered by Tucker et al. Others could be based on the
semantics of the nouns (cf. Zubin & Koepcke, 1986). However, this leads to
several dilemmas. Why do individuals need two methods for processing gender
– one that uses gender-marked lexical representations and one based on heuristic
rules? How would an individual determine which method to use, particularly
for lower frequency words which have weak lexical entries and uncertain gender
marking?

Research with L2 speakers indicates that they behave in a manner similar to
the L1 speakers in Tucker et al. (1977), relying on phonological and ortho-
graphic markers that vary in reliability for classifying gender. Taraban and
Roark (1996) found that English speakers who learned gender-like classifica-
tions for French nouns made fewer errors when orthographic cues more reliably
indicated the correct gender. In an artificial language training study, Brooks,
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Braine, Catalano, and Brody (1993) showed that the presence of nouns that were
reliably marked for gender made it possible to learn the genders of ambiguously
marked nouns. Brooks et al. and Ellis and Schmidt (1997) showed that the
frequency of exposure to nouns played a role in learning gender. Findings like
these have led some researchers to question the need to postulate a universally
available gender feature and traditional lexical representations (Brooks et al.,
1993; Ellis & Schmidt, 1997; MacWhinney, Leinbach, Taraban, & McDonald,
1989; Sokolik & Smith, 1992; Taraban, McDonald, & MacWhinney, 1989; Tar-
aban & Roark, 1996). Several tests of the traditional view have been carried out
using connectionist network simulations. These simulations have shown that
noun genders can be learned using phonological or orthographic noun represen-
tations, and that the patterns of learning capture the frequency and regularity
effects found in the human data.

The issues to this point generally relate to what Carroll (1995) called gender
attribution, or knowing the gender of a given noun. A separate set of issues
relate to gender agreement, or knowing how nouns govern the forms of related
constituents. In the traditional computational model, independent lexical entries
encode gender features. On the lexical models of Carroll (1989, 1995) and
Neidle (1982), nominal gender coding is definitive and access is “instanta-
neous.” Gender is recovered from an utterance according to the structural princi-
ples (e.g., c-command) and processes (e.g., percolation) mentioned earlier. For
these reasons, it is difficult to understand how agreement markers could prime
the gender of related nominals. Relatedly, Corbett (1991) asserted that gender
classification must simply be known. He rejected the possibility that gender
attribution could be based on agreement, for example, in the form of a rule like
“Noun x is feminine because it takes agreement y” (p. 33). However, if native
speakers have probabilistic knowledge of noun gender (Bates et al., 1995;
Tucker et al., 1977), there would be a strategic advantage in using the reliable
gender markers of agreeing constituents to constrain nominal gender. This could
be carried out in several ways computationally. One way would be through
associative links between the relevant constituents, as implemented through con-
nectionist models.

A number of studies involving lexical access have demonstrated priming ef-
fects between modifiers and nouns. These types of findings are more readily
explained within connectionist networks or other associative networks than they
are through the model described by Carroll (1989, 1995). Agreement markers
have been shown to facilitate processing in some cases and to inhibit processing
in others, depending on whether they were congruent or incongruent with the
nouns that followed. In a study by Grosjean, Dommergues, Cornu, Guillelmon,
and Besson (1994) using native French speakers, auditorily presented nouns
were preceded by an article that carried overt phonetic information about the
gender of the noun that followed (e.g., une plage ‘a beach’) or a word with no
phonetic information about gender (e.g., jolie plage ‘nice beach’). In a gating
paradigm in which increasingly longer portions of a noun were presented, parti-
cipants needed a smaller fragment to recognize a noun and responded with more
confidence when the preceding word carried gender marking. This finding sug-
gests that the gender cues of agreeing constituents may directly assist in lexical

https://doi.org/10.1017/S0142716499001046 Published online by Cambridge University Press

https://doi.org/10.1017/S0142716499001046


Applied Psycholinguistics 20:1 123
Taraban & Kempe: Gender processing

access for related nouns. Pilot work in Italian reported in Bates et al. (1995)
showed that gender marking on an adjective prime can facilitate or inhibit
lexical access, as measured by the repetition of auditorily presented nouns
(e.g., BRUTTO–TORRE [masc.–masc.] vs. BRUTTA–TORRE [fem.–masc.]).
Schriefers (1992) presented related findings for noun phrase production. In sev-
eral studies using a lexical decision task, lexical decisions for nouns were faster
when the nouns were preceded by words with congruent gender markers than
by those with incongruent gender markers (Colé & Segui, 1994; Grosjean et al.,
1994; Gurjanov, Lukatela, Lukatela, Savić, & Turvey, 1985; Gurjanov, Luka-
tela, Moskovljević, Savić, & Turvey, 1985). For instance, in Gurjanov, Lukatela,
Lukatela et al., singular, nominative nouns were preceded by possessive adjec-
tives (e.g., moj ‘my’) that always agreed in case and number but only half the
time in gender. Lexical decisions were faster when the gender of the prime was
congruent with the gender of the noun (moj lonac) than when it was incongruent
(moja lonac). None of these tasks was explicitly geared towards processing
gender. Nonetheless, participants were sensitive to the gender information car-
ried by the related constituents that were used as primes.

One interpretation of the results from the lexical decision studies (Colé &
Segui, 1994; Grosjean et al., 1994; Gurjanov, Lukatela, Lukatela et al., 1985;
Gurjanov, Lukatela, Moskovljević et al., 1985; Lukatela, Kostić, Todorović,
Carello, & Turvey, 1987) that has been proposed is that inflectional morphemes
or other inflected forms that occur earlier in a sequence may either facilitate or
inhibit later processing, due to the activity of an independent syntactic module,
like the one proposed by Forster (1979). The activity of this module is not “an
automatic spreading of influences among connected representations in the inter-
nal lexicon” (Gurjanov, Lukatela, Moskovljević et al., 1985, p. 69) but is closer
to obligatory checking for grammatical coherence. This interpretation is consis-
tent with the traditional computational model proposed by Carroll (1989, 1995).
Essentially gender could be computed as Carroll described and the outcomes
checked for grammatical coherence in a syntactic module. Several potential
problems with this explanation have already been presented. In sum, it fails to
explain what individuals do when a noun is rare or new, and it has difficulty
explaining findings like those of Tucker et al. (1977). The activation of weighted
cues in a connectionist network, as opposed to gender checking, provides an
alternative explanation that is better able to account for those effects.

The findings of Bates et al. (1995), Tucker et al. (1977), and others suggest
that ambiguous gender marking would result in slower and more errorful pro-
cessing relative to those instances when gender marking was less ambiguous.
On the other hand, approaches that assume the lexical representation of gender,
such as Carroll (1989, 1995) or Corbett (1991), predict no differences in the pro-
cessing of regularly and ambiguously marked nouns. Experiments 1 and 2 ex-
plored these contrasting hypotheses by examining the processing of sentences re-
quiring gender agreement by L1 speakers and advanced L2 speakers of Russian.

The priming studies presented earlier suggest that gender cues or agreement
markers occurring early in a sentence could facilitate gender processing later in
the sentence. However, those studies did not examine the effects of gender
markers in the subject NP on gender processing in the verb phrase. Experiments
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1 and 2 examined these longer distance dependencies using intact sentences.
Furthermore, previous studies have compared congruent and incongruent mark-
ing rather than congruent marking and a more natural neutral baseline. Experi-
ments 1 and 2 used a neutral baseline in order to focus more directly on the
benefits of agreement marking to the nominal constituent the adjective is part
of and to the syntactic processing of the main verb.

The patterns of effects that were observed in the two experiments were exam-
ined further using connectionist models. A major goal was to test the adequacy
of the traditional computational account and that of cue based and connectionist
accounts.

EXPERIMENT 1

The distributional analyses of Tucker et al. (1977) were based on the cue relia-
bility of word features (or combinations of features). Cue reliability is the condi-
tional probability of a category given a particular cue. In French, for instance,
the cue reliability of an -eur ending is .95 for masculine gender (Tucker et al.,
1977). This means that the probability of masculine gender is about .95 given
that a noun ends in an -eur noun ending. When a representative language sample
is used for computing cue reliabilities, the statistic is fairly predictive of learning
and processing difficulty. The notion of cue reliability has been elaborated
through several other cue statistics in the Competition Model (Bates & Mac-
Whinney, 1989; MacWhinney, 1987a, 1987b, 1989; McDonald & Heilenman,
1991).1

In Russian, noun gender cues are not always reliable. In particular, there is a
class of feminine nouns (e.g., sol’) and masculine nouns (e.g., lokot’) whose
nominative forms end in palatalized consonants.2 The distribution of these end-
palatalized nouns to the feminine and masculine genders is roughly even (based
on Pulkina, 1978). Thus, end-palatalization does not favor either gender, and
the distribution of this particular cue cannot be used as a gender marker in the
same way as other cues (e.g., the -a/-ja marker for feminine).3 Using the desig-
nations in Bates et al. (1995), nouns with end-palatalized endings will be re-
ferred to as “opaque,” and nouns with endings that reliably signal gender will
be referred to as “transparent.” If phonological and morphological cues are used
for noun gender classification, one prediction is that L1 speakers would find
opaque nouns more difficult to process than transparent nouns. A second related
prediction is that difficulty in accessing the gender of opaque nouns would lead
to difficulty in selecting correct agreement markers.

The stimuli used in both experiments were intact, ordinary Russian sentences
that were constructed around two types of nouns (transparent and opaque) and
two genders (masculine and feminine). Sentences with subject nouns like muka
(example 1), which are transparently marked for feminine gender, were com-
pared with sentences with opaque feminine nouns like sol’ (example 2), which
are ambiguous with respect to morphophonological gender marking. Similarly,
sentences with transparently marked masculine nouns like palec (example 3)
were compared with sentences with opaque masculine nouns like lokot’ (exam-
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ple 4). Gender marking on the transparent nouns was quite reliable. The opaque
nouns were phonologically ambiguous with respect to gender.

(1) Dazhe (obychnaja) muka teper’ izchezla iz magazinov. (fem., transparent
noun)
‘Even (ordinary) flour now vanished from the stores.’

(2) Dazhe (obychnaja) sol’ teper’ izchezla iz magazinov. (fem., opaque noun)
‘Even (ordinary) salt now vanished from the stores.’

(3) Nakanune (otjokshiy) palec sil’no bolel ot udara. (masc., transparent noun)
‘The day before the (swollen) finger strongly hurt from the injury.’

(4) Nakanune (otjokshiy) lokot’ sil’no bolel ot udara. (masc., opaque noun)
‘The day before the (swollen) elbow strongly hurt from the injury.’

The stimuli contained an optional adjective before the subject noun. Adjec-
tives were used to test the role of agreement markers. Previous studies have
indicated that gender marking on the adjectives could speed up access to the
following noun. Two other effects of adjectives are consistent with earlier stud-
ies but have not been directly tested prior to this experiment: that the unambigu-
ous gender markers on the adjectives could reduce or eliminate any ambiguity
associated with opaque nouns, and that gender marking on the adjective could
facilitate acceptance of a gender marked verb that occurred later in the sentence.

The gender of the nouns was included as a factor because of the possibility
that the two types of nouns would behave differently. This possibility is based
on linguistic classifications that put masculine transparent and opaque nouns
into the same declension but feminine transparent and opaque nouns into differ-
ent declensions. Feminine nouns also have more phonological and visual simi-
larity across the adjective, noun, and verb inflections (e.g., -aya, -a, -ala) com-
pared with masculine nouns (e.g., -iy, null, -al). If feminine and masculine nouns
have similar effects in the experiment, then that would suggest that the differ-
ences in linguistic classification may not be important in processing, and it
would help to rule out the influence of visual and phonological similarity.

METHOD

Participants

The participants in this study were 26 adult L1 speakers of Russian. Twenty-
three participants had lived less than two years in the United States; the remain-
ing three participants had lived three, seven, and eight years in the United States
but reported predominantly using Russian in their everyday lives. All partici-
pants had been exposed to English or another second language after age 7.

Materials

The materials were based on 24 sentence frames that had the structure initial
segment with optional adjective/subject noun/adverb/verb segment with preposi-
tional phrase, as illustrated in examples 1 through 4. Of the sentence frames,
12 were used with masculine nouns and 12 with feminine nouns. Each sentence
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Table 1. Mean log frequencies per million (standard
deviations) for the transparent and opaque nouns,
by gender

Masculine Feminine

Transparent Opaque Transparent Opaque

1.47 (.69) 1.55 (.60) 1.60 (.55) 1.51 (.84)

frame was used twice: once with a subject noun that was transparently marked
for gender and once with its opaque counterpart. Each of the sentences could
appear with or without an adjective that modified the subject noun. This made
a total of 96 possible experimental sentences, which are listed in the Appendix.
The subject nouns across the four sets of items were closely matched for word
frequency, using Zasorina (1977) as a source, as shown in Table 1. A one-way
analysis of variance confirmed that the mean log frequencies of the four types
of nouns were not significantly different, F (3, 44) = 0.75, n.s.4

Additionally, each sentence frame was used to construct a filler sentence with
a transparent noun whose gender was the opposite of the experimental senten-
ces. These also appeared with or without an adjective (total of 48 sentences).
The opposite-gender fillers were included in order to prevent a strategic associa-
tion of the sentence frames with a particular gender. In addition, there were 36
fillers involving neuter gender with a syntactic structure that was similar to that
of the target sentences. For practice, 12 sentences like the experimental and
filler sentences were used.

Sentence sets for use in the experiment were created in pairs. Both sets in-
cluded the 24 sentence frames using opaque subject nouns, the same 24 sentence
frames using transparent subject nouns, and the 60 filler sentences. For one set,
half of the sentences with transparent gender marked nouns and half with
opaque nouns were randomly selected to include the optional adjectives. In the
complementary set, the other half of the nouns appeared without the optional
adjectives.

It is possible that the inclusion of adjectives leads to greater specification of
sentence contexts and an increase in the semantic plausibility of the verbs. This,
in turn, could facilitate performance in the verb segment so that any benefits for
sentences with adjectives could reflect greater verb plausibility rather than prim-
ing of gender. In order to rule out this possibility, ratings of the semantic plausi-
bility of the experimental sentences were obtained. The sentences were pre-
sented with correct gender agreement between subject noun and verb. A total
of 36 native Russian speakers who did not participate in the main experiment
were asked “How plausibly does the action described by the verb fit into the
sentence context?” and were told to rate the sentences using a scale of 0 (not
plausible) to 5 (very plausible). Each participant saw each sentence frame in
only one condition. In addition to the experimental sentences, participants rated
24 filler sentences that represented a wide range of plausibility. The mean plau-
sibility ratings for the experimental sentences with and without adjectives were
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virtually identical (3.78 vs. 3.73) and thus were not significantly different. This
ruled out the possibility that any effects that were found would be due to differ-
ences in semantic plausibility arising from the presence of adjectives.

Near the conclusion of the study we realized that the masculine opaque noun
tufel’, which was used in the experiment, has a transparent feminine counterpart,
tuflja, in Russian, and that there are dialectological preferences for one or the
other form. Thus, the sentences with tufel’ and the associated transparent noun
were not included in the analyses.

Procedure

Each participant read and selected verbs for the 12 practice sentences and the
108 sentences in one of the paired sets described in the Materials section. Sen-
tences were presented in random order. The target sentences included (1) 12
sentences with masculine opaque subject nouns and 12 sentences using the same
sentence frames but with transparent masculine nouns and (2) 12 sentences with
feminine opaque subject nouns and 12 sentences using the same sentence frames
but with transparent feminine nouns. Six of the sentences in each group of 12
appeared with the optional adjective. The 60 filler sentences included 24 oppo-
site-gender sentences and 36 sentences involving neuter gender. For each partic-
ipant, half of the filler sentences appeared with an adjective modifier and the
other half without the modifier.

The sentences were presented one at a time on a computer screen using a
moving-window method. Each trial began with the presentation of a fixation
mark. Participants read through each sentence by pressing the spacebar on the
computer keyboard. Each sentence was presented in segments in a noncumula-
tive fashion, consisting of an introductory word or phrase and the adjective (if
present), the noun, the adverb, and the rest of the sentence (S = segment):

Nakanune (otjokshiy) palec sil’no BOLELA BOLEL ot udara.
S1 S2 S3 S4

The final segment contained the main verb choices, which were in capital letters
and were varied randomly in terms of which gender version appeared first and
second. The main verb was selected by pressing a keyboard character marked
in Russian to indicate the verb on the left or a keyboard character indicating the
verb on the right.

Design

The proportions of errors and reading and choice latencies for correct sentences
were used as dependent variables in analyses of variance. Latencies for the
initial segment, subject noun, and adverb reflect reading latencies. In the verb
segment, the latencies reflect the combination of reading and verb choice laten-
cies – these are referred to as reading/choice latencies. The data from sentences
for which the participants had provided a correct verb choice were used in the
analysis of latencies. Effects were examined separately for each sentence posi-
tion (the initial segment, subject noun, adverb, and the verb segment).
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Table 2. Mean accuracy rates for Experiment 1 for L1 Russian
speakers and mean (median) Luce ratios for Model 3 based on
five simulations

Condition L1 Participants Model 3

Transparent nouns, no adjectives .99 .99 (.99)
Opaque nouns, no adjectives .98 .96 (.97)
Transparent nouns, with adjectives .99 .99 (1.00)
Opaque nouns, with adjectives .98 .99 (.98)

Each dependent measure was analyzed separately using participants and items
(i.e., the 24 sentence frames) as random factors. When possible, the F statistics
using participants (F1) and items (F2) were combined into a min F′ statistic
(Clark, 1973).5 In the F1 analyses, the type of subject noun (transparent or
opaque), the gender of the subject noun (masculine or feminine), and the pres-
ence versus absence of an adjective were within-subjects factors. In the F2
analyses, gender was a between-items factor and the remaining factors were
within-items. A main effect or interaction was considered statistically significant
only if a p value less than 0.05 was achieved in both the F1 and F2 analyses.
Interactions were analyzed by decomposing the error term for the interaction
and determining which components of the effect accounted for a significant
measure of variance.

Homogeneity of variance assumptions were tested using Cochran-C and Bart-
lett-Box tests (SPSS Inc., 1991). When there was a failure to meet these assump-
tions for the error data, the data were transformed using the arcsin transforma-
tion recommended by Winer (1962, p. 221).

The latency data were transformed using a z transformation recommended by
Bush, Hess, and Wolford (1993). The transformation improves power in within-
subject designs by scaling the effect of an independent variable for a given
individual (or item) in terms of that individual’s (or item’s) variability or reac-
tivity. The transformations were carried out separately for each sentence position
by first finding the mean and standard deviation of all the latencies for a given
individual (item) across all the experimental conditions. The raw latencies were
transformed to z scores by subtracting the mean and dividing by the individual’s
(item’s) standard deviation. Finally, the means of the z scores (instead of the
raw scores) within each condition were computed to represent the participant
(item) in that condition. For clarity, untransformed means are reported in the
text.

RESULTS

Table 2 summarizes the accuracy rates for verb choices and Figure 1(A) summa-
rizes the reading/choice latencies for each sentence segment by experimental
condition (collapsed across gender). An examination of the accuracy data using
analyses of variance and the factors of noun gender (masculine vs. feminine),
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Figure 1. Mean reading times, by segment, for L1 (A) and L2 (B) participants.

noun endings (transparent vs. opaque), and adjectives (present vs. absent) re-
vealed no significant main effects or interactions.

The analyses of the transformed reading/choice times were carried out using
gender (masculine vs. feminine) and adjective (present vs. absent) for the initial
segment and gender, adjective, and noun ending (transparent vs. opaque) for the
remaining segments. In the initial segment, native speakers showed a significant
effect for the presence of an adjective, min F′ (1, 34) = 314.05, p < .001, because
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of the reading time required for the additional word. There were no significant
effects at the subject noun nor at the adverb. In the verb segment, when senten-
ces had an adjective in the subject NP, reading/choice latencies were shorter
compared to sentences without an adjective, min F′ (1, 33) = 5.35, p < .05. This
effect did not depend on whether or not the subject noun was transparent or
opaque.

DISCUSSION

The first question in this experiment concerned the processing effects of gender
cue marking on nouns. L1 speakers did not find sentences with opaque subject
nouns any more difficult to process than those with transparently marked nouns.
Reading latencies on the noun and adverb segments and the reading/choice la-
tencies and error rates in the verb segment were similar for the two types of
nouns. These results contrast with those of Bates et al. (1995), who found that
native adult speakers of Italian had more difficulty indicating the gender of
opaque nouns compared to transparent nouns. They also failed to confirm the
findings of MacWhinney et al. (1989) and Taraban and Roark (1996), who
showed that low cue reliability increased error rates for gender classification.

The second question was whether reliably marked adjectives would reduce
the ambiguity associated with opaque nouns. Given that L1 speakers showed no
evidence that the gender of the opaque nouns was ambiguous, either at the
subject noun or main verb, it was not possible to test this question.

The priming studies that were reviewed supported a prediction that gender
agreement marking would facilitate processing of the subject noun and/or the
main verb. In the present data, there was no evidence of an effect in the reading
times for the subject noun, but there was a reliable effect in the reading/choice
times in the verb segment. L1 speakers were faster in selecting the gender appro-
priate form of the past tense verb when there was an adjective modifying the
subject noun. This is the first study to show that gender agreement in the subject
noun could facilitate the selection of the gender appropriate form of the main
verb. It is also the first study to show gender-related lexical syntactic facilitation
relative to a neutral baseline that corresponds closely to natural Russian senten-
ces. Facilitation was similar for transparent and opaque nouns. Given that the
L1 speakers knew the opaque nouns well, it is not totally surprising that the
facilitation was independent of the type of noun.

There are several possible reasons why facilitation did not occur on the sub-
ject noun when preceded by a gender marked adjective in this study. One possi-
bility is that the task of reading the subject noun differed either qualitatively or
simply in difficulty from the verb choice task (and from the lexical decision,
word recognition, and gender monitoring tasks in the other experiments). Verb
choice required participants to make a decision, whereas reading the subject NP
did not. In support of this possibility, Bates et al. (1995) found an effect for
ambiguous gender marking when the task required gender identification but not
when it required word repetition.

The null effect for the ambiguously marked subject nouns is consistent with
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the claims of Carroll (1989) and Corbett (1991) that native speakers simply
know the genders of nouns and have instantaneous access to noun gender. This
may indeed be true, but it is important to consider the several ways in which
processing automaticity of L1 speakers could come about. One possible way,
attributed to Carroll (1989), has already been described. An alternative explana-
tion may be offered when considering learning processes. L1 speakers’ perfor-
mance may simply reflect asymptotic learning levels. Although cue reliability
is a useful metric for predicting learning and processing difficulties, its predict-
ive utility diminishes as learning approaches asymptotic levels (Taraban &
Roark, 1996, Figure 2).

The learning curves of connectionist networks provide a precise specification
of learning and its eventual culmination in asymptotic performance. Networks
that use the backpropagation learning algorithm eventually end at a high level
of performance even when individual cues have no predictive value (e.g., see
the XOR problem in McClelland & Rumelhart, 1988). Ellis and Schmidt (1997)
showed that, when the frequency of exposure to irregular French nouns is high,
performance in a connectionist network approaches that of regular nouns. Plaut,
McClelland, Seidenberg, and Patterson (1996) showed similar frequency-by-
regularity interactions for reading English words. Reasoning from the learning
curves of networks like these, it was plausible that the L1 participants failed to
show an effect for cue reliability because they had overlearned the gender of
opaque nouns. It therefore followed that Russian speakers with less fluency than
those in this experiment could be used to test whether the interaction of regular-
ity and frequency observed in other domains applies to the learning of noun
gender as well.

EXPERIMENT 2

Several findings in the literature suggest that it may be easier to detect an effect
of cue reliability among speakers with lower levels of proficiency. The learning
curves in connectionist models, as well as related empirical findings, suggest
that Russian speakers with less experience with the language could show cue
reliability effects. Furthermore, if less able speakers were to show evidence that
the gender of opaque nouns was relatively more ambiguous than the gender of
transparent nouns, it would be possible to test for an interaction between the
presence/absence of adjectives and noun type. Thus, Experiment 1 was repli-
cated using less fluent Russian speakers.

Participants

The participants were 18 L2 speakers who had studied Russian from 2.5 to 8
years and were mostly graduate students and faculty in the Slavic Languages
Department of the University of Texas. Using a scale of 1 (no knowledge of
the language) to 6 (native speaker competence), their self-estimated language
proficiency in Russian ranged from 3.25 to 5.5.
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Table 3. Mean (median) accuracy rates for Experiment 2 for
L2 participants and mean Luce ratios for Model 3 based on
five simulations

Condition L2 Participants Model 3

Transparent nouns, no adjectives .98 .97 (.97)
Opaque nouns, no adjectives .72 .73 (.73)
Transparent nouns, with adjectives .98 .98 (.99)
Opaque nouns, with adjectives .93 .92 (.93)

RESULTS

The error and latency data are summarized in Table 3 and Figure 1(B), respec-
tively. In the error data, there was a main effect for adjective, min F′ (1, 37) =
10.26, p < .005, for noun ending, min F′ (1, 35) = 31.97, p < .001, and for the
Adjective × Noun Ending interaction, min F′ (1, 36) = 26.88, p < .001. A decom-
position of the interaction indicated that end-palatalization had a significant effect
in sentences without an adjective modifier, min F′ (1, 38) = 22.16, p < .001, as
well as in sentences with an adjective modifier, min F′ (1, 36) = 4.97, p < .05.

Turning to the latency data, in the initial segment, there was a significant
effect for the presence of an adjective, min F′ (1, 33) = 110.12, p < .001, due to
the time required to process an additional word. There was no significant effect
at the subject noun; however, there were significant effects at the adverb. There
was a main effect for adjective, F1 (1, 17) = 6.06, p < .03, F2 (1, 21) = 7.10,
p < .02, for noun ending, min F′ (1, 33) = 5.81, p < .05, and for the Adjective ×
Noun Ending interaction, F1 (1, 17) = 7.89, p < .02, F2 (1, 21) = 6.50, p < .02.
The decomposition of this interaction showed that end-palatalization increased
reading latencies when the subject noun was not modified by an adjective,
min F′ (1, 37) = 7.06, p < .03. When an adjective was present, the differences in
latencies at the adverb were not significant. Thus, it appears that the opaque
nouns were relatively more difficult than transparent nouns, but that the differ-
ence was eliminated when the adjective provided reliable information about
gender. Note that the effects of an opaque subject noun first became significant
on the adverb; this could be due to the moving-window method in which cogni-
tive processing may lag somewhat behind an individual’s key presses. An exam-
ination of Figure 1(B) shows that latencies were longer for opaque nouns.

Latencies in the verb segment were longer when sentences had opaque subject
nouns, min F′ (1, 37) = 7.05, p < .03. Latencies were shorter when there was an
adjective in the subject NP, min F′ (1, 37) = 17.84, p < .001. Both of these ef-
fects were qualified by an Adjective × Noun Ending interaction, min F′ (1, 37)
= 6.28, p < .03. The decomposition of this interaction indicated that the longer
latencies occurred when sentences had opaque subject nouns and no adjective
in the subject NP, min F′ (1, 38) = 8.77, p < .01. When there was an adjective,
the differences between sentences with transparent and opaque nouns were not
significant.

Using the Bush et al. (1993) transformation, the overall mean for an individ-
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Figure 2. Mean reading times for the adverb versus mean error rate on the verb choice, by
participant, for L1 (A) and L2 (B) participants and mean reading/choice times for the verb
segment versus mean error rate on the verb choice for L1 (C) and L2 (D) participants.

ual or item was 0, making it impossible to examine between-subject or between-
item effects using the transformed data. This was potentially a problem because
gender was a between-item factor. In follow-up analyses, the raw data were
checked for significant main effects or interactions involving gender. None were
found, suggesting that gender was not a significant factor.

How comparable were the L1 and L2 speakers? In order to visualize the
similarities and differences between the two groups, reading latencies for the
adverb (Figure 2, A and B) and reading/choice latencies for the verb segment
(Figure 2, C and D) were plotted against the total proportion of errors for each
participant. The height of the bands for any given bar in the figures indicates
the mean latency for that condition for a particular individual. Ignoring for a
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moment the two L2 participants with long latencies, reading times for the L1
and L2 participants were similar. The graphs also allow one to examine visually
whether participants with lower error rates also had lower latencies, which could
be taken as a trend associated with emerging expertise and automaticity. This
did not appear to be true for either the L1 or L2 participants. Finally, perhaps
the L1 or L2 participants traded speed for accuracy. Visual inspection of the
latencies relative to proportion errors did not suggest a speed–accuracy tradeoff.
Because the two L2 participants with long latencies appeared to be outliers, the
L2 data were reanalyzed without these two participants. For brevity, the specific
F values will not be reported here. The pattern of significant main effects, inter-
action effects, and the decompositions of the interactions for the error and la-
tency data were identical for the noun, adverb, and verb segments, whether or
not the two outliers were included, with one exception: the effect of adjective
was only marginally significant in the adverb region in the F1 analysis, F1 (1,
15) = 3.91, p < .07. In general, the latency effects in the L2 data were not due
to these two outliers. Given the close similarities between (A) and (B) and
between (C) and (D) in Figure 2 when the outliers are eliminated, it is reason-
able to conclude that the difficulty that L2 participants experienced with opaque
nouns and the benefit they gained from adjective modifiers were not due to
gross differences between the two groups but rather to more subtle differences
in knowledge and experience.

DISCUSSION

Advanced L2 speakers exhibited difficulty in processing sentences with ambigu-
ously marked subject nouns. There was clear evidence that the cue reliability
of the subject nouns affected gender classification for these nouns and gender
agreement for associated verbs. When unambiguous agreement markers on the
adjective were available in the subject NP, the error rates for verb choice were
reduced (.07 for opaque nouns vs. .02 for transparent nouns) compared to the
subject NPs without an adjective modifier (.28 for opaque nouns vs. .02 for
transparent nouns) but were still significantly different. Ambiguous gender
marking on the subject noun produced longer reading times on the adverb and
longer reading/choice times in the verb segment, but these differences were
eliminated when a gender-marked adjective modified the subject noun. Thus,
the L2 speakers here, as well as the L1 speakers in Experiment 1, showed a
main effect in the verb segment indicating the facilitation provided by adjective
marking in the subject NP. However, this effect was qualified by several interac-
tions that showed that gender agreement markers became particularly important
when the related nouns were ambiguously marked for gender. The predictions
made at the beginning of Experiment 1 for cue reliability effects and facilitation
due to priming were upheld in this experiment.

The absence of main effects or interactions with gender (masculine vs. femi-
nine) ruled out the possibility that the visual or phonological similarity of femi-
nine markers across linguistic categories (e.g., -aya, -a, -ala) was a factor. There
was also no indication that the linguistic classifications that place transparent
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and opaque masculine nouns in the same declension but transparent and opaque
feminine nouns in different declensions made a difference.

These results suggest that cue reliability effects, as they relate to noun classifi-
cation and gender agreement, are conditioned by the state of knowledge of the
respondent. This prediction was derived from the general learning properties of
connectionist networks and was confirmed by the marked difference in the be-
havior of the L2 speakers compared to L1 speakers. As anticipated at the outset
of Experiment 2, cue reliability effects point to a potential flaw in the syntactic
gender checking explanation for the priming effects observed in other experi-
ments (Colé & Segui, 1994; Grosjean et al., 1994; Gurjanov, Lukatela, Lukatela
et al., 1985; Gurjanov, Lukatela, Moskovljević et al., 1985; Lukatela et al.,
1987). Forster’s (1979) model, as well as other models that encode unambiguous
entries for words and inflections (Corbett & Fraser, 1993; Levelt, 1989; Neidle,
1982), may capture characteristics of asymptotic performance, but the models
have difficulty generalizing to earlier stages of learning. It is not clear how one
could check for grammatical coherence when one is not sure of what the initial
classifications are or how to relate these to agreement marking. For less able
speakers, like the L2 participants in this study, a gender checking explanation
would miss the important contributions that learning factors make to an explana-
tion of processing.

Nouns determine the gender markings on related words like adjectives, deter-
miners, pronouns, and verbs, which are marked to agree with the genders of the
nouns. How do noun genders relate to these other word classes? Maratsos (1988)
described how word representations could be organized in order to bring about
noun genders and gender agreement. Maratsos pointed out that members of
grammatical categories mark syntactic functions in similar ways. These shared
methods of syntactic marking define the category. A noun is “masculine,” “fem-
inine,” or “neuter” because it belongs to a set of nouns that use a particular set
of agreement markers. The present experiment and related priming studies sug-
gest that individuals do indeed have interconnections between noun genders and
gender markers on related words, and that these connections are evoked readily.
In order to compensate for incomplete learning, less able speakers may rely on
a type of implicit inferencing whereby the known genders of constituents are
used to disambiguate the genders of related constituents.

Experiments 1 and 2 provide snapshots of Russian speakers with different
levels of gender processing skill. The L2 participants had less experience with
the language and therefore, quite plausibly, their performance would represent
an earlier point in the L1 participants’ competency. One way to examine this
possibility would be through the collection of far more extensive developmental
data than are available here. Another option, which is pursued next, is to use
connectionist simulations to track the emergence of gender competence with
experience. The simulations are also used to examine the interconnections be-
tween gender marking for noun modifiers and subject-nouns and verbs.

Each of three connectionist models was tested using multiple simulations.
Model 1 and Model 2 used a representative language sample and examined cue
reliability effects on the acquisition of noun gender labels. The primary goal
was to show that, early in learning, opaque noun gender marking results in
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lower accuracy in gender selection. With sufficient exposure, accuracy for
opaque nouns is similar to that of transparent nouns. This is the frequency by
regularity interaction described earlier. Model 1 used orthographic input repre-
sentations and Model 2 used phonological input representations. It was impor-
tant to conduct simulations with both types of representations because the per-
formance of the models and the conclusions about learning (cf. Carroll, 1995)
that could be drawn could differ with different types of input representations.
L1 learners (and the participants in Experiment 1) generally depend on auditory
inputs for gender learning, whereas L2 learners (and the participants in Experi-
ment 2) depend in greater measure on printed texts.

Model 3 was used to mimic the pattern of error data found for the L2 partici-
pants in Experiment 2 using a connectionist network in conjunction with a small
artificial language. One goal was to observe how well the network could model
the L2 speakers. Another goal was to determine whether the network would
asymptote in a manner that mirrored the performance of the L1 speakers.

Carroll (1995) suggested that several manipulations were critical to evaluating
the capacity of a connectionist network to model human gender learning. One
was to test whether the network could use agreement marking to learn gender.
Another was to test gender learning in the context of sentences in order to
show that gender learning depended on linguistically related constituents and
not simply co-occurring constituents. Both tests were implemented using Model
3. Furthermore, in Model 3, gender categories were implicit in the network’s
encoding of agreement markers and their association to sets of nouns, as sug-
gested by Maratsos (1988).

CONNECTIONIST MODELS WITH EXPLICIT GENDER UNITS

Two sets of simulations were conducted in order to model the learning of Rus-
sian noun gender. The simulations used the backpropagation learning rule, as
described in Rumelhart, Hinton, and Williams (1986) and implemented by
McClelland and Rumelhart (1988). Simulations for Model 1 used orthographic
representations and simulations for Model 2 used phonological representations.
The 200 most frequent Russian nouns, as listed in the Zasorina (1977) frequency
count, were used for learning. By assumption, the frequency of opaque nouns
among the 200 most frequent Russian nouns should be similar to the frequency
of opaque nouns in the input of Russian children. The 48 nouns used in Experi-
ments 1 and 2 were also included. The normative frequency of each noun was
scaled down in order to keep the training tractable, using the formula (F/100) +
1, where F is the normative frequency listed in Zasorina (1977). Each noun was
represented with its scaled frequency. In coding the words for inputting into the
connectionist networks, different word lengths had to be accommodated while
still allowing the network to discover regularities in the word structure. Because
the information relevant to gender marking is present at word ends, all words
were right aligned. Furthermore, because Russian syllables can contain clusters
with up to four consonants, the words were also syllable right aligned. The
template and two examples of the syllable right-aligned coding are given here:
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T R O S T’

Orthographic and phonological representations also coded a very basic semantic
feature of nouns – that is, whether the nouns were abstract or not. The use of
the concrete/abstract feature was motivated as follows. Russian has a subclass
of feminine opaque nouns that end in the derivational morpheme -ost’ and refer
to abstractions like the well-known glasnost’. Because the Zasorina corpus is
based on written texts, the list of the 200 most frequent nouns contains a dispro-
portionally large number of these words. In order to make it easier for the
simulation model to identify these words, the semantic input unit +/− abstract
was included. Note that the additional feature makes it easier, not more difficult,
to learn the opaque nouns.

For the phonological representations, each phoneme at each position was
coded by eleven phonological features that were suggested for the phonological
description of Russian by Kucera and Monroe (1968). These features were vo-
calic, consonantal, compact, diffuse, low, stressed, nasal, continuous, voiced,
sharp, and strident. If a letter was present at a certain position in the template,
that letter’s code was represented by a sequence of eleven integers consisting of
zeros, negative ones, and ones. If a position in the template was not occupied
by a letter, the empty position was coded by eleven zeros. Note that consonant
palatalization is represented by +consonantal, +sharp. The coding of the phono-
logical features at each position and the semantic features resulted in a total of
199 representational units.

For the orthographic representations, each letter at each position was coded
using a fixed-length Huffman code. Huffman codes are often used for file com-
pression. For the Cyrillic alphabet, the Huffman code requires 5 bits in order to
assign a unique string of bits to each letter. If a position in the template was
occupied by a letter, that letter was represented by its Huffman code as a se-
quence of five integers consisting of positive and negative ones. If a position in
the template was not occupied by a letter, the empty position was coded by
five zeros. Consonant palatalization was represented by a separate orthographic
symbol, the soft sign. For two words in the list the addition of the soft sign
resulted in a cluster of five consonants. In order to preserve the length of the
syllable template, these two words were dropped from the orthographic training
corpus. Because these words were the only four-syllable words with a two-
consonant cluster at the word beginning, the first consonant position became
redundant and was also eliminated, resulting in a total of 17 letter positions.
The orthographic coding together with the semantic feature required a total of
86 input units.

The network architecture for Models 1 and 2 consisted of an input layer, a
layer of hidden units, and three output units that corresponded to the masculine,
feminine, and neuter genders. The number of hidden units was kept roughly
proportional to the number of input units in both networks. Thus, the phonologi-
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Figure 3. Luce ratios for the orthographic network for four types of nouns: transparent femi-
nine and masculine nouns and opaque feminine and masculine nouns.

cal network had 75 hidden units and the orthographic network had 30 hidden
units.

In a series of pilot simulations, the optimal parameter settings of the networks
were determined. Values were used that prevented the networks from settling
into local minima and allowed them to learn the whole set of training nouns.
This was achieved at a learning rate of .05 and a momentum of .85 (see Rumel-
hart et al., 1986, for a discussion of the learning rate and momentum parame-
ters). Each simulation was initiated by setting the connections in the network to
small random weights. The network was trained for 600 blocks of trials, with
each input pattern appearing once in random order in each block. After 600
blocks, learning was complete. The strength of the output units was computed
using Luce (1959) ratios. For example, the strength of the feminine output unit
was the ratio of the activation of the feminine output unit divided by the sum
of the activation of all output units. The Luce ratio can be taken as a measure
of strength of access of the correct noun. Other statistics are available for com-
paring a network’s performance to human data. The Luce ratio was chosen
because of its ease of computability and its use in other simulations.

The results of the simulations using orthographic representations are pre-
sented in Figure 3. The plotted values represent the mean values derived from
three independent simulations. As can be observed in Figure 3, the correct gen-
der classification is learned faster for the transparent nouns compared to opaque
nouns (i.e., those that end in a soft sign). Over the course of learning, gender
classification for opaque nouns becomes almost as fast and reliable as for trans-
parent nouns, and the difference between both types of nouns diminishes
greatly. The initial stage of learning, where performance on opaque nouns is
significantly worse than performance on transparent nouns, corresponds to the
results observed with L2 Russian speakers in Experiment 2. The later stages of
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Figure 4. Luce ratios for the phonological network for four types of nouns: transparent
feminine and masculine nouns and opaque feminine and masculine nouns.

learning, where performance for all nouns is almost equivalent, corresponds to
the results found for the L1 participants in Experiment 1. Thus, the simulations
support the plausibility of the suggestion that L2 learners and L1 speakers are
at different points on the same learning curve for gender.

There is, however, one important difference between these simulations and
the human data. L1 speakers acquire gender at an age when they receive pre-
dominantly auditory input. It is reasonable to assume that gender acquisition is
basically completed by the age when children first encounter written language.
Adult L2 learners of Russian, on the other hand, are more likely to receive
significant parts of language input through written text. Thus, the orthographic
coding provides a closer characterization of the input of adult L2 learners,
whereas phonological coding resembles the situation of L1 speakers in that it
provides a representation of the auditory input of Russian children. A connec-
tionist network with phonological inputs (Model 2) was examined in order to
see whether the input modality changes the learning trajectory.

As can be seen from Figure 4, again representing the mean values for three
independent simulations, the final outcome of learning is the same as when
orthographic inputs are used. Ultimately, the gender of all nouns is learned, and
the differences between transparent nouns and opaque nouns become negligible.
Differences between input modalities can be observed in the early stages of
learning. With phonological inputs, there is a much longer delay for learning
feminine opaque nouns than for learning masculine opaque nouns. A closer
inspection of network performance revealed that, for opaque feminine nouns at
the initial stages of learning, the activation of the masculine output unit is
stronger than the activation of the feminine output unit. Thus, the network ini-
tially interprets these nouns as masculine. This is because the similarity between
masculine nouns and opaque feminine nouns is much greater when using phono-
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logical representations than it is when using orthographic representations. Essen-
tially, the final soft sign in the orthographic representation of opaque nouns
makes them equally dissimilar to transparent masculine and feminine nouns,
while the phonological representation of the opaque nouns makes them more
similar to masculine nouns because of the features +consonantal, −vocalic in
the final phoneme. Observations reported in the diary of A. N. Gvozdev (1961),
a well-documented longitudinal study of language acquisition in a Russian child,
confirm that opaque feminine nouns are more difficult to acquire than opaque
masculine nouns.

These simulations of Russian gender learning suggest that L2 learners of
Russian should exhibit problems with all opaque Russian nouns, while adult L1
speakers should not exhibit any difficulties in processing these nouns. This is
what the data from Experiments 1 and 2 show. Models 1 and 2 also suggest that
the input modality can lead to somewhat different learning trajectories. With
phonological inputs, the network exhibits the same difficulties in learning the
gender of opaque feminine nouns that have also been observed in Russian chil-
dren.

A CONNECTIONIST MODEL WITH IMPLICIT GENDER

In order to model more fully the accuracy data from Experiments 1 and 2,
simulations were undertaken that encoded primitive sentence strings as inputs
and word nodes and inflections as outputs. The purpose of these simulations
was twofold: to examine whether gender marking effects for nouns could be
attained without an explicit representation of gender and to determine whether
agreement markers would show the same facilitation in this artificial learning
environment as they did in the human data. These simulations used the back-
propagation learning rule (Rumelhart et al., 1986).

The inputs to the network consisted of five word positions: an introductory
word, an optional adjective, the subject noun, an adverb, and the main verb.
Each of these words was represented by a 6-bit binary string. There were also
two 1-bit inflections that were coded for adjective inflections (-iy, -aja), three
1-bit inflections for noun inflections (null, -a, opaque), and two 1-bit inflections
for verb inflections (-al, -ala). Each word that was used as an input and each
inflection were associated with a single output unit.

A total of 46 words was used for each simulation. At the beginning of a
simulation, a unique binary number between 1 and 46 was randomly assigned
to each word as its representation. There were 9 transparent masculine nouns, 9
transparent feminine nouns, 3 opaque masculine nouns, 3 opaque feminine
nouns, 8 adjectives, and 12 verbs, as well as 1 introductory word and 1 adverb.
Each transparent and opaque noun appeared once in each block of trials. There-
fore, the frequency of any opaque noun compared to any transparent noun was
identical at any point in learning. Recall that transparent and opaque nouns in
Experiments 1 and 2 were also matched for frequency of occurrence. The pro-
portion of opaque nouns to transparent nouns was lower in order to reflect the
lower distribution of opaque nouns in Russian. Because there is currently no
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computerized version of a Russian frequency count, it was impossible to deter-
mine precisely the frequency of opaque nouns in the language. In order to obtain
a rough estimate, 700 nouns in blocks of Russian text from different sources
(novels, newspaper editorials, children’s books) were examined. About 11% of
the nouns were opaque; therefore, the simulation may have made the learning
of the opaque nouns somewhat easier than it is in Russian.

The network architecture for Model 3 consisted of an input layer consisting
of 37 units (5 words, each 6 units long, and 7 inflection units), a hidden layer
with 30 units, and an output layer with 53 units (46 words and 7 inflections).
After several pilot tests, the learning rate parameter was fixed at .0125, the
range of values for the random startup weights was limited to the range of ±0.1,
and the range of the outputs was 0–1. (The remaining parameters were the
default parameters used in McClelland & Rumelhart, 1988.)

Each simulation consisted of 6,000 blocks of trials; 24 sentences appeared in
each block in random order. Throughout the simulation each noun retained its
gender, but during each block the adjectives and verbs were randomly reas-
signed to nouns, with several constraints. The 12 verbs were randomly assigned
to the 12 masculine nouns and randomly reassigned to the 12 feminine nouns.
Of the adjectives, 3 were randomly assigned to transparent masculine nouns, 3
to transparent feminine nouns, 1 to the opaque masculine nouns, and 1 to the
opaque feminine nouns. Thus, in each block of trials, one third of the sentences
appeared with an optional adjective. This proportion was based on an analysis
of a representative sample of Russian texts. The genders of the adjectives and
verbs changed from block to block in order to match the genders of the subject
nouns. Note that each block of trials consisted of a new set of sentences. Given
the large number of possible combinations of adjectives, nouns, and verbs into
sentences and sentences into sets, the inputs were relatively productive in a
linguistic sense.

Learning took place in 20-block increments. During a learning trial, an entire
sentence was presented on the input layer of the network, and feedback was
provided for the entire sentence. This is comparable to an episode in which a
child uses a meaningful physical context in order to make sense out of a sen-
tence string (Braine, 1989). For each block, half of the trials with adjectives and
half of trials without adjectives were comprehension-like learning trials. On
these trials, inflections for the adjective (if present), noun, and verb were coded
on the input layer. On production-like learning trials, inflections for the adjec-
tive (if present) and verb were withheld. Nouns were left intact as noun endings
are not considered to be productive.

After every 20 blocks of learning, the network was tested using a new set of
sentences in which the verb inflections were withheld on the input layer. Activa-
tions for the correct verb inflections on the output layer were calculated, using
the Luce (1959) ratio (i.e., the activation of the correct verb inflection divided
by the activation of both inflections). For each of five independent simulations,
the blocks with the closest fits to the L1 (Experiment 1) and L2 (Experiment 2)
participants’ means were identified by calculating sums of squared error (SSE)
and finding the blocks with the smallest sums. Because of differences in the
random weights at the beginning of each simulation, the temporal positions of
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the best blocks varied. Nevertheless, when matching L2 participants’ means the
best-fitting block always came earlier (mean = block 324) than when matching
L1 participants’ means (mean = block 2,808).

Tables 2 and 3 list the accuracy means for each condition, averaged across
five independent simulations. The fit of the simulations to the human data is
quite good. In Table 3, the simulation means are low for opaque nouns when
these appeared without an adjective but improve greatly when an adjective mod-
ified the subject noun. L2 participants showed a similar pattern. In Table 2,
there are very small differences between simulation means, as was true for the
L1 participants.

The success of Model 3 in fitting the error data confirmed that processing
difficulties associated with the gender classification of opaque nouns can be
modeled without recourse to explicit gender labels. Model 3 achieved this by
finding reliable cues and then associating them into the patterns of inflections
occurring on related adjectives, nouns, and verbs. The success of the model
provided positive evidence for the suggestion by Maratsos (1988) and Corbett
(1991) that gender categories are implicit in the patterns of agreement markers
that are required by different sets of nouns. It does not disprove the need for
the explicit marking of gender features in the lexicon (Carroll, 1989, 1995), but
it does show that there may be other alternatives.

In the L2 data in Experiment 2, there were significant effects of facilitation
brought about by reliable agreement markers on adjectives. The present simula-
tions demonstrated those effects early in learning. These effects of agreement
markers in the data from Experiment 2 and in Model 3 are consistent with
the role of agreement markers in learning noun gender that has been readily
acknowledged by researchers interested in gender (Carroll, 1989, 1995; Marat-
sos, 1988; Sokolik & Smith, 1992). After sufficient experience, Model 3 reached
a high level of accuracy. Opaque noun effects disappeared as did facilitation for
agreement markers. This pattern matched the accuracy data of L1 participants
in Experiment 1.

Models 1 and 2 are susceptible to several of the criticisms that Carroll (1995)
leveled against Sokolik and Smith (1992), who modeled learning French gender
using a connectionist network. Sokolik and Smith presented single nouns on an
input layer and provided feedback for correct gender labels on the output layer.
By presenting the gender learning problem in the context of sentences that in-
cluded co-occurring and relevant constituents (e.g., adjective modifiers) as well
as co-occurring but unrelated constituents (e.g., adverb modifiers) and by con-
stantly testing the network with new sets of sentences, Model 3 begins to ad-
dress a number of the requirements that Carroll laid out for the proper testing
of connectionist models that learn gender.

GENERAL DISCUSSION

In order to access the gender of isolated nouns, a person must ultimately learn
each specific noun and its gender. Corbett (1991) suggested that native speakers
must simply know the genders of nouns. Pulkina (1978) emphasized direct
knowledge for opaque nouns. An examination of the data for L2 speakers tested
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in this study suggests that individuals may use gender agreement markers in
order to bolster gender classification when there is some uncertainty about the
inherent gender of nouns, such as opaque nouns in Russian. The use of gender
agreement markers to facilitate processing may extend far into development, as
evidenced by the small but reliable advantage in L1 participants’ response laten-
cies in sentences containing reliably marked adjectives.

The experimental findings and simulation results suggest that facilitation and
inhibition in priming studies on gender effects may be due to more than simply
checking for grammatical coherence (Colé & Segui, 1994; Grosjean et al., 1994;
Gurjanov, Lukatela, Lukatela et al., 1985; Gurjanov, Lukatela, Moskovljević et
al., 1985; Lukatela et al., 1987). There appears to be a constructive character to
processing that is modulated by the particular state of learning of the speaker.
This was particularly evident for the L2 participants.

L2 participants differed significantly from L1 participants in error rates, but
their overall reading and choice latencies were comparable (see Figure 2). This
may seem surprising, and it differs from results reported in Kempe and Mac-
Whinney (1998), which showed slower processing speed for adult L2 learners
than for L1 speakers in a lexical decision task. The discrepancy is most likely
due to the fact that the overall exposure to Russian was higher for the L2 partici-
pants tested in Experiment 2 than it was for the L2 learners tested in Kempe
and MacWhinney. Simply put, the L2 participants in this experiment may have
been further along the learning curve.

The results from these experiments and simulations are preliminary and need
to be replicated and extended through additional experimentation and modeling.
Also, some care needs to be exercised when generalizing from the experimental
results in a particular language as the specific interactions of gender cues in
other languages might lead to different effects in processing.

A major cautionary note relates to the qualitative differences that may have
existed between the L1 and L2 participants in Experiments 1 and 2. Carroll
(1989) suggested that, early in development, the universally available gender
feature allows for the coding of gender as a required morphosyntactic feature of
all lexical entries. At some point in development this feature “atrophies,” and L2
learners need to resort to heuristic strategies based on general purpose learning
mechanisms. It is possible to explain the results of Experiments 1 and 2 using
this type of reasoning. L1 participants failed to show difficulty with opaque
nouns because of definitive morphosyntactic lexical coding of all nouns. L2
participants relied on heuristic strategies based in part on the sublexical proper-
ties of nouns and therefore showed standard frequency by regularity interactions
associated with learning.

The three connectionist models that were tested provide an alternative account
to Carroll (1989) and others who subscribe to traditional computational models
(e.g., Neidle, 1982). Models 1 and 2 provided a preliminary computational ac-
count of the difficulties inherent in learning noun gender classifications when
morphophonological gender marking is ambiguous. The third set of simulations
examined the possibility that gender is an implicit category that is encoded in
networks of correlated inflectional patterns, as suggested by Maratsos (1988; see
also MacWhinney et al., 1989; Taraban et al., 1989). The learning trajectories
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evidenced in these rudimentary simulations justify further research into the pos-
sibility that L2 learners and L1 speakers are on the same learning continuum
with respect to many basic aspects of correct grammatical usage.

Language learning does not typically take place in one trial. Rather, internal
representations for lexical items, inflectional morphemes, pronominal forms,
and so on (and the paradigms into which they fit) have to be acquired over time.
Connectionist learning provides one computational account of how this might
take place. In the present study, connectionist learning predicted that with suffi-
cient learning the processing differences between transparent and opaque nouns
should disappear, which was confirmed through the connectionist simulations.

One may wonder whether the results of the experiments and simulations sim-
ply provide another example of lexical frequency by regularity effects (e.g.,
Plaut et al., 1996). Certainly, the findings reported here extend that effect in new
ways. First, the assumed noun frequency differences for L1 and L2 participants
interacted with gender processes for other constituents. For L2 learners, disam-
biguating cues reduced the ambiguity of the gender of opaque nouns. Second,
nonnominal gender markers also influenced gender marking on the main verb.
In sum, frequency by regularity effects for nouns (e.g., Models 1 and 2) are
found to be more intricately interwoven into other gender processes when exam-
ined in the context of sentences (e.g., Model 3).

The connectionist simulations also raise the possibility that length of experi-
ence may be the determining factor in learning a gender system. Specifically,
L1 and L2 speakers may rely on similar learning mechanisms for mastering
gender and simply may be at different points on the learning curve. This sug-
gests that L1 and L2 learners may resemble one another on a computational
level, contrary to traditional computational accounts (Carroll, 1989, 1995). Spec-
ulations like these deserve more attention, as well as the computational means
for testing them, in order to begin making more connections between fluent
native-like language competence and a long developmental history that leads to
that fluency.
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APPENDIX

Feminine opaque subject NP/Feminine transparent subject NP/Masculine filler
(optional adjectives are in parentheses)
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APPENDIX (continued)

Masculine opaque subject NP/Masculine transparent subject NP/Feminine filler
(optional adjectives are in parentheses)
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NOTES
1. Other statistics include cue availability, cue validity, and conflict validity. These are

not important to the present discussion.
2. The spellings of end-palatalized consonants end in a , which is referred to as a soft

sign and is indicated with an apostrophe in the transcriptions.
3. There may be some exceptions to this generalization – for example, a noun ending

in a palatalized (soft) sibilant is reliably feminine.
4. A frequency manipulation would have been very informative with respect to the

issues at hand. Unfortunately, the limited number of end-palatalized nouns in Rus-
sian made it impossible to vary frequency systematically while at the same time
maintaining semantic consistency across the versions of the sentence frames.

5. Note that the degrees of freedom for the denominator in the min F’ statistic is sensi-
tive to the F1 and F2 values.
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