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Abstract
Previous research on the acquisition of grammatical gender has shown that this property is
acquired early in transparent gender systems such as Russian. However, it is not clear to
what extent children are sensitive to the assignment cues and to what extent they simply
memorize correspondences between frequent lexical items. Furthermore, we do not know
if bilingual children are different from monolingual children in this respect. This article
reports on a study investigating bilingual children’s sensitivity to gender assignment cues
in Russian. A group of 64 bilingual German–Russian children living in Germany partici-
pated in the study, as well as 107 monolingual controls in Russia. The elicitation experi-
ments used both real and nonce words, as well as noun phrases with mismatched cues
(where the morphophonological shape of the noun cued one gender and the agreement
on the modifying adjective another). The results show that both bilinguals and monolin-
guals are highly sensitive to cues, both to the frequent transparent cues and to more fine-
grained gender regularities in situations where there is ambiguity. There is also an age
effect, showing that younger children pay more attention to the cue on the noun itself,
thus displaying a preference for regular patterns, while older children are more sensitive
to gender agreement on other targets.

Keywords: grammatical gender; transparent cues; ambiguous cues; nonce words; mismatched cues; Russian;
heritage language

Introduction
In this paper, we investigate monolingual and bilingual children’s sensitivity to
microvariation in the input, more specifically to morphophonological cues for
grammatical gender assignment in Russian. The study is framed within the
micro-cue model of language acquisition (Westergaard, 2009a, b, 2014), which
argues that children are sensitive to fine-grained linguistic distinctions from early
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on. This has been attested in work on L1 acquisition, including research on gram-
matical gender in Russian (Rodina, 2008; Rodina &Westergaard, 2012). However, it
remains an open question whether this sensitivity may also be found in bilingual
contexts. On the one hand, previous research on the acquisition of grammatical gen-
der by bilingual children has shown that, given sufficient input, their gender system
may be similar to that of monolinguals (Rodina &Westergaard, 2017). On the other
hand, this same research has generally used experiments with existing nouns, and it
is thus unclear whether the bilinguals are in fact sensitive to cues or whether they
have simply memorized the agreement patterns associated with frequent lexical
items in the input.

For this reason, we have used both existing nouns and nonce words in the current
study. Furthermore, inspired by Karmiloff-Smith’s (1979) seminal paper, we have
included a nonce word experiment with mismatched cues, where the morphophono-
logical form of the nonce noun and the agreement marker on the adjective indicate
different genders. The three experiments were carried out with German–Russian bilin-
guals (aged 3–10) as well as a group of monolingual Russian children (aged 3–7).

Our findings show that both monolinguals and bilinguals rely on morphopho-
nological cues to assign gender to both real and nonce nouns, with a somewhat
higher accuracy on the former, arguably due to retrieval being more efficient than
computation. For the experiment with mismatched cues, both monolingual and
bilingual children rely more on noun-internal cues from early on, with the impor-
tance of noun–external gender agreement increasing with age.

Background
Theoretical model

This study is couched within the micro-cue model of Westergaard (2009a, b, 2014),
which means that we consider the Russian gender system from an acquisition per-
spective. The model argues that children are highly sensitive to variation in the
input, paying attention to fine-grained linguistic distinctions from early on. This
means that children do not learn by setting (macro-) parameters, as has been
assumed in traditional generative literature. Instead, children are argued to be
equipped with an innate endowment that enables them to parse the input and build
syntactic structure in a stepwise fashion, based on positive evidence in the primary
linguistic data. Thus, children are conservative learners, and the acquisition process
is also affected by a principle of economy. The model has so far mainly been based
on data from syntactic phenomena, such as verb movement, object shift, possessive
movement (see, e.g., Westergaard, 2014), showing that young monolingual children
do not initially make major generalizations, but typically make the relevant distinc-
tions between different clause types, verb types, subject types, or other linguistic
categories from their earliest possible production. For example, when acquiring
verb-second (V2) word order in wh-questions in Norwegian (which is variable
in the adult language in most dialects), the children do not apply the V2 rule across
the board, but make the relevant fine-grained distinctions, for example, providing
categorical V2 when the wh-element is disyllabic or longer and variable V2 (depen-
dent on information structure) when the wh-element is monosyllabic, as in the adult
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language. Despite this, children clearly do make generalizations in the acquisition
process in their attempt to figure out the system behind the input variation that they
are exposed to. That is, the result of language acquisition is not just a collection of
item-based information, but a rule-based system from early on (see, e.g.,
Westergaard, 2009b). The important aspect of the micro-cue model is that children’s
generalizations are small, not affecting major categories (e.g., all verbs or all nouns),
but take place across a small class or subcategory (one micro-cue at a time).

However, it is also well known that there are cases where children over-general-
ize, especially in morphology, for example, the often-cited examples of overexten-
sions of regular past tense in English (comed instead of came; see, e.g., Pinker, 1999)
or overgeneralization of common gender to neuter nouns in Dutch (de paard
instead of het paard “the horse”; see Blom, Polišenská & Weerman, 2008). So
far, the micro-cue model has only been used to account for one morphological phe-
nomenon, grammatical gender in Russian: Rodina (2008) and Rodina and
Westergaard (2012) show that, while Russian-speaking monolinguals acquire the
transparent gender system of morphophonological cues early (see below), they also
occasionally overgeneralize these patterns to ambiguous cases, for example, to papa-
type (“daddy”) nouns, which have the shape of feminine nouns but take semantic
(masculine) gender agreement; see example (1) from Rodina and Westergaard
(2012:1092).

(1) deduška oranžev-aja na tareločke (Vera 3;9)
granddad(M) orange-F on plate
‘The orange granddad is on the plate.’
Target: deduška oranžev-yj na tareločke

Importantly, Rodina and Westergaard (2012) show that there is a limit to this type
of overgeneralization, in that when the semantic rule is learned, it is used differently
across relevant contexts; that is, across different noun classes (hybrid nouns, double-
gender nouns, etc.) and male versus female reference. For example, while semantic
agreement for papa-type nouns, hybrid nouns with male reference and double-
gender nouns with female reference is almost at ceiling (92.4%, 96.9%, and
87.4%, respectively), it is only occasionally used with female names with a typically
masculine ending (-ik, -ok) and hybrid nouns with female reference (14.3% and
18.8%, respectively). Rodina and Westergaard (2012) thus conclude that L1
Russian children are sensitive to fine-grained distinctions in the input, not general-
izing semantic agreement across the board, but only within subclasses of nouns.

Gender in Russian from an acquisition perspective

Gender is a category sorting nouns into different classes. We assume that the par-
ticular gender value of each noun is a feature on the noun stem, and this feature is
expressed externally on elements agreeing with the noun (see the traditional defi-
nition in Hockett, 1958). In Russian, these elements are adjectives, participles, verbs
in the past tense, demonstratives, possessives, many quantifiers, and certain numer-
als. All the agreeing elements except for verbs are declinable (have different forms
depending on the case).
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Apart from a small number of the so-called double-gender nouns and pluralia
tantum, each noun in Russian belongs to either masculine (M), feminine (F), or
neuter (N) gender. The numerical distributions reported in various sources show
that masculine is the most frequent and neuter the least frequent class (Lazova,
1974; Mučnik, 1971; Zaliznjak, 1977; Ilola & Mustajoki, 1989; Corbett, 1991).
According to Corbett (1991:78), of a total of 33,952 nouns derived from Russian
dictionaries, only 13% are neuter, 46% masculine, and 41% feminine. Masculine
is considered to be the linguistic default, as it is the least marked form (see below)
and is also typically assigned to borrowings (Corbett, 1991:78).

There are three main declension classes in Russian (Shvedova, 1980; Zaliznyak,
1977), and it is traditionally assumed that there is a reliable correlation between
gender and declension class (Zaliznyak, 1967; Corbett, 1991). Thus, masculine
and neuter nouns typically belong to declension class I,1 feminine nouns ending
in -a belong to declension class II, while feminines ending in a palatal belong to
declension class III. Since we take a cue-based acquisition approach in this study,
we focus on the distinctions that children need to be sensitive to in order to acquire
the gender system. The declension paradigms of inanimate nouns with adjectives
are illustrated in Table 1 for the examples in (2).

(2) a. bolš-[ój] stol2

big-M table(M)
‘a big table’

b. bolš-[ó(j)ə] okn[ó]
big-N window(N)
‘a big window’

c. bolš-[á(j)ə] sten[á]
big-F wall(F)
‘a big wall’

d. bolš-[á(j)ə] dver’
big-F door(F)
‘a big door’

Note that adjectival declension paradigms in masculine and neuter singular are the
same, except for the forms in the nominative and accusative, while there is a sepa-
rate adjectival paradigm for feminine singular (see Shvedova, 1980; Zaliznyak, 1977;
Halle & Matushansky, 2006).

Table 1. Declension of inanimate nouns with adjectives

I: M/N II: F III: F (Pal)

Nominative Bolsh-oj stol-Ø/bolsh-oje okn-o Bolsh-aja sten-a dver’-Ø

Accusative -oj -Ø /-oje -o -uju -u -Ø

Genitive -ogo -a -oj- y -i

Dative -omu -u -oj -e -i

Instrumental -ym -om -oj -oj -ju

Locative -om -e -oj -e -i
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There are generally two types of information available in the input that children
can use when acquiring grammatical gender:

(a) noun-external information (on the agreeing elements);
(b) noun-internal information (phonological and/or semantic regularities that

are typical of nouns belonging to a particular gender).

It has been shown in previous literature (Gagliardi & Lidz, 2014; Gagliardi, 2012;
Culbertson, Gagliardi & Smith, 2017; Culbertson et al., 2019) that young children
are highly sensitive to noun-internal phonological information when acquiring gen-
der (i.e., probabilities based on the phonological form of the noun), and it plays a
more important role than other types of information (semantic cues or noun-
external gender agreement information).

Such phonological regularities exist in Russian too. In this study, we focus on the
phonological form of nouns in the nominative singular, which is the most frequent
form (see, e.g., Slioussar & Samoilova, 2015). For inanimate masculine and all neuter
nouns, the nominative is syncretic with the accusative, which is the second most
frequent form. As noted by Corbett (1991:35), the gender of the majority of
Russian nouns can be predicted from the nominative singular. In what follows
we present some of the phonological “cues” (i.e., regularities based on the phono-
logical form of the noun) in the nominative singular that are available in Russian.

Transparent gender cues: -C, [-á], and [-ó]
The majority of nouns that end in a non-palatal consonant (henceforth -C) are mas-
culine, for example, stol “table” in (2a). Stressed [-á] is a cue for feminine, for exam-
ple, sten-[á] ‘wall’ in (2c) and stressed [-ó] is a cue for neuter, for example, okn-[ó]
“window” in (2b). Nouns in [-ó] are less productive than the nouns in -C and [-á]
(cf. Lazova 1974 cited in Corbett 1982:206, Table IV). These cues also have notable
exceptions, viz. nouns that are assigned a gender based on the semantic/sex-based
properties of the noun referent, including papa-type (“daddy”) nouns which are
masculine, as well as hybrids like doktor “doctor” and double-gender nouns like
zadira “tease”, which can be either feminine or masculine.

Ambiguous masculine/feminine: -C’
Nominative singular is not a reliable predictor of gender for a subset of nouns end-
ing in a palatalized consonant (henceforth -C’). Such nouns can be masculine (kor-
abl’ “ship”) or feminine (krovat’ “bed”). Thus, other types of information, such as
declension class (see Table 1) and agreement on noun-external elements, must be
used to acquire the grammatical gender of these nouns.

Recent research has suggested that there exist more fine-grained phonological
regularities in the nominative singular that might be predictive of the gender of indi-
vidual nouns ending in a palatal. Nesset (2003) proposes several generalizations
tested against a corpus consisting of all nouns ending in palatals from Zaliznjak
(1977), which are largely confirmed by data from the Russian National Corpus
(RNC) reported in Slioussar (2018). Thus, different palatalized consonants may pre-
dict either masculine or feminine: for example, nouns ending in [b’, p’, v’, f’, m’, t’, s’]
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tend to be feminine, and nouns ending in [r’, l’] tend to be masculine (Slioussar,
2018)3. In other words, this suggests that the palatalized consonants may represent
more fine-grained cues for learners than the -C’ cue.

Ambiguous feminine/neuter: -[ǝ]
Predicting gender based on the nominative singular is also problematic when nouns
end in an unstressed vowel. The unstressed -a and -o endings both sound like schwa
(-[ə]) and create ambiguity between feminine and neuter. The gender of these nouns
can be predicted from their declensions (cf., Table 1). In contrast, adjectival agree-
ment is often unable to disambiguate between these nouns, because in the majority
of cases, the adjectival endings are also unstressed and thus ambiguous, illustrated in
(3). Only prenominal modifiers with stress on the final syllable can resolve this
ambiguity, for example, golub-[á(j)ə] kníg-[ə] “a light blue book” versus golub-
[ó(j)ə] óblak-[ə] “light blue cloud”.

(3) a. bél-[ə(j)ə] kníg[ə]
white-F book(F)
‘a white book’

b. bél-[ə(j)ə] óblak[ə]
white-N cloud(N)
‘a white cloud’

The cues in the nominative are presumably not the only ones that children pay atten-
tion to when acquiring grammatical gender in Russian. As mentioned above, there is a
reliable correlation between the declension class that the noun belongs to and its gen-
der. It is thus likely that the knowledge of the declension class of the noun facilitates
the acquisition of gender (see Corbett, 1991; Tarasenkova, 2010). Furthermore, the
gender of a noun can be predicted by the specific diminutive suffix this noun com-
bines with, which has been argued to promote the acquisition of gender (see Kempe,
Brooks, Mironova & Fedorova, 2003; Montrul, de la Fuente, Davidson & Foote, 2013;
Janssen, 2014). In this paper, we abstract away from these types of cues, and only focus
on children’s sensitivity to the form of the noun in the nominative. We leave questions
concerning the sensitivity to other types of cues and their contribution to the acquisi-
tion of grammatical gender in Russian for future research.

Previous research on the acquisition of grammatical gender

Grammatical gender assignment in Russian has been investigated in monolingual
children as well as in child and adult heritage speakers (Gvozdev, 1961; Ceitlin,
2009; Rodina, 2008; Rodina & Westergaard, 2012, 2017; Mitrofanova et al., 2018;
Polinsky, 2008; Schwartz et al., 2015), and transparency of the morphophonological
gender cues has been shown to play a major role. Furthermore, the presence or
absence of predictable gender cues in one of the languages of a bilingual has been
argued to have an effect on the other language in terms of acceleration or delay in
the acquisition process (e.g., Eichler, Jansen & Müller, 2013; Egger, Hulk & Tsimpli,
2018; Kaltsa, Tsimpli & Argyri, 2019; Kupisch, Müller & Cantone, 2002). Both
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monolinguals and bilinguals have been found to generally use target-consistent gen-
der marking with masculine and feminine transparent nouns in Russian, showing
sensitivity to the transparent -C and -á cues. Ambiguous nouns are more problem-
atic, and monolinguals have been found to use two strategies: masculine is overgen-
eralized to feminine ambiguous and feminine to neuter ambiguous nouns (Gvozdev,
1961; Ceitlin, 2009). Similar patterns are observed in child and adult heritage speak-
ers (Rodina & Westergaard, 2012, 2017; Mitrofanova et al., 2018; Polinsky, 2008;
Schwartz et al., 2015). Polinsky (2008) has found that less proficient heritage speak-
ers may develop a two-gender system of masculine and feminine, where neuters are
reanalyzed as feminines, while Rodina and Westergaard (2017) and Mitrofanova
et al. (2018) provide results showing that certain bilingual children use only mas-
culine across all noun classes, meaning that they have no gender at all. It has thus
been argued that some heritage Russian speakers are not sensitive to morphopho-
nological cues for grammatical gender assignment.

With the exception of Rodina (2008) and Rodina and Westergaard (2012),
research focusing specifically on learner sensitivity to gender cues in Russian is lim-
ited. The impact of morphophonological properties has been shown to be stronger
for younger than for older children. Tarasenkova (2010) shows that Russian 3–5-
year-olds, who experience problems with ambiguous neuters in -[ə], are able to
make generalizations about the gender of novel nouns based on the instrumental
singular form ending in -om, which disambiguates between neuter and feminine
(cf., -om vs. -oj endings in Table 1). Furthermore, she shows that children are sig-
nificantly more successful at assigning gender to novel nouns if they can rely on
morphophonological gender cues rather than on adjectival agreement.

Such findings support similar investigations on other languages including the
seminal work by Karmiloff-Smith (1979). Using nonce nouns, she showed that
French-speaking children are highly sensitive to the phonological information
encoded on the noun suffix to determine the gender of a noun. For young children,
neither syntactic information (i.e., the indefinite article provided by the experi-
menter) nor semantic information (i.e., the sex of persons depicted in the drawings)
is as predictive in eliciting gender agreement as the form of the noun. Only gradually
are “the phonological procedures < : : :> (in some cases from 6 years, but more
frequently at roughly 9 years) replaced by the natural gender clues and by the more
foolproof syntactic ones” (Karmiloff-Smith, 1979:167). Similarly, using artificial lan-
guage experiments, Culbertson et al. (2019) have shown that children over-rely on
phonological cues when assigning gender, and they argue that this is due to a general
phonological bias as well as the early availability of phonological cues in the input.
Evidence from L2 acquisition may also be relevant here: In a gender processing
study comparing L1 speakers to L2 learners of German, Bordag et al. (2006) found
that the latter group had shorter reaction times and lower error rates with transpar-
ent nouns than with nouns that had an ambiguous ending. However, there was no
such effect in the L1 group, and the authors argue that this provides evidence that L1
and L2 processing is essentially the same, but that with more exposure and higher
proficiency in the language, the connection between a particular noun and the
appropriate gender node becomes so strong (in the L1 group) that the connections
necessary to compute gender based on the phonological cue become weaker.
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To date, it is still unclear whether child speakers of heritage Russian are sensitive
to morphophonological gender cues and use the same strategies to resolve gender
mismatches. A recent investigation by Mitrofanova et al. (2018) shows that
Norwegian–Russian bilinguals are generally sensitive to the gender cues presented
in Table 2, but concludes that there is considerable variation dependent on a com-
bination of background variables and proficiency measures. Thus, we need much
further research in this area.

Research questions and predictions
While the research reviewed in the previous section has provided some answers to
important questions related to young children’s sensitivity to variation in the input,
there are still many unexplored aspects of the acquisition of grammatical gender.
With the exception of a few studies, most of the previous research on the acquisition
of gender has investigated existing nouns. It is therefore still unclear to what extent chil-
dren acquire rules for gender assignment and to what extent they simply usememorized
lexical knowledge (as they are clearly able to do in languages with nontransparent gen-
der systems, such as Norwegian; see, e.g., Rodina &Westergaard 2013, 2015). There are
also many unanswered questions related to the types of cues children are most sensitive
to as well as the behavior of bilinguals in this respect. In this study, we therefore com-
pare monolingual Russian and bilingual German–Russian-speaking children’s perfor-
mance on three tasks, focusing on real and nonce words with both transparent and
ambiguous cues as well as nonce words with mismatching cues.

Based on the structure of Russian and the results of previous research, we ask the
following research questions (1a–4a) and make corresponding predictions (1b–4b):

1. a. To what extent are monolingual and bilingual children sensitive to gender
cues in Russian and to what extent do they rely on memorized lexical
knowledge?

b. Following considerable previous research on L1 acquisition, we expect
young children to acquire rule-based patterns early (e.g., Westergaard,
2009b; Yang, 2016) and thus be sensitive to the transparent correspondences
for gender assignment in Russian. We also expect to replicate the findings in
Mitrofanova et al. (2018), which show that bilingual children also display sen-
sitivity to the assignment cues, although to a lesser extent than the monolin-
guals. Thus, we predict that the bilinguals are more prone to use the masculine
default. Furthermore, we expect both monolinguals and bilinguals to perform

Table 2. Morphophonological gender cues in Russian

Masculine
transparent

Feminine
transparent

Neuter
transparent

Masculine
ambiguous

Feminine
ambiguous

Neuter
ambiguous

-C -á -o -C’ -C’ -/ə/

dom “house” lisá “fox” vedró “bucket” korabl’ “ship” kost’ “bone” myl/ə/ “soap”
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better with real than nonce nouns, indicating a role also for memorized lexical
knowledge in the acquisition of gender.

2. a. Do young children make fine-grained linguistic distinctions in gender
assignment from early on (cf., the micro-cue model, Westergaard, 2009a, b,
2014)? More specifically, are monolingual and bilingual children sensitive
to ambiguous gender cues in Russian (i.e., stem-stressed nouns ending in a
vowel (FN) or palatalized consonants (MF), or do they default to masculine
when exposed to nonce words with such cues?

b. Following the micro-cue model, L1 children should be sensitive to fine-
grained variation, at least in syntax. Previous studies of morphology have
provided mixed results (cf., the above section). For Russian gender, previ-
ous research on L1 acquisition (e.g., Gvozdev, 1961; Ceitlin, 2009) has
shown overgeneralization of F to ambiguous neuters and overgeneraliza-
tion of M to ambiguous feminines. There is also an effect of the masculine
default, especially in bilingual speakers with reduced exposure to Russian
(Rodina & Westergaard, 2017). We therefore expect such overgeneraliza-
tions to be predominant in the ambiguous gender conditions, mainly with
the bilinguals, but possibly also with the monolingual children.

3. a. Which cues are Russian-speaking monolingual and bilingual children most
sensitive to for gender assignment, nominal endings or gender agreement?
Does this change with age?

b. Following Karmiloff-Smith (1979), we predict younger children to pay
attention to the shape of the noun when assigning gender to nonce words,
while older children should be more sensitive to gender agreement with
other targets.

4. a. Are there only quantitative or also qualitative differences between mono-
linguals and bilinguals? That is, are there signs of a reduced gender system,
for example, a two-gender system in heritage speaker data (cf., findings from
bilingual adults in Polinsky, 2008) or no gender system at all (cf., findings from
bilingual children in Rodina & Westergaard, 2017)?

b. Based on previous research with bilingual children (e.g., Rodina &
Westergaard, 2017, Mitrofanova et al., 2018), we predict that the bilinguals
will either have an intact three-gender system or a gender system that is
heavily affected by the masculine default.

Methodology and participants4

Methodology

Real and Nonce word tasks
Experiments 1 and 2 investigated whether children make use of formal cues in
assigning grammatical gender to familiar and novel nouns. In Experiment 1, we eli-
cited adjectival gender agreement with 30 familiar Russian nouns falling into 6 con-
ditions: feminine, masculine, and neuter nouns with transparent as well as
ambiguous gender cues (cf., the description of Russian gender above). In
Experiment 2, we elicited adjectival gender agreement with 25 novel nouns
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constructed to conform to Russian phonotactics and falling into 5 conditions: nouns
with transparent feminine, masculine, and neuter gender cues, as well as stem-
stressed schwa-final nouns (ambiguous FN) and nouns ending in palatal consonants
(ambiguous FM). In order to avoid neighborhood density effects, only novel nouns
without nominal phonological neighbors were selected. The list of experimental
stimuli is given in Tables 3 and 4.

The elicitation procedure used in Experiments 1 and 2 was an adapted version of
the picture-based elicitation task in Rodina and Westergaard (2013, 2017). In both
experiments, children were presented with a set of pictures on a laptop screen, each
depicting a pair of identical but differently colored objects. In Experiment 1, the
objects were familiar household items and animals. In Experiment 2, the objects
were novel items selected from the Novel Object and Unusual Name Database
(NOUN; Horst & Hout, 2016), illustrated in Figure 1. In both experiments, the
object was first named by the experimenter (in such a way as not to provide any
agreement cues to the gender of the target noun). The child was then asked to name
the colors of the items on the screen, producing adjectival gender agreement. The
experimenter then pressed a key causing one of the objects to disappear, and the
child was prompted to name the object that disappeared. The script for the elicita-
tion dialogue is given in (5).

(5) Elicitation dialogue in Experiments 1 and 2 (in Russian)
Experimenter: “That’s what we call dom(M)(real)/punip(M)(novel). What

color are they?”
Child: “A blue-M dom(M)/punip(M) and a golden-M dom(M)/punip(M).”
Experimenter: “And now, what disappeared?”
Child: “The blue-M dom(M)/punip(M).”

Mixed cues task
Experiment 3 investigated the relative sensitivity to formal (morphophonological)
and syntactic (adjectival agreement) gender cues in cases where these cues provide
conflicting information. Transparent novel nouns from Experiment 2 (see Table 5)
were paired with color adjectives that either matched or mismatched with them in
gender. This resulted in nine conditions, illustrated in (6).

(6) Experimental stimuli in Experiment 3
Adjective – nonce noun match

MM: golub-[ój]-M puníp(M)
FF: golub-[á(j)ə]-F kluv[á](F)
NN: golub-[ó(j)ə]-N garp[ó](N)

Adjective – nonce noun mismatch
FM: golub-[á(j)ə]-F puníp(M)
NM: golub-[ó(j)ə]-N puníp(M)
MF: golub-[ój]-M kluv[á](F)
NF: golub-[ó(j)ə]-N kluv[á](F)
MN: golub-[ój]-M garp[ó](N)
FN: golub-[á(j)ə]F garp[ó](N)
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In this experiment, the child was again presented with a picture of identical but
differently colored novel objects. The experimenter named one of the objects along
with its color, thus providing both the formal cue on the noun and the syntactic –
matching or mismatching – cue on the gendered adjective. The child was then

Table 3. Experimental stimuli in the Real word task (Experiment 1)

Russian noun endings in nominative singular/gender Russian noun Gloss

Transparent cues Hard consonant (masculine) tortM cake

mostM bridge

stakanM glass

poezdM train

domM house

-a (feminine) mašinaF car

ljaguškaF frog

čaškaF cup

zmejaF snake

lisaF fox

-o (neuter) molokoN milk

kol’tsoN ring

vedroN bucket

kryloN wing

pal’toN coat

Ambiguous cues -/ə/ (neuter) kresloN armchair

myloN soap

platjeN dress

odejaloN blanket

sitoN sieve

Palatalized consonant (masculine) fonar’M streetlight

rul’M steering wheel

jakor’M anchor

korabl’M ship

gus’M goose

Palatalized consonant (feminine) ten’F shadow

tsep’F chain

kost’F bone

medal’F medal

peč’F oven
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prompted to name the second object and its color. The experimenter then pressed
the key causing one of the objects to disappear, and the child was prompted to name
the object that disappeared.

(7) Elicitation dialogue in Experiment 3 (in Russian)

Experimenter: “This is golub-[á(j)ə]-F puníp(M). What is that?”
Child: “Zolot-[ój]-M puníp(M) OR zolot -[á(j)ə]-F puníp(M)”
Experimenter: “What disappeared?”
Child: “Golub-[ój]-M puníp(M) OR golub-[á(j)ə]-F puníp(M)”

Table 4. Experimental stimuli in the Nonce word task (Experiment 2)

Transparent cues Hard consonant punip

gapuk

vipan

kabol

gamut

-a bul’ga

kluva

prisa

tranga

punta

-o garpo

tivlo

pruno

glamo

kluzo

Ambiguous cues Palatalized consonant prosh

dron’

knov’

dryst’

klyan’

-/ə/ pruz-/ə/

smik-/ə/

klir-/ə/

gryp-/ə/

mukt-/ə/

Note: Stressed syllables are highlighted in bold.
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Participants

Tables 6–8 provide an overview of the participants’ demographics. We recruited a
group of 64 German–Russian bilingual children (aged 3–10), who were tested in
Berlin, Stuttgart, and Singen. All the bilingual children involved in this study were
either born in Germany or arrived there before the age of three. The majority of
children (n= 46) came from families with two Russian-speaking parents, while fewer
than one-third (n= 18) were growing up in families with one Russian-speaking and
one German-speaking parent. A total of 107 monolingual Russian-speaking chil-
dren (aged 3–6) were tested as controls in Moscow and Ivanovo (these monolingual
control data have been taken from Mitrofanova et al., 2018, as the two first tasks
were identical). The participants in the mixed cues experiment were tested in

Table 5. Experimental stimuli in the Nonce word task (Experiment 2)

Transparent cues Hard consonant punip

gapuk

vipan

kabol

gamut

-a bul’ga

kluva

prisa

tranga

punta

-o garpo

tivlo

pruno

glamo

kluzo

Note: Stressed syllables are highlighted in bold.

Figure 1. Example of an experimental novel object.
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Moscow, specifically for this study. The monolinguals were included in the study as
a baseline for learner behavior with the nonce nouns in Experiments 2 and 3.
Previous research shows that gender is in place in Russian-speaking monolinguals
by the age of 6–7, even with nouns that have nontransparent gender cues (Gvozdev,
1961; Ceitlin, 2005, 2009). Heritage language children have been found to behave
like younger monolinguals, rather than age-matched monolingual peers (Schwartz
et al., 2015; Unsworth, 2014). Therefore, the age range was broader for the bilingual
heritage Russian participants (3–10 years) than for the monolinguals (3–7 years).

Results
Experiment 1: Real words

Figure 2 presents the children’s responses across the six experimental conditions
(Table 3) in the Real word task for the two participant groups: Russian monolingual
children and Russian–German bilingual children. The accuracy rates of the
monolinguals reveal that gender assignment was at the ceiling in M-, F-, and
N-transparent as well as M-ambiguous conditions. Somewhat less accurate perfor-
mance was observed in F- and N-ambiguous conditions, where the accuracy rate
was 84% and 85%, respectively. Bilinguals scored at ceiling on the M-transparent
and M-Palatal conditions (98% and 92%, respectively), followed by transparent F
and N conditions (85% and 74%, respectively), while ambiguous F and N conditions
were the least accurate (67% and 66%, respectively).

As evident from Figure 2, monolinguals overused M in the F-Palatal condition
(16% of the time) and F in the N-Unstressed condition (15% of the time). These
errors are in line with previous findings (Gvozdev 1961, Ceitlin 2009) and are

Table 6. Participants in Experiment 1: Real words

Group N Age range, mean age

Monolinguals 20 4–6-year-olds (mean 5.3)

Bilinguals 64 3–10-year-olds (mean 6.16)

Table 7. Participants in Experiment 2: Nonce words

Group N Age range, mean age

Monolinguals 87 3–7-year-olds (mean 5.2)

Bilinguals 64 3–10-year-olds (mean 6.16)

Table 8. Participants in Experiment 3: Mixed cues

Group N Age range, mean age, and SD

Monolingual 38 3–7-year-olds (mean 4.89)

Bilingual 64 3–10-year-olds (mean 6.16)
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compatible with cue-driven gender assignment (the final palatal consonant is com-
patible with M, while the final shwa often serves as a cue for F). Bilinguals exhibit an
additional overgeneralization pattern, with a substantial portion of M responses in
the F-transparent (15% of the cases) and Neuter transparent and ambiguous con-
ditions (20% and 21%, respectively). This type of overgeneralization can be regarded
as a default strategy and is substantially more pronounced in bilinguals than in
monolinguals.

We employed a generalized linear mixed-effects logistic regression analysis to
statistically model the effects of Group, Condition, and Age on the accuracy of gen-
der assignment. ANOVA model comparison was used to choose the best model. To
compare the groups within conditions, we conducted post hoc pairwise compari-
sons with the help of the R package emmeans (Lenth et al., 2020). All models were
fit using R version 4.0.3 (release 2020-10-10), and categorical variables were
dummy-coded unless specified otherwise. The winning model for the Real word
task predicted the binary variable accuracy as a sum of two interactions:
Condition and Group, and Group and Age (continuous). Participants and items
were included as random intercepts. The model revealed a significant effect of
Age (p= .01) – suggesting that both groups of children get significantly more accu-
rate with age – and Condition (M-Pal and M-transparent, p= .005 and p<.001,
respectively). The output of the model is presented in Table A1 in the appendix.
Post hoc pairwise comparisons of the groups within conditions showed that the
Bilinguals performed significantly less accurately than the Monolinguals on two
conditions: Feminine transparent (p= .03) and Neuter ambiguous (p= .01, see
Table A2 in the appendix).

To disentangle the participants’ sensitivity to the signal from a possible response
bias (i.e., over- or underuse of a certain gender), we applied an alternative analysis
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couched within Signal Detection Theory5 (SDT; Peterson et al., 1954; Pallier, 2002;
Macmillan & Creelman, 2004). SDT is widely used in speech perception studies, but
has also been applied in other areas of linguistics, such as grammaticality judgement
studies (see Huang & Ferreira, 2020). When applied to the Nonce word data, this
approach allows us to quantify both the sensitivity to the morphophonological gen-
der cues and the participants’ response bias within one analysis. In the Real word
experiment, the sensitivity to signal measure does not directly quantify the partic-
ipants’ sensitivity to gender cues, since the gender of real words may be stored and
retrieved from the lexicon. The sensitivity to signal measure in the Real word exper-
iment is thus not directly comparable to that of the Nonce word experiment. In the
Real word task, our primary aim in applying the SDT analysis was to assess the
participants’ response bias. To do so, we calculated the number of hits, misses, false
alarms, and correct rejections based on data from three transparent gender condi-
tions. For example, for calculating sensitivity to the F gender, the categorization of
responses is the following: hits are F responses in the F condition;misses are M or N
responses in the F condition; false alarms are F responses in M and N conditions;
and correct rejections are all non-F responses in non-F (i.e., M and N) conditions.
Table A3 in the appendix summarizes the number of hits, misses, false alarms, and
correct rejections for the bilingual and monolingual participants.

Based on Table A3, we calculated two indices: d-prime (sensitivity) and c (bias)
for the two groups of participants in each condition6. To calculate the variance and
confidence intervals of d-prime and c, we followed the method proposed in
Gurevitch & Galanter (1967; see also Huang & Ferreira, 2020). Table A4 in the
appendix summarizes the mean, variance, SD, and 95% confidence interval for
d-prime (discriminability/sensitivity) and c (bias) for the two groups of participants
and three transparent gender cues. A c value equal to 0 indicates that the partici-
pants show no bias in their responses. A positive c value indicates a “no”-bias, that
is, the participants tend to underproduce a specific gender. A negative c value is
evidence of a “yes”-bias, meaning that a particular gender is overused in contexts
without the corresponding gender signal. Our analysis reveals that monolinguals
have no bias with respect to any of the genders (the 95% confidence interval for
c for all genders includes 0), while the bilinguals show a “yes-bias” toward masculine
(overuse of masculine), and a “no-bias” for the feminine and neuter genders (under-
use of feminine and neuter).

Experiment 2: Nonce words

As mentioned above, the Nonce word experiment had three transparent and two
ambiguous conditions. Figure 3 compares the results for the M-, F-, and N-
transparent conditions for the two participant groups across these conditions in
the Nonce and Real word tasks. In the three transparent conditions, children from
both groups assign gender more “accurately” (i.e., in accordance with the respective
morphophonological cues) to real words than to nonce words. To compare the
group performance on the two tasks statistically, we fit a set of generalized linear
mixed-effects models to predict gender assignment in accordance with the three
transparent gender cues based on the effects of Group (Monolingual vs.
Bilingual), Age, Condition (M, F, or N), and Task (Real vs. Nonce). ANOVA model
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comparison was applied to choose the winning model. The best model included
three two-way interactions: Group by Age, Group by Condition, and Group by
Task. Participants and items were included as random effects. The model revealed
significant effects of Group (p= .03), Age (p= .004), Condition (M and N, p<.001
in both cases), and Task (p<.001), as well as a significant interaction of Group and
Condition (M, p<.001), and Group and Task (p= .01; see Table B1 in the appen-
dix). No other effects were significant. Post hoc pairwise comparisons of tasks
within groups (controlled for Age and Condition) revealed that both Bilinguals
and Monolinguals scored significantly higher on the Real word task than on the
Nonce word task (see Table B2 in the Appendix). To sum up, the results of the anal-
ysis indicate that both groups perform more target-like on the Real word than the
Nonce word task, both groups become more target-like with age, and for both
groups, Masculine is significantly easier than Feminine, while Neuter is significantly
more challenging than Feminine.

Figure 4 illustrates the use of different genders in the Nonce word experiment in
all conditions. As we see, the most common overgeneralization pattern observed in
the bilingual groups is the overuse of masculine in all non-masculine conditions (as
in the Real word task). We employed generalized linear mixed-effects logistic regres-
sion analysis to estimate the effects of Group, Age, and Condition on the probability
of a Masculine response. The best model included a three-way interaction of these
predictors. Participants and items were included as random intercepts. The results
of the model revealed a significant effect of Condition (FN, p= .02), a significant
interaction of Group and Condition (FN, p<.001, N, p= .03), as well as significant
interactions of Age and Condition (FM, p= .004, FN, p= .008, and M, p<.001) and
Group, Age, and Condition (FN, p<.001, N, p= .01). Post hoc pairwise compari-
sons indicate that Bilinguals were significantly more likely than the Monolinguals to
use Masculine in all conditions except the transparent M condition (p<.001 for all
contrasts except M). The output of the model and the post hoc pairwise compar-
isons are presented in Tables B3 and B4 in the appendix.
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Figure 3. Gender assignment in transparent masculine, feminine, and neuter conditions on the Real and
Nonce word tasks by the two groups of participants: Monolinguals versus Bilinguals.
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Sensitivity to gender cues
We again applied SDT analysis to assess the participants’ sensitivity to gender cues,
as well as their response bias. We calculated the number and proportion of hits,
misses, false alarms, and correct rejections for the bilingual and monolingual partic-
ipants in the three transparent conditions of the Nonce word experiment (see Table
B5 in the appendix). Masculine gender has the highest rate of false alarms (i.e., cases
where a masculine response is used in the absence of a masculine cue), with the
proportion being higher for bilinguals (30%) than monolinguals (10%). Note that
this proportion is substantially higher than that observed in the Real word experi-
ment: 18% false alarms for masculine in the bilingual group and 1% in the mono-
lingual group (see Table A3 in the appendix). The rate of false alarms for feminine
and neuter is lower (i.e., these genders are rarely used in the absence of the corre-
sponding gender cue). Table B6 in the appendix summarizes the mean, variance, SD,
and 95% confidence interval for d-prime (sensitivity) and c (bias) for the two groups
of participants and three transparent gender cues. Recall that a d-prime value close
to 0 indicates no sensitivity, while a higher value indicates higher sensitivity. As evi-
dent from Table B6, the 95% confidence intervals for d-prime values for all genders
in both groups are positive and do not include 0. This indicates that monolingual
and bilingual children show significant sensitivity to the three transparent gen-
der cues.

A c value close to 0 indicates that the participants show no bias in their responses.
In the context of our experiment, this means that the participants neither oversup-
ply a specific gender in conditions without this gender cue, nor do they undersupply
it in contexts with this cue. A positive c value indicates a “no”-bias and a negative c
value is evidence of a “yes”-bias. Our analysis reveals that monolinguals have no bias
in F and M conditions (the 95% confidence interval for c in these conditions
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ambiguous).
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includes 0), while they have a “no-bias” (underproduction) in the N condition. The
bilinguals show a “yes-bias” in the M condition and a “no-bias” in the F and N con-
ditions (see Table B6).

To compare the sensitivity to the three gender cues between the monolinguals
and bilinguals, we calculated individual d-prime values for individual participants
in each gender. The distributions of d-prime values were significantly different from
normal, as confirmed by the application of the Shapiro–Wilk normality test (p<.001
for all genders and groups). We therefore applied a nonparametric two-sample
Mann–Whitney–Wilcoxon test to determine whether the two groups were sampled
from populations with identical distributions. The results indicate that the values of
d-prime for the monolingual group were significantly different from those in the
bilinguals in the masculine (W= 1977, p<.001), feminine (W= 2130, p< .01),
and neuter (W= 1948, p< .001).

Ambiguous conditions. To estimate sensitivity to gender cues in the two ambiguous
conditions, we compared the use of gender agreement in these conditions to the use
of these genders in the transparent conditions (the FM condition was compared to
the F and M conditions, while the FN condition was compared to the F and N con-
ditions). Based on the group responses in these conditions, we calculated two sen-
sitivity values. The d-prime_1 value estimated the sensitivity to the presence of the F
cue (for the FM condition, we compared the distribution of responses in the FM and
M condition; for the FN condition, we compared the proportions of responses in the
FN and N conditions). The d-prime_2 value reflected the sensitivity to the presence
of the non-F cue. In the FM condition, the d-prime_2 value measured the sensitivity
to the M cue (we achieved this by comparing the proportions of responses in the FM
and F conditions). In the FN condition, the d-prime_2 value estimated sensitivity to
the N cue (this was achieved by comparing the proportions of responses in the FN
condition to the F condition). We consider the two ambiguous conditions
individually.

FM condition
Table B7 summarizes the proportions of masculine responses in the ambiguous FM
condition as compared to the two control conditions, F and M. Based on this table,
we calculated two d-prime values to assess sensitivity to the presence of F and M
cues. As evident from Table B8, both sensitivity values (d-prime_1 and d-prime_2)
are positive and do not include 0 in their confidence intervals. This suggests that
both monolinguals and bilinguals are sensitive to the presence of both M and F gen-
der cues in the FM condition. Finally, we calculated individual d-prime_1 and
d-prime_2 for each participant and compared values using the two-sample
Mann–Whitney–Wilcoxon test. The results revealed significant differences between
the two groups in their sensitivity to F (d-prime_1) in the FM condition (W= 1468,
p< .001). This indicates that monolinguals have a higher sensitivity to the F
cue in the FM condition than the bilinguals. At the same time, there was no statisti-
cal difference between the groups in their sensitivity to the M cue in the FM condi-
tion (W= 3285, p= 0.12).
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FN condition
Table B9 summarizes the proportions of neuter responses in the ambiguous FN
condition as compared to the transparent N and F conditions, and Table B10
presents the statistics for the two d-prime values. Similar to the FM condition,
monolingual and bilingual children showed sensitivity to both F and N in the
ambiguous FN condition; however, the sensitivity to F is higher in both groups.
The two-sample Mann–Whitney–Wilcoxon test run on the two d-prime values cal-
culated for individual participants revealed a significant difference between the
groups in their sensitivity to the F cue in the FN condition (W= 2037, p= .002).
However, there was no significant difference in the sensitivity to the N cue between
the groups (W= 3119, p= .33).

To sum up, the results of the d-prime analysis revealed that both monolingual
and bilingual children show sensitivity to gender cues in the Nonce word experi-
ment. Monolinguals show a significantly higher sensitivity to gender cues in the
three nonambiguous conditions, and a higher sensitivity to feminine gender cues
in the FM and FN conditions than the bilinguals.

Follow-up: gender assignment with nouns ending in palatals

As evident from Figure 4, the preferred response in the FM condition was feminine, not
the masculine default that we had predicted. If we zoom in on individual items of the
palatal condition (Figure 5), we can see that (a) Neuter was almost never assigned; (b)
Bilinguals generally assign more Masculine than the Monolinguals; and (c) the relative
proportions of assignedMasculine/Feminine is very similar across the two groups (with
most M assigned for the nonce word prosh, and a stepwise decrease of M for dron’,
knov’, dryst’, and klian’). The results indicate that, although Bilinguals generally tend
to assign more Masculine than the Monolinguals (arguably, due to defaulting), their
sensitivity to fine-grained cues associated with individual nonce items is qualitatively
similar to that of the Monolinguals.

In order to investigate this further, we conducted a follow-up experiment with a
new group of monolingual Russian children (n= 85, aged 3–7). This experiment
was identical to Experiment 2, but included 13 items ending in a palatalized conso-
nant. Again, the items conformed to Russian phonotactics and did not have fre-
quent nominal neighbors. The distribution of responses (proportion of F vs. M)
is shown in Figure 6.

As we can see, there is considerable variability among palatal-final items with
respect to the proportion of masculine agreement they trigger, which seems to
be linked to the phonological nature of the word-final palatal (e.g., palatal liquids
appear more likely to trigger masculine agreement, while final obstruents tend
toward feminine). A possible source of this pattern could be the distribution of
palatal-final nouns in the Russian lexicon, where nouns of a particular shape might
be more likely to be feminine or masculine. To confirm this intuition, we extracted
all noun lemmas ending in a postalveolar/palatal consonant, along with their gram-
matical gender specification from the Russian National Corpus. The resulting list
consisted of 6,309 unique entries, of which 2,127 were masculine. The list was tagged
for lemma frequency information, derived from the Frequency Dictionary of
Russian (Sharoff, 2002), and all lemmas with the frequency of less than 1 ipm were
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eliminated. This resulted in a final list of 1,560 relatively frequent nouns tagged for
gender, frequency, and final consonant, of which 603 were masculine. Figure 7
shows the proportion of masculine and feminine noun lemmas for each word-final
palatal/postalveolar consonant.

As evident from Figure 7, the relative proportion of masculine and feminine
nouns varies considerably among the palatal-final nouns of different shapes. For
example, nouns ending in [r’] are masculine in 82% of cases, while nouns ending
in [t’] are predominantly feminine. Comparing Figures 6 and 7, we see that the
responses provided by the children match the corpus distribution quite closely.
In fact, for 9 items out of 13, the majority of children assign the gender that is more
frequently associated with nouns of this shape in the corpus.
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Figure 5. Gender assignment patterns with nonce nouns ending in a palatal by two groups of participants
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Figure 6. Percentage of feminine agreement with an extended set of nonce nouns ending in a palatal by
monolingual Russian children (n= 85, 3–7-year-olds).
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Let us therefore look more closely at the four items where the children’s judg-
ments seem to go against the frequency information: knaf’ is judged as masculine by
60% of the children, while the only noun ending in [f’] available in our corpus is
feminine (verf’, dockyard). On the other hand, knov’ (pronounced as [knof’] due
to word-final devoicing) is judged as feminine by over 70% of the children.
While the treatment of knov’ aligns nicely with the corpus data (92% of v’-final
nouns are feminine), the knaf’/knov’ asymmetry is interesting and might suggest
that the children make use of other formal properties (e.g., final nucleus) when they
calculate gender probabilities (62% of the nouns that have [a] as a final nucleus are
masculine). Another intriguing possibility is that assigning masculine to knaf’ could
be a result of a defaulting strategy. Since verf’ is a rare noun, it can be assumed that it
is not part of the active vocabulary of (most) children. Therefore, when they
encounter a noun ending in [f’], they assign the default gender to it, as they have
no previous experience with nouns of this shape. At present, we have no data to
convincingly argue for this possibility and therefore leave it for future research
(Urek, submitted; Urek et al., forthcoming/2021).

The results on the remaining three mismatched items also suggest that the chil-
dren might be using other formal cues in addition to the final consonant: dron’ and
kljan’ are judged as predominantly feminine, although the corpus data show a 50/50
gender distribution for n’-final nouns. Conversely, sh-final nouns are mostly mas-
culine in the corpus, while the children’s judgments on prosh are divided almost
equally between the two genders. In order to test the role of other formal properties
for gender assignment, we further tagged the nouns in our corpus for the number of
syllables, initial segment, final nucleus, final segment, final coda, stress, and mor-
phological complexity. The resulting list was then used to train the J48 decision tree
algorithm (Weka software, Witten & Frank, 2005; see also Gagliardi, 2012 for gen-
der classification application) to assign gender based on the given phonological
properties. After the training, the algorithm achieved about 90% accuracy on real
palatal-final nouns, which shows that the gender of palatal-final nouns in Russian is
strongly predictable from their phonological shape. When run on the set of 13 novel
nouns we had used as stimuli in our follow-up experiment, the algorithm produced a

Figure 7. Corpus distribution of masculine and feminine noun lemmas by final consonant.
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categorical classification that very closely matched the classification produced by the
children – that is, nouns that most children judged to be feminine were also assigned
feminine by the algorithm. In fact, the children and J48 mismatched on only two
items – knaf’ (judged as feminine by J48) and prosh (judged as masculine). Pending
further research (e.g., Urek, submitted; Urek et al., forthcoming/2021), we take these
results as a preliminary indication that gender assignment judgments exhibited by
children are determined – at least to some extent – by the relative probability of femi-
nine and masculine items of a given phonological shape in the lexicon of Russian.

Experiment 3: mixed cues

Recall that in one-third of the trials of this experiment, the children heard a prompt
where the gender agreement cue on the adjective corresponded to the noun-internal
phonological gender cue (“Matched cues”), and in two-thirds of the trials, the cue on
the adjective did not match the noun-internal phonological cue (“Mismatched
cues”). In her response, the child could either follow (a) the adjectival cue in the
prompt, (b) the phonological noun-internal cue, or (c) neither. We excluded cases
where the children used plural agreement, failed to repeat the noun, or when the
response was not identifiable (6% of data in the bilingual dataset and< 1% of data
in the monolingual dataset). Figure 8 summarizes gender agreement patterns in
Match and Mismatch conditions in the two participant groups: In the Match con-
dition, both groups of children overwhelmingly used gender agreement forms that
corresponded to the cue on the noun and the adjective, although bilinguals used
substantially more agreement forms that did not match either the adjectival or
the nominal cue (between 11% and 12% of the cases).

Figure 9 plots the proportions of gender agreement patterns per participant in
the Match cues condition by Age. As evident from the plot, the proportion of
responses that match the adjectival/nominal cues increases with age in both groups.
To model the results statistically, we fit a generalized linear mixed-effects model
where the probability of following the cues was predicted based on a three-way
interaction of Group (Monolingual vs. Bilingual), Condition (FF, MM, or NN),
and Age (continuous). Participants and items were included as random intercepts.
The model did not reveal any significant effects. The output of the model is sum-
marized in the Appendix (Table C1).

Figures 10 and 11 plot the proportions of cases (per participant) where the par-
ticipants followed the adjectival cue (Figure 10) or the nominal cue (Figure 11) in
the Mismatch cues condition by Age. The proportion of responses that match the
adjectival cue increases, and the proportion of responses that match the nominal cue
decreases with age in both groups. To model the results statistically, we fit two gen-
eralized linear mixed-effects model where the probability of following the adjectival
or the nominal cue was predicted based on a three-way interaction of Group
(Monolingual vs. Bilingual), Condition (FF, MM. or NN), and Age (continuous).
Participants and items were included as random intercepts. The first model pre-
dicted the probability of following the adjectival cue and revealed a significant effect
of Age (p= .03), Cue (MF, p= .02, and MN, p= .01), and a significant interaction
of Group and Cue (MF, p= .007; see Table C2 in the Appendix). The second model
predicted the probability of following the nominal cue. The results revealed
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significant effects of Age (p< .001) and Cue (MF, p= .01, MN, p= .004, and NF,
p= .01), significant interactions of Group and Cue (MF, p= .006) and Age and Cue
(MF, p= .008, MN, p= .006, and NF, p= .006), and a significant three-way inter-
action of Group, Age, and Cue (MF, p= .03; see Table C3 in the Appendix).
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Figure 8. Gender agreement patterns in Match and Mismatch conditions for Monolinguals and Bilinguals.

Figure 9. Matching cues. Proportion of responses (per participant) that followed the adjectival and nomi-
nal cues in the prompt by Age.
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To sum up, the models confirmed that the importance of the syntactic cue (the
adjectival gender cue) significantly increased, and the importance of the nominal
cue significantly decreased with Age for both monolingual and bilingual partici-
pants. The fixed effect of Group and the interaction of Group and Age were not
significant, which is in line with the hypothesis that Bilinguals and Monolinguals
generally follow the same developmental path, gradually becoming more and more
adult-like in recognizing the adjectival agreement cue as the most reliable predictor
of the noun’s grammatical gender.

Discussion
We now return to our four research questions, which we repeat before the discus-
sion of each of them.

Figure 11. Mismatching cues. Proportion of responses (per participant) that followed the nominal cue by Age.

Figure 10. Mismatching cues. Proportion of responses (per participant) that followed the adjectival cue
by Age.
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RQ1: To what extent are monolingual and bilingual children sensitive to gender
cues in Russian and to what extent do they rely on memorized lexical knowledge?

The answer to this question is that both monolinguals and bilinguals clearly rely
on morphophonological cues to assign gender, as evident from significant sensitivity
coefficients (d-prime values) for both groups of learners. Bilinguals default to mas-
culine more than monolinguals, as indicated by a significant bias toward masculine
in all non-masculine conditions in both Real and Nonce word tasks. When com-
paring the children’s performance on Real and Nonce word tasks, we observed that
there is a significantly higher accuracy on real than nonce words in both groups,
indicating that lexical knowledge also plays a role, in addition to the cue-driven
assignment. This resonates with the processing account in Bordag et al. (2006) dis-
cussed above, which argues that with increased experience and proficiency in the
language, the connections necessary to activate gender selection of familiar words
become weaker, as the direct connection between the gender node and the specific
nouns becomes stronger and more automated. We thus propose the following model
for the children’s behavior: when presented with a real word and requested to provide
an adjective agreeing in gender, a monolingual child will typically not perform online
computation of the noun’s gender based on its formal properties. Rather, the child
extracts gender information from the relevant lexical entry and chooses an adjectival
gender exponent based on this information. The difference between monolingual and
bilingual children on this task is due to the former group having developed stronger
connections between familiar words and their respective gender nodes, while the latter
group must to a larger extent rely on the phonological cues.

When the children need to produce a gendered adjective agreeing with a novel
noun, the task is quite different. In this case, both monolinguals and bilinguals need
to resort to computation, as there is no stored connection between the nonce word
and a specific gender node. We assume that in this case the child first performs an
online analysis of the formal properties of the noun. Since the form of the noun in
the nominative provides cues to the noun’s gender in Russian, and the relevant mor-
phophonological information is contained at the right edge of words, the child pre-
sumably pays attention predominantly to word-final segments. When a gender cue
on the given noun is identified (e.g., stressed [-á] or a palatal consonant), the child
can categorize a novel noun with the nouns that have a similar ending (i.e., gender
cue) in her mental lexicon, and form a “gender hypothesis” for the novel noun.
Given the young age of our participants, the connections between the phonological
cues and the respective gender nodes are also weaker in bilinguals (unlike the L2
adults investigated in Bordag et al. 2006), accounting for their lower accuracy com-
pared to the monolinguals also on this task.

In case of highly reliable near-deterministic cues such as stressed [-á], this gender
hypothesis is near-deterministic as well (the only type of non-cue-driven response
that we expect in this case should be in the direction of the grammatical default, i.e.,
masculine in Russian). In case of ambiguous, probabilistic cues, such as palatal con-
sonants, the gender hypothesis the child forms will also be probabilistic in nature.
Thus, if say, 70% of palatal-final nouns contained in her current lexicon are femi-
nine, she will assign feminine to palatal-final novel nouns 70% of the time. The level
of granularity that is relevant for children in forming probabilistic gender
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hypotheses is an empirical question. Based on data from monolingual Russian
adults, Urek (submitted) argues that at least three scenarios are possible: (a) children
are generally sensitive to the fact that palatal-final nouns in Russian can be either
feminine or masculine, and as a result novel nouns of this shape get assigned mas-
culine or feminine gender at chance; (b) children are sensitive to the fact that fem-
inines constitute about 70% of all palatal-final lemmas, and therefore assign
feminine to palatal-final nouns 70% of the time; (c) children are sensitive to prob-
ability distributions associated with each individual word-final palatal and mimic
those in gender assignment. We leave further investigation of this question for
future research.

RQ2: Do young children make fine-grained linguistic distinctions in gender
assignment from early on (cf., the micro-cue model, Westergaard, 2009a, b,
2014)? More specifically, are monolingual and bilingual children sensitive to ambig-
uous gender cues in Russian (i.e., stem-stressed nouns ending in a vowel (FN) or
palatalized consonants (MF)) or do they default to masculine when exposed to
nonce words with such cues?

The answer to RQ2 constitutes one of the most interesting findings of our study,
viz. that when children are exposed to nonce words with ambiguous cues (either FN
ending in a schwa or MF ending in a palatalized consonant), they do NOT default to
masculine across the board. In the FN condition, both monolinguals and bilinguals
predominantly use F gender, which may reflect overgeneralization to the most fre-
quent gender compatible with the available cue. In the Real word task, overgenerali-
zation to feminine is also more pronounced with neuter nouns ending in a schwa than
with neuter nouns ending in a stressed [-o] in both groups of participants. Thus, both
monolingual and bilingual children seem to make a distinction between a final shwa
(which can be a cue for feminine) and a final [-o] (which is incompatible with femi-
nine). This experimental finding corresponds to previous findings from spontaneous
production mentioned above (Gvozdev, 1961; Popova, 1973; Polinsky, 2008).

Surprisingly, both participant groups also show a preference for the feminine in
the ambiguous M/F condition, which was unexpected, given previous findings from
spontaneous production reporting nontarget-consistent use ofmasculine with exist-
ing feminine words ending in palatals (cf., Gvozdev, 1961; Ceitlin, 2009). Our
follow-up study of this phenomenon based on Russian corpus data revealed that
some palatalized endings are characteristic of F and others of M (cf., above). On
closer inspection, the test items in our Nonce word experiment (M/F condition)
predominantly contained endings characteristic of F. This finding indicates that
both monolinguals and bilinguals are sensitive to even finer gender cues than what
has been reported in the literature based on production. As mentioned under RQ1,
further research is needed to investigate this intriguing phenomenon, and some is
already under way (Urek, submitted).

RQ3: Which cues are Russian-speaking monolingual and bilingual children most
sensitive to for gender assignment, nominal endings or gender agreement? Does this
change with age?

Our results from Experiment 3 (mismatched cues) mirror the findings in Karmiloff-
Smith (1979); see also Gagliardi & Lidz, (2014); Culbertson et al. (2019) among others.
The probability of following the gender agreement on the adjective increases
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significantly with age for both monolinguals and bilinguals, while the probability of fol-
lowing the cue on the noun decreases. At the same time, the effect of group is significant
too, with the monolinguals beingmore likely than the bilinguals to follow the agreement
cue on the adjective and disregard the cue on the noun. Thus, children with less expo-
sure are less likely to disregard the phonological cue on the noun and tend to change/
regularize the gender agreement on the adjective to produce a “harmonic” (i.e.,
matched) adjective–noun combination. This finding provides further evidence that
young children are sensitive to gender cues. With more linguistic experience, both
monolingual and bilingual children becomemore likely to produce amismatched adjec-
tive–noun combination, indicating that they have learned that there are exceptions and
to pay more attention to the syntactic cue (which is of course the exponent of gender
and as such 100% reliable). This means that they gradually become able to disregard
nominal cues if there is a mismatch between the adjectival and the nominal cue.

RQ4: Are there only quantitative or also qualitative differences between mono-
linguals and bilinguals? That is, are there signs of a reduced gender system, for
example, a two-gender system in the bilingual data (cf., findings from heritage lan-
guage adults in Polinsky, 2008) or no gender system at all (cf., findings from bilin-
gual children in Rodina & Westergaard, 2017)?

Asmentioned above, the bilinguals used theM default strategymore than themono-
linguals, which is likely due to overall less input in the heritage language. However, we
did not find any children who produced only M and thus seemed to have no gender at
all (as was found for Norwegian–Russian bilinguals in Rodina & Westergaard, 2017).
The reason for this is presumably that the Russian heritage children in Germany have a
higher proficiency in the heritage language, mainly due to a later onset of acquisition of
the majority language (cf., Rodina et al., 2020). Furthermore, we did not find signs of a
robust two-gender system (M and F) based on the contrasts “final C-nouns” versus
“final V-nouns”, as was found for adult heritage speakers in the USA (Polinsky,
2008). Although the neuter condition is the most error-prone condition in all experi-
ments and for all participants, the errors appearing with neuter nouns, especially nouns
ending in a stressed [-ó], mainly constitute overuse of the masculine, not the feminine.
Possible explanations for this are that masculine agreement is syntactically unmarked/
underspecified, and/or that neuter is attracted to masculine rather than to feminine due
to a substantial paradigm overlap between M and N in the adjectival and nominal
declension (see above).

Summary and outlook
This paper has investigated monolingual and bilingual children’s sensitivity to mor-
phophonological cues for grammatical gender, both major rules (transparent cues)
and more fine-grained distinctions in ambiguous contexts. In order to answer our
research questions, we carried out three elicitation experiments on a group of 64
Russian heritage children growing up in Germany (aged 3–10) as well as 107 mono-
lingual controls living in Russia (aged 3–7). We focused on the three transparent
cues for Russian gender assignment, masculines ending in a non-palatalized conso-
nant (-C), feminines ending in a stressed [-á], and neuters ending in a stressed [-ó],
as well as two ambiguous cues, nouns ending in a schwa, which may be either
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feminine or neuter (FN), and nouns ending in a palatalized consonant, which are
either masculine or feminine (MF). Experiment 1 focused on existing nouns
expected to be familiar to the children, Experiment 2 on nonce nouns with the same
cues (three transparent, two ambiguous), while Experiment 3 considted of noun
phrases with mismatched cues, where the ending of the noun cued one (transparent)
gender, while the gender on an agreeing adjective was a different gender. Our find-
ings show that both monolingual and bilingual children are sensitive to the trans-
parency of the gender cues in the Real word task, with all groups of children
performing significantly more accurately with nouns having transparent gender
cues than nouns without such cues. Furthermore, younger bilinguals performed sig-
nificantly less accurately than the monolinguals and older bilinguals and defaulted
to masculine significantly more than the other groups of children. Results from the
Nonce word task show that all children are sensitive to the gender cues, as indicated
by a significant sensitivity to cue indices in all conditions for both monolinguals and
bilinguals, obtained via a d-prime analysis. The bilinguals showed a significantly
higher bias toward masculine and a significantly lower sensitivity to the three trans-
parent gender cues than their monolingual peers. However, surprisingly, overuse of
masculine cannot explain the children’s behavior in the two ambiguous conditions,
which contained FN and MF cues, for neither monolingual nor bilingual children.
Both groups of children display a preference for the feminine, not only for the FN
cue, but also for the MF cue. In the former case, this is presumably due to a generally
higher frequency of feminine nouns ending in a schwa, while in the latter case, the
result indicates that children are sensitive to even more fine-grained cues related to
the type of palatal consonant, stress, and quality of the final vowel.

In the mismatch experiment, we attested an age effect with respect to the type of
cue children are more sensitive to, with the likelihood to follow the syntactic cue on
the adjective significantly increasing with age in both monolingual and bilingual
children, echoing findings from French monolinguals in Karmiloff-Smith (1979),
as well as results reported in Gagliardi & Lidz (2014) and Culbertson et al. (2019).

The results of the current study lend some support to approaches to acquisition
such as the micro-cue model (Westergaard, 2009a, b, 2014), in that they show that
children are sensitive to fine distinctions in the input from relatively early on, not
only in syntax, but also for complex morphosyntactic phenomena such as grammat-
ical gender: While there are certain overgeneralizations in early child data, the sen-
sitivity to cues for gender assignment is visible in the data from early on, not only for
transparent, but also for ambiguous cues, and not only for monolinguals, but also
for bilinguals, who typically have comparatively less input. Our findings also open
up new questions and should lead to further research, for example, to what extent
the sensitivity to fine-grained cues found in our follow-up study on nouns ending in
a palatal consonant may hold in a larger study including different populations and a
larger variety of items.
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Notes
1 We follow Shvedova (1980) for the numeration of the declension classes.
2 Here and further, Russian examples are given following the transliteration convention adopted in Corbett
(1991). Where relevant, International Phonetic Alphabet (IPA) transcriptions are also provided in square
brackets.
3 The corpus analysis in Slioussar (2018) became available only after we designed and conducted our study.
It is noteworthy that the generalizations in Slioussar (2018) overlap with the results of our acquisition study.
4 The project was registered and approved by the Norwegian Social Science Data Service (NSD, http://www.
nsd.uib.no). Data collection was conducted in accordance with NSD’s ethical principles. Written informed
consent was obtained from parents of all the participants prior to testing.
5 We thank the anonymous reviewer who suggested this analysis.
6 We added 0.5 to each rate value to circumvent the problem of extreme values (0 and 1), see Hautus (1995).
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Appendix. Details of the statistical analysis

Table A1. Real words (Accuracy predicted by Condition and Age Group and their interaction)

Table A2. Real words: Post hoc pairwise comparisons of groups within conditions
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Table A3. Proportion (and number) of responses in each of the four categories defined by the signal
detection analysis for monolinguals and bilinguals in the masculine, feminine, and neuter
transparent conditions (Real words experiment)

Hits Misses False Alarms Correct rejections

Bilinguals Masculine 0.98 (336) 0.02 (8) 0.18 (115) 0.88 (539)

Monolinguals Masculine 0.99 (83) 0.00 (0) 0.01 (1) 0.99 (138)

Bilinguals Feminine 0.85 (281) 0.15 (50) 0.03 (26) 0.92 (641)

Monolinguals Feminine 0.98 (78) 0.02 (1) 0.00 (0) 0.99 (143)

Bilinguals Neuter 0.74 (240) 0.26 (83) 0.00 (0) 0.99 (675)

Monolinguals Neuter 0.94 (57) 0.06 (3) 0.00 (0) 0.99 (162)

Table A4. Mean, variance (SD), and 95% confidence interval for sensitivity (d’) and bias (c) with respect to
M, F, and N by monolinguals and bilinguals in transparent conditions (Real word experiment)

d’ c

Mean var (SD) 95% conf. int. mean var (SD) 95% conf. int.

Bilinguals Masculine 2.9 0.02 (0.1) 2.64 to 3.15 −0.52 0.004 (0.1) −0.78 to -0.26

Monolinguals Masculine 4.82 0.31 (0.6) 3.73 to 5.9 −0.11 0.08 (0.28) −1.2 to 0.98

Bilinguals Feminine 2.78 0.02 (0.1) 2.51 to 3.05 0.36 0.05 (0.07) 0.09 to 0.64

Monolinguals Feminine 4.78 0.4 (0.7) 3.45 to 6.11 0.31 0.12 (0.34) −1.02 to 1.64

Bilinguals Neuter 3.83 0.35 (0.6) 2.66 to 5 1.26 0.08 (0.3) 0.1 to 2.43

Monolinguals Neuter 5.14 0.7 (0.8) 3.52 to 6.76 0.17 0.17 (0.4) −1.45 to 1.79

Table B1. Transparent conditions Real versus Nonce words (Accuracy predicted by the interactions
of Group and Age, Condition and Group, and Group and Task)
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Table B2. Post hoc pairwise comparisons of tasks within groups: Transparent cues

Table B3. Nonce words (Probability of M agreement predicted by the interaction of Group, Age, and
Condition)
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Table B4. Nonce words: Post hoc pairwise comparisons of groups within conditions

Table B5. Proportion (and number) of responses in each of the four categories defined by the signal
detection analysis for monolinguals and bilinguals in the masculine, feminine, and neuter
transparent conditions (Nonce word experiment)

Hits Misses False Alarms Correct rejections

Bilinguals Masculine 0.85 (282) 0.15 (48) 0.3 (198) 0.7 (465)

Monolinguals Masculine 0.88 (372) 0.12 (52) 0.1 (92) 0.9 (754)

Bilinguals Feminine 0.74 (245) 0.26 (86) 0.1 (69) 0.9 (593)

Monolinguals Feminine 0.93 (399) 0.07 (28) 0.1 (92) 0.9 (751)

Bilinguals Neuter 0.57 (190) 0.43 (142) 0.01 (9) 0.99 (652)

Monolinguals Neuter 0.75 (314) 0.25 (105) 0.002 (1) 0.998 (850)

Table B6. Mean, variance (SD), and 95% confidence interval for sensitivity (d’) and bias (c) with respect to
M, F, and N by monolinguals and bilinguals in transparent conditions (Nonce word experiment)

d’ c

Mean var (SD) 95% conf. int. Mean SD 95% conf. int.

Bilinguals Masculine 1.58 0.01(0.1) 1.39 to 1.76 −0.26 0.002(0.05) −0.45 to -0.08

Monolinguals Masculine 2.38 0.01(0.1) 2.2 to 2.58 0.04 0.002(0.05) −0.16 to 0.23

Bilinguals Feminine 1.89 0.01(0.1) 1.69 to 2.11 0.31 0.003(0.05) 0.1 to 0.52

Monolinguals Feminine 2.73 0.01(0.1) 2.53 to 2.94 −0.13 0.003(0.05) −0.34 to 0.07

Bilinguals Neuter 2.37 0.03(0.2) 2.01 to 2.73 1.00 0.01(0.1) 0.64 to 1.37

Monolinguals Neuter 3.59 0.13(0.4) 2.87 to 4.31 1.12 0.03(0.2) 0.41 to 1.84

76 Natalia Mitrofanova et al.

https://doi.org/10.1017/S0142716421000382 Published online by Cambridge University Press

https://doi.org/10.1017/S0142716421000382


Table B7. Proportion (and number) of masculine responses in the ambiguous FM condition as
compared to M and F conditions (Nonce word experiment)

M FM F

Bilingual 0.87 (282) 0.48 (160) 0.25 (82)

Monolingual 0.88 (372) 0.22 (94) 0.07 (28)

Table B8. Mean, variance, and 95% confidence interval for sensitivity (d’) to the presence of the F cue
(comparison between the M and FM conditions= d-prime_1) and to the presence of the M cue
(comparison between the FM and F conditions= d-prime_2) in the FM condition (Nonce word experiment)

d-prime_1 (M to FM) d-prime_2 (FM to F)

Mean var (SD) 95% conf. int. Mean var 95% conf. int.

Bilingual 1.17 0.01 (0.1) 0.95 to 1.39 0.62 0.01 (0.1) 0.42 to 0.82

Monolingual 1.94 0.01 (0.1) 1.73 to 2.14 0.74 0.01 (0.1) 0.52 to 0.97

Table B9. Proportion (and number) of neuter responses in the ambiguous FN condition as compared to
N and F conditions (Nonce word experiment)

N FN F

Bilingual 0.88 (190) 0.21 (53) 0.02 (4)

Monolingual 0.88 (314) 0.11 (44) 0.00 (0)

Table B10. Mean, variance, and 95% confidence interval for sensitivity (d’) to the presence of the F cue
(comparison between the N and FN conditions= d-prime_1) and to the presence of the N cue
(comparison between the FN and F conditions= d-prime_2) in the FN condition (Nonce word experiment)

d-prime_1 (M to FM) d-prime_2 (FM to F)

Mean var (SD) 95% conf. int. Mean var 95% conf. int.

Bilingual 1.97 0.02 (0.1) 1.69 to 2.24 1.30 0.04 (0.2) 0.89 to 1.71

Monolingual 2.41 0.01 (0.1) 2.17 to 2.65 1.80 0.19 (0.4) 0.95 to 2.66
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Table C1. Mixed cues Matching Conditions (Probability of following the prompted adjectival agreement
pattern as predicted by the interaction of Group, Age, and Condition)

Table C2. Mixed cues Mismatching Conditions (Probability of following the prompted adjectival
agreement pattern as predicted by the interaction of Group, Age, and Condition)
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Table C3. Mixed cues Mismatching Conditions (Probability of following the prompted nominal
agreement pattern as predicted by the interaction of Group, Age, and Condition)
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