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This study examined abstract syntactic categorization in infants, using the case of grammatical gender.
Ninety-six French-learning 14-, 17-, 20-, and 30-month-olds completed the study. In a preferential looking pro-
cedure infants were tested on their generalized knowledge of grammatical gender involving pseudonouns
and gender-marking determiners. The pseudonouns were controlled to contain no phonological or acoustical
cues to gender. The determiner gender feature was the only information available. During familiarization,
some pseudonouns followed a masculine determiner and others a feminine determiner. Test trials presented
the same pseudonouns with different determiners in correct (consistent with familiarization gender pairing)
versus incorrect gender agreement. Twenty-month-olds showed emerging knowledge of gender categorization
and agreement. This knowledge was robust in 30-month-olds. These findings demonstrate that abstract, pro-
ductive grammatical representations are present early in acquisition.

When learning a language, children face many chal-
lenges. For example, they need to segment word
forms from continuous speech, map meaning to
word forms, and learn the grammatical properties
of the words. To acquire syntax, children must
learn that sentences are not simply composed of
specific words, but rather are composed of abstract
grammatical categories that can be combined to
generate an infinite number of possible utterances.
The acquisition of grammatical categories has been
a major focus in child language research. In this
study we examine abstract categorization of gram-
matical classes in infants, specifically grammatical
gender in French.

Theoretical models have been proposed to
address the question of how infants acquire the sys-
tem of grammatical categories. According to the
semantic bootstrapping model (e.g., Pinker, 1984),
infants begin by using semantic concepts (e.g.,
objects, actions) and syntax–semantics linking rules
to associate word forms in the input with innate
syntactic categories (such as nouns and verbs), a
process that is essential for infants’ analysis of the
distributional regularities of these categories. Based

on another model, certain phonological and pro-
sodic cues in the input mark grammatical categories
and constituents, and infants can use these cues to
discover initial grammatical categories and syntactic
relations (e.g., Christophe, Guasti, & Nespor, 1997;
Morgan, 1986; Shi, Morgan, & Allopenna, 1998).
They may notice the phonological or prosodic
marking of a class of words, and use it to analyze
the co-occurrence distribution of these words with
other classes or with specific close-class items (e.g.,
determiners, auxiliaries). A third type of theory
(e.g., Maratsos & Chalkley, 1980; Mintz, 2003)
focuses on the direct support of distributional prop-
erties among words in the input (e.g., co-occurrence
patterns and relative positions of words in sen-
tences) for initial grammatical categorization. Thus,
the three types of theories differ with respect to the
kinds of cues that can bootstrap infants into
the grammatical system, but converge on the use
of word distributional patterns during category
learning.

There had been a limited number of empirical
studies on initial categorization. There is evidence
that grammatical categorization begins at an early
age. It has been shown that 1- to 3-day-old new-
borns can use prosodic and phonological informa-
tion to categorize content words versus function
words (Shi, Werker, & Morgan, 1999), the most
fundamental, broad grammatical categorization.
This is consistent with the observation that, across

This research was supported by NSERC, SSHRC, and CFI
grants to the second author, and an NSERC scholarship to the
first author. Parts of this study were presented at the BUCLD 34
meeting (Boston, 2009). We thank Amy Arnott, Andréane Melan-
çon, Mireille Babineau, and Elena Koulaguina for their assistance.
We also thank the four anonymous reviewers and the editor for
their helpful comments.

Correspondence concerning this article should be addressed to
Rushen Shi, Département de psychologie, Université du Québec
à Montréal, C.P. 8888, Succursale Centre-Ville, Montréal, QC,
Canada H3C 3P8. Electronic mail may be sent to shi.rushen@
uqam.ca.

© 2012 The Authors
Child Development © 2012 Society for Research in Child Development, Inc.
All rights reserved. 0009-3920/2012/xxxx-xxxx
DOI: 10.1111/j.1467-8624.2012.01869.x

Child Development, xxxx 2012, Volume 00, Number 0, Pages 1–13



languages, the two classes of words are distinct in
their spoken forms: In comparison to content
words, function words are universally minimized,
both acoustically and phonologically (e.g., Cutler,
1993; Monaghan, Christiansen, & Chater, 2007;
Shi et al., 1998). It is therefore logical that the cate-
gorization of these two global, universal classes is
the first to emerge in infants.

Shortly after their first birthday, infants begin to
show knowledge about more specific categories,
such as nouns or verbs. Höhle, Weissenborn, Kiefer,
Schulz, and Schmitz (2004) showed noun categoriza-
tion in German-learning infants aged 14–16 months.
After being familiarized with pseudowords that
were preceded by a determiner in German, infants
discriminated sentences containing the same pseudo-
words in new contexts appropriate for nouns from
sentences containing the pseudowords in contexts
appropriate for verbs. The authors concluded that by
14 months of age infants possess a representation of
the co-occurrence pattern between determiners and
nouns, and use this cue for categorization.

Mintz (2006) reported verb categorization in 12-
month-old English-learning infants. Infants were
familiarized with sentences, each containing a
pseudoword. Certain pseudowords were used as
nouns (i.e., surrounded by frequent frames of func-
tion words supporting the noun category, such as
the_in) and others were used as verbs (e.g., in the
frame of to_it). In the test phase, the same pseudo-
word and function word frames appeared, but the
pairings were novel, in that some were grammatical
and others were ungrammatical. Infants discrimi-
nated grammatical trials versus ungrammatical
trials for pseudowords that had been familiarized
in verb-use sentences but not for those that had
been familiarized as nouns.

Evidence of noun categorization was also shown
with 14-month-old French-learning infants in Shi and
Melançon (2010). In that study, one group of infants
was familiarized with pseudowords preceded by
determiners (noun condition) and another group
with pseudowords preceded by pronouns (verb con-
dition). Both groups of infants were then tested on
the same pseudowords co-occurring with other
determiners versus with other pronouns, that is, dif-
ferent function words from those presented during
familiarization. Infants in the noun condition showed
evidence of categorization (by discriminating gram-
matical vs. ungrammatical trials). The stimuli were
carefully controlled so that the pseudowords con-
tained no prosodic (pitch, amplitude, or duration) or
phonological differences when used as nouns versus
verbs. Thus, noun categorization was solely based on

the distribution of the preceding determiners. That
study also showed that infants perceived different
determiners as an equivalent class.

Grammatical category learning has also been
investigated in artificial languages and unknown
natural languages. Gómez and Lakusta (2004)
conducted an experiment with an artificial language
using an aX bY paradigm. They found that
12-month-olds were able to form categories by
associating the distributional information of a and b
words with a phonological feature (i.e., monosyl-
labic or disyllabic) of X and Y words. Moreover,
infants generalized the categorization to novel X
and Y words. Gerken, Wilson, and Lewis (2005)
familiarized English-learning 17-month-olds with a
Russian grammatical gender paradigm, and found
that infants were able to form the categories when
two cues were copresent in the input: distributional
information provided by gender suffixes and pho-
nological information at the end of the noun stem.
Infants required the co-occurrence of the two cues
to form the categories. Interestingly, once they
learned the categories using the two cues, they no
longer needed both. They generalized the categori-
zation to test stimuli that contained only the gender
suffixes.

The previous experimental findings indicate that
grammatical categorization begins early in life, first
with the global bifurcation of content words versus
function words at birth. Categorization of nouns
and verbs begins some time after 1 year of age.
Initial grammatical categorization does not depend
on semantic cues, as either the targets or all the
stimuli in those studies were unknown words to
the infants. The evidence thus far suggests that
phonological cues along with distributional
information support initial category learning.

It appears that function words may constitute an
efficient kind of distributional cue to initial categori-
zation in infants. This is reasonable given that func-
tion words, which occupy crucial syntactic
positions, are a small set of words that occur ex-
tremely frequently in natural languages. Function
words and their distributional regularities with
adjacent nonfunction words may therefore be
particularly salient to infants. In an adult artificial
language learning experiment, grammatical catego-
rization performance was optimal when partici-
pants were presented with a small set of highly
frequent words (i.e., resembling function words)
relative to a large set of infrequent open-class
words (Valian & Coulson, 1988). Given that specific
function words are perceived and encoded early in
acquisition, starting from about 6 to 8 months of
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age (Hallé, Durand, & Boysson-Bardies, 2008; Höhle
& Weissenborn, 2003; Shafer, Shucard, Shucard, &
Gerken, 1998; Shi, Cutler, Werker, & Cruickshank,
2006; Shi & Lepage, 2008; Shi, Marquis, & Gauthier,
2006; Shi, Werker, & Cutler, 2006), we suggest that
they may serve as the distributional anchor for
infants to categorize less frequent open-class con-
tent words.

In this study we examined the development of
the ability to use function words alone as the distri-
butional anchor for categorizing content words. We
addressed this question by testing French-learning
infants’ categorization of nouns according to gram-
matical gender. In French, nouns are divided into
masculine and feminine categories. The determiner
and the noun within a noun phrase agree in gender
(e.g., lafeminine maisonfeminine, “the house”; lemasculine

ballonmasculine, “the ball”). Crucially, the assignment
of gender for nouns is largely arbitrary semanti-
cally. For example, there is no particular reason
why lit (“bed”) is masculine and table (“table”) is
feminine. Hence, grammatical gender categorization
cannot be acquired through semantics. Furthermore,
nouns in French do not contain consistent phono-
logical markings for gender, unlike in languages
with clear gender morphophonological markings on
the noun (e.g., Spanish, Russian). Although certain
markings have been observed for some nouns in
corpus and dictionary analyses, the markings were
only weakly probabilistic (e.g., Tucker, Lambert, &
Rigault, 1977). Thus, infants must learn to catego-
rize genders of nouns based on their distributional
relations with other words in the sentence, espe-
cially with determiners.

To unambiguously test if infants can categorize
the gender of nouns on the sole basis of distribu-
tional cues related to determiners, we used novel
nouns and strictly controlled their forms to avoid
all possible cues to gender. In particular, we did an
adult prestudy and an input analysis to ensure that
the novel words that we constructed contained no
phonological marking to gender. In addition, acous-
tic control was necessary to avoid potential distinct
acoustic cues to gender in stimuli production. This
consideration was based on the finding that Eng-
lish-speaking mothers produce noun–verb ambigu-
ous words (e.g., talk, walk, kiss) differently, in that
nouns tend to be longer in duration, higher in
pitch, and more dynamic in pitch changes than
verbs (Conwell & Morgan, 2012). Shi and Moisan
(2008) also found prosodic differences in French-
speaking mothers’ productions of noun–verb ambi-
categorical words. In previous infant perceptual
studies of grammatical categorization (reviewed

above), the same pseudowords in different catego-
ries might have been produced with subtle acoustic
differences. We therefore used the cross-splicing
technique in this study to completely remove any
possible speech cue to gender. Specifically, a same
pseudoword token produced in a gender-neutral
condition was spliced and conjoined with mascu-
line and feminine determiners, respectively, thus
preserving only the distributional cues of the gen-
der feature in the determiners.

Grammatical genders of nouns are subcategories
of the larger noun category. It is plausible for
gender categorization to emerge after the higher
order noun–verb categorization has been learned.
Distributionally, nouns of different genders seem to
exhibit a higher degree of overlap in sentences than
nouns versus verbs. For example, nouns and verbs
typically appear in distinct syntactic contexts,
whereas nouns of masculine and feminine genders
both occur in noun phrases, can precede the same
auxiliaries and prepositions, and can follow the
same gender-neutral determiners (plurals), numer-
als, and adjectives. Thus, gender categorization
may be somewhat delayed in comparison to the
categorization of the larger noun class. Indeed,
gender knowledge has been observed in production
(e.g., Bassano, 1998; Bassano, Maillochon, & Eme,
1998; Corrêa & Name, 2003) and comprehension
(Johnson, 2005; Lew-Williams & Fernald, 2007; Van
Heugten & Shi, 2009) studies in children after age
2, later than for nouns and verbs. Nevertheless,
French determiners might offer a certain degree of
distributional support for acquiring noun genders
because determiners are structurally required in
front of all common nouns, making French more
restrictive than other languages such as German
and Dutch. For example, sentences like Hunde
rennen schnell (“Dogs run fast”) and Nahrung ist
wichtig (“Food is important”) contain no determiner
and are grammatical in German, whereas in French,
the equivalent expressions require a determiner
before the noun (i.e., Les chiens courent vite and La
nourriture est importante rather than *Chiens courent
vite and *Nourriture est importante). Thus, infants
have many chances to hear gender-marking
determiners in front of nouns in French (in compar-
ison to German and Dutch), which may provide
considerable support for gender categorization at a
young age.

In short, we hypothesized that during the 2nd
year of life infants can categorize grammatical
gender classes of nouns based strictly on the
distributional support of determiners. We tested
infants’ abstract ability to categorize gender, using
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pseudonouns and a purely syntactic task (i.e., with
no semantic component). The use of pseudonouns
was important for revealing whether the categoriza-
tion was productive, that is, whether the knowl-
edge involved abstract equivalent classes that were
generalizable to novel instances. Our study thus
differed from previous gender studies that used
familiar nouns (Johnson, 2005; Lew-Williams & Fer-
nald, 2007; Van Heugten & Shi, 2009), and we rea-
soned that infants should have already acquired
abstract grammatical gender categorization at an
earlier stage. In a preferential looking procedure,
we first familiarized infants with pseudonouns fol-
lowing gender-marked French determiners. Infants
were then tested with the pseudonouns co-occur-
ring with other gender-marked determiners in
French that were not used in familiarization. The
determiner and pseudonoun pairings were gram-
matical (i.e., consistent with the familiarized gender
pairings) in half of the test trials and ungrammati-
cal (i.e., inconsistent with the familiarized gender
pairing) in the other trials. Looking times were
measured during grammatical and ungrammatical
test trials.

Experiment 1

Method

Participants. Participants were sixteen 14-month-
old (Mage = 1;2;21; range = 1;2;6–1;3;2; 9 males, 7
females), sixteen 17-month-old (Mage = 1;5;20;
range = 1;5;8–1;5;30; 6 males, 10 females), sixteen
20-month-old (Mage = 1;8;24; range = 1;8;1–1;9;11;
11 males, 5 females), and sixteen 30-month-old
(Mage = 2;6;21; range = 2;6;3–2;7;14; 6 males, 10
females) monolingual French-learning infants.
An additional eighteen infants were tested but were
not included in the analyses because of fussiness
(eight), parental interference (three), experimental
error (three), equipment failure (one), and ceiling
looking (three, i.e., never turned fixation away from
the display monitor throughout the entire experi-
ment).

Stimuli. The stimuli consisted of pseudonouns
and French determiners. There were several reasons
for the use of pseudonouns in this study. First, using
pseudonouns allowed us to examine infants’ capac-
ity to assign novel words to abstract gender catego-
ries. Second, it allowed us to eliminate potential
phonological or acoustical biases for gender. Finally,
using pseudonouns allowed us to control for infants’
prior exposure to the stimuli, as the stimuli in our
experiment were equally unfamiliar to all infants.

Four pseudonouns were used in the stimuli set:
mouveille, ravole, cagère, and gombale. They were
chosen from a prestudy with French-speaking
adults. We designed the prestudy to determine
which pseudonouns were equally probable in both
masculine and feminine genders. The goal was
therefore to neutralize any phonological cues to
gender in the pseudonouns for our experiments
with infants. In this prestudy, 10 participants were
orally presented with 26 pseudowords that we
constructed. Following the presentation of each
pseudoword, the participant had to orally create a
sentence using the pseudoword as a noun. Next, he
or she was asked to decide whether the pseudo-
word was noun-like in French, and whether it was
a typical-sounding noun. As determiners generally
occur in noun phrases in French, the participants
spontaneously produced a determiner before the
pseudoword in every sentence. Therefore, we were
able to implicitly induce gender production from
the adults for each pseudoword. The rational is that
if a pseudoword is phonologically biased toward
one of the two genders, it should be produced more
often with a determiner of that gender, whereas if a
pseudoword is not phonologically gender biased, it
should be equally likely to be produced with a
determiner of either gender. The four pseudoword
listed above were produced with comparable
numbers of masculine versus feminine determiners
across participants (mouveille: 40% masculine, 60%
feminine; ravole: 50% masculine, 50% feminine;
cagère: 50% masculine, 50% feminine; gombale: 60%
masculine, 40% feminine). They were also judged
as typical-sounding nouns in French.

In addition, a corpus analysis of infant-directed
speech in French was conducted to ensure that the
specific endings of the four pseudonouns contained
no phonological marking to gender in children’s
input. We counted the frequencies of endings in all
masculine and feminine nouns in sample transcripts
from several corpora of the CHILDES database
(MacWhinney, 2000): Anaïs, Marie, Nathan, and
Tim (Demuth & Tremblay, 2008); Léonard,
Madeleine, and Theophile (Morgenstern & Parisse,
2007), Pauline (Bassano & Maillochon, 1994), and
Grégoire (Champaud corpus), and from the Cécyre
and Shi (2005) corpus. The ages of the infants ran-
ged from 0;08;09 to 1;09;18, and only adult speech
was analyzed. We found that of a total of 562 noun
types (1,919 tokens), few carried the particular end-
ings that we used for our pseudonouns. Specifi-
cally, the /ɛR/ending appeared in 14 feminine
noun types (33 tokens) and 11 masculine noun
types (26 tokens), the/Ol/ending in one feminine
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noun type (13 tokens) and four masculine noun
types (24 tokens), the/Al/ending in one feminine
noun type (4 tokens) and no masculine noun types,
and the/ɛj/ending in one feminine noun type (4
tokens) and one masculine noun type (1 token).
Overall, nouns carrying those endings were very
infrequent (< 1% of all noun types and tokens). In
fact, we observed over 30 other noun endings, some
of which were more frequent than the endings that
we used. It is therefore unlikely that the four
pseudoword endings carry phonological informa-
tion that could bias gender categorization.

We then constructed noun phrases, each contain-
ing a French determiner: un (“a,” masculine), une
(“a,” feminine), le (“the,” masculine), and la (“the,”
feminine). The following phrases were used as the
familiarization stimuli: un mouveille, une mouveille,
un ravole, une ravole, un gombale, une gombale, un
cagère, une cagère. The stimuli for the test phase
were as follows: le mouveille, la mouveille, le ravole, la
ravole, le gombale, la gombale, le cagère, la cagère.

The auditory materials were recorded in an
acoustical chamber by a native French female
speaker in the infant-directed speech style. The
stimuli were recorded using a digital audio recor-
der Sound Device 702T (44 kHz sampling fre-
quency, 24 bits bit rate) and then transferred
digital-to-digital to a computer. The four pseudo-
nouns were each recorded multiple times in isola-
tion and in noun phrases with each of the four
determiners (un, une, le, and la). The pseudonouns
were produced with three different intonations
(flat, rising, and falling). In total, three tokens of
every noun phrase (one for each intonation) were
selected. To eliminate any possible acoustic or pro-
sodic cues to gender in the pseudonouns, the final
stimuli were created within Praat software (version
4.5.26; Boersma & Weenink, 2007) using a cross-
splicing technique: Each pseudonoun produced in
isolation with one of the three intonations was
conjoined with determiners of both genders. The
latter were spliced from noun phrases containing
the corresponding pseudonouns in the same into-
nation as the citation forms. Specifically, the iso-
lated pseudonoun and the corresponding noun
phrase sound files were both cut at matching
points on the waveforms at the beginning of the
pseudonoun. For the pseudonouns gombale and
cagère, the cutting point was just before the release
of the initial consonant. For the pseudonouns
mouveille and ravole, the cutting point was in the
middle of the initial consonant. This was done to
prevent the spliced phrases from sounding
artificial.

The visual stimulus file consisted of a cartoon
puppet standing in the center of the screen. We
synchronized the mouth movements of the puppet
to match the auditory stimuli so that the puppet
“spoke” the noun phrases. While speaking, the
puppet also moved her hands, head, and body. The
visual stimuli were created using Adobe® Flash®

CS3 Professional software (Adobe Systems Incorpo-
rated, San Jose, CA) and exported in a QuickTime
format with a 30 fps frame rate and a resolution of
1360 9 768 pixels. The purpose of this animation
was to make the task interesting for the infants.

Design. The experiment consisted of a familiar-
ization phase and a test phase. During familiariza-
tion, infants were presented with noun phrases in
which the four pseudonouns described above were
paired with two of the four determiners (i.e., un—
masculine, une—feminine). Two of the four pseudo-
nouns were preceded by the masculine determiner
un (e.g., un mouveille, un ravole) and two were pre-
ceded by the feminine determiner une (e.g., une
gombale, une cagère). The grammatical gender pair-
ings were counterbalanced across infants, forming
two different familiarization conditions (see the
familiarization stimuli for Group A vs. Group B in
Table 1). Each familiarization condition consisted of
multiple trials, and tokens of the four noun phrases
were presented quasi-randomly within and across
trials, ensuring variability. In particular, adjacent
noun phrases were always different, except in the
few cases where only one sequential repetition
occurred. The same variability applied for the into-
nations of the stimuli. Each familiarization trial had
a maximum length of 15.1 s, with an interphrase
interval of 700 ms. The familiarization materials
were presented until the infant accumulated 90 s of
looking time. As the presentation of the stimuli was
contingent upon infants’ looking to the audiovisual
presentation, infants only received attentive expo-
sure. Following familiarization, the test phase began
automatically.

In the test phase, the same four pseudonouns
were again presented in noun phrases, this time
paired with the other two determiners (le—mascu-
line, la—feminine) that were not used during famil-
iarization. There were two trial types: grammatical
and ungrammatical trials. In the grammatical trials,
two pseudonouns from familiarization (one that
had been paired with the masculine determiner un
and one that had been paired with the feminine
determiner une) were now paired with the nonfa-
miliarized determiners that were gender consistent
with the familiarization (e.g., le mouveille, la gom-
bale). In the ungrammatical trials, the remaining
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two pseudonouns were paired with the nonfamil-
iarized determiners that were inconsistent in gender
with the familiarization (e.g., le cagère, la ravole).
Tokens of the noun phrases of each trial type were
presented quasi-randomly to ensure variability. In
particular, any given noun phrase never occurred
more than twice consecutively. The same variability
applied for the intonations of the stimuli. During
each test trial the interphrase interval was 700 ms.
In total, the test phase consisted of 10 trials, with a
maximum length of 15.2 s for each trial. Grammati-
cal and ungrammatical trials (five trials each) were
presented in alternation. The type of the first trial
(grammatical or ungrammatical) was counterbal-
anced across participants. The specific pseudonouns
used as grammatical and ungrammatical stimuli
were also counterbalanced across participants (as
shown in Table 1).

Procedure. The participants were tested individu-
ally in a preferential looking paradigm. Upon arri-
val, the caregiver(s) were informed of the
procedure and were asked not to interfere during
the experiment (e.g., talking to the child or pointing
at the screen). Then, the caregiver and the infant
were led to a double-walled IAC acoustical cham-
ber (interior dimension 9 ft 8 in. 9 9 ft 8 in.). Here,
the infant sat on the caregiver’s lap approximately
1.5 m in front of a 42-in. LG TV monitor. The care-
giver listened to masking music through noise

cancellation headphones. The experimenter in the
adjacent room, blind to the audiovisual stimuli,
observed the infant’s eye movements through a
closed-circuit TV and pressed a computer key
whenever the infant looked at the display monitor.
Experimental software (Cohen, Atkinson, &
Chaput, 2000) presented the stimuli in the test
chamber and recorded all looks. The experiment
was fully infant controlled: Each trial was initiated
when the infant looked toward the TV monitor and
stopped when the infant looked away from the TV
for 2 s or more, or when the maximum trial length
was reached. Between trials, an attention getter
appeared on the display monitor to attract the
infant’s attention. The attention getter consisted of
an image of a bird zooming in and out, synchro-
nized with a whistle sound.

Results and Discussion

The four age groups of infants reached the famil-
iarization criterion in eight trials on average
(14 months: 9.75 trials; 17 months: 8.44 trials;
20 months: 7.88 trials; 30 months: 8.25 trials). For
each infant, average looking (i.e., listening) times
per trial were calculated for grammatical test trials
and for ungrammatical test trials, respectively. Fig-
ure 1 shows the looking times for the two test trial
types. We conducted a 2 9 4 9 2 mixed analysis of

Table 1
Familiarization Conditions (Groups A and B) and Test Conditions (Subgroups 1–4) for Experiment 1

Familiarization—Group A
un mouveille, une gombale, un ravole, une cagère

Familiarization—Group B
une mouveille, un gombale, une ravole, un cagère

Test

Subgroup 1 Subgroup 2 Subgroup 3 Subgroup 4

Trial le mouveille
la gombale
(Grammatical-A,
ungrammatical-B)

le cagère
la ravole
(Ungrammatical-A,
grammatical-B)

le ravole
la cagère
(Grammatical-A,
ungrammatical-B)

le gombale
la mouveille
(Ungrammatical-A,
grammatical-B)

Trial le cagère
la ravole
(Ungrammatical-A,
grammatical-B)

le mouveille
la gombale
(Grammatical-A,
ungrammatical-B)

le gombale
la mouveille
(Ungrammatical-A,
grammatical-B)

le ravole
la cagère
(Grammatical-A,
ungrammatical-B)

Note. Table 1 contains different familiarization stimuli presented to two groups of infants (Groups A and B). The same test stimuli were
presented to both familiarization groups, but the grammaticality of test materials is reversed (i.e., grammatical trials for Group A are
ungrammatical for Group B) because of the different determiner–noun gender pairings during the familiarization. In addition to this
grammaticality counterbalancing, the subgroups of the test conditions represent the counterbalancing of the first test trial (grammatical
first vs. ungrammatical first) within each familiarization group, and the counterbalancing of the specific pseudonouns as grammatical
versus ungrammatical stimuli, that is, Subgroups 1–2 versus 3–4.
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variance (ANOVA), with Grammaticality of the test
trials as the within-subject factor (grammatical vs.
ungrammatical), and Age (14, 17, 20, 30 months)
and Sex (male vs. female) as the between-subject
factors. No main effect of Grammaticality was
observed, F(1, 56) = 1.056, p = .308, g2 = .064. There
was no main effect of Sex F(1, 56) = 0.427, p = .516,
g2 < .001; no interaction between Grammaticality
and Sex, F(1, 56) = 0.633, p = .430, g2 = .039;
between Age and Sex, F(3, 56) = 0.409, p = .747,
g2 = .002; or between Grammaticality, Age and Sex,
F(3, 56) = 1.449, p = .238, g2 = .265. Therefore, the
factor Sex was not included in subsequent analyses.
There was no main effect of Age, F(3, 56) = 1.465,
p = .234, g2 = .007. Crucially, there was a significant
Grammaticality 9 Age interaction, F(3, 56) = 3.448,
p = .023, g2 = .631. Follow-up simple effects analyses
were conducted for each age. The results revealed
that the 30-month-old infants discriminated between
grammatical and ungrammatical trials. They listened
longer to ungrammatical trials (M = 10.20 s,
SE = 0.58 s) than to grammatical ones (M = 8.16 s,
SE = 0.57 s), F(1, 15) = 20.443, p < .001, g2 = .577.
No effect of Grammaticality was found for the 14-
month-olds, F(1, 15) = 0.259, p = .618, g2 = .017; the
17-month-olds, F(1, 15) = 0.112, p = .742, g2 = .007;
or the 20-month-olds, F(1, 15) = 0.050, p = .826,
g2 = .003. These three younger age groups did not
respond differently toward grammatical versus
ungrammatical trials.

These results suggest that 30-month-old infants
can categorize novel nouns into gender classes on
the sole basis of their distribution with determiners.

These infants perceived the gender feature in the
determiners and encoded the feature onto the novel
nouns in the corresponding categories. The robust
discrimination of grammatical versus ungrammati-
cal trials shown by these infants contrasts with the
results of the younger infants, for whom no dis-
crimination was observed.

The possibility remains, however, that gender
categorization emerges earlier in development, but
that our learning task did not allow younger
children to show this ability. The learning task that
our infants faced may have been too complex. Our
design required infants to learn to associate two
pseudonouns with a masculine determiner and two
other pseudonouns with a feminine determiner.
Then, they were tested with the same four pseudo-
nouns preceded by different determiners. The
pseudonouns in the grammatical trials were not
the same as those in ungrammatical trials. To suc-
ceed in the present task, infants have to categorize
all four nouns in different gender classes based on
the determiners during the familiarization phase,
generalize the gender pairings to other determin-
ers, and perceive the grammaticality of the test
stimuli. Hence, the learning task required signifi-
cant attention and memory resources, and thus
may have been too challenging for younger infants
to show their categorization ability. Interestingly,
30-month-olds showed a striking novelty prefer-
ence in this difficult learning task. As novelty pref-
erence may indicate a more advanced ability (as
shown in Hunter & Ames, 1988), a simpler task
might reveal the knowledge of gender categoriza-
tion in younger infants. We therefore simplified
our design in Experiment 2 by using fewer
pseudonouns, requiring the learning of a smaller
number of determiner–noun pairings, and by
increasing the familiarization time. We hypothe-
sized that younger infants would show knowledge
of noun gender categorization based on gender-
marking determiners.

Experiment 2

Method

Participants. Participants were sixteen 14-month-
old (Mage = 1;2;13; range = 1;2;1–1;2;30; 8 males, 8
females) and sixteen 20-month-old (Mage = 1;8;29;
range = 1;8;16–1;9;19; 9 males, 7 females) mono-
lingual French-learning infants. An additional
eleven infants were tested but were not included in
the analyses because of fussiness (six), experimental
error (one), and ceiling looking (four).
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Figure 1. The 14-, 17-, 20-, and 30-month-old infants’ average
looking (listening) times (means and standard errors) for the two
test trial types (grammatical vs. ungrammatical) in Experiment 1.
Note. The task in these experiments was more complex than that in
Experiment 2. Thirty-month-olds discriminated the two trial types.
*p < .05.
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Stimuli, design, and procedure. The stimuli
consisted of two of the pseudonouns used in Exper-
iment 1, cagère and ravole, paired with the determin-
ers un, une, le, and la. The same tokens of these
noun phrases from the final stimuli set (i.e., after
cross-splicing) of the previous experiment were
used: three tokens of un cagère, une cagère, un ravole,
une ravole as the familiarization stimuli, and three
tokens of le ravole, la ravole, le cagère, la cagère as the
test stimuli.

The design consisted of a familiarization phase
and a test phase. Familiarization trials presented
the two pseudonouns, cagère and ravole, each pre-
ceded by one of the determiners, un—masculine or
une—feminine (e.g., un ravole, une cagère). The pair-
ings of the grammatical gender of the determiner
with the pseudonouns were counterbalanced across
infants, forming two different familiarization condi-
tions, as shown in Table 2.

Each familiarization condition consisted of multi-
ple trials in which the two noun phrases were pre-
sented in a quasi-random fashion across trials, with
the restriction that the same noun phrase did not
occur more than twice consecutively. The noun

phrases with each intonation were presented a com-
parable number of times across trials. The maxi-
mum trial length was 15.2 s, with an interphrase
interval of 700 ms. The familiarization trials were
presented until the infant accumulated 120 s of
looking time, after which the experiment advanced
to the test phase automatically.

In the test phase, the same two pseudonouns
were again presented, this time preceded by the
nonfamiliarized determiners (le—masculine, la—
feminine). The test phase consisted of grammatical
and ungrammatical trials. In the grammatical trials,
the two pseudonouns were each paired with a
determiner consistent in gender with the familiar-
ization (e.g., le ravole, la cagère). In the ungrammati-
cal trials, the same two pseudonouns were paired
with determiners that were inconsistent in gender
with the familiarization (e.g., le cagère, la ravole).
Unlike Experiment 1, in which the nouns for gram-
matical trials were different from those for ungram-
matical trials, both test trial types in Experiment 2
consisted of the same two nouns.

As in the previous experiment, tokens of the two
noun phrases in a test trial were presented quasi-
randomly to ensure variability. In particular, any
given noun phrase never occurred more than twice
consecutively. The same variability applied for the
intonations of the stimuli. During each test trial the
interphrase interval was 700 ms. In total, the test
phase consisted of 10 trials, with a maximum
length of 15.2 s for each trial. Grammatical and
ungrammatical trials (5 trials each) were presented
in alternation. The type of the first trial (grammati-
cal vs. ungrammatical) was counterbalanced across
participants. The grammaticality of the noun
phrases was also counterbalanced across partici-
pants (see Table 2).

The procedure was identical to that of Experi-
ment 1.

Results and Discussion

On average, infants reached the familiarization
criterion within 9–10 trials (14 months: 10.19 trials;
20 months: 9.25 trials). For each infant, average
looking time per trial was calculated for grammati-
cal versus ungrammatical trials. Figure 2 shows the
looking times for the two test trial types in Experi-
ment 2. A 2 9 2 9 2 mixed ANOVA was con-
ducted, with Grammaticality of the test trials as the
within-subject factor (grammatical vs. ungrammati-
cal), and Age (14 vs. 20 months) and Sex (male vs.
female) as the between-subject factors. No main
effect of Grammaticality was observed, F(1, 28) = 0.387,

Table 2
Familiarization Conditions (Groups A and B) and Test Conditions (Sub-
groups 1 and 2) Across Different Groups of Infants for Experiment 2

Familiarization—Group A
un ravole, une cagère

Familiarization—Group B
une ravole, un cagère

Test

Subgroup 1 Subgroup 2

Trial le ravole
la cagère
(Grammatical-A,
ungrammatical-B)

le cagère
la ravole
(Ungrammatical-A,
grammatical-B)

Trial le cagère
la ravole
(Ungrammatical-A,
grammatical-B)

le ravole
la cagère
(Grammatical-A,
ungrammatical-B)

Note. Table 2 contains different familiarization stimuli presented
to two groups of infants (Groups A and B). The same test stimuli
were presented to both familiarization groups, but the grammati-
cality of test materials is reversed (i.e., the grammatical trials for
Group A are ungrammatical for Group B) because of the differ-
ent determiner–noun gender pairings during the familiarization.
In addition to this grammaticality counterbalancing, the sub-
groups of the test conditions represent the counterbalancing of
the first test trial (grammatical first vs. ungrammatical first)
within each familiarization group.
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p = .539, g2 = .011. There was no main effect of Sex
F(1, 28) = 0.009, p = .926, g2 < .001; no interaction
between Grammaticality and Sex, F(1, 28) < 0.001;
p = .988, g2 < .001; between Age and sex, F(1,
28) = 0.030, p = .864, g2 � .001; or between Gram-
maticality, Age and Sex, F(1, 28) = 0.432, p = .516,
g2 = .013. Therefore, the factor Sex was not
included in subsequent analyses. There was no
main effect of Age, F(1, 28) = 0.047, p = .830,
g2 < .001. Importantly, there was a significant
Grammaticality 9 Age interaction, F(1, 28) = 5.628,
p = .025, g2 = .163. Follow-up simple effects analy-
ses on each of the two ages revealed that the 20-
month-old infants listened longer to grammatical
trials (M = 8.28 s, SE = 0.93 s) than to ungrammati-
cal ones (M = 7.30 s, SE = 0.84 s), F(1, 15) = 5.229,
p = .037, g2 = .259. No effect of Grammaticality
was found for the 14-month-olds, F(1, 15) = 1.434,
p = .250, g2 = .087, indicating that infants of this
group did not respond differently to grammatical
versus ungrammatical trials.

The 20-month-olds tested with this simplified
learning task showed knowledge of gender in
determiners and the ability to use this knowledge
to categorize the gender of novel nouns. The
reduced number of novel nouns to be learned and
the increased familiarization time allowed us to
reveal younger infants’ ability. Unlike these 20-
month-olds, the 14-month-olds in the present exper-
iment failed to show evidence of categorization
despite the simplified learning task and longer
familiarization. The results suggest that the ability
to categorize gender of novel nouns based solely on

their distributional relations with gender-marked
determiners emerges around 20 months of age or
slightly before.

General Discussion

The goal of the present study was to examine the
development of grammatical gender knowledge in
infants. Previous studies have shown that categoriza-
tion of nouns emerges shortly after 1 year of age
(Höhle et al., 2004; Shi & Melançon, 2010). We show
in this study that by 20 months of age, infants can
divide nouns into grammatical gender categories,
using determiners. Furthermore, we demonstrate
that infants can perform the categorization abstractly
and productively. Infants showed knowledge of an
abstract grammatical category that included multiple
masculine determiners (e.g., un, le) and another that
included multiple feminine determiners (e.g., une, la),
and they treated the determiners within each class as
equivalent, as occurring before the same nouns. They
used the gender features of determiners to categorize
the gender of novel nouns.

In our experiments, the stimuli were carefully
manipulated to remove all potential phonological
and acoustic or prosodic cues. We used pseudo-
nouns that carry no phonological cues to gender
drawn from our prestudy with adults. In addition,
we removed all possible acoustic and prosodic cues
by using cross-spliced gender-neutral productions
of the pseudonouns. Therefore, children must rely
exclusively on the distributional and featural infor-
mation associated with the determiners to succeed
in our gender-categorization task. This ability thus
closely reflects knowledge that is syntax-like. We
found that 14-month-olds (Experiments 1 and 2)
and 17-month-olds (Experiment 1) did not show
evidence of gender categorization, whereas 20- and
30-month-olds did. The 20-month-olds showed suc-
cess when the learning task was relatively simple
(Experiment 2). Infants aged 30 months showed
robust gender knowledge even in the complex
learning task (Experiment 1).

It is noteworthy that the 30-month-olds in Experi-
ment 1 showed a novelty preference (i.e., preference
for the ungrammatical over the grammatical trials),
whereas the 20-month-olds from Experiment 2
showed a familiarity preference (i.e., preference for
the grammatical over the ungrammatical trials). In
the literature, novelty preference has often been
associated with a longer exposure time to experi-
mental stimuli and with older infants, and con-
versely, familiarity preference has been associated
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Figure 2. The 14- and 20-month-old infants’ average looking (lis-
tening) times (means and standard errors) for the two test trial
types (grammatical vs. ungrammatical) in the simpler task of
Experiment 2.
Note. Twenty-month-olds discriminated the two trial types.
*p < .05.
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with younger infants and relatively complex stimuli
(e.g., Hunter & Ames, 1988; Thiessen & Saffran,
2003). One interpretation is that novelty preference
indicates better encoding or better knowledge of
the material presented than does familiarity prefer-
ence (Hunter & Ames, 1988). In line with this inter-
pretation, the familiarity preference shown by our
20-month-olds in Experiment 2 suggests an emerg-
ing ability to use the distribution of determiners for
noun gender categorization, whereas the novelty
preference shown by the 30-month-olds in Experi-
ment 1 indicates a robust knowledge. In fact, the
familiarity preference in the 20-month-olds is partic-
ularly revealing as the stimuli were simpler and the
familiarization exposure was longer in that experi-
ment (Experiment 2) than in Experiment 1. When
the stimuli and familiarization duration were both
challenging (Experiment 1), no preference was
observed in the 20-month-olds. Therefore, the com-
bined results of Experiments 1 and 2 provide clear
evidence that knowledge of distribution-based gen-
der categorization emerges around 20 months of
age, or slightly earlier, and becomes strong by
30 months of age.

Our results and those of the previous online
noun comprehension studies show a coherent
developmental progression of grammatical gender.
As mentioned earlier, for several languages, there is
evidence that children use gender information in
the comprehension of the meaning of familiar
nouns, starting from 2 years of age (Johnson, 2005;
Van Heugten & Shi, 2009). However, in those
studies, the possibility remained that the children
simply learned to associate specific determiners
with specific familiar nouns, without having gener-
alized the abstract knowledge of noun gender
classes. For example, children may have learned
that le and un (masculine determiners) go with
ballon (a masculine familiar noun) because they
heard the co-occurrences of those specific determin-
ers with that specific noun often in their natural
environment, without knowing that le and un
belong to the same category (masculine determin-
ers) and apply to all masculine nouns. The positive
results with pseudonouns obtained in the present
study suggest that children possess an abstract rep-
resentation of grammatical gender features for
determiners and nouns at an early age. Indeed, the
30-month-olds of Experiment 1 and the 20-month-
olds of Experiment 2 were able to generalize the
appropriate agreement between determiners and
nouns to novel nouns.

The categorization ability shown in our study is
consistent with the theoretical view that grammati-

cal categories and relations are represented during
early language acquisition (e.g., Valian, 2009). Our
results are inconsistent with the position that there
are no syntactic representations for infants under
2 years and that children’s early utterances are for-
mulaic exemplars with no abstract grammatical
structure (e.g., Pine & Lieven, 1997). In our experi-
ments the phrases contained novel nouns that could
not have been previously stored. Infants encoded
the gender feature in determiners and generalized it
to the novel nouns, demonstrating abstract gram-
matical representations.

We note here that although our study shows
evidence of abstract gender knowledge, the full
representations of grammatical gender systems is more
complex than what we showed here. In French, gender
agreement applies to multiple categories within noun
phrases, including determiners, nouns, adjectives, and
quantifiers. Moreover, gender agreement may apply
across phrases or sentences, for example, between the
subject and the predicate that contains an adjective
(lafeminine maisonfeminine est petitefeminine—“the house is
small”), and between the noun and its modifying rela-
tive clauses (e.g., … lafeminine réponsefeminine qui a été
faitefeminine—“the response that was made”). Whether
the knowledge of determiner-noun gender agreement
that we demonstrated here extends to (or even triggers)
other gender agreement elements across phrasal struc-
tures is an empirical question that has implications to
linguistic theories. Further experiments are necessary to
better understand the precise degree of complexity of
the syntactic knowledge of gender in toddlers.

Given that the pseudonouns in our experiments
contained no phonological or acoustical cues to
grammatical gender, we were able to conclude that
categorization was strictly distribution based and
did not require the support of any phonological or
acoustical cue. Our study did not test whether such
speech cues may assist gender categorization. In the
literature, phonological and prosodic cues have in
fact been found to correlate with grammatical cate-
gories such as nouns and verbs (e.g., Cassidy &
Kelly, 1991; Kelly, 1992; Sereno & Jongman, 1990;
Shi & Moisan, 2008). In a corpus study Monaghan
et al. (2007) found that parental speech contains
both distributional and phonological cues that can
support the distinction between nouns and verbs.
In addition, mothers tend to produce noun–verb
homophones with different acoustic patterns, and
infants are sensitive to the cues and can discrimi-
nate the forms intended for one category versus the
other (Conwell & Morgan, 2012). Shi and Moisan
(2008) also showed that infant-directed speech in
French contains prosodic cues that distinguish noun
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and verb productions. With respect to grammatical
gender, it is unknown if there are acoustical cues to
genders in the input. It has been suggested, how-
ever, that gender attribution in French can be par-
tially predicted based on certain phonological
properties (Lyster, 2006; Tucker et al., 1977). An
analysis of nouns of a French dictionary revealed
that many nouns carry an ending that associates in
a systematic way with gender (Tucker et al., 1977),
such as the –ette ending (e.g., poussette) that co-
occurs with feminine gender and the –in ending
(e.g., bain) that co-occurs with masculine gender.
We should note that such associations are far from
perfect, as violations are common (e.g., main—femi-
nine noun), and many nouns carry a neutral ending
that do not indicate either gender (e.g., –ale, –ère;
Lyster, 2006). The inconsistencies are also clear in
our frequency analysis of infant-directed speech in
French (as described in Experiment 1 above).
Hence, purely distribution-based gender categoriza-
tion is necessary for French. Nevertheless, the possi-
bility remains that the partially regular
phonological cues to gender in French nouns and
the link of these cues with the gender feature of
determiners might be perceived and used for cate-
gorization by infants.

It is pertinent to mention that phonological
markings to grammatical gender are variable and
specific to individual languages. In this respect,
gender is unlike content words versus function
words. The content–function-word bifurcation is
fundamental in natural languages, and it is sup-
ported reliably by a large cohort of phonological
and acoustical cues in a language-universal fashion
(e.g., Shi et al., 1998). Consistent with this charac-
teristic, the ability to categorize the two broad clas-
ses is present at birth (Shi et al., 1999).
Phonological or acoustical cues to gender and to
other lexical categories such as nouns and verbs,
however, are language-specific, varying both in
terms of how regularly markings appear and what
types of markings a language employs. Thus, dis-
covering the phonological or acoustical cues to
these categories may require a certain amount of
learning experience by the infant. Further experi-
ments can reveal whether and how the phonologi-
cal or acoustic cues may play a role in the
categorization of grammatical gender at the early
and later stages of learning.

In conclusion, through careful control of all possi-
ble cues in the stimuli, we tested infants’ ability to
categorize nouns into gender classes on the sole basis
of determiners. We showed that by 20 months of age
infants have abstract knowledge of determiner gen-

der classes. They are able to encode the grammatical
gender feature of determiners onto novel nouns in
noun phrases, a process that reflects representations
that are syntactic. By 30 months of age, the knowl-
edge of gender feature and agreement is robust. This
study is the first to demonstrate the development of
this abstract grammatical knowledge.
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