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Lexical category biases in children’s early vocabulary:
Decomposing linguistic and cultural predictors across 32 languages and dialects

Hiromichi Hagihara (hiromichi.h.hus@osaka-u.ac.jp)1,2, Alvin W. M. Tan3 & Michael C. Frank3
1Graduate School of Human Sciences, The University of Osaka

2International Research Center for Neurointelligence (WPI-IRCN), The University of Tokyo
3Department of Psychology, Stanford University

Abstract

Children’s early vocabulary is often skewed towards nouns and
away from verbs, but these biases are thought to vary cross-
linguistically. Prior work attempting to explore this variation
has often been limited in language coverage, predictors, or bias
estimation methods. Drawing on large-scale cross-linguistic
resources (Wordbank, WALS, GramBank, and CHILDES), we
provide a systematic decomposition of early lexical category
biases into typological, frequency-based, and cultural compo-
nents. We first derive noun, verb, and adjective bias estimates
from early productive vocabularies across 32 languages and di-
alects. We then test whether cross-linguistic variation in these
biases can be predicted by grammatical features and part-of-
speech frequency in child-directed speech, as well as broader
cultural factors. Several of these predictors reliably explain
variation in noun and verb bias, whereas adjective bias is com-
paratively poorly predicted. These findings highlight multiple
classes of factors shaping variation in early lexical biases.

Keywords: language development; word learning; vocabulary;
syntactic bias; cross-linguistic comparison

Introduction
Children do not acquire words at random. Children’s early
vocabulary shows systematic regularities, such that concrete,
frequent words, and words embedded in specific contexts are
learned earlier than others (e.g., Braginsky et al., 2019; Roy
et al., 2015; Tan et al., 2024). At the same time, the composi-
tion of early vocabularies also shows systematic biases. One
well-documented bias concerns syntactic categories. Many
languages exhibit a robust noun bias (Bornstein et al., 2004;
Frank et al., 2021; Gentner, 1982; Waxman et al., 2013), with
object words dominating early vocabularies compared with re-
lation words. In contrast, some languages, such as Mandarin
Chinese (Hung & Chang, 2023; Tardif, 1996), Korean (Choi
& Gopnik, 1995), and Tseltal (Casillas et al., 2024), show a
weaker noun bias or even a verb bias. Cross-linguistic com-
parisons of lexical biases not only elucidate multiple develop-
mental pathways for language acquisition (Bates et al., 1996;
Nelson, 1973; Rowe & Weisleder, 2020) but also provide in-
sight into the ontogenetic origins of linguistic influences on
perception and cognition (Hagihara et al., 2026; Imai et al.,
2016; Whorf, 1956).

A range of accounts have been proposed to explain how early
lexical biases arise (Tan & Frank, 2025). From a cognitive
perspective that is a prominent approach in developmental sci-
ence, nouns are referentially transparent because objects are

more easily individuated from their environments than actions
or attributes (Fitch et al., 2025; Gentner, 1982), whereas verbs
involve more variable ways of lexicalizing relations among ob-
jects, and these vary across languages (Gentner & Boroditsky,
2001). Linguistic accounts suggest that morphological com-
plexity or saliency in utterance positions (Caselli et al., 1995;
Goldfield, 1993; Kim et al., 2000; Kim et al., 2025; Tardif
et al., 1997, 2008), or differences in information required to
grasp syntactic frames (Gillette et al., 1999) affect lexical bi-
ases. More simply, overall part-of-speech frequencies vary
across languages (e.g., Camaioni & Longobardi, 2001), bi-
asing learning toward more frequent categories (Verhagen et
al., 2022). Cultural contexts may also influence how chil-
dren incorporate words into their lexicons. Cultures differ in
the priority given to object labeling vs. describing relations
among objects (Choi & Gopnik, 1995; Fernald & Morikawa,
1993; Tardif et al., 1999) and in attention to objects or actions
(Kuwabara & Smith, 2022; Lavin et al., 2006; Senzaki &
Shimizu, 2022; Waxman et al., 2013). Together, these three
accounts (i.e., cognitive, linguistic, and cultural) suggest mul-
tiple factors that may shape early lexical category biases.

Although a substantial body of research has examined lexi-
cal category biases in early vocabulary, the literature remains
fragmented, making it difficult to obtain a comprehensive view
of how multiple factors affect these biases. Many studies ei-
ther focus on a restricted set of languages (often biased toward
Indo-European languages), with few exceptions (e.g., Born-
stein et al., 2004; Braginsky et al., 2019), or examine only a
small set of explanatory factors (e.g., Tan & Frank, 2025).

Furthermore, earlier work has often operationalized lexical
biases using measures such as raw word counts (e.g., Tardif et
al., 1997), category proportions (e.g., Bornstein et al., 2004),
or ratios of nouns to the sum of nouns and verbs (e.g., Tardif
et al., 1999), all susceptible to an availability problem. When
more nouns than verbs are available, a noun-heavy vocabulary
may arise even under random learning. Recent approaches ad-
dress this issue by normalizing biases relative to expected vo-
cabulary size, estimating over- or under-representation relative
to chance (Frank et al., 2021; Tan & Frank, 2025). However,
studies using such methods often collapse verbs and adjec-
tives into a single predicate category (e.g., Frank et al., 2021),
despite cross-linguistic differences in their grammatical status
and distribution (e.g., Dixon, 2004). Given that noun learning
is traditionally contrasted with verb learning specifically (e.g.,
Gentner, 1982), separating verbs and adjectives is crucial.
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Here, the present study aims to provide a comprehensive,
cross-linguistic decomposition of early lexical category biases
into typological, frequency-based, and cultural components.
The recent availability of large-scale resources, such as Word-
bank (Frank et al., 2017), WALS (Dryer & Haspelmath, 2013),
GramBank (Skirgård et al., 2023), and CHILDES (MacWhin-
ney, 2000), enables broader language coverage with more
principled bias estimation and a richer set of predictors. We
first derive noun, verb, and adjective bias estimates from early
productive vocabularies across languages and dialects. We
then ask whether variation in these biases can be predicted by
typological features, frequency in child-directed speech, and
broader cultural factors. Together, this approach enables a
systematic assessment of the sources of early lexical category
biases across diverse languages. The data and code are avail-
able at: https://github.com/hagi-hara/lexical-category-biases.

Analysis 1: Estimating lexical category biases
We calculate bias estimates for nouns, verbs, and adjectives
and treat them as dependent variables in subsequent analyses.

Early vocabulary data
Children’s vocabulary data were obtained from the
MacArthur–Bates or Oxford Communicative Development
Inventories (CDIs; Hamilton et al., 2000; Marchman et al.,
2023), parent-report vocabulary checklists. CDI data were
extracted from Wordbank, an open repository of CDIs (Frank
et al., 2017, accessed June 18, 2025). We primarily focused
on the Words & Sentences form, which measures productive
vocabulary of several hundred words. To ensure compatibility
with typological data from WALS and GramBank (i.e., open
databases that compile cross-linguistic structural features), we
included only languages with sufficient typological data cov-
erage, yielding 32 languages and dialects (12−36 months, 𝑁
= 58−9,986 per language or dialect).

Bias estimation
Following previous work (Braginsky et al., 2019; Frank et
al., 2021; Tan & Frank, 2025), CDI items were classified
into five categories: nouns, verbs, adjectives, function words,
and other, among which we focused on nouns, verbs, and
adjectives. For each CDI administration, we computed the
proportion of produced items within each category, as well as
total vocabulary size as the proportion of all CDI items. At
the group level, category proportions were modeled as a func-
tion of total vocabulary size using a generalized linear model.
When plotted with total vocabulary proportion on the x-axis
and category proportion on the y-axis (Figure 1), the diago-
nal represents chance-level acquisition, and deviations indi-
cate lexical category bias. Biases were then quantified as the
signed area between a third-order polynomial fit—constrained
to pass through (0, 0) and (1, 1)—and the diagonal, with posi-
tive values indicating over-representation and negative values
indicating under-representation. A third-order polynomial al-
lows for a more flexible fit than a quadratic model.

Figure 1: Example of lexical category bias.

Results and discussion
Figure 2 shows the estimated lexical category biases for each
language and dialect. Nouns were over-represented in all lan-
guages, consistent with previous findings (Frank et al., 2021),
except in Kiswahili. Noun bias was generally stronger in Indo-
European languages (e.g., German, Danish, and American
English), whereas Mandarin, Cantonese, Japanese, and Turk-
ish showed weaker noun biases. Korean exhibited a strong
noun bias, diverging from Choi and Gopnik (1995) but align-
ing with Bornstein et al. (2004). Regional varieties of English,
French, and Spanish varied in noun bias strength. This sug-
gests that factors beyond language structure (e.g., culture) may
modulate lexical biases.

Verb biases showed a roughly inverse pattern to noun biases,
with both over- and under-representation across languages.
Separate analyses of each lexical bias revealed that, although
noun and verb bias estimates were negatively correlated (𝑟 =
−.67, 𝑝 < .001), they are not mutually exclusive: a language
with a verb bias can still exhibit a noun bias.

Adjectives showed little over-representation and were of-
ten under-represented, consistent with their later acquisition
(e.g., Sandhofer & Smith, 2007; Waxman & Booth, 2001).
Adjective bias estimates did not significantly correlate with
either noun bias (𝑟 = −.21, 𝑝 = .25) or verb bias (𝑟 = .17, 𝑝
= .36). This pattern suggests that verbs and adjectives should
be analyzed separately in cross-linguistic research, rather than
collapsed into a single category.

Analysis 2: Typological predictors
Using bias estimates for each lexical category, we examine
whether cross-linguistic variation in the bias strength can be
predicted from morphosyntactic features from WALS (Dryer
& Haspelmath, 2013) and GramBank (Skirgård et al., 2023).

Predictor selection and description
Typological predictors were selected based on their potential
relevance to early lexical category biases. Candidate features
were filtered using three criteria: (a) minimal missing data,
(b) sufficient cross-linguistic variability (excluding features
where only a single language was exceptional), and (c) simple
morphosyntactic properties rather than complex constructions
(e.g., wh-dependencies). For a small subset of features (4%),
values were unavailable in both WALS and GramBank (e.g.,
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Figure 2: Lexical category biases for each language and dialect. Points show bias estimates, and horizontal lines indicate
bootstrapped 95% CIs. Dashed vertical lines represent chance-level. The same conventions apply to subsequent figures.

whether Cantonese permits subject omission) and were filled
in from descriptive dictionaries. The final predictor set in-
cluded 16 features, broadly concerning inflectional morphol-
ogy, word order, and phrase structure constraints.

Nominal predictors. Articles captured the presence of def-
inite and/or indefinite articles (absent; definite only; indefinite
only; both). Case number described nominal inflection (none;
2–4; ≥5 cases). Case position captured how case is realized on
noun phrases (absent; suffixal; prepositional clitics; postposi-
tional clitics; mixed). Plural marking indexed how plurality
is encoded on nouns (absent; prefixal; suffixal; mixed). Nom-
inal plurality indicated whether grammatical plural marking
is available (absent; present). Numeral classifiers indexed
whether numerals require classifiers when modifying nouns
(absent; present). Adposition–noun phrase order captured
basic nominal word order (no dominant order; prepositional;
postpositional).

Verbal predictors. Tense marking indexed whether verbs
morphologically distinguish past and/or future tense (none;
past-only; both). Verbal person marking captured whether
verbs index grammatical arguments (none; agent only; agent
and patient). Tense–aspect position described where tense
and aspect are realized on the verb (absent; prefixal; suffixal;
mixed). Verbal suppletion described whether a language uses
distinct verb forms to express tense or aspect contrasts, such
as different roots for past vs. non-past (absent; present).

Adjectival predictors. Comparative marking indexed

whether adjectives have a dedicated morphological compar-
ative marker (absent; present). Verbal adjectives captured
whether adjectives behave like verbs in predicative position,
sharing verbal morphology rather than requiring a separate
construction (absent; present).

Cross-category predictors. Word order captured domi-
nant subject-verb-object order (SVO; SOV; VSO; no domi-
nant order). Pro-drop indexed whether pronominal subjects
can be omitted in pragmatically unmarked clauses (absent;
present). Adjective–noun order captured relative order within
noun phrases (adjective–noun; noun–adjective).

Analysis

To test whether typological features predict bias strength,
we fit language-level elastic net linear models, separately for
nouns, verbs, and adjectives. Given the limited number of lan-
guages and potentially correlated predictors, elastic net was
used to shrink coefficients and reduce overfitting; tuning se-
lected ridge regression (𝛼 = 0). We used leave-one-language-
out cross-validation for model evaluation, repeatedly fitting
the model on all but one language and predicting the held-out
language. This procedure provides an out-of-sample check
of model stability while using nearly all available data for fit-
ting in each iteration. Uncertainty was quantified with 95%
bootstrap confidence intervals (CIs) obtained by resampling
languages.
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Figure 3: Ridge regression coefficients predicting lexical cat-
egory biases from typological features. Larger points and
thicker bars indicate effects whose CIs exclude zero. Coeffi-
cients are shown relative to baseline reference categories (e.g.,
absent, none, SVO, Adj–N).

Results and discussion
Several typological features predicted cross-linguistic varia-
tion in noun or verb bias, but not adjective bias (Figure 3).
Suffixal case marking (e.g., Danish, Finnish, Korean) posi-
tively predicted noun bias (𝑏 = 0.002). Relatively stable noun
stems with suffixal case marking may enhance the structural
cohesion of noun phrases and thereby increase noun salience.
Partial variability in word forms in the input has been linked
to earlier acquisition (Moore & Bergelson, 2024). This aligns
with the negative effect of pro-drop (𝑏 = −0.001), which can
reduce noun salience (Camaioni & Longobardi, 2001; Tardif
et al., 1997) (but see Bornstein et al., 2004). However, some
pro-drop languages (e.g., Korean, Turkish) also have noun in-
flection via suffixal case marking, leaving the link between
case marking and noun bias unresolved.

Nominal plurality positively predicted noun bias (𝑏 =
0.002). This may reflect a language’s bias toward objects, con-
sistent with previous work on noun learning (Imai & Mazuka,
2007; Yoshida & Smith, 2003). However, languages without
obligatory plurality marking were only Japanese, Mandarin,
and Cantonese, so this effect should be interpreted cautiously,
as it may reflect correlations with other properties.

Other noun-related function words (e.g., articles) did not
predict noun bias, suggesting that noun bias may depend
on specific morphology bound to nouns, beyond simple co-
occurrence with function words that can aid noun learning
(Barbir et al., 2023). Word order showed no robust effect, al-
though noun–adjective order (e.g., French, Hebrew, Spanish)
predicted weaker noun bias (𝑏 = −0.001).

Among verbal predictors, past tense marking and verbal
agent marking (𝑏s = −0.00007) were negatively associated
with verb bias. Given the very small effect sizes, these should
be interpreted cautiously. Notably, only Mandarin and Can-
tonese lack past tense marking. A non-significant but positive
effect of prefixal tense–aspect marking was driven solely by
Kiswahili, again suggesting limited generalizability.

No typological features significantly predicted adjective
bias. This result suggests that adjective acquisition may be
more strongly shaped by other influences, such as cultural or
pragmatic factors.

Analysis 3: Frequency-based predictors
This analysis examines whether overall part-of-speech fre-
quency predicts lexical category bias across languages.

Predictor processing and analysis
Following Tan et al. (2024), we used child-directed speech
corpora from CHILDES (MacWhinney, 2000), lemmatized
using UDPipe (Straka, 2018), to compute item-level lemma
frequencies. Lemma frequencies were Laplace-smoothed and
log-transformed, then averaged within each lexical category
to obtain category-level predictors. Analyses were restricted
to 30 languages and dialects, excluding Kiswahili and Latvian
due to data unavailability. For each category, we fit a lin-
ear model predicting lexical category bias from standardized
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Figure 4: Relationships between mean category frequency
in child-directed speech and lexical category bias. Adjective
trends are shown separately by verbal adjective status.

overall frequency measures of nouns, verbs, and adjectives1.

Results and discussion
As reported in prior work (e.g., Tardif et al., 1997), lexical
category bias was related to overall part-of-speech frequency
in child-directed speech (Figure 4). Noun bias was positively
predicted by noun frequency (𝑏 = 0.56, 𝑝 = .021) and more
strongly by a negative association with verb frequency (𝑏 =
−0.72, 𝑝 < .001). This suggests that noun bias reflects not only
noun frequency itself but also relative frequency differences
between nouns and verbs. For verb bias, only verb frequency
showed a positive effect (𝑏 = 0.45, 𝑝 = .030). However, noun
frequency did not reliably predict verb bias (𝑏 = −0.46, 𝑝 =
.057), suggesting an asymmetric relationship between noun
and verb biases2.

For adjective bias, neither noun frequency (𝑏 = −0.51, 𝑝

= .061) nor verb frequency (𝑏 = 0.068, 𝑝 = .76) was predic-
tive. However, given that verb bias showed clear frequency

1We also computed the mean length of utterance in words (MLU-
w) from CHILDES. For each item, MLU-w was calculated over ut-
terances in which the word appeared, serving as a proxy for syntactic
complexity. However, category-level MLU-w did not predict lexical
category bias (𝑝s > .24). Prior work has linked caregiver utterance
length to children’s word learning (Elmlinger et al., 2025; Roy et al.,
2009; Tan et al., 2024), but this effect may relate to overall vocabulary
growth rather than the formation of lexical category biases.

2Noun frequency was positively correlated with both verb (𝑟 =
.58, 𝑝 < .001) and adjective frequency (𝑟 = .58, 𝑝 < .001), whereas
verb and adjective frequencies were not (𝑟 = .25, 𝑝 = .18).

effects, we explored whether adjective bias might similarly
depend on whether adjectives behave in a verb-like manner.
Adding the verbal adjective term as a fixed effect improved
model fit (ΔAIC = 6.81; Δ𝑅2

adj = .21). Languages with verbal
adjectives (Cantonese, Japanese, Korean, Mandarin, Turkish)
showed overall less negative adjective bias than those without
(𝑏 = 1.23, 𝑝 = .007). Adjective bias was positively associated
with adjective frequency (𝑏 = 0.45, 𝑝 = .031) and negatively
associated with noun frequency (𝑏 = −0.69, 𝑝 = .007). These
results suggest that adjective bias may reflect both the syn-
tactic availability of adjectives as independent predicates and
relative frequency contrasts with nouns.

Analysis 4: Cultural predictors
Our final analysis explored whether cultural orientations pre-
dict variation in lexical category bias. Possible mechanisms
include cross-cultural differences in attention to focal objects
vs. relations/background (Masuda & Nisbett, 2001), chil-
dren’s attention (Heise et al., 2025), and caregiver–child in-
teraction styles (Casillas et al., 2020). More analytic, object-
focused cognition may favor nouns, whereas more holistic,
relation-focused cognition may favor verbs. However, large-
scale cross-national measures of cognitive style remain lim-
ited. We thus used Individualism–Collectivism (IDV–COL)
(Minkov & Kaasa, 2022) as a proxy, following work link-
ing individualistic (collectivistic) cultures to relatively ana-
lytic (holistic) cognition (Nisbett et al., 2001), although these
claims remain debated (e.g., Wong et al., 2021). We also in-
cluded Flexibility–Monumentalism (FLX–MON) explorato-
rily from the same source given its broad data coverage.

Predictor processing and analysis
IDV–COL contrasts individual freedom and autonomy with
collective norms and in-group loyalty. This is among the most
widely used dimensions in cross-cultural research (Komisarof
& Akaliyski, 2025). Higher values indicate stronger individu-
alism. FLX–MON contrasts adaptive, context-sensitive selves
with more stable, consistency-oriented selves, with higher val-
ues indicating greater flexibility. Scores were available for 31
countries/regions, with Latvian unavailable. For each lexical
category, we fitted linear models predicting bias, including
standardized fixed effects for IDV–COL and FLX–MON3.

Results and discussion
Figure 5 shows the relationships between lexical category bias
and cultural measures. IDV–COL positively predicted noun
bias (𝑏 = 0.01, 𝑝 < .001) and negatively predicted verb bias
(𝑏 = −0.02, 𝑝 = .008). Adjective bias was not explained by
this factor (𝑏 = −0.00, 𝑝 = .70). FLX–MON did not signifi-
cantly predict bias for any lexical category (𝑝s > .080). The
pattern for IDV–COL is consistent with the idea that more
object-focused cognition, correlated with individualism, fa-
vors nouns, whereas more relation-focused cognition favors

3IDV–COL was positively correlated with FLX–MON (𝑟 = .42,
𝑝 = .017).
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Figure 5: Relationships between cultural predictors and lex-
ical category bias. English and Spanish varieties are high-
lighted as illustrative cases. English: US (American), AUS
(Australian), UK (British), IRL (Irish); Spanish: EU (Euro-
pean), ARG (Argentinian), MEX (Mexican), PER (Peruvian).

verbs. Cultural values influence caregiving practices and de-
velopmental pathways (Keller, 2016), and this may shape lin-
guistic input and attentional guidance.

Regional varieties within the same language further suggest
that bias variation is partly aligned with cultural measures. For
example, Spanish varieties cluster along the regression line
linking noun bias to IDV–COL. This supports the view that
lexical biases reflect not only linguistic structure but also the
cultural contexts in which languages are learned, consistent
with recent analyses of bilingualism (Tan & Frank, 2025).

General discussion
Young children often begin by learning more nouns than verbs,
but this finding is not universal across languages (e.g., Frank
et al., 2021). Both the presence of this lexical category bias
and its variation across languages offer the possibility of shed-
ding light on the underlying mechanisms of early vocabulary
growth. This opportunity has been blocked, however, due
to the lack of systematic measurement of these biases. We
took advantage of new coordinated data resources to quantify
lexical category biases and use them as a target for predictive
modeling based on typological, frequency, and cultural pre-
dictors. All three types of predictors showed strong relations
with category biases, particularly noun and/or verb bias, in
the subset of languages for which they were available.

The frequency effects we observed suggest that some dif-

ferences in lexical bias across languages may simply be due to
differences in patterns of usage across languages. Given that
children’s acquisition is sensitive to word frequency (Frank
et al., 2021; Goodman et al., 2008), if one lexical category is
overall more frequent in a particular language compared with
another, then it may be learned faster for that reason alone.

On the other hand, our typological and cultural findings sug-
gest that frequency may not be the full explanation. Across
both nouns and verbs, the typological features that related to
lexical category bias strength appeared to be those that would
lead to greater prominence for that category. For example,
for nouns both plurality and case marking (which likely in-
crease prominence) were positively associated, whereas pro-
drop (which decreases both frequency and prominence) was
negatively associated. Similarly, greater collectivism, which
has often been linked to greater salience of (social) relations
over individual entities, was associated with smaller noun bi-
ases and more positive verb biases. Overall, these findings
suggest that beyond the distribution of words, linguistic struc-
ture and cultural context also play a role in which words are
acquired earlier—and by extension, which lexical categories
are over- or under-represented4.

Although this study substantially expands the number of
languages and predictors examined, several limitations re-
main. First, it is observational in nature and considers many
interrelated predictors across a relatively small language sam-
ple, with typological and cultural predictors often corre-
lated. Future work should broaden data coverage (e.g., CDI,
CHILDES) across diverse language families (Kidd & Garcia,
2022; Scaff et al., 2025). Second, we were unable to quan-
titatively operationalize cognitive predictors (e.g., Gentner,
1982). Given that verbs, like nouns, vary in how easily they
evoke mental images (Ma et al., 2009) and that semantic gran-
ularity differs across languages (Hagihara et al., 2026) such
factors may also influence verb bias. Finally, tests of cultural
hypotheses were limited by the availability of cross-national
measures; access to a broader range of indicators, such as
those capturing tendencies to verbalize emotions, may help
constrain accounts of adjective bias in future work.

Language learning has both striking commonalities across
cultures and languages as well as areas of substantial variation.
Lexical category bias is an area in which variation has been
posited to relate to fundamental aspects of children’s learning
abilities. Yet to date quantitative evidence on the nature of this
variation has been limited. Our hope is that, by making precise
measurements of cross-linguistic biases, they can be a target
for future explanatory modeling. More broadly, we hope that
our work contributes to efforts to characterize and explain both
variability and consistency in early language development.

4A follow-up analysis explored whether detected typologi-
cal/cultural predictors were associated with lexical-category fre-
quency. Most were not, except that adjective–noun order predicted
noun frequency (𝑏 = 0.46, 𝑝 = .035), and individualism was nega-
tively correlated with verb frequency (𝑟 = −.36, 𝑝 < .001). For these,
simple frequency may offer a proximal explanation. Future work
should compare the relative contributions of these predictor classes.
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