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Abstract

Despite considerable differences in the structures of the
world’s languages as well as child-rearing practices, children
across the world show remarkable similarities in their time
frame of early lexical comprehension and production. This
congruent development is related to the maturation of cogni-
tive skills like individuation, generalization, symbol recogni-
tion, object and event representation. A long-standing assump-
tion, based on several studies and languages (e.g., Gentner
1982, Bornstein et al. 2004), is that these cognitive skills make
children universally favor nouns over predicates since the con-
ceptual salience of nouns facilitates concept-label-mapping. In
the past four decades numerous studies have addressed this
question from a variety of methodological approaches and
have taken into account several possible factors responsible
for this development, both linguistic and extra-linguistic. A
large-scale comparative study investigating the use of nouns
and verbs in naturalistic contexts has been missing so far. To
test for potentially universal tendencies we examine the use of
noun and verb forms in child-surrounding adult language as
well as children’s production in longitudinal naturalistic data
of 10 grammatically maximally diverse languages. We assess
the effect of morphological complexity on the children’s distri-
bution of verbs and nouns in comparison to that found in sur-
rounding speakers. We show that in languages with complex
verb morphology, children exhibit a higher deviation of their
noun-to-verb ratio from what they encounter in their input.
This deviation gradually diminishes as they become more pro-
ductive in the use of their target language. Despite language-
specific differences in morphological complexity, proficiency
in verb morphology serves as a cross-linguistic explanation for
the development of children’s noun-to-verb ratios. This finding
contributes to the understanding of the cognitive mechanisms
underlying children’s early use of their language system.
Keywords: language development; lexical acquisition; mor-
phological structure; cross-linguistic; longitudinal corpus
study

Introduction
Across languages, typically developing children exhibit con-
siderable similarities when they use their first words. This

is related to general developmental milestones that occur to-
wards the end of their first year. However, learning individual
words is not enough and children need to generalize parts of
speech to become proficient speakers. A long-standing as-
sumption has been that children learn the meanings of nouns
more easily than verb meanings (e.g., Macnamara, 1972; Nel-
son, 1973; Gentner, 1978). This preference is attributed to
easier processing assuming that nouns form more “natural”
categories and facilitate object-label mapping (e.g., Gentner,
2006; Gentner & Boroditsky, 2001). A wide range of studies
including experiments, questionnaires (Fenson et al., 1991),
and naturalistic data strengthen the claim of a universal early
“noun bias” (e.g., Gentner, 1982; Clark, 1993; Bornstein et
al., 2004; Imai et al., 2008; Waxman et al., 2013). How-
ever, there are exceptions to this trend. In languages like
Korean, Mandarin, and some Mayan languages, a verb pref-
erence has been observed in the earliest acquisition phase
(e.g. Choi & Gopnik, 1993; Tardif, 1996; Tardif, Shatz,
& Naigles, 1997; Brown, 1998; de León, 1999; Casillas,
Foushee, Méndez Girón, Polian, & Brown, 2024). So far,
it is unresolved whether these different preferences are an ar-
tifact of the methods used or whether findings of noun or verb
preference in certain languages reflect language-specific fea-
tures that influence children’s early production, as proposed
in Stoll, Bickel, Lieven, Banjade, et al. (2012). It is difficult
to compare experimental results with findings from natural-
istic studies or questionnaires as they tap into different be-
haviors. Further, even though we know that languages differ
with respect to their proportion of nouns and verbs, we do not
know how these distributions play out in the speech children
encounter and how their own production relates to this ratio.
To make cross-linguistic generalizations, we therefore need
comparable data sets and the same methods of measuring the
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production of the youngest speakers and their surrounding
adults.

Here we ask: (i) Do we find a general noun bias in chil-
dren’s early production (e.g., Imai et al., 2008; Waxman et
al., 2013; Childers, Porter, Dolan, Whitehead, & McIntyre,
2020) and if yes, (ii) are there language-specific differences
in how strong this bias is as a function of linguistic properties.

Children’s early lexical inventories and use of word forms
are shaped by a variety of factors. Careful examination of
language-specific effects is therefore crucial to be able to
tease apart language-related properties from potentially uni-
versal more general cognitive mechanisms. Here we focus on
the role of morphology. Research on morphologically more
complex languages suggests that the morphology of a lan-
guage and its acquisition might impact the learning of nouns
and verbs. In a study of noun-to-verb ratios in Chintang
(Sino-Tibetan, Nepal) which has highly complex, polysyn-
thetic verb form structure and heavily makes use of noun
omissions, Stoll, Bickel, Lieven, Banjade, et al. (2012) found
that children between 2;0 and 4;0 exhibit a high noun-to-verb
ratio, i.e., noun prevalence, even though the language they
hear from surrounding adults is heavily verb focused (low
noun-to-verb ratio). As the children become more proficient
in their use of verb morphology, their relative proportion of
verbs gradually increases towards the level of surrounding
adults. Stoll, Bickel, Lieven, Banjade, et al. (2012) suggested
a general mechanism whereby children’s morphological de-
velopment in verb forms drives the decrease in their noun-to-
verb ratios. Similar results were found by (Taverna & Wax-
man, 2020) in a study on Wichi. These two studies suggest
that morphological complexity overrules factors such as fre-
quency or positional salience in adult language in predicting
the development of children’s noun-to-verb ratios.

To assess whether these tendencies are universal, it is im-
portant to test this hypothesis in as varied a sample of lan-
guages as possible (Stoll & Bickel, 2013). In this study,
we use naturalistic longitudinal data of 44 target children
and their surrounding adults from 10 typologically maximally
diverse linguistic communities from the ACQDIV database
(Moran, Schikowski, Pajović, Hysi, & Stoll, 2016). Using
longitudinal corpora of everyday interactions allows us to as-
sess children’s unstructured, naturalistic noun and verb pro-
duction and to compare it to their surrounding speakers in the
same context.

We compare noun-to-verb distributions of individual target
children to the surrounding speakers of their own language
rather than comparing them across languages. This allows
us to assess which factors influence children’s development
in direct comparison to the production of adult speakers in
the same context. To do so, we measure the noun-to-verb
ratio in children and model the deviation of their rate from
that of surrounding speakers as a function of their age, mor-
phological development, the frequency of nouns and verbs in
the input, and language. This approach makes it possible to
see whether there are similar trends and regularities across all

languages irrespective of their structural differences (Stoll &
Bickel, 2013).

Data

The data are part of ACQDIV, a large database of naturalis-
tic longitudinal recordings of children and their ambient lan-
guage (Moran et al., 2016) in languages selected for maxi-
mal typological diversity based on an algorithm described in
Stoll & Bickel, 2013. Some features related to verb form
complexity are summarized in Table 2. For this study, we
use 10 corpora: Chintang (Sino-Tibetan, Stoll et al., 2015),
English (Indo-European, Theakston, Lieven, Pine, & Row-
land, 2001), Japanese (Japonic, Miyata & Nisisawa, 2012),
KuWaru (Finisterre-Huon, Rumsey et al., 2019), Nungon
(Chimbu-Wahgi, Sarvasy, 2017), Qaqet (Baining, Hellwig,
Dawuda, Frye, & Reetz, 2014), Russian (Indo-European,
Stoll & Meyer, 2008), Sesotho (Bantu, Demuth, 2015), Turk-
ish (Turkic, Küntay, Koşbac, & unpublished, n.d.), and Yu-
catec (Mayan, Pfeiler, n.d.).

All recordings are fully transcribed and morphologically
glossed. For the purposes of comparison, speakers above
the age of 12 are considered adult speakers and are counted
as part of the child-surrounding adult input. The recordings
vary in the diversity of contexts they capture due to the differ-
ent lifestyles of the communities. Some communities, such
as Chintang, spend most of their day outdoors and children
are surrounded by many different speakers of various age
groups, including several other children. Others, like English
and Russian, consist mostly of dyadic interactions indoors.
While the recording context can influence the use of lan-
guage, within each recording, adults and children are within
the same context and, therefore, their production is contextu-
ally as comparable as possible. The number of target children
for each language as well as the age range are given in table
1.

Table 1: Number of target children (44 in total) whose
production was analyzed for this study and their age range.

Language No. of children Age range
Chintang 6 0;7 - 4;6
English 12 1;8 - 3;0
Japanese 7 1;4 - 5;1
KuWaru 1 2;2 - 3;0
Nungon 2 2;3 - 3;2
Qaqet 3 1;11 - 3;6
Russian 5 1;4 - 6;9
Sesotho 3 2;1 - 4;7
Turkish 2 0;11 - 3;0
Yucatec 3 1;5 - 4;8
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Table 2: Typological parameters and features related to verb
form complexity of the languages in the sample, adapted
from Stoll and Bickel (2013).

Language Canonical V position Verb synthesis V agreement Inflectional compactness
Chintang V=3 high some distributive
English V=2 low some cumulative
Japanese V=3 medium none cumulative
KuWaru V=3 low some separative
Nungon V=3 low available some separative
Qaqet V=2 low some cumulative
Russian V=2 low some cumulative
Sesotho V=2 low some distributive
Turkish V=3 medium some separative
Yucatec V=1/V=2 low some separative

For the purposes of this study, we rely on the annotations
of the individual language experts and their native speaker
transcribers and informants. Analogous to previous research
on the frequency of nouns and verbs in early lexical learn-
ing, this means that forms identified in children’s production
are annotated in relation to adult grammar and noun and verb
morphology. The diversity in morphological complexity can
be illustrated by Chintang and English verb morphology. En-
glish is highly analytic with very few synthetic verb forms
whereas Chintang is polysynthetic with more than 4000 verb
forms which are the result of 140 unique grammatical ele-
ments that can be combined with a verb stem (Stoll, Mazara,
& Bickel, 2017).

Distributions of nouns and verbs
With the exception of English, all examined corpora had more
distinct full verb forms than noun forms (see Figure 1). The
reason for this diverse distribution in English might be the
small number of inflectional forms as well as the compar-
atively limited argument dropping leading to a richer noun
inventory.

Figure 1: The distribution of noun and verb full form types in
adults’ speech. The forms are divided into forms occurring
multiple times and single-occurrence forms (“hapax”)

.

The noun-to-verb ratios observed in adults of the individual

corpora showed a considerable degree of variation. Chintang
adults’ showed the lowest rate of nouns as measured in tokens
(between 0.2 and 0.4), although their token noun-to-verb rates
were somewhat higher. The average trends observed in chil-
dren are summarized in Table 3 and explored in the regression
analyses below.

Table 3: Noun-to-verb ratios in adult and children’s
production as measured in tokens.

Language Adults’ N/(N+V) Children
Chintang 0.2 - 0.4 0.8 and gradual decrease between 3;0 and 4;0
English 0.6 0.8 to 1 at start, gradual decrease
Japanese 0.4 - 0.6 0.8 and gradual decrease
KuWaru 0.4 0.6 - 0.75 throughout
Nungon 0.4 0.6
Qaqet 0.25 fluctuating
Russian 0.4 varied; 0.8 - 0.9, then decrease and 0.5 for others
Sesotho 0.35 0.4, lower for type counts
Turkish 0.3 - 0.4 0.8 and decrease
Yucatec 0.4 0.8, fluctuating

The semantic content of the most frequently used words
in children’s early inventories as well as adults’ production
across all corpora show substantial similarities. The most
commonly used nouns are kinship terms and proper names,
reflecting the attention to people in the interactions recorded
in these corpora. The most frequently used verb stems across
all age groups were also shared between adults and children.
This indicates that changes in the distributions should be at-
tributed to changes in morphological and syntactic abilities
rather than simply semantic development.

Modeling effect of morphological development
Model assumptions and variable coding
The outcome variable of our models is the noun-to-verb ra-
tio produced by an individual target child during a particu-
lar recording session. For the present analysis, only synthetic
noun and verb forms were included. To cover all possible fre-
quency effects, we compute the counts of all synthetic verb
and noun forms for tokens, full form (stem+affixes) types,
and V- and N-stem types. We distinguish between stem and
full form types to capture possible growth in flexibility in us-
ing lexical stems and fully inflected forms over time. The
noun-to-verb ratios are computed as N(nouns) / (N(nouns) +
N(verbs)). This avoids division by 0 and constrains the space
of possible outcomes to values between 0 (no nouns) and 1
(all nouns). We fit separate models for type (stem and full
form) and token frequencies.

Adults’ noun-to-verb ratios are computed based on all
adults present during the corresponding recording session.

If children do, in fact, show a general tendency to use more
nouns than surrounding adult speakers, this would be an ef-
fect observed across all languages for both type and token
counts. However, the amount by which children deviate from
the distributions found in adults will vary depending on the
morphological complexity of their language. If the children
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have to learn a more complex system, we expect their pro-
ficiency to approach adult levels at a more gradual pace and
their deviation from adults’ noun-to-verb distributions to both
be stronger and decrease more gradually. This reflects the
added challenge of processing complex morphology.

To model morphological proficiency, we separately com-
pute the entropy of verb and noun forms used by adults and
target children and take the ratio of child-to-adult entropy as
a quantification of proficiency. Entropy is an information
theoretical measure that has been used in linguistic studies
to assess how uniform or skewed a distribution over some
units is (Shannon, 1948; Moscoso del Prado Martı́n, Kos-
tic, & Baayen, 2004). Stoll, Bickel, Lieven, Banjade, et
al. (2012) adapted the method for the description of mor-
phological productivity in child language corpora to reflect
how evenly forms are distributed across the space of possi-
ble stems of verbs and nouns. A skewed distribution gener-
ally indicates the tendency to use a limited set of stem+affixes
combinations, while a more uniform distribution points to a
more flexible use of affixes across multiple stems. Higher
entropy indicates lower predictability due to a higher num-
ber of possible combinations, while younger children tend
to exhibit low entropy because their production consists of
fewer distinct stem+affixes combinations. We do not expect
adult language to show an even distribution across all possi-
ble stems, since linguistic production tends to be character-
ized by skewed distributions. Therefore maximal entropy is
not a good indicator of adult-like performance. Instead, we
adopt the ratio of children’s entropy divided by adults’ en-
tropy as a measure of adult performance approximation per
individual recording session. A ratio close to 1 indicates that
children’s use of verb or noun morphology within a session is
similar to that of adults, while a value below 1 indicates lower
productivity and proficiency in children.

The comparison to each child’s surrounding speech ensures
that we are not comparing entropy rates across languages but
instead evaluating their development within each language
and each individual child. Random effects are introduced for
individual children, allowing us to take all data into account,
even if some languages include smaller numbers of focal chil-
dren than others. Additionally, entropy measures can be af-
fected by small sample sizes and might incorrectly reflect the
actual underlying frequency distributions. To correct for this,
we use the Chao-Shen entropy estimator, which adjusts the
computation by increasing the estimated number of unseen
types Chao and Shen (2003). This corrects for the underes-
timation of encountered types due to undersampling through
an estimation of the true underlying inventory of types based
on the number of low-frequency types in the observed distri-
bution.

Following previous work (Stoll, Bickel, Lieven, Banjade,
et al., 2012; Stoll et al., 2017), we treat all affixes, both in-
flectional and derivational, as part of the affix-bundle, since
we cannot reliably claim that children have an understanding
of the distinction between the two classes of affixes, nor do

we treat compound verb stems as separate stems but rather as
a derivational form of the main stem. This treatment of af-
fixes makes the languages more comparable and is adequate
at this level of linguistic development, since it does not as-
sume any dependence on children’s knowledge of the parts
that make up the verb or noun forms. Therefore, we operate
with full verb and noun forms for computing relative entropy
measures and modeling proficiency in verb and noun mor-
phology across languages.

We test two hypotheses with regard to the reported noun
prevalence in early language development: i) Children learn-
ing a language with more complex verb morphology will have
a greater deviation from adult entropy levels and show a more
gradual approach towards adult-like performance during the
early phases of language acquisition. ii) There is a correla-
tion between the change in noun-to-verb ratios and the in-
crease in relative child-to-adult entropy measures. This is
based on the assumption that children who have to learn a
more complex verb morphology only gradually approach the
level of verb production seen in adults, so their noun-to-verb
ratios will remain higher for longer. Conversely, in languages
with less complex verb morphology, children’s development
will be less steep or even non-existent because their noun-to-
verb ratios are expected to be more similar to those produced
by adults. As a matter of control, we also test the relevance
of acquiring competence in noun morphology for predicting
the development of children’s noun-to-verb ratios across lan-
guages.

Models
To assess the effect of age, noun-to-verb ratios in input, and
morphological proficiency, we fitted a number of general-
ized linear (beta-binomial) mixed effects models with noun-
to-verb ratios as the outcome variable. The models were
grouped by the different units of comparison, i.e., for the ra-
tios of full form types, full form tokens, and stem types. The
fixed effects are: i) entropy ratio of noun forms child/adults,
ii) entropy ratio of verb forms child/adults, iii) noun-to-verb
ratio in input, iv) language, and v) age. We did not find sub-
stantial collinearity between age of target child and relative
entropy. To account for individual variation and the differ-
ent numbers of children in each corpus, we model individual
children as random effects.

Models were evaluated in terms of goodness of fit and
suitable models were evaluated against each other using the
Akaike Information Criterion (AIC) to select the best par-
simonious model (Faraway, 2016) starting from the most
complex model (including all additive and interactive terms
and random effects) and proceeding downwards to simpler
ones. Model comparisons were conducted separately for each
group of models, i.e., individual models were evaluated for
each of the possible outcome variables independently: ratios
of full form types, full form tokens, and stem types. The dif-
ferent outcome measures represent different levels of analysis
and, therefore, these models cannot, and should not, be com-
pared against each other.
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The following four models have the most explanatory
power at each of the different levels of analysis:
Model 1: token N-to-V full forms ∼ rel. entropy full verb
forms + age + language + input-N-to-V
Model 2: type N-to-V types ∼ rel. entropy full verb forms +
age + language + input-N-to-V
Model 3: token N-to-V full forms ∼ rel. entropy full noun
forms + age + language + input-N-to-V
Model 4: type N-to-V types ∼ rel. entropy full noun forms +
age + language + input-N-to-V.

All models also include random intercepts and slopes for
individual target children to allow for individual variation.

Results: Effect of morphological proficiency
Model 1: Figure 2 shows the relationship between children’s
token noun-to-verb ratio and their relative entropy of verb
forms for individual languages. Overall, child-to-adult en-
tropy ratios negatively correlate with noun-to-verb ratios in
children (β = −0.6941[−1.03,−0.36], p = 4.14−5). This is
in line with the main hypothesis which states that with an in-
crease in morphological proficiency of verb forms, children’s
noun-to-verb ratios decrease towards the level of adults. Age
also has a significant negative effect (β =−0.0015 per day of
age [−0.0022,−0.0006], p = 0.0003), reflecting the decrease
in N-to-V ratio over time.

Figure 2: Language-level models of the effect of relative
verb form entropy on children’s noun-to-verb ratios.

.

We also evaluated the effect of input noun-to-verb ratios
on the noun-to-verb ratios found in children’s production,
which was significant (but had various strengths) for all lan-
guages, with the exception of Japanese. The strongest effect
was found for Chintang (β = 5.7040[3.93,7.48], p = 2.8−10),
see Figure 3. This suggests that for many languages, contex-
tual differences might play a significant role in moderating
the proportion of nouns and verbs used by both adults and
children.

Figure 3: Language-level models showing the effect of input
noun-to-verb distributions on children’s production in the
same recording.

.

Model 2: This model assesses the effect of verb mor-
phology development on noun-to-verb type ratios. Here
only age (β = −0.0005 per day [−7.78,−0.00], p = 9.8−5)
and session-specific noun-to-verb ratios in input had a sig-
nificant effect across all languages. The only language
for which relative verb form entropy showed a strong sig-
nificant effect on noun-to-verb ratios was Chintang (β =
−1.7226[−2.54,−0.90], p = 4.0−5).

Model 3: This model examines the effect of noun
morphology proficiency on token N-to-V distribu-
tions. Here both age (β = −0.0016 per day of age
[−0.002,−0.001], p = 8.46−10) and relative noun entropy
(β = −0.4900[−0.84,−0.14], p = 0.0061) showed a signifi-
cant effect. Input distributions had a strong effect in Chintang
and Yucatec but only a weak effect or only a trend in other
languages.

Model 4: This model examines the effect of noun mor-
phology proficiency on type N-to-V distributions. Here we
find a positive effect of the relative entropy of nominal mor-
phology. This means the more similar children are in their
proficiency in noun morphology to adults, the higher their
noun-to-verb ratio (slope = 0.5575[3.23,0.79], p = 3.24−6

across all languages). In model 4, as in the other mod-
els, language-specific effects of input noun-to-verb ratios are
stronger in some languages, the strongest effect was observed
in Chintang (β = 4.8791[3.81,5.95], p = 2−16) and Yucatec
(β = 1.7146[0.46,4.08], p = 1.55−06).

Discussion
Previous studies have not found a conclusive answer regard-
ing the strength of a potential universal “noun bias” in early
language acquisition. Rather than concentrating on children’s
abstract ability to learn a noun or verb word, we examined the
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Figure 4: Language-level models showing the effect of
relative entropy of noun morphology on children’s
noun-to-verb ratios.

.

use of these forms in everyday interactions in 10 maximally
diverse languages. Given the strong link between input pat-
terns and children’s learning trajectories, a higher proportion
of nouns in children’s production is especially surprising in
languages with a considerable under-representation of nouns.
Analyses that focus on either experimental approaches to re-
tention or comprehension of verb and noun labels as well as
studies that concentrate on assessing the proportion of nouns
and verbs represented in children’s early lexical inventories,
provide only part of the picture. To complement these stud-
ies, we assessed the potential effect of multiple independent
variables on the use of noun and verb forms in naturalistic
contexts. To ensure that all levels of comparison are taken
into account, we evaluated distributions of nouns and verbs
in full form types, full form tokens, and stem types.

In our sample of maximally diverse languages, all children
showed a higher noun-to-verb rate and thus noun preference
compared to surrounding adults in the same recordings. With
the exception of Sesotho children, this ratio was well above
0.5 for children, whereas adult speakers’ ratio was below 0.5,
with the exception of English adults who use more noun than
verb forms. The models described here provide additional ev-
idence for a previously proposed developmental pattern: chil-
dren’s gradual decrease in noun-to-verb ratios towards adult
levels is correlated with an increase in their proficiency in
verb morphology (Stoll, Bickel, Lieven, Paudyal, et al., 2012;
Taverna & Waxman, 2020). Since this observation holds for
a sample of typologically highly diverse languages, our re-
sults suggest that this might be a universal tendency during
the early years of language acquisition. This is an impor-
tant addition to the literature, since a majority of studies, be-
sides the two mentioned above, focus on semantic or lexical
properties of nouns and verbs as the preferred explanation for

these patterns. Our results, however, highlight an important
correlation between morphological development and the pro-
portion of nouns and verbs in children’s production.

Model 1 showed that relative verb form entropy has an
effect on the noun-to-verb distribution measured in tokens,
while it does not have the same explanatory power for ex-
plaining noun-to-verb distributions in types (model 2). This
means that, as children’s productivity in verb morphology in-
creases, their use of nouns and verbs becomes more like that
of adults. Model 3 showed that children’s relative noun form
entropy had a similar relationship with their noun-to-verb ra-
tios: as proficiency increases, noun-to-verb ratios measured
in tokens decrease toward adult levels. However, in a rever-
sal of this trend, model 4, which captured the relationship
between relative entropy of nominal morphology and noun-
to-verb ratios measured in types, shows a positive correlation
between the increase in proficiency and noun-to-verb rates.
This result was unexpected and merits further investigation
in future studies.

Unlike relative entropy, which had a similar effect across
languages, the effect of noun and verb distributions in input
was more dependent on the individual languages and varied
considerably. We found the strongest effect of input distri-
butions on children’s production in Chintang, which is sur-
prising given that Chintang children show one of the greater
noun-to-verb ratio deviations compared to their input.

Given the fairly distinct developmental trajectories this
comparison uncovered, future work must include a more de-
tailed exploration of the forms that we examine in the use of
adults and children as well as the interaction between vari-
ous properties of input distributions and children’s produc-
tion. The fact that adults’ production seems to show an effect
on children’s production in some languages but less so or not
at all in others, opens up interesting questions of linguistic
properties of the forms, information structure, conversational
conventions as well as the role of child-directed as opposed
to child-surrounding speech for future studies. Given the va-
riety of linguistic structures and child-rearing conventions,
comparisons should include careful examination of both fine-
grained, highly language-specific aspects of word form struc-
tures and conversational practices but also try to develop an
understanding of the interplay of more general effects and
cross-linguistically valid cognitive mechanisms influencing
language development.
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