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Abstract

This study examines whether children acquiring Tseltal (Mayan) demonstrate a noun
bias — an overrepresentation of nouns in their early vocabularies. Nouns, specifically
concrete and animate nouns, are argued to universally predominate in children’s early
vocabularies because their referents are naturally available as bounded concepts to
which linguistic labels can be mapped. This early advantage for noun learning has
been documented using multiple methods and across a diverse collection of language
populations. However, past evidence bearing on a noun bias in Tseltal learners has been
mixed. Tseltal grammatical features and child—caregiver interactional patterns dampen
the salience of nouns and heighten the salience of verbs, leading to the prediction
of a diminished noun bias and perhaps even an early predominance of verbs. We
here analyze the use of noun and verb stems in children’s spontaneous speech from
egocentric daylong recordings of 29 Tseltal learners between 0;9 and 4;4. We find weak
to no evidence for a noun bias using two separate analytical approaches on the same
data; one analysis yields a preliminary suggestion of a flipped outcome (i.e. a verb bias).
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We discuss the implications of these findings for broader theories of learning bias in
early lexical development.
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Introduction

Words for objects predominate in children’s early vocabularies — especially words for
concrete objects and names for people (Gentner, 1982, 2006; Gentner & Boroditsky,
2001; Gleitman, 1990; Nelson, 1973). This tendency, termed the ‘noun bias’, has been
proposed as a universal feature of early language development — one that gives children
a foot in the door to more complex parts of the language system (Au et al., 1994; Bassano,
2000; Caselli et al., 1995; Gentner & Boroditsky, 2001, 2008; Jackson-Maldonado et al.,
1993; Tardif et al., 1997, 1999; see also Baillargeon, 1993; Soja et al., 1991; Spelke,
1985, 1990). Gentner’s (1982, 2006) natural partitions/relational relativity hypothesis
(NP/RR) proposes that the noun bias arises because objects are perceptually given as
individuable concepts, even to infants. In contrast, relational concepts (such as actions on
objects) must be linguistically selected before they can achieve individuability. On this
view, concrete objects are conceptually low-hanging fruit, ready to be mapped to corre-
sponding linguistic labels. Meanwhile, relational concepts tend to become available
more gradually, and so only become ready for a corresponding linguistic label later on.
Prior research examining the noun bias has typically taken one of three approaches:

1. Novel word learning in an experimental context: We can examine the condi-
tions under which children learn new object and action words. For example, U.S.
toddlers expect that novel words refer to objects over actions (Waxman, 1991;
Waxman & Hall, 1993). They also learn new nouns more readily than new verbs,
even if the children are highly attentive to the novel actions demonstrated
(Childers et al., 2020, 2022; Imai et al., 2008);

2. Proportion or ratio of syntactic types in children’s vocabularies: A more tra-
ditional approach is to examine children’s natural vocabulary development. For
example, across six languages, Gentner (1982) found that nouns made up ~50%-—
85% of the word types in children’s early productive vocabularies, while predi-
cates (including verbs) only made up ~0%—35%. Many other studies have since
followed suit (e.g. Setoh et al., 2021; Tardif et al., 1997, 1999). In some cases
researchers based these calculations on spontaneous child speech, but in other
cases calculations were based on parent-reported child vocabulary;

3. Relative representation of syntactic types in children’s vocabularies: Inspired
by E. Bates and colleagues’ (1994) analyses of the MacArthur Bates
Communicative Development inventory ( ‘CDI’, a vocabulary checklist; E. Bates
et al., 1994, 1995; Fenson, 2007), a third approach has been to test whether a
word class is over- or under-represented relative to a child’s total vocabulary size.
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This approach captures the intuition that if a child has acquired 10% of their
overall vocabulary but has acquired 20% of their nouns, the nouns are relatively
overrepresented. Using this approach, recent work by Braginsky, Frank, and col-
leagues found a consistent noun bias in the parent-reported productive vocabular-
ies of children across 27 languages (Braginsky et al., 2019; Frank et al., 2021).

We focus in the present article on non-experimental approaches, among which the
second and third approaches have complementary strengths. The second approach (pro-
portional frequency measures) can be based on highly naturalistic spontaneous speech
data, vocabulary checklists, or a combination, but does not directly measure over-/under-
representation of word classes. The third (relative representation) approach gives a clear-
cut method for measuring over- and under-representation, but has only been attempted
with parent-reported vocabulary data, which limits its ecological validity and cross-lin-
guistic applicability (checklists exist in a more limited number of languages than sponta-
neous speech corpora).

In the present study, we use both of these approaches with spontaneous speech data to
examine the evidence for a noun bias in children acquiring Tseltal (Tenejapan geolect;
Mayan; Chiapas, Mexico). As we will discuss below, the proposed universality of a con-
ceptual object bias, while well motivated, is undermined by limited data on non-Indo-
European languages, especially smaller-scale languages. We will argue that Tseltal is a
particularly informative test case for the universality of the noun bias, considering that
both linguistic and cultural factors may lead Tseltal children to acquire verbs as readily
as nouns, if not more readily. In what follows, we briefly review prior evidence regarding
a universal noun bias, with particular attention to prior work on Mayan languages
(including Tseltal), before diving into the methods and findings of the present study.

The noun bias: a brief overview

Cross-linguistic evidence generally favors the noun bias, but tells a complicated story.
Evidence in favor of a noun bias in children’s productive early vocabularies has been
found across an array of languages — most are Indo-European*! — including English*,
German*, Swedish*, Norwegian*, Danish*, Italian*, French*, Spanish*, Portuguese®,
Greek*, Croatian®, Latvian®*, Czech*, Russian*, Slovak*, Turkish, Hebrew, Japanese,
Korean, Mandarin, Cantonese, Kiswahili, Kigiriama, and Kaluli (see, for example,
Braginsky et al., 2019; Frank et al., 2021; Gentner, 1982; Imai et al., 2008; Pae, 1993;
Setoh et al., 2021; Snedeker et al., 2003; Tardif et al., 1997, 1999). Among studies that
directly compare word learning across two or more languages, partial evidence for a
noun bias has been found using all three data types mentioned above: experiment-based
word learning (Imai et al., 2008; Snedeker et al., 2003), naturalistic speech production
(Gentner, 1982; Setoh et al., 2021; Tardif et al., 1997, 1999), and vocabulary checklist
data (Braginsky et al., 2019; Gentner, 1982; Tardif et al., 1999). Importantly, these com-
parative studies raise the possibility that, even if the noun bias is universal, it arises more
weakly in some languages and more strongly in others.

Among non-Indo-European languages, Mandarin and Korean have been studied most
often for a noun bias, with work using vocabulary checklists, diary studies, spontaneous
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speech, and experiments, and with study designs that have either cross-sectional or
longitudinal age samples of young children (e.g. both languages: Braginsky et al., 2019;
Frank et al., 2021; and Mandarin: Setoh et al., 2021; Tardif, 1996; Tardif et al., 1997,
1999, 2008; Xuan & Dollaghan, 2013; and Korean: Au et al., 1994; Bornstein et al.,
2004; Chang-Song, 1997; Choi, 2000; Choi & Gopnik, 1995; Gopnik & Choi, 1990;
Gopnik et al., 1996; Kim et al., 2000; Pae, 1993). Among these studies there is both
evidence in favor of and evidence against a noun bias. In some cases, the findings sup-
port an early predominance of nouns but also support a relative advantage for learning
verbs, compared with English speakers, or compared with the same children’s English
vocabularies (the latter for English—-Mandarin bilinguals; Setoh et al., 2021; Xuan &
Dollaghan, 2013).

Among indigenous and smaller-scale language populations, we are only aware of
evidence directly engaging with the noun bias debate from Tseltal (Mayan), Tsotsil
(Mayan), Navajo (Athabaskan-Eyak-Tlingit), and Kaluli (Trans-New Guinea). With two
exceptions — Brown et al. (2005) and Gentner and Boroditsky (2008) — data for these
languages come from transcriptions of spontaneous speech. The Navajo data were gath-
ered as caregiver-reported vocabulary via an adaptation of the CDI made by a team of
Navajo speakers and scholars (Gentner & Boroditsky, 2008), and were found to support
a noun bias. The Kaluli data, gathered originally by Schieffelin (1979), were subse-
quently analyzed by Gentner (1982) via English translations of the original transcripts
— these also favored a noun bias (Gentner, 1982, 2006). Data from the two Mayan lan-
guages (discussed further below) argue against a noun bias, in favor of a verb bias instead
(Brown, 1998, 2008; De Leon, 1999a, 1999b, 2001; but see discussion below). Overall
then, among smaller-scale and indigenous languages, evidence for a noun bias is mixed.

The noun bias in Mayan languages

Mayan vocabulary development has played a special role in this noun bias debate; it has
brought some of the only detailed linguistic analyses from small-scale language com-
munities, motivated by both cultural and linguistic factors that may promote early verb
learning. Evidence from two Mayan languages in particular, Tseltal and Tsotsil, has
made essential contributions to this debate (Brown, 1997, 1998, 2001, 2007, 2008;
Brown et al., 2005; De Leo6n, 1999a; 1999b, 2001; Pye et al., 2007). The interactional
norms of child—caregiver communication and the linguistic structure of both languages
heighten the salience of verbs and diminish the salience of nouns in children’s linguistic
input. For example, in Tseltal, the basic Verb—Object—Subject (VOS) word order puts
verbs in a highly salient position. Furthermore, arguments that are cross-referenced on
the verb are routinely dropped such that many utterances comprise a single, inflected
verb. In terms of morphosyntactic complexity, nouns and verbs are on more equal foot-
ing than in English and other languages, because the obligatory inflectional morphology
on nouns and verbs is highly regular and phonologically similar, which allows children
to develop a morphological segmentation strategy that applies well to both word types.
There are also many, frequently used ‘specific’ verbs — these are transitive verbs that are
highly constrained in what patients they take and so are highly concrete in their seman-
tics (e.g. Tseltal #i” for ‘eat/bite-[meat]’). In contrast, inanimate nouns tend to refer to
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unindividuated material, running counter to the simple, individuated object-to-label
mapping assumed as part of the NP/RR hypothesis. Finally, adult caregivers are observed
to only infrequently label objects for children, more often talking about relational context
or commenting socio-interactively on the child’s behavior (Brown, 1998, 2011, 2014; De
Leon, 1999a, 1999b, 2001).

Indeed, Brown’s (1998) longitudinal and in-depth investigation of two children’s
early spontaneous speech found evidence for a facilitation of early verb learning and no
evidence for an early noun bias. She examined both children’s spontaneous speech from
monthly 2-hour audio recordings and additional video recordings every 6 weeks
throughout the sampling period (ages 1;3-2;3 and 1;5-2;5). At the earliest stages of
morphosyntactic development (MLU 1.0-1.5), children’s speech revealed similarly
sized noun and verb inventories. Over time, the children’s verb inventories began to
overtake their noun inventories (ending at MLU=1.7; 54%-59% verbs; 53%—-57%
verbs, when proper nouns are included).? She also found that, among children’s multi-
morphemic utterances, verb utterances (e.g. inflected verbs) outpaced noun utterances
(inflected nouns, compound nouns). Then, diving further into the children’s morpho-
syntactic acquisition, she found that, by the end of the observation period (MLU=1.7),
they had partial productive command of some ergative prefixes and absolutive suffixes.
This suggests that Tseltal children at the early stages of speech production have already
begun to develop abstract morphosyntactic systems that can simultaneously aid noun
and verb learning. Children also showed early evidence of the benefactive suffix and
obligatory and nonobligatory aspect marking, but not yet systematically. Notably, many
of the children’s verbs were specific verbs, that is, transitive verbs that are highly
restricted in the patients they take. So in a nutshell, in two children’s early spontaneous
speech, she found no initial noun bias (with proper nouns excluded), then a rapid growth
in verb inventory, and evidence of inflectional morphology use that suggests early
abstract morphosyntactic learning. These data suggest a striking early capacity for verb
learning in Tseltal-acquiring children.

These findings are strengthened by qualitatively similar patterns in the in-depth lon-
gitudinal analyses of two children’s early Tsotsil productions (MLU 1-2.75; De Ledn,
1999a, 1999b, 2001). For example, nouns never surpassed the 50% mark in the Tsotsil
children’s early productive vocabularies (even when including proper nouns and kin
terms), and multimorphemic utterances were far more likely to be verb utterances than
noun utterances. Given that Tsotsil is a closely related Mayan language to Tseltal and
shares many of the same linguistic and interactional factors supporting early verb learn-
ing, we can treat these Tsotsil findings as a very close second source of data on the exist-
ence of a Tseltal noun bias. Together, the two studies form a strong case against a more
general Mayan noun bias. Their findings are consistent with verb learning’s centrality in
research on Mayan language acquisition; across a range of Mayan languages, children
consistently use verbs in their early productions and quickly show variation in verb use
and inflection (e.g. Brown et al., 2013; Mateo Pedro, 2015; Pfeiler et al., 2003; Pye,
1985; Pye et al., 2017). In other words, verb learning is the obvious site for examining
early lexical and morphosyntactic development in Mayan languages.

However, these findings come exclusively from examinations of spontaneous speech,
while the noun bias has most consistently shown up in analyses of vocabulary checklist
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data (see, for example, Gentner & Boroditsky, 2001). One study has attempted to address
this: Brown et al. (2005) composed a preliminary vocabulary checklist of 594 words for
Tseltal, based broadly on the CDI (283 nouns, 207 verbs, 104 other words; see Gentner,
2006 for a full description). They then collected caregiver reports for five young chil-
dren’s vocabularies, finding a uniformly higher presence of nouns than verbs in both
proportion of nouns (M=0.57, range=0.54-0.62) and noun—verb ratio (M=1.34,
range=1.17-1.63). Notably, words for animate beings made up nearly a third of the
nouns. Consistent with Brown’s (1998) study of spontaneous speech, they also found a
relatively high proportion of verbs, suggesting that, even with evidence of a noun bias,
Tseltal children still showed rapid verb learning relative to children in other languages
studied.

While these data represent a truly remarkable effort to collect vocabulary checklist
data for Tseltal, the sample size is still quite small (N=5), the questionnaire was not vali-
dated, and the researchers encountered challenges in both selecting specific word forms
and in eliciting assured responses from caregivers (e.g. which verb inflections to use,
how much context to provide, how to administer the survey). Methods alone cannot eas-
ily explain the discrepancy between these checklist findings and Brown’s (1998) or De
Ledn’s (1999a, 1999b, 2001) spontaneous speech findings. On balance, the data regard-
ing a Tseltal noun bias are then somewhat mixed: evidence against a noun bias comes
from spontaneous speech analyses and evidence in favor of it comes from the checklist
data; meanwhile evidence for facilitated early verb learning appears consistent across
these datasets.

Relative representation with transcription data

Past work on the noun bias in Mayan languages has focused primarily on spontaneous
speech data and, therefore, has used measures of proportional frequency (e.g. the propor-
tion of noun types and noun—verb ratio). It would be ideal to instead analyze under- and
over-representation, but that approach has only been taken with checklist data. This rela-
tive representation approach is ideal because it is the only one that clearly establishes
what unbiased development would look like before checking for the presence of a learn-
ing bias (E. Bates et al.,, 1994, 1995; Braginsky et al., 2019; Frank et al., 2021).
Importantly, this choice of analysis can enormously impact what we learn from our data-
set. Consider, for example, a child who is reported by their parents to say 10 nouns (out
of alist of 100) and 5 verbs (out of a list of 50): the child is at 10% in acquiring each word
class (i.e. equal relative representations), but the proportional analysis shows very strong
noun predominance (a ratio of 2:1, i.e. a strong noun bias). The discrepancy comes from
the difference in baseline inventory size, because there are simply many more nouns to
learn than verbs.

The logic of the relative representation analysis is something like the following: If
we assume that children acquire some core of vocabulary by some age (e.g. that repre-
sented by the CDI by age 30months), unbiased learning would look like uniform,
incremental acquisition within and across word classes that reaches 100% at the end of
the age range represented. For example, the step from 0% to 10% would happen in
parallel across all word classes, regardless of whether 10% represents 100 words or 50
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for a given class. That would be unbiased learning — so biased learning would then be
whenever learning significantly deviates from this unbiased trajectory. That is, biased
learning would happen when children either know proportionally fewer words in a
class relative to their overall vocabulary size (i.e. underrepresentation) or proportion-
ally more (i.e. overrepresentation).

Unfortunately, there is no validated vocabulary checklist yet for Tseltal (see Brown
et al., 2005, for a preliminary version and Casillas (in preparation) for a checklist in
development), but we argue that a similar analysis of relative representation can be
undertaken with a large sample of transcript data. In order to conceptually approximate
the relative representation analysis with transcript data, we must first establish a core
vocabulary that we expect children of a certain age to have acquired. We must then
observe which of those words children use within each category, in an age range that
starts before the first words are acquired until the last age represented. Rather than a
maximal vocabulary list (e.g. the multidialectal Tseltal dictionary; Polian, 2020) we need
something akin to a core vocabulary — a list of words known by nearly all Tseltal speak-
ers of the studied geolect.

Conversational talk in everyday life is a reasonable source for vocabulary known by
most community members. It is the core ecological niche for languages (unlike, e.g. lit-
eracy) — it is the only recognized universal mode of language use and provides the basic
context for child language development (Levinson, 2019). Conversational talk also
depends on communal common ground, information that community members can
mutually assume others have access to (including vocabulary and common experiences;
H. H. Clark, 1996, Ch. 4). Even better, conversational talk produced for and by children
gives a closer impression of the words children may be expected to know. To estimate a
core vocabulary, we therefore have several choices: words used in talk produced by chil-
dren, talk directed to children, or both. In what follows we use talk produced by children
because it is our best direct evidence of what vocabulary we can expect them to use at the
ages observed. That said, we are uncertain which of these options is conceptually optimal
for present purposes, so we also provide analyses (with qualitatively identical results)
based on target-child-produced and target-child-directed speech in the Supplementary
Materials.

Defined this way, we gain an analytical framework with similar conceptual value to
that set out by Bates, Braginsky, and Frank in their analyses of vocabulary checklist data
(E. Bates et al., 1994, 1995; Braginsky et al., 2019; Frank et al., 2021): we create a list of
words that children may be expected to say in everyday life by age 52 months, and then
we examine which words they actually do say, across an age range spanning from 9 to
52months. We expect that many of these words would be on a Tseltal equivalent of a
CD], and that children learn many of them by the oldest age we observe. That said, tran-
scription data are highly sparse by nature and children will only demonstrate a small
fraction of the words they know in the 45 recording minutes sampled. So, we do not
expect within-category word use to reach 100%, which is what we would expect from an
age-normed questionnaire like the CDI. What we can do instead is examine over- and
under-representation in the developmental space that we are able to observe, where the
basic principles of over- and under-representation still hold: unbiased learning would
still appear as lock-step relative growth across word classes.
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Importantly, we do not yet know how much data are required for such an analysis to
be robust. The larger the dataset and the denser the sampling per child, the more that
transcript data are likely to approach checklist-like patterns in analysis (Gentner, 1982,
2006 makes a similar argument regarding ‘cumulative vocabulary’). The present study is
a preliminary attempt to use this analytical approach with the largest existing transcrip-
tion collection of everyday Tseltal speech (Casillas, 2023). We pair this highly novel
approach with a more traditional one — proportional frequency — to holistically examine
evidence for a noun bias in Tseltal vocabulary development.

The current study

We analyze the use of noun and verb stems in the spontaneous speech of 29 Tseltal chil-
dren between ages 0;9 and 4;4 during the course of waking days at home. We first exam-
ine proportional frequency of their noun and verb uses to draw direct comparisons to
these same estimates from prior work. We then reexamine the same data using a relative
representation approach, for which we have no direct prior comparison. The transcript
data used here are drawn from a larger, ongoing study of early language development in
Tseltal (Casillas, 2023). Based on the work summarized above, we predicted an attenu-
ated noun bias in Tseltal with evidence for early verb learning.

Methods

Participants and community of study

These data come from a collection of recordings made in 2015 of Tseltal Mayan children
under age 5;0 (Casillas, Brown, et al., 2017). The collection contains transcribed seg-
ments from a cross-sectional sample of 41 recordings of children aged 4;4 and younger
(range=2-52 months; M=21.56 months; median=19months). In the analyses we will
only use data from the 29 children’s recordings at ages 9 months and older (see Figure 2
for data points displaying individual ages). All the children in this sample come from a
single rural village in central Chiapas. In this community, Tseltal is the primary language
spoken (Tenejapan geolect) and subsistence farming is the primary occupation of most
adult residents. That said, many families have one adult who earns income by some other
means (e.g. via driving a taxi, extra-community labor, etc.). All children in the sample
were growing up speaking Tseltal as their primary home language, though most also
heard Spanish spoken regularly in public (e.g. near the school grounds), in some over-
hearable adult speech, in radio and television programs, and in the borrowing of Spanish
words into Tseltal (e.g. karo/carro for car). Children in this sample were too young to
attend school services and so typically spent their days in the company of family mem-
bers, often at home (but not always; e.g. passing hours at a family garden plot, visiting
others’ homes, on an errand, etc.).

In this community, infants aged <1 spend most of the day in a sling worn by their
mother, or sometimes another close female relative, where they can be quickly and easily
repositioned for sleeping (back), feeding (front), and observing the ongoings around
them (hip/back) while the person carrying them engages in her daily tasks. Later in
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development, between ages 3 and 5, children begin to spend significantly more time in
the company of other children, typically siblings, cousins, and other neighbors. Most
housing is organized patrilocally such that children are raised in the close vicinity of their
father’s parents and his brothers’ families. In our database, the typical inter-child interval
is around 3years and the typical household size is 7 people including the target child
(household members is defined here as number of people sharing a kitchen or other pri-
mary living space; range=3-15). For this reason, we can expect that the typical daily
language experience of an infant in the dataset is rather different from that of an older
toddler, a difference which is reflected in input rate fluctuations over the day (Casillas
et al., 2020). Summing up, Tseltal is these children’s primary source of linguistic input,
this input comes primarily from family members and, increasingly with age, comes from
other children.

Recording procedure

Participants were recruited by word of mouth over the course of approximately 4 weeks
by a local member of the community who worked with author M.C.. Consent was con-
ducted verbally and iteratively, exclusively in Tseltal: at the point of initial recruitment,
the local research assistant described the recording task and compensation plan, including
what is captured on the recording device and any information about the visiting researcher
that the participant was curious about; then before the planned recording day, the research
assistant reminded the participating family about the task and what would be captured on
the recording device — family members who did not want to be recorded were notified so
that they could go elsewhere on the recording day; before the start of recording, a more
formalized consent process was conducted, going over the task, compensation, participant
rights, and the future use of the recording data. Participants were able to ask questions and
check understanding at each point of consent. On the recording day, the research assistant
and M.C. visited the participating family to collect demographic information about the
target child and their family via interview before initiating the recording.

Once oral consent was given (not typically recorded), the research assistant approached
the target child and fitted them with a harness that included an already-live audio recorder
(Olympus WS-832) and chest camera that took photos every 30 seconds (Narrative Clip
1 + Photojojo Super Fisheye lens). Then the research assistant demonstrated how to use
the privacy flap of the harness, a cover for the lens that could be quickly attached/
detached in case the participants wanted to temporarily block the camera’s view.
Caregivers were encouraged to use the cover if they wanted privacy, but to otherwise try
and leave the lens uncovered. Caregivers were asked to temporarily take the harness off
the child if it was disturbing their sleep or if the child was going to get excessively wet,
and in those cases to just place it near to the child. The intention of a daylong recording
is to get an estimate of children’s typical at-home language input. In reality, the recording
day is still a special day in which certain family members may have elected not to be
present and during which the harness served as a continuous visual reminder that the
child’s frontal view and proximal auditory environment were being documented. The
recorder and camera were commented on frequently throughout the recording day in
many children’s recordings.
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In this 2015 recording collection, a total of 57 recordings were made from 55 children
born to 43 mothers (make-up recordings were made in the case of camera/audio recorder
failure on the first recording). Recordings typically lasted from mid-morning until sun-
set, with a mean duration of 8.96 hours of audio recording data (range=3.0-10.2) and a
typical start time of 08:30 (range=07:18-10:02). Raw audio and photo streams were
manually aligned and digitally combined into MP4 video files in 2016.

Data sampling and annotation

Following Casillas and colleagues (2020, 2021), we examine spontaneous speech pro-
duced in nine 5-minute clips that were randomly selected from the span of each record-
ing (i.e. 45 total minutes per recording). Clips were nonoverlapping and were selected
regardless of ongoing activity (e.g. the child could be sleeping during a clip) to get a fully
representative view of language activity during the daytime hours.

Casillas and colleagues (2020) transcribed their clips using the ACLEW Annotation
Scheme, which annotates a/l hearable speech on the audio recording with indicators for
intended addressee and child vocal maturity (Bunce et al., 2020; Casillas, Bergelson,
et al., 2017; Soderstrom et al., 2021). We aimed here for a much larger sample of lan-
guage data, and so created a minimized adaptation of their annotation scheme that
includes transcriptions of all target-child-produced vocalizations (CHI) and all target-
child-directed vocalizations (OTR) that appear in the clips. A primary difference in the
annotation workflow is then that the present data are limited exclusively to target-child-
directed input.

Prior work shows that these Tseltal children encounter a great deal more language
input beyond what we can analyze here — other-directed input (e.g. speech between
adults or directed to other children) outpaces target-child-directed input at a ratio of 6:1
(Casillas et al., 2020). Our choice to only transcribe target-child-directed input therefore
limits any analyses to just a slice of what children may learn from in their linguistic envi-
ronments, a limitation that could be more impactful for the older children than the
younger ones (e.g. Akhtar, 2005; Arunachalam, 2013). As we argue above, however,
target-child-produced and target-child-directed speech are the most likely relevant
sources of vocabulary for the present analyses. This same decision also allows us to fea-
sibly examine data from more children. Full annotation and transcription of all hearable
speech for Tseltal daylong recordings requires two annotators (a native speaker and an
expert in ELAN) and takes approximately 50 minutes of work for every 1minute of
recorded audio (Casillas et al., 2020). By reducing our transcription and annotation goal
to target-child-produced and target-child-directed speech, the task speeds up immensely,
becoming possible year-round as a project led by a single native speaker of Tseltal. Even
so, the transcription data analyzed here represent more than 2 years of focused work.

For present purposes, the transcribed utterance annotations were supplemented as fol-
lows: loose translations of each utterance into Spanish (tlsp), an indication of speaker
type for all speech directed to the target child (quien; e.g. woman/man/girl/boy/other),
and a list of each noun (sus) and verb (ver) stem used in each utterance (see Figure 1).

All transcription, translation, and noun and verb annotation was completed by author
J.M.G., a native speaker of Tenejapan Tseltal who resides outside of the village studied.
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Figure |. Screenshot of Approximately 5 Seconds from One Transcript File Showing the
Hierarchical Tier Structure Used to Organize Transcription, Translation, and Noun and Verb
Annotation. Linked Media for Each Clip Included a .wav Audio File and an .mp4 Video File
Showing Time-Aligned Child-Worn Chest cam Photos When Possible.

All transcription and annotation were done in the video annotation software ELAN
(Wittenburg et al., 2006). Of the original 57 recordings in the 2015 collection, we here
include the 29 to which this annotation pipeline applies and for which the target child is
9 months old or older (range =9-52 months; M=28.44; median=29; SD=12.86). We use
9months as our starting point because it is likely to conservatively capture the onset of
first word productions, which we would typically expect to occur around 12 months
(Casillas et al., 2020; Schneider et al., 2015). We do not analyze the 10 additional record-
ings processed using the ACLEW Annotation Scheme by Casillas and colleagues (2020)
given the significant differences between their and our annotation workflow and annota-
tion team (J.M.G. vs. a village-local research assistant who knew all the families).

While we believe the transcriptions and annotations to be overall of a very high qual-
ity, we note that this corpus is a living resource that serves multiple research projects
simultaneously. We expect to gradually add annotations for other types of language
input, other linguistic features of produced speech, and small corrections to segmentation
and transcription over the decades to come. Thus the data in this article should be taken
as a snapshot from a living and growing resource. Ultimately, we plan to replicate and
extend these analyses with the full audio recording (N=57) dataset and with a validated
Tseltal vocabulary checklist.

Data preparation

To prepare the transcripts for analysis, we used the phonfieldwork library in R (Moroz,
2021) to convert the transcribed data from .eaf files into a tabular format. We then cre-
ated tabular summaries of noun and verb use using the tidyverse library (Wickham et al.,
2019). Verb and noun stems were then exported and manually annotated by author M.C.
to match the standardized forms and metadata from the open online Tseltal-Spanish
multidialectal dictionary (Polian, 2020). This manual annotation step is necessary given
the current lack of an automatic stemming program for Tseltal and variability in
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orthographic forms. In this manual annotation process, author P.B. also provided further
metadata on verb classification to inform the final analyses. Nouns were considered to
include all instances of noun, action noun, phrasal nouns, and proper nouns. Note that kin
terms were not separately classified when used vocatively (i.e. when used like proper
nouns, ‘Mommy, come!’ vs. ‘That’s my mommy’) — we here treat all kin term uses as if
they were instances of basic nouns. Verbs were considered to include all instances of
agentive intransitive verbs, defective intransitive verbs, movement intransitive verbs,
phrasal intransitive verbs, intransitive verbs, defective transitive verbs, transitive verbs,
and auxiliaries. These standardized word classes were derived from the open online
Tseltal-Spanish multidialectal dictionary (Polian, 2020). These manually checked data
were then read back into R for statistical analysis. Our analyses of over- and under-rep-
resentation are based on R code openly available from the WordBank book (Braginsky
et al., 2019; Frank et al., 2021). All plots are created with the ggplot library (Wickham,
2016) and statistical analyses are run with the Ime4 library (D. Bates et al., 2015). A
reproducible version of this manuscript was created using the papaja and Rmarkdown
libraries in the desktop application Rstudio (Aust & Barth, 2022), which is available with
anonymized data on an Open Science Foundation repository (https://osf.io/9gmzr/).

Results

In what follows, we will first give an overview of the noun and verb data available in the
corpus. We then review the findings given the traditional, proportional frequency
approach, making direct comparisons to past work. After that, we review the findings
again, this time using the more recent, relative representation approach, which is adapted
here for transcription data.

The dataset includes 11,485 vocalizations: 9011 produced by the target child, 1677
produced by an adult, and 797 produced by another child. Of these, 2919 utterances
contained at least one noun or verb: 1811 of the target child’s utterances (20.1%), 784 of
the adult utterances (46.7%), and 317 of the other children’s utterances (39.8%; see the
Supplementary Materials for an analysis using these target-child-directed speech stems).

Among the 29 target children, 28 produced at least one noun or verb in the 45 observed
minutes; all children older than 1 year were observed to produce a noun or a verb (range:
1-170). The youngest age at which a child-produced noun stem was recorded at 10 months
(chenek’ ‘bean’ and mamd ‘mom’) and the youngest age at which a child-produced verb was
recorded at 9months (ich’ ‘take/hold’; ak’ ‘give/put’ came second, with a production at
10months). These first noun and verb stems fall well in line with prior work positing that kin
terms are among the very first words observed in production (e.g. Brown, 1998; De Leon,
1999a, 1999b, 2001; Gentner, 1982, 2006; Schneider et al., 2015) while these early uses of
general ‘light’ verbs stand in contrast to prior Tseltal findings from Brown (1998).

Proportional frequency measures

We first examine the proportional frequency values in the present dataset, then compare
them to past work on Mayan languages, then to those from past work on other languages.
By-child estimates of noun and verb stem use in child-produced speech are summarized
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Figure 2. Raw Inventory Measures of Child-Produced Noun and Verb Stems Plotted by Child
Age, Including: Total Noun-Verb Stem Inventory Size (Left), Proportion of Unique Stems that are
Nouns (Center-Left), Ratio of Unique Noun Stems to Unique Verb Stems (Center-Right), and
Proportion of Unique Noun Stems that are Proper Nouns (Right). Estimates of Each Measure
from the Total Pool of Observed Unique Noun and Verb Stems (i.e. Across All Target-Child-
Produced and All Target-Child-Directed Speech) are Shown as Dashed Horizontal Lines, Except
Total Inventory Size (NB: The Total Pooled Inventory is 386 Unique Noun and Verb Stems).
Thick Black Lines Indicate a Smoothed Fit Using the loess() Function from the ggplot Library in R
(Wickham, 2016) for Which the Shaded Regions Indicate Estimated 95% Confidence Intervals.

in Figure 2, and average values for these data and comparable past datasets are summa-
rized in Table 2.

Collectively, the children produced 248 noun types and 138 verb types. The total noun
and verb stems (i.e. vocabulary size) observed for each child increased with age (Figure
2, leftmost panel) The proportion of noun types in individual children’s inventories aver-
aged 0.56 (range: 0.0—1.0; two children with very small inventories produced only verbs;
Figure 2, center-left panel) and the ratio of nouns to verbs averaged 1.48 (range: 0-5; two
children with very small inventories produced only nouns; Figure 2, center-right panel).
If we consider a noun bias to be any proportion of nouns over 0.5, 19 of the 28 children
who produced one or more nouns or verbs showed a noun bias (67.9%). If we consider a
noun bias to be any noun-verb ratio over 1.0, again 19 of the 28 children who produced
one or more nouns or verbs showed a noun bias (67.9%).

The noun bias is predicted to be most apparent in the earliest period of word production
(especially within the first 50-100 words; Gentner, 2006), which cross-linguistic data
suggest may be typically reached between 16 and 20 months (Frank et al., 2021: Chapter
5.1). We therefore conducted #-tests on our data comparing proportion of noun types and
noun-verb ratio before and after 20 months of age. We found no evidence for a difference
between early (<20 months) and later (21 + months) noun bias measures among children
who produced at least one noun or verb (proportion of noun types: #7.429)=0.253,
p=0.807, 95% CI = [-0.296, 0.368]; noun-verb ratio: #5.79)=0.296, p=0.778, 95% CI
= [-1.690, 2.151]). A close examination of Figure 2 makes evident that, at the earliest
ages documented, children exhibited dramatic variation in their proportional noun use,
with two children categorically using nouns and two children categorically using verbs.

How do these findings compare with past work? Age and data preprocessing differ-
ences aside, the outcomes are comparable — if not very slightly more favorable to a
noun bias — compared with past work on Mayan languages (Brown, 1998; Brown
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Table 1. Examples of three child-produced utterances in the dataset, including a gloss for each
and the nouns and verbs extracted from each for the present analysis.

Complete child utterance and gloss Nouns Verbs

stsek alal tsek (wrap NA
skirt),

s—-tsek alal alal

3POSS-skirt baby (baby)

'the baby's skirt'

jtsaktik jilel ku'untik eki NA tsak

(take/

j-tsak-tik jilel k-u'un-tik ek=1 hold)

1ERG-take-PL DIR 1POSS-REL.N-PL also=PART

'we keep ours too'

uk'um jpastik uk'um pas
(river) (do/

uk'um Jj-pas-tik make)

river 1ERG-do-PL
'we do it (at) the river'

Glossing abbreviations as follows: DIR: directional; ERG: ergative; PART: particle; PL: plural; POSS:
possessive; REL.N: relational noun.

et al., 2005; De Leon, 1999b; Table 2). In work using spontaneous speech, Mayan
language researchers have preferred to count proper nouns and kin terms separately
from the basic noun category (reasoning differently from Gentner’s, 1982, 2006 stud-
ies), which consequently yields lower overall noun proportions. If we count proper
nouns as basic nouns (Table 2), our current outcomes appear more favorable to a noun
bias than previously reported: Brown’s (1998) Tseltal data showed a 0.53 proportion of
noun types and a 1.17 noun—verb ratio (A=—0.03 and —0.31 from the present data) and
De Leodn’s (1999b) Tsotsil data showed a 0.46 proportion and 0.85 ratio (A=-0.10 and
—0.63 from the present data). The present outcomes are more comparable to data from
the preliminary Tseltal vocabulary checklist (Brown et al., 2005): a 0.57 proportion of
noun types and a 1.34 noun—verb ratio (A=+0.01 and —0.14 from the present data),
though proportion of noun types in that study is calculated over total vocabulary size
(i.e. including an ‘other’ category) and so is somewhat underestimated relative to our
present calculation.

We can also roughly compare the present outcomes to those reported in Gentner’s
(1982) foundational study of Mandarin, Japanese, Kaluli, German, English, and Turkish
(N=2—-4 children per language). In that paper, verbs are subsumed under the category of
predicates (which includes verbs, prepositions, and modifiers), such that her verb-related
outcomes will appear more generous than ours (i.e. verbs only). Nonetheless, we see that
the Mayan outcomes, in the present work and in past studies, are less favorable to a noun
bias than what was reported for these six other languages (derived from Gentner’s, 1982,
Table 4): a cross-linguistic range of 0.68—0.85 in proportion of noun types (A=+0.12—
0.29 from the present data) and a range of 2.3—6.17 in noun—predicate ratio (A=+0.82—
4.69 from the present noun—verb ratio data). As a reminder, Gentner’s (1982) data use a
‘predicate’ category rather than a ‘verb’ category, and so if we could calculate the
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proportion and ratio with only verbs it would likely show an even stronger noun bias in
these six languages compared with the Mayan datasets.

An essential subcomponent of the noun bias debate centers specifically on the early
presence of proper nouns, so we briefly compare these proportional data as well.
Collectively, the children in our dataset produced 248 noun types, of which 44 were clas-
sified as proper nouns (Figure 2, rightmost panel). Notably, these 44 proper nouns include
form variations on a subset of the proper names observed (e.g. ‘Manuel’, ‘Manel’, and
‘Man’ as variations on the name Manel); the 44 proper noun forms are based on approxi-
mately 32 unique person names. Among the children who produced one or more noun
stems, the mean proportion of nouns that were proper nouns was 0.096 (range: 0.00—
0.25). This is lower than what has been reported across all prior studies. It is most com-
parable to prior analyses of Mayan children’s spontaneous speech data, Tseltal (Brown,
1998): 0.16, A=+0.064; and Tsotsil (De Le6n, 1999b): 0.12, A=+0.024, but much
lower than the checklist-based estimate for Tseltal (Brown et al., 2005; 0.30, A= +0.204)
and lower than the range of values reported for all six languages examined in Gentner
(1982: 0.15-0.88, A=+0.054-0.694).

Relative representation

As explained above, the drawback of using the proportion of noun types or the noun—
verb ratio as primary measures of a noun bias is that they do not take into account the
baseline prevalence of nouns and verbs, and so cannot directly speak to over- or
under-representation. In contrast, the more novel ‘relative representation’ approach
clearly defines unbiased learning and thereby provides a path for examining biased
learning trajectories. As explained above, this analytical approach originates with E.
Bates et al. (1994, 1995) and was recently popularized by Braginsky and colleagues
(2019; Frank et al., 2021) who have used it to confirm a consistent overrepresentation of
nouns and underrepresentation of predicates (including verbs) in the productive vocabu-
lary checklist data from 27 languages. While relative representation has not previously
been used with transcription data, we argue above that it can be conceptually approxi-
mated given sufficient transcription data, with the caveat that we do not expect within-
category learning to reach anywhere near 100% — even at the oldest ages in our sample
— given the sparsity of observed stems in spontaneous speech.

Across the entire dataset of target-child-produced speech,® we observed 248 unique
noun stems and 138 unique verb stems, giving us a total stem inventory size of 386.
These 386 stems make up our core vocabulary, against which we compare individual
children’s observed noun and verb stem uses. To illustrate the scoring process, we give
a concrete example from a 19-month-old female child: she was observed to use 10
unique noun stems and 7 unique verb stems, so her total relative inventory size is
0.044, total child inventory divided by total core inventory; (10 + 7/386), her relative
noun inventory size is 0.040 (total child noun inventory divided by total core noun
inventory; 10/248), and her relative verb inventory size is 0.051 (total child verb inven-
tory divided by total core verb inventory; 7/138). Using this process, we calculated a
total relative inventory size, a relative noun inventory size, and a relative verb inven-
tory size for each child in the dataset.
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Figure 3. Relative Representation of Nouns (Left) and Verbs (Right): Proportion of Stems
Acquired for the Given Category Plotted Against the Proportion of Stems Acquired for the
Total Noun and Verb Stem Inventory. Each Data Point Represents an Individual Child, and

the Thick Line Shows the Constrained Model Fit, with the Shaded Regions Highlighting the
Estimated Area between the Expected Unbiased Developmental Trajectory (The Diagonal Line)
and the Actual Observed Data (The Data Points) in the Range of Vocabulary Sizes Observed
(Total Relative Vocabulary Size =[0.00:0.21]).

Following Braginsky and colleagues (2019; Frank et al., 2021), for each syntactic
type, we fit a constrained linear model of relative representation predicting the propor-
tion of types acquired within a word class (y-axis in Figure 3) by the proportion of types
acquired across the total vocabulary (x-axis in Figure 3). As in prior work, our models
included third-order polynomials to allow for a variety of concave or convex fits and
were constrained to predict that children will have acquired 100% of the category when
they have acquired 100% of the total vocabulary* — a constraint that still holds even if we
expect to only see a fraction of the developmental trajectory between 0% and 100%. As
expected, the observed stems used were sparse compared with the core vocabulary pool:
the child with the largest total vocabulary had only acquired 0.21 of the total observed
noun and verb stem inventory. Thus, our full dataset resides in the bottom-left corner of
the constrained fit from (0,0) to (1,1) and we examine under- and over-representation in
this early portion of the developmental trajectory. We note that the limited observed
range conservatively biases against finding a consistent difference from unbiased learn-
ing, given that the model fits the full range between 0% and 100% learning.

Within the 29 individual children, 21 children (72.4%) show noun underrepresenta-
tion (i.e. under the diagonal; M=-0.01) and 21 children (72.4%) show verb overrepre-
sentation (i.e. over the diagonal; M=0.02). These 21 children perfectly overlap, showing
both noun underrepresentation and verb overrepresentation. Among the remaining 8
children, 7 show the reverse (i.e. NP/RR hypothesized) pattern, though with a much
smaller effect: noun overrepresentation (M<0.001) and verb underrepresentation
(M=-0.01). One child had no observed noun or verb stems in their recording, and so is
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Figure 4. Relative Representation Effect Estimates for Nouns and Verbs, with Horizontal
Thick Lines Showing the Bootstrapped 95% Confidence Intervals for Each Class.

at 0 on all measures (Figure 3). These numerical trends, while consistent, have weak
inferential value on their own. What we need to complement them are bootstrapped esti-
mates of the area over and under the diagonal across our sample to test whether what we
have observed is likely to be different from chance.

We again followed Braginsky and colleagues (2019; Frank et al., 2021) in generating
confidence intervals of the difference from unbiased learning in the interval from 0% to
100% vocabulary size (Figure 4) by randomly sampling the data 1000 times with replace-
ment and then fitting the same model for each random sample to measure the area of
apparent bias. These area estimates were then used to generate upper and lower confi-
dence intervals of a difference from no bias (i.e. an area of 0). In lay terms, distributions
with confidence intervals that largely overlap the zero estimate are more consistent with
a lack of bias; values below zero indicate underrepresentation and values above zero
indicate overrepresentation.

While the numerical estimates of the bootstrapped confidence intervals remain the
same as the whole-dataset analysis above (i.e. negative for nouns and positive for verbs),
the substantial overlap with zero in both distributions suggests no significant evidence
for biased noun or verb learning (M area for nouns: —0.043, 95% CI = [-0.10 8, 0.013];
verbs: 0.080, 95% CI = [-0.022, 0.191]; Figure 4). We do note that the relative represen-
tation estimate effect sizes from these data (nouns: —0.043; verbs: 0.080) are comparable
to statistically significant cases of over- and under-representation found in Braginsky
and colleagues (2019; Frank et al., 2021); however, in our smaller and noisier dataset, the
estimated uncertainty is higher, especially given that we have no observed data for the
vocabulary size interval between 0.21 and 1.0.

Discussion

Early language development is driven forward in part by the cognitive biases that chil-
dren bring to the process of learning. A great deal of evidence — observational, experi-
mental, and checklist-based — suggests that concrete objects have a perceptual and
conceptual advantage in early word learning compared with relations, a vocabulary
development pattern known as the ‘noun bias’. In this article we have examined the noun
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bias hypothesis in Tseltal-acquiring children. We were interested to study Tseltal vocabu-
lary development in particular because grammatical properties of the Tseltal language
and communicative practices in Tseltal child—caregiver interaction heighten the concep-
tual salience of verbs while dampening the conceptual salience of nouns. Prior work
investigating a noun bias in Tseltal had appeared mixed, with one result in favor of the
bias (Brown et al., 2005; Gentner, 2006; checklist data) and one against (Brown, 1998;
spontaneous speech), both using small samples but the latter using in-depth longitudinal
observation (see also closely related work from De Ledn, 1999a, 1999b, 2001). Both
studies had suggested a cross-linguistically weak noun bias and more robust support for
the notion of early and rapid verb learning in Tseltal. The present findings are based on a
larger, cross-sectional sample of highly naturalistic Tseltal speech, which we analyze
using two approaches: a traditional approach based on proportional frequency measures
and a more novel approach examining relative representation within word classes.

Using the more traditional method — proportion of nouns and noun-verb ratio — we
indeed found a numerical noun bias in both measures, but the bias was small (i.e. noun
proportion: 0.56; noun—verb ratio: 1.48). Comparing as well as possible with past work,
our current estimates are similar but slightly more favorable to a noun bias than past
work on Mayan languages. Our current estimates are also less noun biased than all six
languages reported on in Gentner’s (1982) foundational paper. While it is impossible to
make an apples-to-apples comparison across these studies, given their variation in sam-
ple size, approach, recording context, data pre-processing, and more, the broadly similar
values achieved across the three existing Tseltal study samples (noun type proportions of
0.53-0.56; noun—verb ratios of 1.17-1.48) increases our confidence in the presence of
small but consistent proportional dominance of nouns over verbs in early Tseltal vocabu-
lary development. This is a pattern that cannot be attributed to method alone (i.e. sponta-
neous speech vs. checklist). That said, proportional frequency measures do not take into
account the baseline quantities of nouns and verbs to be learned and so cannot provide
direct insight into unbiased vs. biased learning. For that, we need a measure of relative
representation of word classes compared to total vocabulary size, as done previously by
Bates, Braginsky, Frank, and colleagues (E. Bates et al., 1994, 1995; Braginsky et al.,
2019; Frank et al., 2021).

When we use this more novel method — relative representation — we find no numerical
or statistical evidence for noun overrepresentation; we rather see a numerical trend toward
verb overrepresentation, a pattern that holds for nearly three-quarters of the individual
recordings sampled. In other words, when our measure of biased learning takes into
account the size of the noun and verb categories in the lexicon to be acquired, we see no
evidence for noun overrepresentation, running counter to the idea of the noun bias. A logi-
cally similar analytical approach of relative representation was used recently to show a
consistent noun bias in the caregiver-reported productive vocabularies of children learn-
ing 27 other languages (Frank et al., 2021), lending credence to the idea that our present
results are not just due to the analytical approach. We attempt a novel adaptation of the
relative representation approach to transcription data, for which an important practical
difference is that only a small fraction of children’s productive vocabulary will be observed
in the recordings. In our data, the child with the largest inventory used 21% of the total
observed noun and verb stems, rather than the nearly 100% of words we might expect for
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a normed vocabulary checklist. Our constrained model fits the entire space from 0% to
100%, and so this conservatively works against our ability to statistically evidence a bias,
as there is no observed difference from unbiased learning along 80% of the total inventory
fit. That said, the individual recording data give a clear glimpse into what we might see
with a better estimate of children’s cumulative vocabularies: consistent and larger relative
underrepresentation for nouns and relative overrepresentation for verbs. These findings
would ideally be re-examined in future work that (1) observes a greater amount of data per
child to better examine the full spectrum of vocabulary development before 52 months
and/or (2) uses a validated vocabulary checklist to test the approach within its original
intended analytical context.

Our combined findings suggest that the evidence for a noun bias in Tseltal is very
weak — it only appears when baseline inventory sizes are not taken into account and, even
then, the bias outcomes are among the lowest reported in the cross-linguistic literature.
From the relative representation perspective, the classic noun bias pattern is numerically
reversed, appearing instead as a verb bias, though critically the data are too sparse to
yield robust statistical inferences about the group-wide pattern. This general lack of
strong evidence for a noun bias is expected for Tseltal, given that the grammatical and
interactional patterns of Tseltal linguistic input lead to heightened linguistic and concep-
tual accessibility of verbs and a dampened accessibility of nouns (Brown, 1998; De
Ledn, 1999a, 1999b, 2001; Polian, 2013). More broadly, the finding of a very weak noun
bias is in line with other cross-linguistic comparative work showing wide variation
between languages in the apparent size of the bias (e.g. Au et al., 1994; Braginsky et al.,
2019; Choi, 2000; Choi & Gopnik, 1995; Frank et al., 2021; Gentner, 1982, 2006;
Gentner & Boroditsky, 2001, 2008; Gopnik & Choi, 1990; Gopnik et al., 1996; Imai
et al., 2008; Kim et al., 2000; Setoh et al., 2021; Tardif, 1996; Tardif et al., 1997, 1999,
2008; Xuan & Dollaghan, 2013).

So what then do these findings tell us about the cognitive biases that drive word learn-
ing? The NP/RR hypothesis focuses on object nouns (especially animate ones) as opti-
mal exemplars of conceptual accessibility (Gentner, 1982, 2006). Our findings, which
follow those of Brown, de Leodn, and others (Brown, 1998; De Ledn, 1999a, 1999b,
2001) suggest an important addition to this story: in-the-moment conceptual accessibil-
ity relies not just on intrinsic features of the referent, but also on a number of other criti-
cal factors such as linguistic structure, socialization, encultured attention, multimodal
signaling, recency, etc.. These factors may play a major role in illuminating intended
referents and their intended linguistic labels, giving (perhaps momentary) well-defined
conceptual-linguistic mappings of otherwise relatively inaccessible, fuzzy concepts.
This same view may help account for the fact that the noun bias is apparently weaker in
some linguistic and cultural communities than others (e.g., Frank et al., 2021; Rosemberg
et al., 2020; Snedeker et al., 2003; Tardif, 1996): myriad factors may directly or indi-
rectly train children’s attention to relevant conceptual categories, in the moment and
across instances, preparing them for linguistic labeling.

On this account, we might expect to see accessibility effects that cross syntactic
classes, such that — while nouns might have an overall learning advantage — more socio-
interactionally, linguistically, and culturally accessible concepts are acquired earlier than
others across a variety of different word domains (e.g. concrete and animate vs. abstract



22 First Language 00(0)

nouns; perceptually salient vs. non-salient concepts encoded in verbs). Indeed, Gentner
(1982, 2006) specifically predicts this effect within the category of nouns and others
predict it within the category of verbs (Brown, 1998, 2008; E. V. Clark, 1995; Ninio,
1999). Thus, we are here simply proposing to expand the scope and generality of concep-
tual accessibility advantages to any factor that can significantly heighten momentary
accessibility during word learning (i.e. not just inherent conceptual boundedness).
Indeed, something akin to these generalized accessibility effects are already captured in
the work of Braginsky, Frank, and colleagues (Braginsky et al., 2019; Frank et al., 2021),
who find that a word’s concreteness and ‘babiness’ (i.e. strength of baby relevance) are
very strong predictors of how early a child is reported to begin producing that word.

Thus, if we had more Tseltal data (spontaneous speech or checklist) we would still
expect to see that, for example, within each grammatical category, there would be con-
creteness effects and, among nouns, earlier acquisition of concrete and animate object
words. That is to say, these data may still be partly consistent with the NP/RR hypothesis,
but more suggest that object-specific biases should be considered in balance with acces-
sibility factors from the child’s linguistic and cultural upbringing that collectively influ-
ence the trajectory of early lexical development.

Limitations and future directions

We urge caution in generalizing these findings for several important reasons. First, while
this dataset represents an unprecedentedly large sample of Tseltal children’s speech (e.g.
nearly tripling the sample size in Casillas et al., 2020), the number of participants relative
to the age range is still small and the data are cross-sectional (not longitudinal, like the
other work on Tseltal and Tsotsil; Brown, 1998, 2009; De Leo6n, 1999a, 1999b, 2001).
There are also only 45 observed minutes of recording for each child, and the clips were
selected randomly, which manifested as a highly limited range of children’s observed
productive vocabularies. It would be ideal, for example, to zoom in more closely to the
speech of children who are at the early stages of lexical production among our wide age
sample. We are already planning to conduct denser sampling from these recordings —
when ready, these additional data will increase the reliability of our lexicon estimates for
each child and, in the process, reduce the uncertainty of our bootstrapped estimates.
Second, the relative representation estimate analysis was originally designed for nor-
med checklist data, and until we can compare our transcript-based estimates with check-
list data, our current analyses will remain somewhat experimental. Brown and colleagues
(2005) initialized a vocabulary checklist for Tseltal, but it requires further refinement,
piloting, and analysis before we can use it with a larger sample of Tseltal children to test
relative representation with checklist data (such an effort is underway; Casillas et al., in
preparation). In the shorter term, one could address this limitation by replicating the
present analyses with noun and verb data from English daylong recordings to see whether
we replicate the classic noun bias finding for English (a very strongly biased language;
Frank et al., 2021) or whether there is something about relative representation of tran-
script data that undermines an apparent noun bias. Finally, to fully round out these data,
we would also ideally experimentally examine novel word learning (e.g. Childers &
Tomasello, 2002; Imai et al., 2008) but in a way that is sensitive to culturally typical
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contexts for interactional word learning in Tseltal. For now, we take these findings as an
important data point in the noun bias debate and as support for the ethnographically
informed perspective on Mayan language acquisition, which has consistently empha-
sized the strength of early verb learning over early noun learning (Brown, 1997, 1998,
2001, 2007, 2008; Brown et al., 2005; De Leon, 1999a, 1999b; Pye et al., 2007).

Conclusion

This study examined evidence for a noun bias in the productive vocabularies of 29 Tseltal-
acquiring children (9-52 months old) using two analytical approaches: proportional fre-
quency and relative representation. Children learning Tseltal encounter a range of
linguistic and socio-interactive features that diminish the salience of nouns while height-
ening the salience of verbs, motivating the present study. Proportional frequency esti-
mates suggest a consistent, but very small noun bias that is in line with prior work reported
on Mayan vocabulary development and smaller than what has been reported for other
languages. Relative representation estimates, on the contrary, suggest no noun bias at all,
with most children showing numerically flipped data: overrepresentation of verbs and
underrepresentation of nouns. Our findings echo past cross-cultural research in this
domain: the influence of a referent’s inherent conceptual accessibility (a la NP/RR hypoth-
esis) is mediated substantially by linguistic and cultural factors that can cause a weaken-
ing (sometimes an apparent reversing) of their predicted effects on early word learning.
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Notes

1. Indo-European languages (marked with an asterisk * above) are spoken by nearly half of
the world’s population but only make up around only 6% of the world’s ~7000 languages
(Skirgard, 2017; see also Hammarstrom et al. (2023) and Simons and Fennig (2017) for
more). Six of the nine non-Indo-European languages in this list are similarly major languages
spoken in large, post-industrial societies. The list diversifies somewhat if we include studies
of word comprehension (e.g. see Braginsky et al., 2019; Frank et al., 2021).

2. Notably, this interpretation depends on treating proper nouns as a separate category. Gentner
(1982;2006) argues that proper nouns are critical to the analysis of an early noun bias because
they likely include the most salient animate objects in children’s early environments. If proper
nouns are included as nouns, the two children in Brown’s (1998) study do initially show a
noun bias, but the noun inventory is quickly outstripped by verbs.

3. In the Supplementary Materials we give an alternative version of this analysis in which the
core vocabulary is based on both target-child-directed and target-child-produced speech; this
change in core vocabulary operationalization yields qualitatively similar results. We attribute
the similar results to the overall low volume of target-child-directed speech, which only adds
91 noun stems and 59 verb stems to the combined version of core vocabulary (26.80% and
29.90% of the categories, respectively).

4. clm(prop_category ~ I(prop_vocab * 3) + I(prop_vocab " 2) + vocab — 1).
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