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Abstract
This study will investigate how children acquire the option to drop the subject of a sentence,
or null subjects (e.g., “Tickles me” instead of “He tickles me”). In languages that do not
permit null subjects, children produce sentences with null subjects from 1 to 3 years of age.
This non-adultlike production has been explained by two main accounts: first, the null
subject sentences may accurately reflect the children’s linguistic knowledge, that is, a
competence account. Alternatively, they may result from immature processing resources,
therefore underestimating children’s competence, that is, a performance account. We will
test the predictions of these accounts by using a central fixation preference procedure and
elicited imitation to measure children’s comprehension and production, respectively, in
monolingual 19- to 28-month-olds acquiring English (a non-null subject language) and
Italian (a null subject language). The results will shed light on acquisition across languages,
and the features that provide evidence to a learner.
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Introduction

Children acquire language quickly –within a few short years, they advance from babbling
to first words to complex sentences. Meanwhile, the early success of language acquisition
may be illuminated precisely by the contexts where it appears to be unsuccessful.
Importantly, these contexts are not random and can isolate specific processes involved
in acquisition.

One such context is the option to drop a subject, that is, to use a null subject, as in (1):

(1) a. Vedo un aereo.
see–1 an airplane
“I see an airplane” (Italian; from Guasti, 2002)
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b. Kanjian ta le.
see him 
“He saw him” (Chinese; from Huang, 1984)

The availability of null subjects varies across languages (Biberauer, 2008; Biberauer
et al., 2009; Camacho, 2013, 2016) – for example, languages like English, German, and
French do not permit null subjects in declarative contexts like (1), and require an overt
subject even in expletive contexts like (2):

(2) a. It is raining. (English)
b. Il pleut. (French)

In contrast, the same contexts in null subject languages require a null subject (Rizzi,
1982):

(3) Piove. (Italian)
rain-3
“It rains”

Children must, therefore, acquire the appropriate optionality based on their linguistic
input. Moreover, this acquisition is more complicated than choosing between an overt
subject language as in (2), or a null subject language as in (3). Rather, this optionality
varies across languages depending on features of discourse, morphosyntax, and lexical
frequency (Allen, 2000; Allen & Schröder, 2003; Allen et al., 2008; Shlonsky, 2009;
Bondaruk, 2001; Brennan, 2008; Travis & Torres Cacoullos, 2021; Erker et al., 2023).
Therefore, the acquisition problemmust involve identifying those specific contexts which
require an overt subject, and the contexts in which subjects may be omitted.

However, children initially appear to acquire the incorrect optionality, particularly
when their language does not allow null subjects in declarative contexts like (1) (for
reviews seeHyams, 2011; Valian, 2016a). For these languages, children produce sentences
with null subjects between the ages of 1 and 3 years, as in (4) (from Guasti, 2002):

(4) a. Tickles me. (Adam, 3;6)
c. Mange du pain. (Grégoire, 2;1, French)

eat–3 some bread.

b Se, blomster har. (Jens, 2;2, Danish)
look, flowers have/has.
“Look, (I/you/she/we) have/has flowers”

Different explanations have been proposed for this “null-subject stage” in non-null
subject languages. For example, this stage may be accounted for by the temporary
acquisition of a grammar that generates null subjects, that is, a competence account
(Hyams, 1986, 1992; Rizzi, 2018; Hyams & Wexler, 1993; Orfitelli & Hyams, 2012;
Wexler, 2013). Non-adult competence is similarly posited by usage-based approaches,
although in isolated contexts depending on input frequency (Bybee, 2002; Brown&Rivas,
2012; Brown & Shin, 2022). However, null subject sentences may also be produced with a
non-null subject grammar if limitations in processing resources cause the subject to be
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dropped, that is, a performance account (Bloom, 1989, 1990, 1993; Valian, 1991; Valian
et al., 1996; Valian & Aubry, 2005).

In the context of null subjects, competence and performance accounts have largely
been formulated based on children’s production, that is, subjects omitted from children’s
own sentences. Meanwhile, variation in null subject contexts across languages must be
acquired from the linguistic input; this acquisition depends on children’s comprehension
of the input. If children’s comprehension accurately reflects the input, then the acquisi-
tion process will consist primarily of identifying the relevant contexts. This process
becomes more complicated, however, if children’s comprehension of the input does
not match the input itself, for example, if children who produce sentences with null
subjects also comprehend sentences in the input with null subjects (Orfitelli & Hyams,
2012). Competence and performance accounts make different predictions about chil-
dren’s representation of the input in different contexts (Bloom, 1989, 1990, 1993; Valian,
1991; Valian et al., 1996). In this study, we test these predictions for children’s compre-
hension of null subjects and consider further implications for the timeline of acquisition
and relevant learning mechanisms.

Competence and performance accounts

Children’s observable behavior is the output of various unobservable cognitive systems
(Omaki & Lidz, 2015). These include linguistic knowledge, processing mechanisms, and
discourse pragmatics, among others. Competence and performance accounts attribute
children’s non-adultlike behavior to different processes; this, in turn, entails different
explanations for the transition from non-adultlike to adultlike behavior. Competence and
performance accounts therefore have different implications for language acquisition,
both for the specific context of null subjects and more broadly. In the following sections,
we discuss competence and performance accounts of children’s null subjects in produc-
tion, and their predictions for comprehension.

Competence accounts

Under a competence account, the source of children’s null subject sentences is a grammar
that generates null subjects (Hyams, 1986, 1992; Rizzi, 2018; Hyams & Wexler, 1993;
Orfitelli &Hyams, 2012;Wexler, 2013). For childrenwho are acquiring a non-null subject
language, this non-adult null subject grammar must be discarded in favour of the adult
non-null subject grammar; competence accounts therefore require an explanation of how
the non-adult grammar becomes adultlike. For null subjects, this transition is triggered by
evidence from the linguistic input (Hyams, 2011).

Different competence accounts have involved different types of null subject grammars.
For example, adult grammars that generate null subjects include grammars with pro
subjects (Hyams, 1986), as well as grammars with topic drop (Hyams, 1992). These
accounts predict that the contexts of children’s null subjects will match those of the
respective adult grammar. Meanwhile, null subjects are also predicted with a non-adult
grammar with root truncation, which predicts additional non-adult elements depending
on the truncated structure (Hyams, 2011; Rizzi, 2018, 2005).

Importantly, all competence accounts predict that children will produce null subject
sentences and that the source is grammatical, because of a qualitatively different grammar
from the adult grammar. Therefore, this requires a qualitative change to children’s
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linguistic knowledge – from a grammar that generates null subjects to a grammar that
does not. Given the cross-linguistic variation in subject use, this change necessarily
involves evidence from the linguistic input. Finally, the evidence must be robust to the
null subject grammar. For example, sentences with overt subjects do not constitute
evidence for a non-null subject grammar, since overt subjects are also acceptable in null
subject languages. Rather, evidence for a non-null subject language must be impossible to
represent with a null subject grammar. One such type of evidence is expletive subjects
(Hyams, 1986) as in (2), repeated below as (5):

(5) a. It is raining. (English)
b. Il pleut. (French)

This predicts that adult grammar is only acquired once children encounter sufficient
instances of expletive subjects (Yang, 2002). In addition, children would be predicted to
have non-adult grammar until this time.

The null subject stage is observed across languages, on similar acquisition timescales.
The most parsimonious account of this transition will, therefore, involve the same type of
evidence across languages. The relevant evidence need not be restricted to expletive
subjects; however, the same predictions apply with respect to the onset of the adult
grammar – null subjects are predicted before children acquire the adult grammar, but not
after. This contrasts with the predictions of performance accounts.

Extra-syntactic (performance; executive function) accounts

Extra-syntactic accounts attribute children’s null subjects to limited processing resources
(Bloom, 1989, 1990, 1993; Valian, 1991; Valian et al., 1996; Valian & Aubry, 2005) or
limited development in other, extra-syntactic, components of the grammar, such as
phonology and prosody. These accounts predict null subjects in production, even after
the adult grammar is acquired. Such accounts therefore involve an explanation of how
limitations in other parts of the grammar or cognition result in unexpressed subjects and
also involve a specification of how the adult grammar is acquired (Valian, 2016a). In
contrast with competence accounts, performance accounts place the acquisition of the
requirement of overt subjects in English before the consistent use of such subjects. If that
account is correct, it has significant implications for the relevant evidence, which must be
accessible in the linguistic input well before children exit the null subject “stage.”

Because processing resources are required to produce an overt subject, processing
accounts predict that the subject will be dropped with insufficient resources, that is, there
is a production bottleneck (Valian, 2016b). The availability of these resources may be
modulated by internal factors (e.g., processing capacity) or external factors (e.g., sentence
complexity). Importantly, variation in the contexts where children omit subjects is not
random under a processing account. Rather, subject omission is highly principled
depending on the type of extra-syntactic pressure (Lidz, 2022), meaning that processing
accounts make clear predictions about where subjects will and will not be omitted by
children in the null subject stage.

For example, null subjects vary across individuals bymean length of utterance (MLU),
a production measure of language development (Valian, 1991; Valian et al., 1996). In
addition, further variation is observed in the production of null subjects depending on the
sentence context, with systematic variation across contexts: null subjects are more likely
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in contexts that place greater pressure on the production system. This effect is observed
most consistently with the trade-off between overt subjects and verb phrase (VP) length,
with a greater likelihood of a null subject, the longer the VP (Bloom, 1989, 1990; Valian,
1991).

Based on this variation in the likelihood of a null subject, processing accounts make a
key prediction, in (6):

(6) Null subjects are less likely in contexts with a lower processing load. Therefore,
decreasing the processing load of a given context should decrease the likelihood of a
null subject.

This prediction was tested for children’s production by Valian and Aubry (2005), who
used a double imitation paradigm to reduce the processing load of the test sentence in a
second imitation attempt. Pronominal and expletive subjects were less likely to be
dropped in the second attempt, consistent with the prediction in (6). They note, however,
that decreasing the processing load may involve various factors. For example, a second
imitation attempt may alleviate a production bottleneck, decreasing the pressure on a
limited production system. However, a second attempt may also reduce the processing
load for comprehension, with a similar result of a more accurate imitation (Valian et al.,
1996; Valian & Aubry, 2005).

This comprehension option has important implications for children’s acquisition of
null subjects, which necessarily involves linguistic input. If children’s comprehension of
the input does not match the input itself, then this limits the possible options for evidence
in the input. In the next section, we consider the prediction in (6) for children’s
comprehension.

Comprehension of null subjects

Children’s null subjects have primarily been investigated with production measures.
Children’s comprehension has been tested in just one study to date, by Orfitelli and
Hyams (2012).We discuss this study in the following section, followed by the predictions
for the current study.

Orfitelli and Hyams (2012)

In a study on children’s comprehension, Orfitelli andHyams (2012) tested the predictions
of competence and performance accounts of null subjects. If children’s null subjects are
because of a null subject grammar, then a competence account predicts that they should
also accept null subjects in comprehension. In contrast, Orfitelli & Hyams hypothesized
under a performance account that children with adult grammar should not accept null
subjects in comprehension (see also Lutken et al., 2020).

In a modified truth value judgment task, younger children (who produced sentences
with null subjects) and older children (who no longer did) judged sentences with null
subjects like (7) in declarative and imperative contexts:

(7) Play with blocks.
a. declarative: description of children playing with blocks
b. imperative: command for children to play with blocks
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Importantly, the imperative context is acceptable in adult grammar, while the declara-
tive context is only possible with the null subject grammar.

Consistent with the competence account, the children who produced null subjects did
accept the declarative contexts, while the older children only accepted the imperative.
Moreover, Orfitelli and Hyams (2012) provide an explanation for the role of the parser
under this competence account, which must select between declarative and imperative
interpretations for a grammar that still allows this. In particular, they note that “when
children exit the [null subject] stage, their grammar changes and the processor is no
longer faced with the problem of ambiguity resolution.”

This qualitative change from a grammar that generates both imperative and declara-
tive interpretations (i.e., a non-adult grammar) to one that generates only the declarative
(i.e., adult grammar) suggests that extra-syntactic factors do not interact with the adult
grammar to generate an imperative interpretation. However, just as for production,
processing limitations may also influence children’s comprehension (Trueswell et al.,
1999; Conroy et al., 2009; Lidz et al., 2017; Gerard et al., 2018). If limited processing
resources can cause children to drop the subject, then these (or similar) limitations may
also cause children to accept null subjects in comprehension. The prediction in (6) for
production may, therefore, be extended to comprehension, in (8):

(8) If children accept null subjects as grammatical because of limited processing
resources, then decreasing the processing load of a given context should decrease
the likelihood of accepting null subjects as grammatical.

We test this prediction in the current study.

Current study

In this study, we compare children’s comprehension of sentences with null subjects across
languages.We focus on English – a non-null subject language – and Italian – a null subject
language. To assess children’s comprehension during the null subject stage, we use the
central fixation paradigm (Maye et al., 2002; Shi et al., 2006). We compare this compre-
hension measure with children’s production, using an imitation paradigm.

The Central Fixation Paradigm
For the current study’s comprehension measure, we use a central fixation paradigm that
measures children’s attention to audio and visual stimuli. In the paradigm, children are
presented with a continuous animation paired with a set of sentences (e.g., null subject
sentences). Different conditions include different sentences (e.g., sentences with null
subjects vs. overt subjects), and the dependent measure is the time spent looking at
animations in each condition. This paradigm differs from methods like the preferential-
looking paradigm, which measures children’s interpretations with respect to a visual
context. Instead, a constant visual stimulus is presented without any relation to the
auditory stimuli and is only used to capture children’s attention. The central fixation
paradigmmay be deployed with a wide age range, depending on the type of visual stimuli
(Li et al., 2023). For the target age range of 19–28 months, we will first validate this
methodology to identify when children become sensitive to central fixationmanipulation
within this age range (discussed further below in the Methods section).
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Importantly, if children have acquired the adult grammar for null subjects, then
different preferences will be observed across languages, depending on the acceptability
of null subjects in the language. In the central fixation paradigm, infants may exhibit
either a familiarity preference or a novelty preference (Hunter & Ames, 1988; Kidd et al.,
2012; Kosie et al., 2023). For example, a familiarity preference predicts that children will
exhibit longer looking times for the more natural subject form in their respective
language, that is, overt subjects in English, and null subjects in Italian; the reverse
preferences are predicted by a novelty preference.

In previous looking time studies, children have generally preferred grammatical
sentences over ungrammatical sentences, that is, a familiarity preference (Santelmann
& Jusczyk, 1998; Hohle et al., 2006; Perkins & Lidz, 2021; but see Saffran et al., 1996).
However, in previous studies on null subjects in production, children have exhibited
delayed reaction times for unnatural sentences (e.g., with null subjects in English); this
behavior is consistent with a novelty preference (Valian et al., 1996; Valian & Aubry,
2005). As a result, we consider the possibilities of either a novelty or a familiarity
preference for the current study’s central fixation paradigm. Children’s preferences
may also vary depending on internal or external factors (Hunter & Ames, 1988; Kidd
et al., 2012; Kosie et al., 2023), discussed further in the Analysis section.

In the previous study by Orfitelli and Hyams (2012), children who produced null
subjects also accepted null subject sentences in comprehension. This result is consistent
with a competence account of children’s null subjects; however, the same pattern is
predicted by a performance account if children’s comprehension was influenced by
processing limitations, for example, the processing demands of the task. If so, then
lowering these demands should yield a different result.

The central fixation paradigm imposes lower demands in two ways. First, the test
sentences are not interpreted with respect to an external discourse context. Rather, the
sentences are unambiguously declarative (as opposed to, e.g., imperative or interrogative),
with minimal discourse context. As a result, children’s responses are based on the form of
the sentence itself rather than the acceptability of the form within an external context,
thus reducing the processing cost (Gerard, 2022; Gerard et al., 2018). Next, the central
fixation paradigm uses looking time for each condition for measuring children’s com-
prehension. Compared with an explicit behavioral measure, this implicit measure
involves fewer steps between the presentation of the test sentence and the child’s response.
While an explicit response involves planning and producing a response to the test
sentence, these additional steps are not required for the looking time measure, further
reducing the processing cost (Adani & Fritzsche, 2015). In sum, the central fixation
paradigm should more accurately reflect children’s grammatical knowledge than a task
with higher demands. In particular, for children with a non-null subject grammar, this
predicts lower acceptability for sentences with null subjects. In contrast, these sentences
should be acceptable for children with a null subject grammar. These contrasts in
acceptability should then be reflected in the central fixation paradigm as inverse patterns
of looking behavior, that is, preferences for opposite subject forms.

In addition, we use an imitation paradigm to compare children’s comprehension of
null subjects with their production. As in previous studies with an imitation paradigm, we
expect that children will produce null subject sentences. We also expect a higher rate of
null subjects for test sentences with a pronominal subject than with a full lexical noun
phrase (NP) (Gerken, 1991; Valian et al., 1996; Valian & Aubry, 2005). Importantly, for
children who produce null subject sentences, competence and performance accounts
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make different predictions about children’s comprehension, as well as the correspond-
ence between comprehension and production.

Predictions
Under a competence account, children’s null subjects are due to a grammar that generates
null subject sentences. This predicts that children in the null subject stage will also accept
null subject sentences in comprehension, and will do so as long as they produce null
subject sentences (Orfitelli & Hyams, 2012). For the central fixation paradigm, if children
have a familiarity preference, then Italian children will prefer the videos with null subject
sentences over the videos with overt subject sentences. Similarly, English children who
drop the subject in the imitation task should also exhibit a preference for null subject
sentences. The reverse pattern is predicted for a novelty preference: children who drop the
subject in the imitation task should prefer overt subject sentences in the central fixation
paradigm. Importantly, under a competence account, the same behavior should be
observed in comprehension and production, with English children who drop the subject
in the imitation task exhibiting the same preference as Italian children in the central
fixation paradigm.

Under a performance account, children’s null subjects are because of limited process-
ing resources. This predicts that lowering the processing load of the context will reduce
the likelihood that children with a non-null subject grammar will accept null subjects as
grammatical. If the processing load is sufficiently reduced for the central fixation
paradigm, then English and Italian children will distinguish between null and overt
subject conditions by exhibiting opposite-looking behaviors – with a familiarity prefer-
ence, English children will prefer overt subjects and Italian children null subjects, and vice
versa with a novelty preference. In addition, null subjects in the imitation task should not
predict a children’s preferences in the central fixation paradigm: English children who
drop the subject at higher rates in the imitation task should exhibit the same preference in
the central fixation paradigm as children with low/adultlike rates of subject omission.
These predictions are spelled out in Table 1.

Importantly, the English and Italian children serve as controls for each other: a
preference in one language alone cannot support either account; rather, the competence
account predicts the same preference for both Italian children and English children who
omit the subject, while the performance account predicts opposite preferences.

Table 1. Predictions for the central fixation and imitation task

Prediction

Account

Competence Performance

Central fixation familiarity preference English: Null subjects
Italian: Null subjects

English: Overt subjects
Italian: Null subjects

Central fixation novelty preference English: Overt subjects
Italian: Overt subjects

English: Null subjects
Italian: Overt subjects

Comprehension matches production? Yes No
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Experiment 1: central fixation paradigm validation

In this study, we aim to investigate the source of children’s null subjects in production, by
testing the predictions of competence and performance accounts for comprehension and
production. Comprehension will be assessed using a central fixation paradigm in an
unmoderated online context, which has not been used previously to test children’s
acquisition of null subjects. While children in the target age range of 19–28 months are
expected to produce null subjects, the novel use of the central fixation paradigm
introduces some uncertainty regarding the age at which they will start to differentiate
between null and overt subjects for this methodology. To address this uncertainty, we will
first validate children’s behavior on the central fixation paradigm for the full
19–28 month age range to confirm the target range, such that a familiarity (or novelty)
preference is observed throughout this range.

Participants

For the initial validation of the central fixation paradigm, we will collect data from
children between the ages of 19–28 months in English and Italian. This age range is
determined based on two factors. First, previous studies have reliably observed higher
rates of subject omission within this age range, both in naturalistic studies (Valian, 1991;
Aronoff, 2002; Lorusso et al., 2005), and in experimental paradigms – including the
elicited imitation task to be replicated in the current study (Gerken, 1991; Valian et al.,
1996; Valian & Aubry, 2005). Second, the lower end of the age range is based on looking
time evidence for children’s sensitivity to missing arguments (Seidl et al., 2003; Gagliardi
et al., 2016; Perkins & Lidz, 2020, 2021), suggesting that children have the requisite
syntactic knowledge to track null subjects in the input by 19 months.

The participants will be children raised in a monolingual English or monolingual
Italian environment. They will be recruited via social media or Children Helping Science,
a platform for remote data collection created by the 2023 merger of Lookit (Scott et al.,
2017; Scott & Schulz, 2017) and Children Helping Science (Sheskin et al., 2020).
Participants will be compensated with a £5 or $5 (English) or €5 (Italian) gift card for
completing the study.

Design

The test trials of the central fixation paradigm will include sentences with null subjects
and with overt subjects as in (9), with person and number held constant in the third
person singular:

(9) The girl is eating some soup.
a. She spills the bowl.
b. ∅ spills the bowl.

Importantly, both conditions will include a context sentence, which is required for
both types of subjects in (9). The pragmatic context is therefore kept constant for both
conditions of the independent variable, subject form (null/overt).

Additionally, the third-person singular inflection on the verb in (9) supports an
unambiguous declarative interpretation. This contrasts with other present verb forms
which are homophonous with the imperative form “spill.” Meanwhile, these
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interpretations can also depend on the frequency of the imperative at the lexical level: verbs
that occur more often in the imperative are more likely to be interpreted as such (Bybee,
2002; Brown & Rivas, 2012). Therefore, to minimize the likelihood of the imperative
interpretation, the central fixation paradigm sentences will include verbs that are less likely
to occur as imperatives in a speech to children.1 The full set of materials is available at the
project OSF site at https://osf.io/86tu4/.

The null and overt conditions (within subjects) will be presented in both English and
Italian (between subjects), a second independent variable. For the context in (9), a
different subject form is acceptable for each language – null for Italian, overt for English.
This design is spelled out in Table 2.

Audio passages will be constructed with corresponding items in each condition, with
matched timing for corresponding null and overt sentences. Each passage will contain four
sentences with a basic structure, as in (10) (adapted from Santelmann and Jusczyk (1998)):

(10) In the kitchen, themom is talking on the phone. {She/∅} laughs at a joke. The girl is
eating some soup. {She/∅} spills the bowl.

Each child will hear passages with overt subjects and passages with null subjects, with
passages lasting an average of 15 seconds and with the same overt subject form used
throughout a given passage (e.g., “she” in (10); Tincoff et al., 2000). The passages will
alternate between conditions, with the first condition counterbalanced between null and
overt subjects. The videos with the first two passages will serve as “familiarization” trials,
while the remaining passages serve as “test” trials (with items randomly assigned to the
familiarisation phase). While looking times are expected to be longer for the familiariza-
tion phase than the test phase, the same contrast between natural and unnatural sentences
is predicted within each phase. To determine the appropriate number of “test” trials for
this central fixation paradigm design with the target age range, we will pilot the procedure
starting with 12 trials (i.e., 6 natural and 6 unnatural), and adjust the trials based on how
many are completed during piloting.

Each trial will start with an attention-getter to direct the child’s attention to the screen.
The experiment then advances automatically to the test trial (Figure 1), where children
will hear the passage with four sentences while viewing a repeating animation (Li et al.,
2023). Parents are instructed not to interfere or influence their child’s behavior, and if
possible to wear headphones for the duration of the study.

Children’s looking behaviorwill be recorded via a laptopwebcam, and each framewill be
coded manually from the trial onset for looks at the screen. Preference for null or overt

Table 2. Design for the central fixation paradigm

Language

Subject form (following “The girl is eating some soup …”)

Overt subject sentences
“… She spills the bowl”

Null subject sentences
“… ∅ spills the bowl”

English (non-null subject) Natural Unnatural

Italian (null subject) Unnatural Natural

1Identified with imperative coding from the childesdb package in R (Sanchez et al., 2019) of all CHILDES
English corpora.
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subjects will be determined based on looking times to the passages in each condition, which
will be used to identify the target age range for the comparisonwith children’s production in
Experiment 2. The identification criteria are discussed further in the following analysis
section.

Experiment 1 analysis plan

The analysis of children’s looking time in the central fixation paradigmwill aim to identify
the earliest age at which children distinguish between null and overt subject forms in
comprehension. Following data pre-processing, we will analyze children’s looking time
across the 19–28 month age range in English and Italian.

Data preprocessing and criteria for exclusion
Video data from the test trials will be coded without the corresponding audio by the
research team and trained research assistants. Test trial videos will be isolated and
exported to ELAN (ELAN (Version 6.8) [Computer Software], 2024)), developed by
Max Planck Institute for Psycholinguistics for media annotation. With ELAN, test trial
videos will be coded to indicate whether the child was looking at the screen, with the
following exclusion criteria:

- The child cried or fell asleep during the trial
- The parent interfered during the child’s response or paused the trial
- The child’s response could not be scored, either because of blurriness or moving out
of frame

A participant’s data from the central fixation paradigm will not be included in the
analysis if all trials in one of the conditions (natural/unnatural) are excluded based on
these criteria. The total looking time will be determined for each trial by summing over

Figure 1. Example of the trial structure of the central fixation, with the familiarization phase startingwith a natural
condition, followed by alternating conditions. The first condition will be counterbalanced between natural and
unnatural conditions, which will in turn determine the conditions of subsequent trials.
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coded frames, to produce the dependent measure for the central fixation paradigm
analysis.

Statistical model
To analyze children’s looking times in the central fixation paradigm, we will use a mixed
effects linear regression with the continuous dependent variable of total looking time at
the screen for each trial (determined by the manual coding by video frame). The fixed
effects will be the central fixation paradigm subject form (overt/null, within-subjects) and
language (English/Italian), as well as age in 2-month bins to identify the target age range.
Random effects will include participants and the central fixation paradigm items.

The planned model will include the maximal random effects structure, with terms
removed as necessary in case of non-convergence. Themodel will be fit using the lmerTest
package in R (Kuznetsova et al., 2020), and will be specified as:

(11) looking_time ~ cfp_subject_form * language * age_2months +
(1 + cfp_subject_form | participant) +
(1 + cfp_subject_form * language * age_2months | item)

For each language, we expect an effect of subject form for children who distinguish
between these conditions; ultimately, we expect an interaction between language and
subject form because of a reverse preference for English versus Italian; however, a
grammaticality account predicts the same preference for children who omit the subject
in production. Finally, to identify the age at which an effect of looking time on a subject
form is first observed in each language, we will conduct post hoc tests by language and age
for the model in (11). This target age range will then be used in Experiment 2.

A key assumption for this analysis is that at least one of the bins will yield a preference
(either familiarity or novelty), especially for the older ages. However, if no preference is
observed across the age range, this would be problematic as we then have no target range
for Experiment 2. In the case of this outcome, we would first need to identify why no
preference has been observed for this instance of the central fixation paradigm before
proceeding to Experiment 2. We would then adjust the parameters of the paradigm
accordingly in Experiment 2.

Power analysis

To determine the sample size for Experiment 1, we simulated 500 experiments with
each of 24, 64, 120, and 200 participants in each language (the simulation code is available
at https://osf.io/86tu4/). Under this approach, we identify the proportion of experiments
in which the relevant effects are significant (p < .05), using themodel in (12) with random
intercepts only to minimize non-convergence:

(12) looking_time ~ cfp_subject_form * language * age_2months +
(1 | participant) + (1 | item)

The experiments were simulated by generating children’s looking times for the central
fixation paradigm from a normal distribution truncated at 0 (i.e., no negative looking
times). The parameters for the distribution were based on the means and standard
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deviations reported by Santelmann and Jusczyk (1998) for the natural and unnatural
conditions.2 Importantly, the parameters for natural and unnatural conditions were
crossed with the language conditions for central fixation paradigm subject form; that
is, we used the mean and standard deviation for the natural condition to generate looking
times for the overt subject condition for English, and the null subject condition for Italian.
As a result, we expect a subject form to interact with language.

Meanwhile, the primary effect of interest for this power analysis is the effect of subject
form, for each 2-month bin within each language. With an age range of 10 months
(19–28 months), the simulations included five 2-month bins, with the same generation
procedure and parameters used for each bin.3 To isolate the effect of subject form in each
language, we included post hoc tests on themodel in (12) by age and language. These tests
were included for each experiment in the power analysis, using the joint_tests function
from the emmeans package in R (Lenth et al., 2022).

The results of the simulations are in Table 3, which presents the proportion of
experiments where the post hoc tests on subject form were significant. Because of the
simulation procedure with different parameters for English and Italian, this effect for
English would be because of longer looking times for the overt subject condition, while the
significant effects for Italian are because of longer looking times for the null subject
condition. Overall, we achieved 80% power with 120 participants in each language, that is,
24 participants for each 2-month age bin. This sample size is therefore planned for
Experiment 1, to identify the optimal age range for the central fixation paradigm to
investigate children’s comprehension of sentences with null and overt subjects.

Table 3. Simulations of central fixation paradigm looking times in English and Italian: proportion of
experiments in which the effect of subject form was significant (80% power with 120 participants, in
bold)

Language Age bin

Number of participants in each language

24 64 120 200

English 1 0.734 0.78 0.772 0.884

2 0.694 0.736 0.816 0.872

3 0.692 0.726 0.802 0.876

4 0.686 0.74 0.796 0.862

5 0.7 0.716 0.806 0.884

Italian 1 0.734 0.78 0.772 0.884

2 0.694 0.736 0.816 0.872

3 0.692 0.726 0.802 0.876

4 0.686 0.74 0.796 0.862

5 0.7 0.716 0.806 0.884

2While the paradigm used by Santelmann and Juscyk was a headturn preference paradigm rather than
central fixation, the looking times are comparable to those observed for central fixation (Shi et al., 2006).

3We expect that this sensitivity will be observed at all bins following the earliest 2-month bin (e.g., if
children are sensitive to the contrast at 23–24 months, then we also expect to observe the contrast at 25–26
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Results

To be added.

Experiment 2: comprehension and production

Experiment 2 will address the core aim of the current study: to investigate the source of
children’s null subjects in production, by testing the predictions of competence and
performance accounts for comprehension and production. Comprehension will be
assessed using the central fixation paradigm, replicating the effect with the age range
identified in Experiment 1 and comparing this with children’s production via an elicited
imitation task. Both tasks will be conducted in an unmoderated online context as in
Experiment 1, with an online adaptation of previous in-person instances of the imitation
task (Valian et al., 1996; Valian & Aubry, 2005). To confirm the validity of this online
adaptation, we will also measure children’s MLU, which reliably predicts children’s null
subjects in production.

Participants

The participants will be children raised in a monolingual English or monolingual Italian
environment, with the age range based on the results of Experiment 1. As for Experiment
1, participants will be recruited via social media or Children Helping Science, a platform
for remote data collection created by the 2023 merger of Lookit (Scott et al., 2017; Scott &
Schulz, 2017) and Children Helping Science (Sheskin et al., 2020). Participants will be
compensated with a $10 or £10 (English) or €10 gift (Italian) gift card for completing the
study (both tasks and the MLU measurement).

Design

The study will use twomethodologies – the central fixation paradigm and imitation task –
to test children’s comprehension and production of null subjects, respectively. The central
fixation paradigm design will be identical to the design in Experiment 1 and will be
directly compared with the measure for children’s production (the imitation task).

Imitation task design
The imitation task will be a replication of Valian et al. (1996), with the same participants
as the central fixation paradigm. Children will be prompted to repeat sentences with
pronominal and lexical NP subjects, as in (13):

(13) a. She spills the bowl
b. The girl spills the bowl

In addition to this manipulation of subject form, the sentences will vary in VP length,
with a higher likelihood of dropping the subject expected for longer VPs:

and 27–28 months). For the purposes of the power analysis, however, we focus on each bin individually in
order to identify the sample size needed to detect children’s sensitivity within this age range.
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(14) a. She spills the bowl
b. She spills the bowl on the floor

Children will be presented with six sentences in each condition, for a total of 24 test
sentences (Table 4).

Children will be prompted to imitate the sentences in an imitation game. In the game,
sentences to be imitated are first read off of a card. After the child attempts an imitation,
the card is “eaten” by an animated basket. For the online adaptation of this game, an
on-screen character will be introduced to read the sentences on each card. The sentences
will be pre-recorded for consistency across children, and cards will be presented with
simple pictures rather than the sentences themselves to avoid an additional presentation
of the sentence from the parent. If no imitation attempt is made initially, the parent may
select a prompt for a second attempt, by presenting the recorded sentence a second time.

To assess the validity of this online adaptation of the elicited imitation task, we will
measure children’s MLU. This measure has predicted children’s rate of subject use in
in-person contexts, and replicating this correlation will allow for greater confidence in the
production measure as a predictor of children’s looking behavior in the central fixation
paradigm.

MLU measurement
Children’sMLUwill bemeasured by recording a 20-minute conversation between a child
and their parent before their participation in the central fixation paradigm and imitation
task. The conversation will be facilitated by providing an online copy of Richard Scarry’s
Best Word Book Ever, a picture book with minimal text that prompts children to talk
about the content of the pictures.

The recordings will be transcribed by native speakers of English and Italian for the
respective languages, and MLU calculated as the mean number of words in a child’s
utterance. Note that MLU in English is commonly based on the mean number of
morphemes; however, MLU in words will allow for greater comparability between
English and Italian, while still being a reliable predictor of subject use (Valian, 1991).

This recording will be completed at the start of the online study session and may be
followed by a break as needed. Next, children will complete the imitation task or the
central fixation paradigm (counterbalanced), followed by a second break and the second
of the two tasks.

Table 4. Design for the imitation task

NP type

VP length

Short VP Long VP

Lexical subject The girl spills the bowl (n = 6) The girl spills the bowl on the floor (n = 6)

Pronominal subject She spills the bowl (n = 6) She spills the bowl on the floor (n = 6)
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Experiment 2 analysis plan

The analysis aims to determine whether children’s comprehension matches their pro-
duction by addressing the predictions in Table 1. Following the data preprocessing, we
will first analyze children’s production to assess the reliability of the online imitation task.
Next, we will analyze children’s behavior in the central fixation paradigm by using the
production data to predict children’s comprehension.

Data preprocessing and criteria for exclusion
As in Experiment 1, the central fixation paradigm will involve manual coding to produce
children’s null subject measures, with the same preprocessing procedure and exclusion
criteria. Coding in ELAN will require blinding to the experimental condition; therefore,
an index will be constructed before exporting the videos to link the video coding with
other participant measures across tasks.

Meanwhile, manual coding for the imitation task is based on criteria described in
Valian et al. (1996): each trial will be scored based on (a) whether an imitation was
attempted, and (b) whether the subject was included in the imitation attempt or omitted.4

Trials with no attempt will be excluded, and participants with four or fewer imitation
attempts will not be included in the analysis.

Imitation task model
For the production analysis, we will use a mixed effects logistic regression with the binary
dependent variable of a null (0) or overt (1) subject of the imitated sentence, fixed effects
of language (English/Italian), NP type (pronoun/lexical NP), and VP length (short/long),
and random effects of participants and items.

The planned model will include the maximal random effects structure, with terms
removed as necessary in case of non-convergence. Themodel will be fit using the lmerTest
package in R (Kuznetsova et al., 2020), and will be specified as:

(15) subject_included ~ language * np_type * vp_length
(1 + np_type * vp_length | participant) +
(1 + language * np_type * vp_length | item)

For the imitation task, we expect to replicate previous effects observed in in-person
contexts; these include the following:

- A main effect of language: more subjects will be produced in English than in Italian
(Grinstead, 2004; Valian, 1991)

- A main effect of NP type: more subjects will be produced with a lexical subject than
with a pronominal subject (Valian, 1991; Valian et al., 1996; Valian & Aubry, 2005)

- A main effect of VP length: more subjects will be produced with a short VP than a
long VP (Bloom, 1990; Valian, 1991; Valian & Aubry, 2005)

4Children’s attempts may also deviate from the target if any additional content is omitted, or if the content
itself is changed (e.g., if children use a different verb). For the imitation task coding, we will not separate these
errors from themain analysis based on subject omission; however, an exploratory analysis of error typewill be
included if they are prevalent in the data.
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- A correlation withMLU: children with a greaterMLUwill bemore likely to produce
the subject (Valian, 1991; Valian et al., 1996)

While these effects are reliable in previous studies, they have received different
explanations under the processing and competence accounts. For the purposes of the
current study, we aim to replicate these effects to confirm the validity of the imitation task
for providing a measure of children’s subject omissions in production. The lack of these
effects may require modifications to the imitation task, particularly for NP type and the
correlation with MLU.

While null subjects are predicted at different rates across conditions on the imitation
task, the analysis across tasks will consider just one rate for each participant because of the
complexity of the cross-task comparison model (discussed in the following section).
Therefore, the cross-task analysis will include only the pronominal condition of the NP
type factor, as this condition is likely to have a broader distribution of subject omissions
than the lexical condition. Meanwhile, the inclusion of the VP length condition will
depend on whether the effect of VP length is replicated in the imitation task: if a
significant difference is observed between short and long VPs, then the cross-task analysis
will include only long VPs; however, if this effect is not replicated then the cross-task
analysis will include responses from both VP types (collapsed across conditions).

Cross-task analysis
For the analysis across tasks, we will use a mixed effects linear regression with the
continuous dependent variable of total looking time at the screen for each trial
(determined by the manual coding by video frame), as in Experiment 1. The fixed effects
will be the central fixation paradigm subject form (overt/null), language (English/Italian),
and the proportion of subjects included in the imitation task (continuous), with partici-
pants and the central fixation paradigm items as random effects.

As above, the planned model will include the maximal random effects structure, with
terms removed as necessary in case of non-convergence. The model will be fit using the
lmerTest package in R and will be specified as:

(16) looking_time ~ cfp_subject_form * language * subjects_included +
(1 + cfp_subject_form | participant) +
(1 + cfp_subject_form * language | item)

Potential results and implications. Under both the competence and performance
accounts, adultlike comprehension will be realized as a preference – either familiarity
(natural condition) or novelty (unnatural condition). As these conditions are different for
English and Italian, the inverse pattern of behavior is predicted, regardless of preference
type (familiarity vs. novelty): either (a) English children will look longer for the overt
subject passages and Italian children will look longer at the null subject passages, that is, a
familiarity preference, or (b) English children will look longer for the null subject passages
and Italian children will look longer at the overt subject passages, that is, a novelty
preference. In the context of the central fixation paradigm regression model, from either
of these patterns, we would expect a 2-way interaction between subject form and
language.
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Importantly, the competence and performance accounts make different predictions
aboutwhen this 2-way interaction between subject form and language will emerge. This is
because of the difference between competence and performance accounts in the onset of
adultlike knowledge: under performance accounts, adultlike knowledge is acquired early;
under competence accounts, adultlike knowledge is acquired late. Since the interaction
between subject form and language reflects adultlike knowledge, a performance account
predicts that this interaction will be observed early – before children start to produce
multi-word utterances. Therefore, the interaction between subject form and language in
the central fixation paradigm should not change with the proportion of subjects produced
in the imitation task (Figure 2).

In contrast, a competence account predicts that the interaction between subject form
and language will not be observed until after English children’s rate of subjects produced
has converged with the rate of adults. Before this, that is, while the English children are in
the null subject stage, the lower rate of subject production is because of a null subject
grammar under a competence account. The resulting pattern predicted by the compe-
tence account is as follows:

- English children with low rates of subject production will exhibit the same looking
preference as Italian children, who also have a null subject grammar

- in contrast, English children with higher subject production rates will exhibit the
opposite preference (Figure 3).

That is, the emergence of the 2-way interaction between subject form and language
(as an indicator of adult grammar) will depend on children’s null subjects in the imitation

Figure 2. Predictions of a performance account, assuming a familiarity preference – Italian children look longer for
null subject (NS) passages, while English children look longer for overt subject passages: a 2-way interaction
between the language (English/Italian) and the subject form of the passage (null/overt). A novelty preference
predicts reverse-looking patterns, but the same 2-way interaction.
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task. In the context of the central fixation paradigm regression model, this predicts a
3-way interaction between subject form, language, and subject omissions.

This prediction by the competence account for the same preference in Italian children
and English children in the null subject phase is what motivates the use of total looking
times rather than the looking time difference between overt and null subject passages: if
the same non-zero preference is predicted in both languages, then amodel with difference
times does not disambiguate between this non-zero preference and a pattern with no
preference in either language: in both patterns, the same preference is exhibited in across
languages, meaning that for both patterns there is no main effect of language. To
differentiate between a zero preference and a non-zero preference across languages, an
additional statistical test against zero would be required for each language. We therefore
use total looking times to account for both outcomes in a single model with subject
omissions.

It is also important to note that the above predictions all involve a preference for one
subject form condition over another, rather than no preference between conditions. This
is because a no preference result is consistent with both accounts before children have
acquired either grammar. However, this result would also be expected if the central
fixation paradigm were too demanding, thus motivating the initial validation of the
paradigm in Experiment 1. By restricting the age range to a population that is expected to
exhibit a preference in the central fixation paradigm and to omit subjects in production,
we avoid this ambiguous outcome with respect to the competence and performance
accounts. However, the cross-task analysis for Experiment 2 depends on a replication of
the looking time preferences observed in Experiment 1. If these preferences are not
replicated in Experiment 2, then we would carry out a more fine-grained analysis of the
looking time differences between the two experiments to better understand the conflicting

Figure 3. Predictions of a competence account, assuming a familiarity preference – Italian children look longer for
null subject (NS) passages, as do English children who produce fewer subjects. In contrast, English children who
producemore subjects look longer for overt subject passages: a 3-way interaction between the language (English/
Italian), the subject formof the passage (null/overt), and the proportion of subjects produced. A novelty preference
predicts reverse-looking patterns, but the same 3-way interaction.
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results. This analysis can consider children’s responses to the imitation task, which may
still predict looking times despite the absence of group-level effects.

Variation in novelty and familiarity preferences. Finally, children’s preferences for novel
or familiar sentencesmay vary, depending on various factors (Hunter&Ames, 1988; Kidd
et al., 2012; Kosie et al., 2023). In the context of the cross-task comparison, the same effects
are predicted regardless of whether children exhibit a novelty preference or a familiarity
preference; however, these predictions depend on a consistent preference throughout the
sample. This consistency may be challenged by two key factors, namely, the broad age
range of the sample and any unintended variation in task complexity.

To address the issue of variation in preference by age, exploratory analysis will be
conducted for children’s preference by age in English and Italian. For each language,
children’s preferences for the novel and familiar conditions will be analysed by age. If
children’s preferences are predicted by age, then the cross-task analysis will account for
age in the looking time measure.

Similarly, children’s responses may be affected by the complexity of the task, which
may vary over the course of the experiment session. If children’s preferences in the
familiarization phase are significantly different from their preferences in a test phase, then
each phase will be analysed separately to minimize the risk of including different
preferences in the cross-task analysis.

Power analysis

To determine the sample size for Experiment 2, we used the same simulation-based
approach as for Experiment 1 to identify the proportion of experiments in which the
relevant effects were significant (p < .05). We simulated 500 experiments with each of
24, 64, 120, and 200 participants in each language (The simulation code is available at
https://osf.io/86tu4/), using the model in (17) with random intercepts only to minimize
non-convergence:

(17) looking_time ~ cfp_subject_form * language * subjects_included + (1 | participant)
+ (1 | item)

The experiments were simulated by generating the following distributions:

- For the imitation task: the proportion of subjects produced, from a truncated
normal distribution between 0 and 1
� For English children in the null subject stage, generated from the means and

standard deviations reported by Valian et al. (1996)
� For English children with adultlike rates of subject use, also generated from the

means and standard deviations reported by Valian et al. (1996)
� For Italian children, generated from themeans and standard deviations reported

by Valian (1991)
- For the central fixation paradigm: looking times in seconds, from a normal distri-
bution truncated at 0 (i.e., no negative looking times)
� Looking times for a natural condition, generated from the means and standard

deviations reported by Santelmann and Jusczyk (1998)
� Looking times for an unnatural condition, also from Santelmann and Jusczyk

(1998)
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The simulations were repeated for the predictions of a performance account – in which
children’s underlying knowledge is adultlike – and for a competence account – where
children who omit the subject do so because of having a null subject grammar. To
distinguish between children with a null subject grammar versus a non-null subject
grammar, we used the manipulation of the subject form: for children with a null subject
grammar, looking times generated for the natural condition were linked with “null
subject” passages, while unnatural condition looking times were linked with “overt
subject” passages; the reverse links were made for a non-null subject grammar
(i.e., assuming a familiarity preference; the same result is obtained for the power analysis
with a novelty preference).

The key difference between the two sets of simulations was in the looking time
preference for English children in the null subject stage: under a performance account,
these children have a non-null subject grammar; therefore, in this simulation, the natural

Figure 4. Simulation procedure – the proportions of subjects produced in the imitation task (3) were generated
from the means and standard deviations reported in the studies by Valian (1991) and Valian et al. (1996), while the
looking times for the central fixation paradigm (4) were generated from the means and standard deviations
reported by Santelmann and Jusczyk (1998) (Table 5 and 6).

Table 5. Simulations with a competence account (the null subject stage is because of a null subject
grammar): proportion of experiments in which the fixed effects and interactions were significant;
predicted effects in bold

Model term

Number of participants in each language

24 64 120 200

cfp_subject_form 0.782 0.894 0.948 0.994

language 0.028 0.03 0.046 0.032

subjects_included 0.042 0.05 0.056 0.048

cfp_subject_form : language 0.626 0.658 0.768 0.856

cfp_subject_form : subjects_included 0.718 0.748 0.838 0.91

language : subjects_included 0.032 0.044 0.054 0.054

cfp_subject_form : language : subjects_included 0.648 0.746 0.824 0.89
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condition was linked to “overt subject” passages. This contrasts with the predictions of
a competence account, where children in the null subject stage have a null subject
grammar; the natural condition was therefore linked to “null subject” passages. This
procedure is spelled out in Figure 4, and the results of the simulations (the proportion
of experiments in which the effects from (17) were significant) are in Table 5 (for the
predictions of a competence account) and Table 6 (for the predictions of a performance
account).

For the 3-way interaction predicted by a competence account between subject form,
language, and the proportion of subjects produced in the imitation task, we achieved
82.4% power with 120 participants in each language group. Similarly, we achieved 84%
powerwith 120 participants for the 2-way interaction predicted by a performance account
between subject form and language.

To confirm that these interactions reflect the predicted effects for each account, we
included post hoc tests for each simulation alongside the mixed effects model. The post
hoc tests also support a sample of 120 participants (Tables 7 and 8):

Table 6. Simulations with a performance account (the null subject stage is because of performance
limitations on the deployment of the adult grammar): proportion of experiments in which the fixed
effects and interactions were significant; predicted effects in bold

Model term

Number of participants in each language

24 64 120 200

cfp_subject_form 0.524 0.534 0.578 0.524

language 0.028 0.03 0.046 0.032

subjects_included 0.042 0.05 0.056 0.048

cfp_subject_form : language 0.698 0.762 0.84 0.906

cfp_subject_form : subjects_included 0.642 0.572 0.608 0.566

language : subjects_included 0.032 0.044 0.054 0.054

cfp_subject_form : language : subjects_included 0.588 0.588 0.62 0.582

Table 7. Post hoc tests of simulations with a competence account, by language: proportion of
experiments in which the post hoc tests by language were significant; predicted effects in bold

Language Model term

Number of participants in each language

24 64 120 200

English cfp_subject_form 0.676 0.77 0.844 0.914

subjects_included 0.034 0.046 0.056 0.044

cfp_subject_form : subjects_included 0.752 0.87 0.964 0.992

Italian cfp_subject_form 0.714 0.84 0.92 0.972

subjects_included 0.04 0.056 0.046 0.05

cfp_subject_form : subjects_included 0.6 0.594 0.584 0.614
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• Competence account:
- English: subject form * subjects included, 96.4% power
- Italian: subject form, 92% power

• Performance account:
- English: subject form, 95.6% power
- Italian: subject form, 92% power

Results

To be added.

Timeline for completion of the study

The Stage 1 manuscript was submitted for review on 20 November 2023. BetweenMarch
and August 2024, we addressed reviewer comments and constructed the study on the
Children Helping Science platform. We will submit the study for approval on Children
Helping Science and begin piloting in September, with data collection projected to begin
in October 2024 for Experiment 1. Data collection is expected to be completed for
Experiment 1 by December 2024, with data analysis completed by March 2025. Data
collection will begin for Experiment 2 in January 2025, to be completed in June 2025, with
data analysis to be completed inAugust 2025.We aim to submit the Stage 2manuscript by
December 2025.

Following Stage 1 in principle acceptance, we agree to register the approved protocol
on the OSF.

Discussion

To be added.

Competing interest. The authors declare none.

Table 8. Post hoc tests of simulations with a performance account, by language: proportion of
experiments in which the post hoc tests by language were significant; predicted effects in bold

Language Model term

Number of participants in each language

24 64 120 200

English cfp_subject_form 0.734 0.842 0.956 0.986

subjects_included 0.034 0.046 0.056 0.044

cfp_subject_form : subjects_included 0.554 0.568 0.588 0.576

Italian cfp_subject_form 0.712 0.838 0.92 0.972

subjects_included 0.04 0.056 0.046 0.05

cfp_subject_form : subjects_included 0.608 0.596 0.584 0.618
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