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Abstract

In this longitudinal study, we compare the age of reaching early developmental milestones in
bilingual and monolingual children, and between the bilinguals’ two languages. We present data
from 302 Polish bilinguals (living outside of Poland with various majority languages) and 302
Polish monolinguals, aged M = 12.78 months on study entry (range: 0-24 months), matched on
sex, age at study entry, duration of parental reporting and parental education. The milestones under
investigation include: crawling, walking, babbling, first, 10th, 50th word, and first multiword
utterances. The data was collected with a specially designed mobile app, in which parents reported
their children’s development repeatedly. Using this relatively big sample and looking at a wide
range of investigated milestones, we present evidence that typical bilingual development follows a
trajectory similar to monolingual development. We also evaluate the feasibility and usefulness of

online data collection using mobile apps to study early language development.
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Introduction

Establishing a developmental path in children’s language acquisition may inform both
psycholinguistic theory and practitioners (e.g., educators and speech therapists) about the individual
trajectories of language development that are typical in the general population. The issue of a
typical development gains additional importance in the case of bilingual children (e.g. Boerma &
Blom, 2017; Paradis et al., 2011; 2023). Traditionally, the starting point for scientific descriptions of
language development in children would be a monolingual English-speaking child. The
monolingual bias in the literature and research (Kidd & Garcia, 2022) may misrepresent the way
many children develop their languages, failing to understand the factors (both within and around the
child) which shape language acquisition as many children in the world grow up exposed to more
than one language (see for example De Houwer, 2023). Comparing monolingual and bilingual
development sheds light on the common and distinctive processes underlying language
development in diverse contexts. As pointed out by Hoff et al. (2012) and Hohle et al. (2020)
among others, exploring the early language development of bilingual children may provide
additional insights into the debate on the (in)dependence of early language acquisition from
variation in input. Bilingual children’s input is naturally divided between two languages, and as a
result, a bilingual child typically hears less of each language, compared to a monolingual. Potential
differences in timing of reaching early language milestones between bilinguals and monolinguals
could reflect the impact of input variation in early language development. On the other hand,
similarities between bilinguals and monolinguals (or between the two languages of bilinguals)
could suggest that timing of reaching early language milestones is more independent of input
variations and either dependent on other environmental factors, e.g. maternal responsiveness (e.g.
Tamis-LeMonda, et al. 2001), or — at least in the early stages — on general cognitive and social
learning abilities (Gervain & Mehler, 2010).

In the literature, there is substantial evidence that children are capable of successfully
acquiring two languages (for a review see Hohle et al., 2020; Werker & Byers-Heinlein, 2008).
When the bilinguals’ vocabularies in each language are summed to a measure of total vocabulary,
bilinguals are often reported to know as many words as their monolingual peers (e.g. Core et al.,
2013; Migkisz et al., 2017, see also Pontecorvo et al. 2023 for evidence on ASL—English bilingual
deaf and hard of hearing children) or even more (Byers-Heinlein et al. 2024, Legacy et al., 2016).
On the other hand, in single language comparisons, bilinguals often exhibit smaller vocabularies in
each language in comparison to their monolingual peers (cf. Genesee 2022). In a study of
Spanish-American English bilinguals (age: 30-60 months), Hoff and Ribot (2017) found that
bilinguals’ (productive) vocabulary growth in English lagged 6 months to 1 year behind their
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American English monolingual peers (including parent education as covariate). The size of the
vocabulary lag depended on the relative exposure to American English and the impact of exposure
was not linear — the higher the exposure to English, the larger was the increase in English
vocabulary knowledge. This clearly shows that in bilinguals, as they may have less frequent access
to each language compared to monolinguals (Hoff et al., 2012; Unsworth, 2016), the rate of
vocabulary growth in each language varies as a (possibly not linear) function of relative amount of
exposure (e.g., Hoff et al. 2012, Elin Thordardottir, 2019). Elin Thordardottir (2019) found that
Canadian English-French bilinguals’ amount of exposure to each language predicted their receptive
and expressive vocabulary size in each language in school-age, and was a better predictor of
vocabulary size than the age of first exposure to each language. In another study in Canada, Paradis
& Jia (2017) tracked school-aged bilinguals’ performance on standardised measures of vocabulary,
grammar and global comprehension and found that bilinguals needed approximately 5 2 years of
English exposure to reach monolingual norms on most of the tasks. Thus, bilinguals’ distributed
exposure across languages has been repeatedly shown to impact their growth of vocabulary or other
language skills. However, researchers note that these lags do not necessarily imply clinically
relevant delays, as long as children are reported to have some skills in another language.

Previous studies on early language acquisition have focused mainly on vocabulary size and
vocabulary growth (as measured by parental questionnaires, i.e., CDIs, MacArthur-Bates
Communicative Development Inventories, Fenson et al., 2007). We propose that investigating the
timing of reaching fundamental language milestones (such as babbling, producing first words, and
combining words into sentences) may provide further evidence regarding the pace of language
development in bilingual vs. monolingual children. Investigating developmental milestones is a
recommended foundation for practitioners (e.g. speech therapists, social and health workers and
others) in screening for developmental delays (Lipkin et al., 2020). Importantly, researchers warn
that the available evidence supporting the milestones is still lacking and conflicting, illustrating
critical need for further research in this area (Roberts et al., 2023). Moreover, investigating early
language milestones can inform our knowledge of language development by showing to what extent
milestones attainment is dependent on (the quantity and quality of) input. Unquestionably, input
variability influences the vocabulary size in children. However, it is unclear to what extent the
timing of reaching language milestones is susceptible to variations characteristic to the bilingual
input. Reaching the earliest milestones, such as producing first words, is also driven by general
cognitive and linguistic learning abilities, such as language discrimination, statistical learning, and
word segmentation (Gervain & Mehler, 2010). A recent review from Hohle et al. (2020) presents
evidence that bilingual and monolingual infants show similar trajectory in the early language

acquisition steps: bilingual infants can discriminate between their native language from non-native
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rhythmically similar languages at the same time as monolinguals (Bosch & Sebastidn-Gallés, 2001).
Group similarities are found also in word segmentation abilities at 6 and 8 months of age (e.g.
Bosch et al., 2013; Singh, 2018), which are closely related to later lexical acquisition (e.g. Junge et
al., 2012). As Hohle et al. (2020, p. 66) conclude, these early similarities prove that infants are
equipped with robust learning mechanisms that allow them to create stable linguistic representations
even in diverse input conditions. There are also other factors, such as maternal responsiveness, that
also have great influence on early language milestones. Tamis-LeMonda et al. (2001) showed that
children whose mothers responded contingently to their child’s vocalisations and play activities
reached early language milestones (such as first word production, 50 words production, combining
words into sentences) earlier than children of less responsive mothers (the study did not control for
general language input children were receiving). Potential differences in timing of reaching early
language milestones between bilinguals and monolinguals could reflect the impact of input
variation in early language development while group similarities could suggest that timing of
reaching early language milestones is robust against input variations or dependent on other factors
or combinations of factors.

So far, few studies of early bilingual development have focused on the age of reaching
language milestones. Petitto et al. (2001) performed a longitudinal observational study with three
French-English bilingual children and three bimodal bilingual children (i.e., children who learn both
signed and spoken language). No monolingual group was studied. They found that both bilingual
groups produced their first word/sign around their first birthday (in both languages), reached their
50 words milestone, and started to combine words/signs before their second birthday (in both
languages). Similar ages are reported for typically developing monolingual children (Scharf et al.,
2016). Oller et al. (1997), in their longitudinal study of over 70 infants, found that the onset of
canonical babbling was the same between bilingual (American English-Spanish) and monolingual
(American English) children. In a study of Spanish-American English toddlers, Hoff et al. (2012)
found that just before their second birthday (at 1;10) a similar percentage of bilingual and
monolingual children were combining words in either language. A study of bilingual and
monolingual children with autism spectrum disorder (ASD) diagnosis also showed no group
differences in the age of producing first words or first phrases (nor in vocabulary growth) (Ohashi et
al., 2012). These studies suggest that early developmental trajectories may be similar between
bilingual and monolingual children, though the evidence comes from relatively small-scale studies,
studies of atypical bilingual populations, or studies with a narrow range of early milestones.

In the present study, we aimed to investigate early bilingual language development not only
in comparison to monolingual peers, but also between the two languages of the bilinguals. To date,

the only evidence on the comparison of bilingual children’s milestones between their two languages
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comes from Petitto et al.’s (2001) bilingual and bimodal case study. Importantly, the children
observed by Petitto et al. had their language exposure equally divided between their two languages,
as each of their parents spoke one language towards the child (one parent one language, OPOL,
strategy). However, bilingual children typically have unequal exposure to their languages and as a
result, their vocabulary in each language may develop at different rates (Hoff, 2017; Marchman et
al., 2009). Examining bilingual children’s language milestones in both of their languages while
considering the context and amount of language exposure is essential for a more accurate
assessment of their language development and for grasping the dynamics of this development (Hoff,
2012).

In studies of developmental milestones, the common method of testing is a parental report or
diary. Parents are a natural source of knowledge about their child’s early language development as
they have the most access to their child’s everyday experiences (Dale, 1991; De Houwer, 2011). At
their best, parental reports or diaries allow frequent data collection (which is desirable for tracking
developmental milestones) and deliver ecologically valid insights based on the child's natural
environment. As for the validity of parental diaries, to date, there is little evidence but Reznick &
Goldfield (1994) found moderate to strong correlations (» = 0.64—0.86 on various timepoints)
between parental diaries and vocabulary checklists (i.e. CDIs) for parents of children between 1;2
and 1;8. When research staff was to confirm parental reports of attained milestones in a study by
Oller et al. (1997), the agreement between parental reports of their children’s canonical babbling
and researchers’ subsequent evaluation was very high (in only two out of 73 cases the staft did not
confirm the parental report). On another note, Moore et al. (2019) compared parental reports of
child’s onset of talking with researchers’ reports during lab visits and found the mean estimates did
not differ significantly but the estimates per child were not correlated. The authors suggest this
arises from the difficulty (of both parents and researchers) to determine whether what the child has
produced is indeed a word (Vihman & McCune, 1994). In our study we hoped to help the
participating parents by establishing the study’s interpretation of a new word (see Measures and
data coding). When parents are asked to recall (after some time) when their child reached a
particular milestone, their recalls are most precise if they refer to culturally salient milestones, such
as birth weight and walking, which are accurately recalled even after a few years (Hus et al., 2011;
Jaspers et al., 2010; Treharne, 1992). Speech milestones, such as the age of first word production,
seem to be more difficult to recall with time, especially after a number of years (e.g. Alcock &
Brennan, 2011; Hus et al., 2011; Majnemer & Rosenblatt, 1994). Together, this evidence shows that
parents are quite reliable in their continuous reporting in a language diary, as compared to a
checklist, and that the parental recall should be collected at the time or shortly after the milestones

occur.
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In the present study, we aimed to provide robust evidence, grounded in the timing of
reaching developmental milestones, characterising typical early language development in bilingual
children. We asked parents about their children’s basic motor and language milestones. The motor
milestones (i.e., crawling, walking unassisted) were included to check the consistency of parental
reports, expecting no differences between the bilingual and monolingual groups. However, the
development of motor skills, especially the transition from crawling to walking, is directly linked to
language development — as walking children can use their free hands to gesture and elicit language
from caregivers (Moore et al., 2019; West & Iverson, 2021). We also asked parents to repeatedly
report their children’s language milestones: babbling, gestures, words and utterances as they
appeared in children’s production. The study made use of a mobile app to reach a large,
heterogeneous sample of participants and to minimise the effort associated with language diary
collection methods. With a mobile app within a short reach, parents could report more easily and be
regularly reminded to report child’s language productions. However, the biggest and common
challenge of using mobile apps in research has been the low retention of participants over longer
periods of time. Some studies have shown 15-day and 30-day retention rates as low as 3—4%
(Baumel et al., 2019). In a cross-evaluation from eight remote digital health studies, the median
participant retention was only 5.5 days (Pratap et al., 2020). We attempted to mitigate this expected
challenge of using mobile apps in research by adding some gamification features to increase
parents’ engagement in the study (see Mieszkowska et al., 2022 for more details). At the end of the
present paper we explore and report on the usefulness of this relatively novel approach to language

data collection, as well as share the challenges and limitations of the method.

Research aims

The present paper follows a pre-registration published on OSF before the data collection

began (https://osf.io/pzykv/). We aimed to investigate the early bilingual language development in

comparison to monolingual peers and between the two languages of the bilinguals. We focused on

the reported age of crawling, walking and specific language milestones: babbling, age of reporting

the first word, 10th, 50th word, the first multiword utterance, the first 3-word utterance, and the first

4-word utterance. The research questions considered in the present paper are as follows:

RQ1: Will bilinguals reach specific language milestones at a similar time as their Polish
monolingual peers, at least in one of their languages?

RQ2: Will bilinguals reach specific language milestones at a similar time in both their languages,

the home language (Polish) and the majority language?


https://osf.io/pzykv/?view_only=26f94edcedb14c6b9aae36b0825e3690
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Regarding RQ1, we hypothesised that as long as we compare the bilinguals’ and
monolinguals’ age of reaching the milestones, independently of the language in which the
milestones were achieved, we might expect similar outcomes between the groups. Similar results
were shown in studies comparing total vocabulary growth and early milestones in bilinguals and
monolinguals (e.g. Oller et al., 1997; Petitto et al., 2001).

Regarding RQ2, we expected that the bilingual children in our sample would not reach all
language milestones at a similar time in each of their languages, given previous studies (e.g.
DeAnda et al., 2018; Hoff & Core, 2013; Marchman et al., 2009) showing that language-specific
outcomes in bilingual children are dependent on various factors (e.g. input quantity) and therefore
are not necessarily growing in parallel.

Originally, we also planned to account for the influence of language-specific input on the
bilinguals’ language milestones in the two languages, but due to missing data, we were unable to
perform analyses as planned. Instead, in our exploratory analysis we looked at a small subset of the
bilingual sample for whom we obtained information on their language input patterns from a single
(typical) day. We aimed to link the children’s relative input in the home language to the timing of

reaching language milestones in their home and majority language.

Method

Participants

In our pre-registration, we set our target sample at 300 parents of children aged 0-24
months: 100 parents of Polish-English bilinguals living in the UK, 100 parents of Polish-Norwegian
bilinguals living in Norway, and 100 parents of Polish monolinguals living in Poland. These groups
were chosen because Norway and the UK are common destinations for migrating Poles.

There were two modifications to this plan, both stemming at least to some extent from a
widespread recruitment on social media and the resulting popularity of the app. First, the study
attracted a significant number of parents of bilingual children with Polish and another language than
English or Norwegian. This group was not the focus of our recruitment. We decided to include these
data in our analyses if the children met the following inclusion criteria: they were between 0-24
months at the study entry, they lived outside of Poland, and at least one of the parents was L1
speaker of Polish. However, we excluded children who were bilingual with another Slavic language
(Croatian, Czech, Russian, Slovak, Ukrainian) or Korean since we could not rule out potential
impact from strong typological closeness / distance with Polish. This new group included children

bilingual with Polish and the following majority languages: German (n = 45), English spoken
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outside of the UK (n = 26), Dutch (n = 11), French (n = 10), Spanish (n=9), Danish (rn = 8),
Swedish (n = 5), Italian (n = 3), Faroese (n = 1), Flemish (n = 1), Greek (n = 1), Portuguese (n = 1).

The second modification concerns the sample size of the groups. We aimed at 100
participants in each group but, since no stopping rule was employed, we gathered data from 2,178
parents of Polish monolinguals, 116 parents of Polish-English, 74 parents of Polish-Norwegian
bilinguals, and 121 parents from the above mentioned group of Polish bilinguals with majority
languages other than Norwegian or English (311 bilinguals in total).

The 311 bilingual children all heard Polish on an everyday basis (at least one of their parents
was Polish and spoke Polish to the child), and lived in the country where another language was the
majority language. This does not mean that all of these children heard the majority language on a
regular basis — for 7 children, parents reported they had not yet had regular contact with the
majority language (see Appendix A). These 7 children all lived in Norway and their age ranged
from four to 22 months at study entry (M = 11.85, SD = 7.12). The monolingual children lived in
Poland, heard only Polish on an everyday basis, but could have some minimal input e.g. from
English language media, popular among parents in Poland.

According to the pre-registered criteria, we excluded 75 children born before 37 weeks of
pregnancy (70 monolinguals and 5 bilinguals), 17 children with low birth weight (Reyes &
Maiialich, 2005) (16 monolinguals and 1 bilingual), and an additional 39 children (35
monolinguals, 4 bilinguals) with health problems that could impact early the timing of
developmental milestones (e.g. hearing problems, sight problems, muscle tension). For 686
monolinguals and 165 bilinguals (31.5% and 55.4% of the sample, respectively), we did not obtain
any information regarding potential health and/or developmental difficulties. We did not predict
these missing data points in our pre-registration, and we decided to keep these children in the
dataset, as excluding them from the analyses would substantially diminish the analytical power. The
sample after employing our exclusion criteria included 302 bilinguals (111 Polish-English
bilinguals, 73 Polish-Norwegian bilinguals and 118 bilinguals with Polish and language other than
English/Norwegian) and 2,055 Polish monolingual children.

Our pre-registration stipulated matching each bilingual child with a monolingual child as
similar as possible in regards to the age (in months) upon study entry, sex, and the parental level of
education. Because of many missing data for the latter (671 monolinguals and 179 bilinguals), we
included a dummy level for the missing parental education (see Table 1 for the levels used in the
matching procedure). We also added another matching variable (not included in the
pre-registration), a proxy for parent’s engagement in the study, calculated as the number of days
between the parent’s first and last reported element (i.e., gesture, word, utterance) for their child.

This matching variable was added due to high variability in the sample regarding the length of
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reporting (see Table 2), which could potentially influence the amount (and precision) of data
gathered from each individual. Each matching variable was given an equal weight, and for each
bilingual, a monolingual with most similar characteristics was found (the matching script is

available on OSF https://osf.io/3ruj9/). The resulting paired groups did not differ on the matching

variables, i.e. sex (¥’(1) = 1, p = 1), parental education (y’(6) = 3, p = 0.8), age of entering the study
(#602) =-0.17, p = 0.87) or the length of parental reporting (#(601) = 0.28, p = 0.78) (see Tables 1
and 2). Additionally, we found that the bilingual and monolingual children did not differ in the
mean age of crawling, #(147) =-0.38, p = 1.0, and walking unassisted, #(74) =-1.25, p=1.0, as
reported by parents.

Since the Polish monolingual sample was unexpectedly large, we decided to use the
matching procedure to create two control groups to make maximum use of the gathered data (this
was not included in the pre-registered plan). The results were similar between the three groups and
here we will report results from the bilinguals and monolinguals from the first match. These
exploratory analyses including all three groups are available in the Supplementary Materials

(Appendix B).

Table 1

Frequency table of parental education by group after the matching procedure

Parental education level Bilinguals n Monolinguals n
0 (Not available) 179 181
PhD 8 6
Higher (university degree) 88 94
Unfinished higher 15 11
Vocational (technical) 4 2
Secondary 7 8
Primary 1 0
Table 2

Group characteristics after the matching procedure


https://osf.io/3ruj9/
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Group n Sex Age Age Days Days Days Days
(months) at  (months) at reporting reporting reporting reporting
study entry  study entry (M) (SD) (min) (max)

(M) (SD)
Bilinguals 302 155f 12.80 7.15 3291 79.69 1 529
147m
Monolinguals 302  155f 12.90 7.00 31.16 76.25 1 492
147m

Note. “Days reporting” indicates the number of days (mean) parents were reporting their children’s

development in the app.

Upon entering the study, each parent gave their informed consent to their child’s study
participation. The study was evaluated and approved by the Ethics Committee at the Faculty of
Warsaw, University of Warsaw and Sikt — Norwegian Agency for Shared Services in Education and

Research.

Procedure

The detailed procedure is described in the study protocol (Mieszkowska et al., 2022).
Parents who wished to join the study downloaded the “StarWords — every word counts” app from
Google Play or Apple App Store. Parents were asked to report/recall the earliest developmental
milestones already reached (if applicable, i.e., crawling, walking, babbling), and from then on
regularly report on their child’s new gestures, words and utterances as they appeared, and answer
questions about the child’s language environment (see Measures). The app sent automatic
notifications to users to provide information on the child’s family characteristics, language
environment, and early development. Parents were rewarded (with access to popular-scientific
podcasts, articles and colouring pages with their children’s words, see Appendix C) for responding
to those notifications, but not for the number of elements (gestures, words, utterances) reported in
the app. Parents entering the study were encouraged to report regularly and for as long as possible,
but were allowed to opt out at any point without giving any reason. The notifications encouraging
them to report new elements were usually sent a week after a previous element (gesture, word,
utterance) was reported. The exact timing would depend also on the child's age (e.g., these
notifications were assigned a lower priority and thus could be skipped if the child was younger than
12 months). Apart from the notifications, there was no intended direct contact between the parents
and the researchers, but parents could contact the research team, and some did, mostly to report

bugs or problems in the app.
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Measures and data coding

The reported age of reaching early developmental milestones. In the app, parents
provided their children’s age (in months) of crawling, walking unassisted, and babbling, e.g.,
parents of children who were older than 10 months were asked whether their child had already
started to babble (i.e. repeat single sounds, e.g. "ma-ma" or "da-da") and if yes, they were asked to
recall at what age. For the remaining milestones, we relied on the words and utterances reported in
the app: we calculated the age of the child (in months) at the moment when the parent reported the
child’s first word, 10th, 50th word, first multiword utterance (regardless of its length), first 3-word
and 4-word utterance. The method of using multiple data points (i.e. 10, 50 words) was employed
before in studies on cross-linguistic early language trajectories (e.g. de Boysson-Bardies & Vihman,
1991). The milestones we chose are commonly investigated both in language development research
and practice: babbling (e.g. de Boysson-Bardies & Vihman, 1991; Oller et al., 1997), first word (L.
Bloom et al., 1993; P. Bloom, 2001; Clark, 1993; Nelson, 1973; Rudolph & Leonard, 2016;
Tamis-LeMonda et al., 2001), first 10 words (Tardif et al., 2008; Visser-Bochane et al., 2020), first
50 words (Bigelow, 1987; L. Bloom et al., 1993; Tamis-LeMonda et al., 2001), first multiword
utterance (L. Bloom et al., 1993; Boerma & Blom, 2017).

What counted as a word. We operationalized a word spoken by the child as a word that a
child has said a few times in a similar context, that may have a few close meanings (e.g. “doggie”
for a dog or any four-legged animal) and does not have to resemble the adult form. To minimise
demands on parental linguistic awareness in order to respond, the app included a tooltip (i.e., hint,
an element which, when clicked on, displays additional information) with information on what can
be counted as a new word (see Figure C1 in Appendix C). Parents were also encouraged to report
the child’s neologisms (lexical innovations). These were included in the present analyses as
“words”. We did so because the vast majority of these “neologisms” were in fact child forms
(mispronounced or shortened versions of regular word-forms or onomatopoeia) and moreover, such
child forms were equally often reported by parents as “words” and “neologisms”, and thus
combining the two categories seemed reasonable (see also Vihman & McCune (1994) for criteria of
identifying early words). Parents always reported a form of the word, its meaning and the language
that the word/utterance was spoken in. If a word was marked as belonging to two languages at the
same time (e.g. “jogart” meaning “jogurt” in Polish and “yoghurt” in English), in our analyses for
the first research question (i.e., will bilinguals reach specific language milestones at a similar time
as their Polish monolingual peers, at least in one of their languages?), we counted this word once.
The same was done for utterances: if an utterance was reported as a mixture of two languages, we

counted the utterance once. Note that for the first research question it did not matter which language
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the words/utterances were reported in, as we were interested in whether bilinguals reach a given
milestone in any language at a similar age as their monolingual peers. In analyses for the second
research question (i.e., will bilinguals reach specific language milestones at a similar time in both
their languages, the home language (Polish) and the majority language?), if a word or utterance was
marked as belonging to two languages at the same time, we counted it twice, i.e. for the home
language (Polish) milestones and the majority language milestones.

What counted as a multiword utterance. We operationalized a multiword utterance as an
utterance or phrase made of multiple words. The app also included a tooltip with some examples of
multiword utterances: e.g. “gimme milk’” or “mama here” (see Figure C1 in Appendix C). The
parents always reported a form of the utterance and its meaning. There were altogether 325
multiword utterances reported by parents of the final overall sample. We calculated the number of
words per multiword utterance automatically, by counting words in a string. We went through the
reported words and phrases manually to ensure consistency and correct human error. For instance,
some parents wrote “bye bye” as a two-word utterance, others as a single word (“byebye”). We
coded all instances as the latter. Some multiword phrases were reported as a single (clustered) word,
e.g. “mima” (short form of Polish nie ma “all gone”) or “yowkay” (short of ‘you okay?”). These
were kept as one-word utterances, in agreement with the parents’ intuition. Some utterances that
included multiple multiword phrases were divided and recoded. For example, the reported six-word
phrase Mama spi, tata spi, bobo spi (“Mom sleeping, dad sleeping, baby sleeping”) was recoded as
three two-word utterances. Multiword utterances that were in fact part of a song or rhyme and
instances of counting and exclamations were discarded.

Input quantity and quality. Every 9 days, parents were encouraged (via notification) to
report on the child’s exposure to each language on the day before (see Figure C1 in Appendix C):
the amount of time (in hours) the child heard each of their languages (input quantity), the amount of
time (in minutes) spent on book reading, playing, singing, playing video/smartphone games, other
screen time in each language (proxy of input quality). Only 104 parents reported on the child’s
language environment and seven did so more than once. The data concerning children’s language
input was thus insufficient to perform the pre-registered analyses but in the exploratory analyses
below we did attempt to link relative input in the home language to children’s timing of reaching

language milestones in both home and majority language (for a subgroup with any data available).

Data analysis

All calculations in the present paper were done in R version 4.2.2 (R Core Team, 2022). The

scripts with R code and the anonymized data are available via OSF on GitHub
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(https://osf.io/31uj9/). In accordance with the pre-registration, we conducted a series of t-tests with
the Bonferroni-Holm correction (for multiple comparisons) and — since frequentist inference only
provides evidence against the null hypothesis and cannot provide probabilistic evidence in favour of
the null hypothesis — we also calculated a series of Bayes factors, following practices recommended
by Hoijtink et al. (2019). Bayes factor provides the ratio of the likelihood of the null hypothesis,
BF,, (e.g. that bilinguals and monolinguals do not differ on the timing of reaching a particular
milestone) to the likelihood of the alternative hypothesis, BF, (e.g. that bilinguals and
monolinguals differ on the timing of reaching a particular milestone), given the observed data. The
value of the Bayes factor for a given hypothesis, e.g. 10, indicates that the support for this
hypothesis in the observed data is 10 times larger than for the other hypothesis. A Bayes factor
below 3 indicates “weak” evidence for a hypothesis, a Bayes factor between 3 and 10 indicates
“moderate” or “substantial” evidence, a Bayes factor between 10 and 30 indicates “strong”
evidence, and a Bayes factor above 30 indicates “very strong” evidence for the particular hypothesis
(Jeftreys, 1998). All Bayesian calculations for group comparisons were done in R with package
bain, version 0.2.10 (Gu et al., 2023). With the bain package, the default characteristics of the prior
distribution and its variance are specified by using a fraction of the information in the data. Since
we used a default prior, we also report a sensitivity analysis, showing the effect of varying the
prior’s settings: using the default minimal fraction (bg), twice the minimal fraction (2 x bg), and
thrice the minimal fraction (3 x bg). By altering the base prior parameter values, we can check
whether the results are robust or the posterior distribution changes dramatically. We also present the
posterior probabilities of HO and H1 after observing the data. The posterior probabilities add up to
1, and indicate how likely it is that the other hypothesis is still true, e.g., the posterior probability of
HO being 0.93 indicates that there is still a 7% chance that H1 (alternative hypothesis) is true.

Posterior probabilities can be seen as Bayesian error probabilities.

Results

Early language milestones between bilinguals and monolinguals

Following the pre-registration, we first used a series of t-tests with the Bonferroni-Holm
correction to compare the mean reported age of reaching the language milestones between
bilinguals and monolinguals. We considered seven language milestones, i.e. babbling, the age of
reporting the first word, 10th, 50th word, first multiword utterance, first 3-word and 4-word
utterance. For bilinguals, when we considered milestones such as first words or first utterances, we

used the age of reporting these language milestones in whichever language came first (Polish
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/Norwegian /English /other). For milestones of 10th and 50th word, we counted both words
reported in their home and majority language.

Before running the analyses, we excluded 12 outliers, 2 bilinguals and 10 monolinguals (i.e.
children with age reported values for a given milestone more than 1.5 interquartile range (IQR)
above the third quartile or below the first quartile). The t-tests revealed no significant differences
between the bilingual and monolingual group in the mean age of babbling, age of reporting the first
word, 10th word, 50th word, first multiword utterance or first 3-word utterance (see Table 3 and
Figure 1). We also calculated — in accordance with the pre-registered plan — a series of Bayes
factors (see Table 3). We found strong evidence for the hypothesis stating no difference between the
groups in reference to the reported age of reporting first word and 10th word (with less than 10%
chance that the alternative hypothesis is true). We found moderate evidence for the no difference
hypothesis in the reported age of babbling and the age of reporting first multiword utterance, and
3-word utterance (with 12%—19% chance that the alternative hypothesis is true). The evidence was
inconclusive in relation to the age of reporting the 50th word (with 33% chance that the alternative
hypothesis is true). No statistical analysis was performed for the 4-word-utterance due to very small

sample size. Still, we report available data as described in the preregistration (see Table 3).
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Table 3

Age of reaching each milestone in bilinguals (with Polish as a home language and various majority languages) and a matched group of Polish

16

monolinguals
Milestone Bilinguals Monolinguals Sensitivity analysis
n Age Age n Age Age ¢ statistic p adj. CI 95% BF,, BF,, BF;,2xbg BF;3xbg
(M) (SD) M) (SD) (posterior (posterior (posterior (posterior
probab.) prob.) prob.) prob.)
Babbling 58 731 264 54 676 180 H10)=130 100 [-029,61.39] 7.43(0.88) 0.13(0.12) 5.26(0.84) 4.29(0.81)
1st word 140 1492 553 137 1522 5.13 274)=-046 100 [-1.56,0.96] 14.95(0.43) 0.07(0.05) 10.57(0.91) 8.63 (0.90)
10 words 50 16.82 434 47 1683 3.75 tO49=-001 100 [-1.64,1.62] 9.52(0.91) 0.11(0.09) 6.73(0.87)  5.50 (0.85)
50 words 15 1860 3.72 14 2000 192 (2D=-129 100 [-3.66,0.86] 3.12(0.76) 0.32(0.24) 2.21(0.69)  1.80 (0.64)
It 34 1921 3.62 41 1929 372 t7D=-010 100 [-1.78,1.61] 8.58(0.90) 0.12(0.10) 6.07(0.86)  4.96 (0.83)
multiword . . . . . 78, 1. 58 (0. 12 (0. .07 (0. 96 (0.
1st 3-word _
Atterance 14 2036 3.03 18 2144 198 f21)=-1.16 100 [-3.03,0.85] 4.59(0.82) 0.22(0.18) 3.24(0.76)  2.65(0.73)
Istd-word 5 4567 058 6 2283 194 — — — — — — —
utterance

Note. BF, indicates support for the null hypothesis in the observed data. BF,, indicates support for the alternative hypothesis: 1/BF,,. Posterior
probability of a specified hypothesis is given in the parentheses.
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<Insert Figure 1 about here>

Figure 1. Age of reaching each milestone in bilinguals (with Polish as a home language and various
majority languages) and a matched group of Polish monolinguals. Error bars indicate 95%

Confidence Intervals.

Exploratory analyses

Bilinguals’ age of reaching milestones in HL vs. ML

Originally, we planned to compare the age of reaching language milestones between
bilinguals’ home and majority language for Polish-English and Polish-Norwegian bilinguals
separately. However, in this sample, we were able to perform the comparisons only for one
milestone, i.e., the age of reporting the first word. For the remaining milestones in the pre-registered
bilingual group, we either collected data from single participants or none. We show their data in
Appendix D, and here we present results from a larger sample, including bilinguals with majority
languages other than English (in the UK) and Norwegian.

In our exploratory analyses, we compared the age of reaching milestones in the home vs.
majority language on the whole bilingual sample, with various majority languages (not only English
and Norwegian). For this unpre-registered sample, we ran a series of paired t-tests with Holm
correction and a series of Bayes factors. We included only children for whom a given milestone was
reported in both languages. We present the calculations only for two milestones: the age of
reporting the first word and the 10th word. For the remaining milestones, we had data from very
few participants (see Table 4 and Figure 2). We excluded one outlier (with age of reporting the first
word 1.5 IQR below the first quartile). The t-test showed that the bilinguals did not differ
significantly in the mean age of reporting the first word, nor the 10th word in their home and
majority languages (see Table 4). The Bayes factor confirmed these results, yielding strong
evidence for the no difference hypothesis between the languages regarding the age of reporting the
first word (with 9% chance that the alternative hypothesis is still true). The evidence for no
difference between the languages regarding the age of reporting the 10th word was moderate and

indicated 16% of chance that the alternative hypothesis was true.
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Table 4

Age of reaching each milestone in bilinguals (with various majority languages): home language (Polish) vs. majority language

Home language

Milestone (Polish) Majority language Sensitivity analysis
n Age Age n Age Age ¢ statistic p adj. CI95% BF, BF,, BF,2xbg BF,3xbg
M) (SD) (M) (SD) (posterior (posterior (posterior  (posterior
prob.) prob.) prob.) prob.)
1st word 86 1538 5.62 86 1594 524  #85)=-1.89 0.12 [-1.10,0.03] 10.46(0.91) 0.10(0.09)  7.39(0.88) 6.04 (0.86)
10 words 15 1753 391 15 18.07 3.58 #(14)=-0.77 046 [-2.00,0.96] 5.08(0.84) 0.20(0.16) 3.59(0.78) 2.93(0.75)
50 words —  — —_ - — — — — — — — — —
Ist
multiword 7 2029 256 7 21.14 3.89 — — — — — — —
utterance
Ist 3-word 1 73 o 1 23 o o o o o o - o
utterance
Ist4-word - - - o o - o o -
utterance

Note. BF, indicates support for the null hypothesis in the observed data. BF,, indicates support for the alternative hypothesis: 1/BF,. Posterior
probability of a specified hypothesis is given in the parentheses.

18



BILINGUALS’ EARLY LANGUAGE MILESTONES
19

<Insert Figure 2 about here>

Figure 2. Age of reaching each milestone in bilinguals (with various majority languages): home

language (Polish) vs. majority language. Error bars indicate 95% Confidence Intervals.

Input effects on the age of reaching milestones in bilinguals

Originally, we planned to test whether in bilinguals, the language-specific (L1/L2) mean
input quantity/quality before reaching a milestone is linked to the age of reaching that milestone (in
L1/L2). Parents were asked to indicate how many hours the child heard each language on the
previous day (and whether the previous day was typical to the child’s regular experience). For the
302 bilinguals in our sample, we got information about input patterns from 58 parents (19%) who
indicated that their estimates were representative of a typical child’s day. Most of these estimates
were collected only once, which hindered calculating input indices (as planned in the
pre-registration). Whenever parents provided the input estimates more frequently than once, we
used these values to calculate means. Parents varied in the sum of the waking hours they accounted
for in providing input estimates — overall, they accounted for 8 to 24 hours of their child’s day (Mdn
=10, M =11, SD = 6.8 hours). To level out the variability in the total number of hours accounted
for by the parents, we calculated the relative exposure to bilinguals’ two languages (in percentage)
by taking the estimate in the home language and dividing it by the sum of both estimates (i.e. input
in the home language and input in the majority language). This way, we obtained a measure of
relative input in the home language, Polish (percentage). The children in our bilingual sample
varied largely in the relative input they received in Polish, min = 0%, max = 100%, Mdn = 10%, M
= 65%, SD = 34%, with 22 children (over Y5 of all for whom input estimates were provided) hearing
only Polish.

We used the relative input in the home language to run correlations with children’s age of
reaching the following milestones: first word, 10th word and first multiword utterance in both
languages of the bilinguals. We did not include the 50th word milestone nor the 3-word and 4-word
utterance milestones, since for these milestones we obtained data from few participants (see Table
A5 in Appendix A). Neither of the correlations between the relative input in the home language and
bilinguals’ age of reaching milestones in either home or majority language were significant. We also
ran a Bayes Factor correlation using the BayesFactor package (Morey & Rouder, 2024) since the
previously used package, bain, did not contain the relevant functionality. The evidence was

inconclusive for the relation between relative exposure to the home language and the age of
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reaching the first word, 10th word and first multiword utterance in either language (see Table AS in

Appendix A).

Discussion

This study responds to the scarcity of research that directly compares the timing of reaching
early developmental milestones by bilingual and monolingual children. So far most studies have
focused on comparisons of bilingual and monolingual vocabulary growth. They reported similar
developmental patterns in both groups (when total vocabulary measures were used) (e.g., Hoff,
2017). We asked parents of bilingual and monolingual children 0—24 months to continuously report
their children’s gestures, words and utterances as they appeared in children’s production, using a
mobile app. We also asked them to report or recall (if they had already occurred) some basic motor
milestones (i.e., crawling, walking unassisted), and babbling. Our bilingual sample consisted of
children living outside of Poland, with the same home language (Polish) and differing majority
languages; the monolingual sample included Polish monolingual children living in Poland. In our
analyses, we compared the age of reaching language milestones between bilinguals and
monolinguals, and between the two languages of the bilinguals. We employed both frequentist and

basic Bayesian statistics.

Do bilinguals reach specific language milestones at a similar time as their Polish

monolingual peers, at least in one of their languages?

We found that the bilingual and monolingual children did not differ in the age of reaching
most of the language milestones, i.e. babbling, age of reporting the first word, 10th word, first
multiword utterance production. This was confirmed by the Bayes factor analyses in comparisons
between bilinguals and one monolingual group (indicating weak/moderate to strong evidence in
favour of no group difference), and in comparisons of three groups: one bilingual group and two
Polish monolingual groups matched to the bilingual group and selected from a very large
monolingual sample (indicating strong and very strong evidence in favour of no group difference,
see Appendix B). It should be noted here that the evidence we have collected was most robust for
the first word, 10th word, and first multiword utterance. For the other milestones, that required
more engagement from the parent (i.e., 50th word, 3-word utterance, 4-word utterance), the samples
were smaller as fewer and fewer participants remained in the study. As a consequence, we cannot
draw strong conclusions on these milestones, i.e. 50th word, 3-word utterance and 4-word utterance.
For the age of reporting the 50th word, evidence from Bayes was either inconclusive (bilinguals vs.

one monolingual group) or moderate (bilinguals vs. two monolingual groups, see Appendix B).
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Given the existent literature on vocabulary growth in bilingual and monolingual children, we could
expect that bilinguals would reach this milestone at similar age as their monolingual peers, if words
from both languages would be taken into account (e.g. Core et al., 2013; Byers-Heinlein et al. 2024;
Hoff et al., 2012; Migkisz et al., 2017) and that bilinguals might be slower in reaching that
milestone in each of their languages, compared to monolinguals (e.g. Byers-Heinlein et al. 2024;
Hoff et al., 2012). For the first 3-word utterance, evidence from Bayes was either weak (bilinguals
vs. one monolingual group) or inconclusive (bilinguals vs. two monolingual groups, see Appendix
B). Small sample sizes for the last milestone, i.e. the age of reporting the first 4-word utterance,
hindered a group comparison in that aspect. In essence, our evidence does not rule out bilingual
differences (relative to monolingual peers) in the area of these milestones: the 50th word, producing
3-word and 4-word utterances.

Nevertheless, we believe our study provides an important contribution to both
psycholinguistic theory and practice. As for the psycholinguistic theory, our results corroborate
findings from other aspects of bilingual development (e.g. Hohle et al., 2020; Werker &
Byers-Heinlein, 2008) showing that children are equally prepared to acquire two languages or one,
even if bilinguals are tasked with a bigger challenge than their monolingual peers. This suggests
that early language development is rather robust against variation in the amount of input
characteristic to bilingual experience (see Hohle et al., 2020 for a similar conclusion). It is not to
say that input does not matter for the trajectory of early language development. Rather, it is the
combination of language input and linguistic processing skills that drive a child's language
development. Until now, most of the evidence in this regard came either from small-scale studies
(Petitto et al., 2001) or studies focused on selected milestones (Oller et al., 1997; Hoff et al., 2012).
We found the same pattern of results when we compared our bilingual group to two Polish
monolingual groups, strengthening our inferences regarding the bilingual and monolingual age of
reaching language milestones. Moreover, previous research in this area focused on vocabulary
growth (e.g. Hoff, 2017; Hoff & Core, 2013; Pearson et al., 1993), and while such evidence is
highly informative, the present evidence directly shows that bilingual children do not display a
developmental delay at the beginning of productive language use. This may encourage
psycholinguistic research to investigate the potential compensatory strategies that bilingual children
employ (e.g. Fennell et al., 2007) or explore other factors, e.g. maternal responsiveness, that have
previously shown to be important in a child’s timing of reaching early language milestones.

For practitioners, our results propose that when a screening or diagnosis of a bilingual child
is performed, one may expect that the typically developing child would reach at least some of the
language milestones, those not referring to large vocabulary growth, i.e. babbling, first word, 10th

word, and first multiword utterance, at the same age as conventional for monolingual children, if
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production in both languages is taken into account. At the same time, more research is needed to
establish whether the milestone of 50 words (which is a recognized milestone in monolingual child
development, e.g. Stanford’s Age-Appropriate Speech and Language Milestones, ALSHA’s

Communication Milestones) is similarly informative for bilinguals.

Do bilinguals reach specific language milestones at a similar time in both their

languages, the home language (Polish) and the majority language?

Second, we set out to compare the development of the home and the majority language in
bilingual children. It should be noted here that due to insufficient data especially in the later
milestones referring to the 50th word and the first multiword utterances, our pre-registered analyses
(on subgroups of children by their majority language) could not be performed. In our exploratory
analyses of the whole bilingual sample, the frequentist approach did not reveal significant
differences in the mean age of reporting the first word nor the 10th word in two languages of
bilinguals. The Bayes factor analyses yielded strong evidence for no difference between the
languages in the age of the first word, but the evidence was weak for the 10th word milestone.
These results are partly in line with Petitto et al.’s (2001) case-study in which no major differences
were identified between the two languages of bilingual and bimodal children in the first words, first
phrases and first 50 words milestones. However, the children observed by Petitto et al. had their
language exposure equally divided between their two languages, while in our case, the bilingual
children were experiencing various language exposure patterns at home. The bilinguals varied
largely in the relative amount of input they received in Polish — half of the children (for whom input
estimates were provided) were hearing Polish for less than 10% of their waking time, and over 5 of
all children were hearing only Polish. Despite that, the participants in the present study exhibited no
cross-language difference in the age of the first reported word. Given the heterogeneity of the
bilingual experience captured in the present sample, it is meaningful that the classic milestone of
first word production was attained at a similar age in bilinguals’ two languages. This again
strengthens the conclusion that early language development is resilient to bilingual input variation.
However, it is to be expected that input gains more importance in the area of later language
milestones, as it has been generally found that exposure to each language (both its quantity and
quality) exerts strong influence on language-specific vocabulary growth (e.g. Byers-Heinlein et al.
2024; De Houwer, 2011; Hoff, 2017). Consequently, bilingual children with unequal exposure to
their languages may show large variability in their vocabulary growth, as found in previous studies
(e.g. Core et al., 2013; Hoff, 2017; Marchman et al., 2009). In our study, the evidence for no

between-language difference was weak in the age of the 10th reported word and as for further
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milestones the available data was virtually non-existent, hindering further comparisons. Thus, we
cannot assume that bilinguals would go on to reach the next milestones at similar ages in both
languages. We have also attempted to consider bilinguals’ relative input in the home language
(Polish) and its relation to the age of reaching language-specific milestones. However, this
exploratory analysis was done on a very small subset of children — at best, in the milestone of the
first word, we had input data from 58 children, and samples smaller than 20 in later milestones.
Also, while the frequentist analysis did not allow us to reject the no-cross-language-difference
hypothesis, the results from Bayes factor yielded inconclusive evidence. It may be that our aim of
collecting regular and frequent information on input patterns in the bilingual family was too
effortful for parents who were already asked to regularly report their child’s new gestures, words

and phrases.

Observations from an online study

When setting out, we expected that an online data collection with the use of a mobile app
(together with wide-spread recruitment via social media and other media outlets) would allow us to
reach a large and linguistically heterogeneous sample and gather data longitudinally and
continuously. Though we did manage to attract a wide group of parents in the study (over 5,470
families downloaded the app), we found that providing parents with a mobile app means little
control over their engagement in the study. First, we observed low long-term engagement in the
app, with only 5% of parents reporting their children’s progress over 6 months. Notably, similar
retention rates are reported for other research apps. Some studies have shown 15-day and 30-day
retention rates as low as 3-4% (Baumel et al., 2019). In a cross-evaluation of more than 100,000
participants from eight remote digital health studies, the median participant retention was only 5.5
days out of a cumulative participation of 850,000 days (Pratap et al., 2020). Importantly though, the
number of parents reporting children’s first word and first 10-word milestones in our study was
considerably higher and thus more generalisable. Second, we received a low rate of responses to the
questions we sent out to parents, especially concerning children’s linguistic environment. Even
though we designed a complex notification system and gamification features to increase parental
engagement in the study (see Mieszkowska et al., 2022), for 59% of the children, we did not obtain
any reports of words or multiword utterances (over the whole course of data collection, i.e.
2021-2023). These were parents that downloaded the app, provided consent to take part in the
study, but did not report anything. For 21% of the children, their parents reported their child’s
language (e.g., words) only upon downloading the app, for 9% of the children, parents were

reporting for up to 30 days, for 7% of the children, parents were reporting up to half a year and 4%
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of the users used the app for longer than half a year. We believe that data collected with a mobile
app, which entails no direct contact between researchers and parents, means that the data that we
collect is largely driven by parental interest. Many parents are interested in tracking their children’s
words, or early development, but fewer parents are interested in reporting their children’s language
exposure patterns, leading to a significant lack of data in that aspect. Also, the parents who
remained in the study for longer periods likely represent a specific (engaged, motivated) profile that
is not generalisable to the entire population.

Trying to mitigate the expected small retention rate, we included some gamification features
in the app, to extend or increase user engagement. These were carefully planned, so that we would
not alter parental behaviours towards their children, and so that we would reward the users’
engagement in the app, and not their reports of new words, which could lead to falsified data or
frustration in parents of late-talkers. There was a separate “Knowledge” tab in the app, with various
resources (e.g. podcasts with researchers on general child development, popular-scientific articles
on raising children, see Figure C1 in Appendix C), but they did not manage to substantially
guarantee user engagement. It could be that these materials did not meet the parental interests, and
that they would be more interested e.g. in seeing their child’s progress against other children or
norming data. However, there were a few reasons we decided against that. First, such information in
the app could falsely alarm or upset parents of late-talkers, or even encourage parents to
over-report. Second, the app should not be treated as a replacement for a professional diagnosis or
include information that could be interpreted in that way. And lastly, in some languages, including
Polish, there are no normed standards available for bilingual children which take into account the

heterogeneity of the bilingual experience.

Limitations

The first limitation is that the data presented here is not fully longitudinal: for some
children, we obtained data only for some of the early milestones (which is visible in the way the
sample sizes decrease from early to late milestones). The second limitation is closely linked to the
first one, i.e. due to high drop-out rate and missing data, some of the pre-registered analyses could
not be performed, and others were performed on relatively small samples (e.g. the 50th word in the
bilingual vs. monolingual comparison), and as such should be approached with caution. Also,
neither of the statistical strategies applied (frequentist or Bayesian) are resistant to small sample
sizes. However, we provided effect sizes (for the frequentist) and posterior probabilities (for
Bayesian analyses) to show the relative certainty of the obtained results. We also compared our

bilingual sample to two monolingual samples (see Supplementary Materials) and obtained similar
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results of no group difference, thus strengthening our inference. Finally, the small percentage of
parents who remained in the study for over six months likely represents a specific profile that is not
generalisable to the entire population (i.e., parents particularly interested in the topic and highly

motivated).

Conclusion

Our study provides new evidence that bilingual and monolingual children can achieve their
early language milestones at comparable ages. The findings complement earlier research that
primarily focused on vocabulary growth and enrich our understanding of bilingual language
acquisition. By employing new data collection methods (i.e. mobile app), our study contributes
valuable insights on how such methods might be used to offer real-time insights into language
acquisition in a digital age. Using a mobile app and a fully online study protocol allowed us to
attract a world-wide group of parents in the study (over 5,470 families downloaded the app from all
over the world). Even though we have struggled with keeping our participants engaged in the study
for longer periods of time, the amount of data was sufficient to create closely matched groups of
bilinguals and monolinguals, and to obtain robust results for early language milestones, i.e. first
word, 10 words, and first multiword utterance. Further research using similar methods should
reconsider parental involvement in a longer perspective (months rather than weeks), possibly by
adding regular direct contact with the research team and/or providing rewards that would be on the
one hand attractive to parents but on the other hand not altering their behaviours towards their
children. Feedback on actual data provided by the parents (e.g. child’s scores relative to the
population) could be most attractive to parents, but is possible only when norms are available.
Additionally, not only written reports, but also recordings could be considered (this however would
be a challenge in terms of personal data protection). Overall we see big potential in using mobile
apps for gathering large numbers of parental reports on children’s language, especially considering

mobility and migration.

Supplementary material

The supplementary material for this article can be found at https://osf.io/3ruj9/ (DOI
10.17605/0OSE.1I0/3RUJ9).
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