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Introduction 

Language is acquired knowledge – children need experience with language to learn 
it. Differences in the quality and quantity of children’s language experience may, 
therefore, influence language learning outcomes. Indeed, the quantity of children’s 
language input is positively associated with their vocabulary size and development (in 
Western, industrialized societies, see Hart & Risley, 1995; Weisleder & Fernald, 2013; 
but see Casillas et al., 2020 for work on non-Western societies). The quality of chil-
dren’s language experience is similarly associated with language development with 
findings suggesting that the diversity, sophistication and responsiveness of input pre-
dict later vocabulary growth (Anderson et al., 2021; Cartmill et al., 2013; Pan et al., 
2005). 

Much of the work examining factors associated with variability in early language de-
velopment (Frank et al., 2021) has focused on caregivers’ reports of their daily inter-
actions with their children. Such reports do not include input that children routinely 
receive from other sources (e.g., daycare centers, screen exposure), making it diffi-
cult to quantify all of the linguistic input available to children. In early 2020, the 
COVID-19 pandemic led many countries to implement strict lockdowns such that fam-
ilies had little or no social contact with others outside their household. Schools and 
daycare centers were shut down in over 160 countries (COVID-19 Educational Disrup-
tion and Response. UNESCO). Many caregivers worked from home, providing them 
with a better overview of their child’s development and the activities their children 
were engaged in. Such periods of extended contact between caregivers and children 
have previously been referred to as “faucet” moments (Entwisle et al., 2001), when 
shared aspects of the child’s environment, e.g., schools and daycare centers, are re-
moved, such that differences in the home environment are particularly weighted in 
development. The current study capitalized on this “faucet” moment during the first 
COVID-19 lockdown to examine whether the activities that caregivers and children 
engaged in correlated with children’s vocabulary development during this period.1  

To achieve these goals, we evaluated, first, the amount of time children spent during 
lockdown on the following activities2 (together with a caregiver or alone): shared book 

1 Throughout this manuscript, we will refer to lockdown as the time from March to September 2020 
during which daycare centers were closed – and not in the sense of a strict curfew. 
2 To our knowledge, no questionnaire assessing parental activities has been validated across the pop-
ulations examined in the current study, i.e., 13 countries with children learning 12 different lan-
guages. This required us to develop a questionnaire on the activities that caregivers undertook with 
their children during the COVID19-related lockdown. We acknowledge, however, that this question-
naire has not been validated across the populations tested. It is noteworthy that due to the extra-ordi-
nary time constraints on data collection (the questionnaires needed to be approved by ethics board 
before launching the study, and sent out as soon as lockdown ended), and, given that children were 
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reading, structured child-caregiver games (referred to as structured parent-child in-
teraction in the preregistration), free play with their caregiver, singing, speaking, out-
door activities, watching TV, baby shows or cartoons (henceforth, referred to as pas-
sive screen exposure), playing digital baby games (henceforth, active screen exposure 
involving interaction with a device), and playing freely without adults. Then, we as-
sessed whether the time spent on these activities correlated with vocabulary develop-
ment during lockdown, as indexed by the difference in the child’s vocabulary size (in 
percentile, compared to norms, and in raw scores, where norms were not available) 
at the beginning and end of the lockdown period. To measure children’s vocabulary 
sizes, we used Communicative Development Inventories (CDI; Fenson et al. 2007) – 
vocabulary checklists, where parents check words that their child understands or un-
derstands and produces. We focused on these activities given prior research finding 
positive associations between vocabulary development and shared book reading (Sha-
haeian et al., 2018; Wasik et al., 2016), speaking (Weisleder & Fernald, 2013; Rowe, 
2018), singing (Williams et al., 2015), and playing (Hirsh-Pasek et al., 2009); and neg-
ative associations between screen exposure (van den Heuvel et al., 2019; Zimmerman 
et al., 2007) and vocabulary development. 
 
In addition, we also measured caregiver’s education (as a proxy for SES) to account 
for its potential associations with vocabulary development. Previous research sug-
gests that children from higher-SES homes have larger vocabularies than those from 
lower-SES homes (Pace et al., 2017, Rowe, 2018). SES also moderates the relationship 
between caregiver-child activities and vocabulary development (Shahaeian et al., 
2018, but see Malin et al., 2014). We chose maternal education as a proxy for SES be-
cause caregiver education is an important foundation for different developmental 
outcomes (Davis-Kean et al., 2020). We, therefore, statistically controlled for maternal 
education attainment in examining the association between caregiver-child activities 
and vocabulary development during lockdown. In addition, we examined the corre-
lation between maternal education and the activities that caregivers engaged in.  
 
We predicted (see https://osf.io/r85fw) that children whose caregivers engaged more 
in activities known to promote language development would have larger gains in re-
ceptive and productive vocabulary by the end of lockdown. In particular, we pre-
dicted that the frequency of shared book reading would capture more of the variabil-
ity in vocabulary development than the frequency of other activities we examined 
(Montag et al., 2018), and that increased passive screen exposure would be related to 
smaller gains in vocabulary development (Zimmerman et al., 2007). Furthermore, we 
predicted that children whose caregivers engaged in more interactive shared book 
reading (e.g., asking questions, pointing to things) and structured caregiver-child 
games (Hirsh-Pasek et al., 2009) would show larger gains in vocabulary (Flack et al., 

 
already in lockdown when the study started, the questionnaires could not be normed - these were not 
typical circumstances. 
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2018). We predicted that children of caregivers with lower maternal education would 
have (a) smaller gains in both receptive and expressive vocabulary size over lockdown 
than children of caregivers with higher educational attainment, and (b) smaller vo-
cabulary size at the start of lockdown (Pace et al., 2017; Rowe, 2018). However, we also 
predicted that the relationship between maternal education and vocabulary develop-
ment would be better explained by the activities that caregivers engaged in with their 
children: while there may be differences in the activities that caregivers differing in 
educational attainment engage in with their children (Entwisle et al., 2001; Pace et al., 
2017), the duration and the frequency of such activities should be associated with vo-
cabulary gains during lockdown, above and beyond educational attainment. Finally, 
we also predicted that infants who attended kindergarten before the lock-down pe-
riod might experience bigger changes in the quantity and quality of parent-child in-
teractions (before vs. during lockdown) as compared to those who did not, which 
would translate into bigger changes in vocabulary size during lockdown for the for-
mer. 
 

Methods 
 
Participants 
 
In total, 5494 caregivers - from 15 countries and 23 labs - filled in the Time 1 (T1) ques-
tionnaire at the beginning of lockdown in their country/region (see Supplementary 
Material 1 for additional sample details) and 2830 caregivers - from 14 countries and 
21 labs - filled in the Time 2 (T2) questionnaire at the end of lockdown (see Procedure 
for details). Among the 2830 caregivers who filled in T2 questionnaires, data regarding 
798 children were excluded from the analysis for either not meeting the following in-
clusion criteria: (a) monolingual children, defined as having a minimum of 90% ex-
posure to their native language, according to caregiver reports, (b) full term babies, 
defined as born at 37 weeks of gestation or later, (c) no diagnosed developmental dis-
order, and (d) no hearing/vision impairment; or when we were unable to match par-
ticipant ID and/or date of birth across both questionnaires. Note that data gathered 
for bilingual and multilingual children excluded from the present analysis will be an-
alyzed in a separate contribution. In addition, we excluded 16 children who were out-
side the normative age range of country-specific CDIs (Fenson et al. 2007). Finally, 
upon careful analysis of the raw data, we excluded 79 children (2.5% of production 
and 4.4% of comprehension data), whose gains or losses per day in raw CDI compre-
hension or production scores fell outside of the distribution and were theoretically or 
practically uninterpretable for a typically developing child (see Analyses.Rmd code 
on https://osf.io/ty9mn/), likely due to parental inattentiveness or lack of involvement 
in the project (cf 7-13% exclusion of unreliable caregivers in de Mayo et al. (2021) for 
suspiciously brief CDI completion times). 
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Upon application of the inclusion criteria, our final sample comprised 1742 child par-
ticipants3 (886 girls and 856 boys; M age = 627 days at T1, range = 244-1089) from 18 
labs and 13 countries that contributed to both T1 and T2 data. The SES varied between 
1 (primary school, 0.57% of the data) and 6 (doctoral degree, 9.7% of the data), with 
the median education level of 4 (SD = 0.9), where 4 is Bachelor degree (27.78% of the 
data); these data suggest that mothers in this sample had, overall, high education lev-
els, with the largest proportion of mothers having a MA degree (51.5%) and only 2.7% 
and 6.49% of the mothers having a high school and some college degree, respectively; 
although there were notable differences across countries (for details, see Anal-
yses_2.html on https://osf.io/ty9mn/). Yet, note that, for the countries for which data 
on maternal educational attainment were available in wordbank.stanford.edu (Frank 
et al., 2017), the proportion of mothers with lower education levels (1 and 2 on the 
maternal education scale) was comparable to that reported in the normative data (see 
Supplementary Material 3), suggesting that the proportion of mothers with lower ed-
ucational attainment in our sample was not lower than what can be found in the coun-
try-specific normative data, in general. An additional 290 children from Switzerland 
(for whom the exact age was missing) were included in the analyses of the relation-
ship between SES and activities reported on https://osf.io/ty9mn/ (total n = 2033). In-
formation about labs and child participants is included in Table 1.  
 
Materials 
 
T1 Questionnaire 
 
The questionnaire launched at the beginning of lockdown included basic demo-
graphic questions about the children (sex, date of birth, estimated proportion of lan-
guage exposure to each language heard in their daily life, preterm-versus-full-term 
status, history of ear infections, known hearing or visual impairments, and known 
developmental concerns), their caregivers (sex, level of education, and native lan-
guage(s)) and siblings, if any (sex and date of birth). Maternal education (proxy for 
SES) was measured on a scale from 1 to 6, with 1 – primary school, 2 – high school, 3 
– some college/university, 4 – Bachelor degree, 5 – Master degree, and 6 – doctoral 
degree (see https://osf.io/ty9mn/ for the distribution of maternal education in each 
country).  
 
We measured children’s receptive (for children between 8 and 18 months of age) and 
expressive (from 8 to 36 months of age) vocabularies at the onset of lockdown using 
age-appropriate CDIs and their adaptations for the relevant language (or regional var-
iant). Variants included short-CDIs (Mayor & Mani, 2019 – for German) and web-CDIs 
(de Mayo et al., 2021— for American English, Hebrew, Dutch). CDIs ranged from 303 

 
3 Note that given that all questions had an option "prefer not to answer", some participants, in the fi-
nal sample, had no data for some activities or SES.  
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to 897 words (25 items for the short-CDIs in German). A subset of laboratories col-
lected additional data (not analyzed here) for use in planned follow-up projects. 
 
Table 1. Description of the final sample of children (number, mean age in months and 
sd) included in the analyses of gains in production and comprehension (in percentile 
and raw CDI score). 
 
   Production 

(raw CDI score) 
Comprehen-

sion (raw CDI 
score) 

Production  
(percentiles) 

Comprehension 
(percentiles) 

Labid Country Language Age n Age n Age n Age n 
babyling Norway Norwegian 21 (6.9) 173 13.1 (2.7) 58 21 (6.9) 173 13 (2.7) 58 
bcbl Spain Basque 17 (6.5) 18 12.5 (0.9) 10 NA NA NA NA 
bcbl Spain Spanish 15 (6.6) 19 9.8 (1.7) 10 NA NA NA NA 
brc-nijmegen The Neth-

erlands 
Dutch 17 (6.8) 20 12.2 (3.7) 11 NA NA NA NA 

brookes UK English 19 (7.2) 292 12.6 (2.5) 143 15 (1.1) 83 15 (1.1) 81 
clcu UK English 20 (7.6) 40 13.1 (3.6) 17 16 (1.6) 10 16 (1.5) 9 
cogdevlabbyu USA English 12 (3) 39 12.1 (3.0) 38 12 (2.9) 36 12 (2.9) 35 
dsc USA English 21 (6.6) 5 14.7 (1.3) 2 23 (6.6) 4 14  1 
goe Germany German 21 (1.6) 37 NA NA 21 (1.5) 36 NA NA 
HaifaUniv Israel Hebrew 21 (5.5) 61 13.5 (2.7) 12 15 (1.4) 11 15 (1.1) 9 
ilpll USA English 21 (9.0) 49 11.2 (1.9) 16 16 

(6.2) 
32 11 (1.5) 15 

kau-cll Saudi 
Arabia 

Arabic 22 (6.3) 90 11.3 (1.9) 10 NA  NA NA  NA 

ldl Canada English 22 (8.4) 17 12 (3.3) 5 20 (5.8) 12 13 (3.1) 4 
mltlab Turkey Turkish 24 (6.2) 40 12.8 (2.3) 4 24 (5.5) 36 12 (1.7) 3 
msu Russia Russian 22 (5.3) 17 15.9 (2.5) 4 23 (5.5) 14 14 (1.8) 2 
multilada Poland Polish 21 (6.8) 223 13.6 (2.6) 77 21 (6.8) 209 13 (2.4) 69 
paris_team France French 22 (6.8) 466 12.9 (1.9) 113 NA NA NA NA 
rhul_baby_lab UK English 15 (1.9) 25 14.4 (1.8) 22 15 (1.1) 23 15 (1.2) 21 
technion_il Israel Hebrew 22 (7.1) 111 14 (2.5) 33 16 (1.8) 30 15 (1.7) 23 
  Total  1742  585  709  330 
 
Note. NA - not available, indicates when CDI norms were not available for a given lan-
guage and/or CDI instrument. In the Brookes sample, 7 participants in the percentile 
analysis and 15 in the analysis of raw CDI were exposed to limited daycare during 
lockdown (means of 1.4 and 1.5 days a week, respectively). 
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T2 questionnaire 
 
To assess activities that caregivers and their children engaged in during lockdown, a 
custom-made questionnaire was created and then collaboratively expanded and re-
fined until the launch of the project. Questions evaluated the time spent on the fol-
lowing activities during lockdown: shared book reading, structured child-caregiver 
games, free play with the child, singing with the child, one-to-one speaking with the 
child, time spent outdoors, passive screen exposure (watching baby TV, cartoons, 
shows, with no interaction with a digital device), playing baby games on a digital de-
vice, time spent playing without an adult – all on a 10-point scale ranging from “did 
not do this activity at all” to “more than 4 hours most days.” If parents/caregivers in-
dicated that they read to their child at least 15 minutes per day, then they were asked 
eight yes/no questions (receiving each 1 point for a “yes” answer) on the quality of 
reading interactions (Han & Neuharth-Pritchett, 2015). The questionnaire also asked 
about the amount of time caregivers spent working from home and included CDI data 
to measure vocabulary development over the lockdown period. A subset of laborato-
ries collected additional data (not analyzed here) for use in planned follow-up pro-
jects. 
 
Procedure 
 
On March 12, 2020, the Norwegian government enforced a national lockdown and, 
among other measures, closed daycare centers. On March 18, the local study on the 
impact of lockdown on language acquisition among 8- to 36-month-old children in 
Norway was preregistered and data collection started on March 20. The same day, a 
call for participation for international partners was issued via various mailing lists, 
which resulted in the present collaboration, including 23 labs in 15 countries. Each 
lab was asked to launch the T1 questionnaire as soon as possible upon daycare cen-
ters’ closure and to launch T2 as close as possible to children starting regular daycare 
again, or if significant changes took place in local policies that would affect social iso-
lation. Data collection started on March 20, 2020 (Norway) and finished on September 
29, 2020 (USA), with a mean time interval between T1 and T2 of 41 days. We welcomed 
participation from all labs that were able to obtain ethical approval in time to launch 
the T1 questionnaire close to the daycare centers’ closure. No minimum participant 
numbers were required to join the project.  
 
The whole study was conducted online. We used a variety of means to recruit partici-
pants (e.g., social media, lab databases, social platforms, etc.), which allowed us to 
reach out to larger demographic populations, as compared to those typically tested in 
the lab (de Mayo et al., 2021). Data collection took part during the first COVID-19 lock-
down. The announcement invited parents of 8-36-month-old infants to take part in a 
research project and included a link to the T1 questionnaire (see Materials), where 
caregivers were also asked to generate a unique participant identifier and provide a 
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valid email address, to be used when sending them the T2 questionnaire. Participant 
compensation varied across labs from no compensation to a small toy, a book or a 
voucher or a lottery ticket to win gift cards. The research project was approved by the 
Norwegian Center for Research Data REF536895 and by the ethics committee of the 
Department of Psychology at the University of Oslo. Collaborating labs obtained eth-
ical approval from their institutions. Central data analyses used exclusively anony-
mized data. 
 
Transparency statement 
 
Prior to data collection, and prior to the call for an international collaboration, we 
preregistered our study for the Norwegian sample (https://osf.io/4mhjw). To accom-
modate for multi-site analyses, and to include modifications made to the question-
naires in the days following the initial preregistration, a multi-site preregistration was 
made prior to data inspection, visualization and processing (https://osf.io/r85fw). All 
materials, anonymized data, and analysis codes are available on the project’s OSF 
(https://osf.io/ty9mn/). 

 
Results 

 
Data Processing 
 
Computation of Vocabulary Gains in Percentiles 
 
Our dependent variables were the total number of words that caregivers reported 
their child understood (between 8 and 18 months of age) and produced (between 8 
and 36 months of age). The total number of words on CDIs was transformed into daily 
percentiles separately for each language using available norming data from word-
bank.stanford.edu (Frank et al., 2017), provided that the dataset was dense enough, 
with a minimum of 50 data points per age (in months), or, for Hebrew, Polish and 
British English (UK-CDI), via direct contact with the authors who collected the 
norming data. Monthly percentiles from the norming data were linearly interpolated 
to establish daily percentiles (i.e., daily norms), then used to compute children’s vo-
cabulary size in daily percentiles (cf. https://osf.io/ty9mn/). We were able to derive 
daily percentiles for 14 labs in 9 countries (cf. Table 1) and computed gains in percen-
tiles (T2-T1) for both comprehension (n = 330) and production (n = 709). 
 
Computation of Normalized Gains in Raw CDI Scores 
 
For 6 CDI instruments from 6 countries, data was either not available on WordBank 
(Saudi Arabia, the Netherlands, extended OxfordCDI) or the data available on Word-
bank was too sparse to ensure reliable computation of percentiles (France, Spain, Is-
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rael CDI - WS), despite children meeting the criteria for inclusion in the study. There-
fore, these data were only entered into the analyses of raw CDI scores (along with the 
data from children that entered the percentile analyses).  
 
Given (1) wide variation in the CDI size across languages (from 303 to 897) and (2) that 
potential gains were constrained by CDI scores at T1 (e.g., a toddler knowing all of the 
words on the CDI at T1 cannot learn more words on the CDI at T2), we computed a 
normalized measure of gains for each child that situated her with respect to the aver-
age gains from all countries given the same relative number of words known on her 
respective CDIs at T1 (see Analyses.Rmd on https://osf.io/ty9mn/). To this end, first, 
we divided the CDI score at T1 by the total number of items on the CDI, thus producing 
a vocabulary proportion score at T1, that varied between 0 and 1. Second, we fitted a 
polynomial regression to the T1 proportion score, separately for each tool (CDI Words 
and Gestures and CDI Words and Sentences) and modality, using the loess function 
and then used predict on the model outcomes to compute the average expected gains 
associated with T1 proportion scores. Then, we subtracted average expected gains as-
sociated with the T1 proportion scores from actual gains, resulting in average normal-
ized gains of zero, for all T1 proportion scores (see Supplementary Material 2 for the 
visualization of non-normalized and normalized gains in vocabulary size). In other 
words, this procedure allowed us to identify individual deviations from expected 
gains (controlling for the CDI size and the CDI raw score at T1), and to correlate such 
deviations from expected gains with activities during social isolation. This normaliza-
tion procedure for gains in raw CDI scores was conducted separately for each CDI tool 
and modality, for the entire sample comprising 18 labs from 13 countries in: compre-
hension (n = 585, 8-18-month-old children) and production (n = 1742, 8-36-month-old 
children).  
 
Statistical Analyses 
 
Correlations between SES and Activities 
 
Pearson correlations (n = 709, dataset for the analyses of percentile gains in produc-
tion) between SES and activities are reported in Table 2. Correlation matrix for a 
larger data set with n = 2033 children (that includes Switzerland and the labs for which 
norming data for the vocabulary score were not available) is available on the OSF page 
of the project https://osf.io/ty9mn/. As predicted, maternal education correlated pos-
itively with the time spent on shared book reading and negatively with children’s pas-
sive screen exposure. Moderate correlations (>.30) included: a positive correlation be-
tween the time spent on shared book reading and on structured child-caregiver 
games, and between the time spent on passive screen exposure and playing baby 
games on a digital device. All other correlations were weaker (<.30). We hypothesized 
that the relationship between screen exposure and SES might be influenced by par-
ents’ availability, indexed by the number of hours they worked from home. A separate 
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linear model, however, revealed that this interaction was not significant (β = 0.0174, 
SE = 0.028, t = 0.62, p = 0.534).  
 
Maternal education, activities and gains in production 
 
First, a mixed-effect regression analysis on percentile gains in production, was con-
ducted in R (R Core Team, 2020) for children between 8- and 36-months-of-age (see 
Table 3) using lmer (Bates et al., 2015:4) and summ (Long, 2020) to obtain the summary 
of the model. Fixed factors were time spent on activities that caregivers engaged in 
with their child during lockdown (mean-centered), maternal education (mean-cen-
tered), child’s sex, and age (mean-centered in days, at T1), time gap between T1 and 
T2 in days (mean-centered), and child’s daycare attendance before T1 (yes/no). De-
scriptive statistics for the activities and other variables used in the model can be found 
in the Supplementary Material 4. Random effects included a maternal education by 
country slope, hence, country was included as a random factor.4  
 
Next, the same analysis was conducted on the second dependent variable, i.e., nor-
malized raw gains in production. The results of the two models are summarized in 
Table 3. Note that the intercept and the effect of time gap between T1 and T2 need to 
be interpreted differently across the percentile and raw gains models. The intercept 
in the percentile model examines whether children (at the reference level of mean-
centered age) gained more words than expected during lockdown (given normative 
data), since we expect children to stay in the same percentile across development. 
The intercept in the raw gains model is not meaningful as gains were normalized for 
each instrument. Time gap in the percentile model examines whether children’s per-
centile scores improved linearly with the duration of lockdown, i.e., that they showed 
greater improvement in their percentile scores, the longer lockdown lasted. Time gap 
in the raw gains model trivially examines whether children learned more words the 
longer lockdown lasted.  
 
 

 
4 In order to address a potential issue of cryptic multiple testing raised by one of the reviewers, we 
performed, as recommended in Forstmeier & Schielzeth (2011), a full-null model comparison for 
both dependent variables (gains in percentiles and in normalized raw CDI scores), where the full 
model contained all the factors included in the main model and the null model excluded the activities 
examined in the paper. The results of the full/null comparison revealed a significant difference be-
tween the two models in gains in percentiles (!² = 17.6, df = 9, p = .04) and a marginal difference in 
gains in normalized raw CDI scores (!² = 16.2, df = 9, p = .063), suggesting that activities significantly 
improved the fit of the null model. 
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Table 2. Means, standard deviations, and correlations with confidence intervals between SES and activities.  

Variable M SD Maternal  
education 

Book  
reading 

Caregiver  
works @home 

Outdoor  
activities 

Free play 
w.child Singing Speaking Screen  

exposure 
Digital  
games 

Structured 
games 

Maternal educa-
tion 4.50 0.89           

Book reading 
  

4.06 1.58 .15**          
  [.08, .22]          

Parent works 
@home  

3.54 3.51 .03 -.03         
  [-.04, .11] [-.11, .04]         

Outdoor activities   4.47 2.67 .02 -.00 .03        
  [-.05, .10] [-.08, .07] [-.05, .10]        

Free play w. child  5.83 1.91 .07 .24** .02 .16**       
  [-.01, .14] [.17, .31] [-.06, .09] [.09, .24]       

Singing 
  

3.72 1.74 -.03 .14* .03 .11 .21**      
  [-.10, .05] [.06, .21] [-.05, .10] [.04, .19] [.14, .28]      

Speaking 
  

5.94 2.13 -.03 .20** -.04 .04 .29** .28**     
  [-.10, .05] [.13, .27] [-.12, .03] [-.03, .12] [.22, .35] [.21, .34]     

Screen exposure  3.24 2.36 -.16** -.12* .06 .14** -.01 .03 .03    
  [-.23, -.08] [-.20, -.05] [-.02, .13] [.07, .21] [-.09, .06] [-.04, .11] [-.04, .11]    

Digital games  0.52 1.26 -.10 -.08 .05 .06 -.03 .04 .01 .33**   
  [-.17, -.02] [-.16, -.01] [-.03, .12] [-.01, .13] [-.10, .04] [-.03, .12] [-.07, .08] [.26, .39]   

Structured games  2.48 1.91 .04 .41** -.07 .04 .18** .17** .18** .11 .06  
  [-.03, .11] [.35, .47] [-.14, .01] [-.03, .11] [.10, .25] [.10, .24] [.11, .25] [.03, .18] [-.01, .14]  

Free play no 
adults  

5.16 1.90 -.10 -.16** -.00 .09 -.00 -.00 .06 .23** .14** .01 
  [-.17, -.03] [-.23, -.08] [-.08, .07] [.02, .17] [-.08, .07] [-.08, .07] [-.01, .14] [.16, .30] [.06, .21] [-.07, .08] 

             
Note. * indicates p < .05. ** indicates p < .01. The Holm method was used to correct for multiple comparisons and adjust p-values.
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Table 3. Fixed effects from the mixed-effect regression on the gains in production 
(left: percentiles with n = 709, full cases n = 685; right: raw scores with n = 1742). p-
values below .05 are marked in bold. 
 
 Gains in percentiles Normalized gains in raw CDI scores 

 Est. SE t df p Est. SE t df p 

(Intercept) 3.32 1.10 3.01 685 .00 4.01 3.87 1.04 13.45 .32 

SES -1.08 .68 -1.58 685 .11 -.88 2.22 -.40 8.12 .70 

Book reading .16 .43 0.38 685 .71 1.71 .74 2.32 1528.0 .02 

Structured caregiver-
child games 

-.06 .37 -0.18 685 .85 .42 .57 .73 1601.0 .47 

Passive screen expo-
sure  

-.86 .29 -2.97 685 .00 -1.14 .50 -2.27 1377.8 .02 

Outdoor activities -.09 .23 -0.40 685 .69 .17 .40 .43 1453.4 .67 

Digital games 1.08 .48 2.24 685 .03 .15 .81 .19 1613.5 .85 

Free play w. child .29 .33 0.89 685 .37 -.42 .55 -.75 1616.7 .45 

Singing -.57 .35 -1.63 685 .10 .32 .63 .50 1603.5 .61 

Speaking .39 .29 1.34 685 .18 .17 .51 .34 1576.0 .74 

Free play no adult -.05 .32 -0.16 685 .88 .10 .51 .19 1618.3 .85 

Time gap -.02 .03 -0.65 685 .52 .55 .07 8.14 150.4 .00 

Daycare before (yes) 1.18 1.22 .97 685 .33 1.05 2.51 .42 1201.8 .68 

Gender (m) .17 1.16 .15 685 .88 -1.37 1.93 -.71 1613.2 .48 

Age (T1) .00 .00 .52 685 .61 -.00 .01 -.33 1587.6 .74 

Note. all numeric predictors were mean-centered in the analyses; p-values were cal-
culated using Satterthwaite d.f. 
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In both analyses, the time spent on passive screen exposure negatively correlated 
with gains in productive vocabulary. As seen in Figure 1, children with no exposure 
to screens were reported to have the largest gains relative to the normative (age-
matched) data from the CDI measures. Yet, it is noteworthy that regardless of the time 
spent on screen use, reported gains in production always exceeded or met expecta-
tions (a gain of zero is equivalent to what would be expected in the normative data).5 
 
We also note that the intercept in the percentile model is significantly above zero, i.e., 
analyses of caregiver reports suggested that children (at the reference level of mean-
centered age) gained more words in their productive vocabularies during lockdown, 
i.e., daycare closure, when compared to the normative data. A Wilcoxon signed-rank 
test with continuity correction found no evidence for a difference in children’s re-
ported vocabularies relative to normative data at the start of lockdown, at T1 (p = .5, 
Q1 = 23, median = 50, Q3 = 74), but larger reported vocabularies relative to normative 
data by the end of lockdown, at T2 (p = .005, Q1 = 28, median = 56, Q3 = 80). As indicated 
by the significant intercept, a one sample t-test on percentile gains between T1 and 
T2 revealed that, according to caregiver reports, children gained an average of 4 per-
centiles by the end of lockdown at T2 (95%CI = [2.7:5.0]; t(684) = 7.0, p < .001, d = 0.26). 
 
The effect of time gap on the normalized gains in production suggests that caregivers 
reported that the longer the time gap between T1 and T2 was, the more words their 
children learned. In contrast, we found no evidence that percentile gains in vocabu-
lary size accumulated over lockdown, i.e., that children showed greater vocabulary 
gains (relative to normative data), the longer lockdown lasted. The effects of digital 
media games on gains in percentiles, and of shared book reading on normalized raw 
gains did not replicate across analyses and will not be discussed further. Note also 
that a positive effect of digital media games on gains in percentiles should be inter-
preted with caution as 79% of children did not play digital games at all. There were no 
significant associations between gains in production and children’s gender or age. 
 

 
5 As preregistered, we re-analyzed the data when >95% and <5% percentiles were excluded to check 
whether the model outcomes were impacted by these extreme values; the significant intercept and 
main negative effect of passive screen exposure remained significant (see details on OSF). 
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Figure 1. Violin plots of the gains in production (percentiles) for different amounts of 
reported child passive screen exposure. Boxplots display the first quartile and the 
third quartile, along with the median (the short horizontal bar). Gains of zero (dashed 
line) correspond to expected gains considering normative data. 
 
Maternal education, activities and gains in comprehension 
 
A similar mixed-effect regression analysis was run on percentile gains in comprehen-
sion for children between 8- and 18-months of age (see Table 4) and on normalized 
raw gains in comprehension. Similar to the analyses on production, country and var-
iation in maternal education by country were included as random factors.6 Descrip-
tive statistics for the activities and other variables used in the model can be found in 

 
6 Similar to the analyses of the production data, in order to address a potential issue of cryptic multi-
ple testing raised by a reviewer, we performed, as recommended in Forstmeier & Schielzeth (2011), a 
full-null model comparison for both dependent variables (gains in percentiles and in normalized raw 
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the Supplementary Material 4. 
 
Table 4. Fixed effects from the mixed-effect regression on the gains in comprehension. 
(left: percentiles with n = 330, right: raw scores with n = 585). p-values below .05 are 
marked in bold. 
 
 Gains in percentiles Normalized gains in raw CDI scores 

 Est. SE t df p Est. SE t df p 

(Intercept) 6.45 2.37 2.72 15.2 .02 -3.65 7.12 -.51 42.9 .61 

Maternal education  -.68 .89 -.76 9.0 .47 -.26 2.38 -.11 2.9 .92 

Book reading 1.48 .57 2.59 316.0 .01 3.55 1.06 3.35 544.2 .00 

Structured caregiver-
child games 

-.00 .45 -.00 312.9 1.00 1.17 .79 1.48 538.9 .14 

Passive screen expo-
sure 

.03 .38 .07 268.7 .94 -.04 .78 -.05 538.8 .96 

Outdoor activities -.33 .31 -1.06 296.6 .29 -.38 .56 -.68 541.3 .50 

Digital games .45 .96 .46 311.7 .64 1.37 2.10 .65 526.8 .51 

Free play w. child .03 .42 .06 314.8 .95 -.78 .78 -1.01 534.5 .31 

Singing -.77 .47 -1.63 317.8 .10 -.44 .88 -.50 538.0 .62 

Speaking -.21 .36 .57 283.8 .57 -.34 .64 -.53 529.5 .59 

Free play no adult -.80 .40 -2.01 311.4 .05 -.67 .71 -.94 532.9 .35 

Time gap -.00 .05 -.07 102.8 .95 .73 .09 7.89 149.7 .00 

Daycare before (yes) -.93 1.71 -.54 313.3 .59 1.49 3.41 .44 482.7 .66 

Gender (m) -2.20 1.45 -1.51 311.4 .13 -4.95 2.69 -1.84 530.1 .07 

Age (T1) .02 .01 1.53 297.8 .13 -.01 .02 -.39 540.5 .70 

Note. all numeric predictors were mean-centered in the analyses; p-values were cal-
culated using Satterthwaite df. 
 
 

 
CDI scores), where the full model contained all the factors included in the main model and the null 
model excluded the activities examined in the paper. The results of the full/null comparison revealed 
a significant difference between the two models in both gains in percentiles (!² = 17.3, df = 9, p = .044) 
and in normalized raw CDI scores (!² = 19.8, df = 9, p = .019), suggesting that the activities caregivers 
engaged their children with significantly improved the fit of the null model. 
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In both analyses, the time spent on shared book reading significantly correlated with 
gains in receptive vocabulary. As seen in Figure 2, children whose caregivers read 2-
3 hours a day to them were reported to have the largest gains in receptive vocabulary 
size relative to the normative (age-matched) data. Yet, it is noteworthy that even par-
ticipants with moderate exposure to books (more than 15 minutes per day) were re-
ported to have gained more words than expected considering the (age-matched) 
norms.7  
 

 
Figure 2. Gains in receptive vocabulary (in percentiles) for different amounts of re-
ported shared book reading time. Gains of zero (dashed line) correspond to expected 
gains considering normative data. 
 

 
7 As preregistered, similar to the analyses on production, we re-analyzed the data when >95% and 
<5% percentiles were excluded to check whether the model outcomes were impacted by these ex-
treme values; the significant intercept and main positive effect of book reading remained significant 
(see details on OSF). 
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The quality of book reading, however, did not robustly correlate with gains in vocab-
ularies, i.e., not across both measures of gains (see Analyses.Rmd on 
https://osf.io/ty9mn/ for the full analysis). 
 
Similar to our analysis of production scores, analysis of caregiver reports suggested 
that young children (at the reference level of mean-centered age) gained more words 
in their receptive vocabularies during lockdown, i.e., daycare closure, when com-
pared to the (age-matched) normative data (see Table 4 – the intercept is significantly 
above zero in the analysis on percentiles). A Wilcoxon signed-rank test with continu-
ity correction found no evidence for a difference in children’s reported vocabularies 
relative to normative data as children entered lockdown, at T1 (p = .9, Q1 = 23, median 
= 50, Q3 = 76), but found larger vocabularies relative to normative data at the end of 
lockdown (p = .01, Q1 = 29, median = 56, Q3 = 79). As indicated by the significant inter-
cept, a one sample t-test in percentile gains between T1 and T2 revealed that, accord-
ing to caregiver reports, children gained an average of 3.8 percentiles by T2 (95% CI 
[2.3, 5.2]; t(317) = 5.0, p < .001, d = 0.28)  
 
A strong effect of time gap was also reported for the normalized gains in raw CDI 
scores, i.e., caregivers' vocabulary reports suggested that their children gained words 
throughout the lockdown. The additional effect of time spent playing without an adult 
in the percentile analysis did not replicate across analyses and will not be discussed 
further. There were no significant associations between children’s gender or age and 
vocabulary development. 
 
Maternal education and Vocabulary at T1 
 
To estimate the extent to which maternal education was associated with expressive 
and receptive vocabulary at T1, in percentiles8, we fitted two generalized linear mixed 
models with beta error structure and logit link function (McCullagh & Nelder, 1989; 
Bolker, 2008) using glmmTMB (Brooks, 2017). We fitted models with beta error struc-
ture due to issues with the homogeneity and normality of the residuals in the pre-
registered Gaussian model. The model revealed no effect of maternal education in 
either production (β = 0.073, SE = 0.046, !² = 2.28, df = 1, p = .131), or comprehension 
(β = 0.041, SE = 0.058, !² = 0.501, df = 1, p = .479, see Supplementary Material 5 for the 
full analysis). There were no significant associations between children’s gender and 
receptive vocabulary at T1. 
  

 
8 Given that raw CDI sizes varied considerably across languages/tools (as number of items varied con-
siderably across tools), correlated with age and we had wide variations in participants’ ages across 
instruments, it was not possible to perform those analyses on raw CDI scores. 
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Discussion 
 
Three findings stand out from the reported analyses. First, children who had less pas-
sive screen exposure during lockdown showed larger gains in their expressive, but 
not receptive, vocabulary size. Second, children whose caregivers read more to them 
during lockdown showed larger gains in their receptive, but not expressive, vocabu-
lary size. Third, overall, based on caregivers’ reports, children’s receptive and expres-
sive vocabularies showed larger increases during lockdown relative to their pre-lock-
down, age-matched peers, i.e., using normative data collected pre-lockdown. We dis-
cuss these and other reported findings as well as provide potential explanations for 
these effects.  
 
First, children who had more passive screen exposure during lockdown were re-
ported to have lower gains in expressive vocabulary size (see Figure 1). Children who 
had no passive exposure to screens showed modest gains in expressive vocabulary 
relative to their pre-lockdown peers and smaller gains with increasing exposure to 
screens. There was no influence of passive screen exposure on children’s receptive 
vocabulary across analyses. This differential association between screen exposure on 
receptive and expressive vocabulary size aligns with recent results in toddlers (Dynia 
et al., 2021). We suggest that the negative association between expressive vocabulary 
size and screen consumption may be explained by the fact that there is no require-
ment to respond to asynchronous digital content. This, in turn, may lead to longer 
stretches where children are not actively engaged in interacting with others, thereby 
providing them with little opportunity to expand their productive repertoire. In other 
words, digital media exposure may have an “opportunity cost” in that it takes time 
away from other interactions where children may have more opportunities to expand 
their expressive vocabulary. We did not collect information on the context of screen 
exposure, yet, recent research suggests that the context in which children are exposed 
to TV (e.g., during family meals, free day time, etc.) can have differential effects on 
language development (Martinot et al., 2021). A spin-off project on digital exposure 
provides more detail on digital practices in children and parents during the first covid 
lockdown (Bergmann et al., in press).   
 
Second, we found that shared book reading explained more of the variance in gains 
in receptive vocabulary than any of the other examined activities (c.f. Montag et al., 
2018). As shown in Figure 2, children whose caregivers did not engage in shared book 
reading at all were reported to have lower receptive vocabulary gains relative to pre-
lockdown age-matched peers, whereas children whose caregivers engaged in more 
than 15-30 minutes of shared book reading per day were reported to have an increase 
in receptive vocabulary relative to pre-lockdown age-matched peers. There was no 
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similarly consistent association between shared book reading and children’s expres-
sive vocabulary size9, nor between the quality of shared book reading and children’s 
expressive or receptive vocabulary size. Our results highlight the association between 
book reading and some aspects of children’s language development. Indeed, shared 
book reading includes more referential language than other routines and activities 
(Tamis-LeMonda et al., 2019); presents the child with higher frequencies of rare 
words than in everyday conversation (Montag et al., 2018) and allows children to ex-
plore words and worlds beyond the here and now.  
 
It is noteworthy that reported receptive and expressive vocabulary growth during 
lockdown outpaced vocabulary growth in normative age-matched peers. There were 
no differences in the vocabulary increase between those infants who attended a day-
care before the lockdown and who did not. While we did not predict such a lockdown 
boost, we suggest, post-hoc, alternative explanations for this finding. First, we may, 
perchance, be tapping into a demographic which differs from the sample used to cal-
culate vocabulary norms. We suggest this to be unlikely given that we found no evi-
dence that vocabulary sizes at T1 in our sample differed from normative data, nor did 
we find substantial differences in the distribution of maternal education in our sam-
ple and the one used to derive the vocabulary norms for the countries for which these 
data were available (see Supplementary Material 3). Second, many caregivers were 
working from home during lockdown and were with their child for longer stretches 
during the day relative to pre-lockdown. Thus, they had more opportunity to assess 
their child’s development and might have been more aware of the words their child 
understood and produced, leading to more complete responding on the parent report 
forms we used and, hence, higher CDI scores. Third, social contact restrictions and 
closing of child-care facilities may have led to increased family and quality time be-
tween caregivers and children, providing them with more opportunities for activities 
that boost vocabulary knowledge, e.g., shared book reading. We are currently unable 
to disentangle the latter two interpretations of our findings and advocate caution in 
interpreting this lockdown boost in receptive vocabulary growth. Yet from a broader 
perspective these two interpretations need not be mutually exclusive: greater 
knowledge of children's vocabulary may allow caregivers to fine-tune the type and 
amount of input they provide to their child, in turn potentially leading to better out-
comes (Fusaroli et al., 2019). Equally, children who showed greater improvements 
verbally may also have elicited particular interactions with their parents, e.g., in-
creased amounts of time spent on shared book reading and less screen exposure. 
Other factors that might have modulated the role of activities are the household struc-
ture, the presence (and, if so, the number) of siblings, which is examined in a separate 
spin-off project, and the circumstances of data collection. Given that the data were 
collected during the first COVID-19 lockdown, it is possible that parents’ engagement 

 
9 The relationship between book reading and gains in expressive vocabulary was only revealed for the 
normalized gains in vocabulary.  
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in the study was affected by the ongoing pandemic and differed from the non-COVID-
19 times, when parents have other demands on their time and attention and feel less 
stressed. Recent studies reported that the pandemic affected mothers in particular 
(Langin, 2021), as mothers spent more time to take care about the child and the house-
hold than fathers, and mothers’ experience of pandemic (not measured in the current 
study) might have influenced their behavior and responsiveness (Evans et al., 2021).  
 
Importantly, children entered the lockdown with a range of vocabulary sizes and had 
been exposed to learning environments differing in quality prior to daycare closure. 
The associations between shared book reading, screen time and receptive and expres-
sive vocabulary development, respectively, reported above are considerable, as they 
capture associations between momentary modulations in the child’s learning envi-
ronment (over an average of just 41 days) and vocabulary development. This is espe-
cially so, given recent findings suggesting that parental input shapes children’s lan-
guage skills even after controlling for potential genetic confounds (Coffey et al., 2021). 
Other activities (outdoor activities, caregiver-child interactions/games), that did not 
predict gains in receptive and expressive vocabulary size, contributed to other aspects 
of the child’s development, such as the child’s well-being during the lockdown (cur-
rently being investigated in a separate spin-off project). In contrast to book reading 
and screen exposure – the two activities that have been systematically analyzed in 
recent child development research - there are no standardized questionnaires that 
cover the wide spectrum of languages used in the present study, to examine, retro-
spectively, child-parent engagement across the wider set of activities used in the cur-
rent study, e.g., singing, outdoor activities. Therefore, the lack of a significant effect 
of other activities on vocabulary gains might be attributed, to the lack of salience of 
other activities to parents, to unknown psychometric properties of reports associated 
with some activities (e.g., most infants did not use digital games in our study), or to 
limited reliability when parents are asked to recall past activities (Nivison et al., 2021). 
However, the analysis, over the same cohort, of the impact of activities on a child’s 
well-being - the focus of a separate contribution (see 
https://osf.io/ns6gh/?view_only=bee2c0f1686542e9b006ea04e36f0c88)- suggests that 
parental reports can be used across a range of activities, and that varying activities 
might have differential effects on child’s language development and well-being.  
 
Contrary to our hypothesis, maternal education did not correlate with receptive or 
expressive vocabulary growth during lockdown or vocabulary size at the onset of lock-
down. Note that the absence of an effect of maternal education on gains in receptive 
or expressive vocabulary size should be taken with caution, as there were relatively 
few participants with the maternal education lower than a Bachelor degree, which 
was level 4 on a scale from 1 to 6 in our study (14% of the comprehension data and 
10% of the production data) and few participants with the high-school education level 
only, which was level 2 on our scale (5% of the comprehension data and 3% of the 
production data). Although the proportion of mothers with low education level in the 
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current sample was comparable to that reported in the normative data for some of the 
countries in wordbank.stanford.edu (see Supplementary Material 3), research on a 
sample with a more homogeneous distribution of maternal education is required to 
further address this question. Therefore, the extent to which these findings generalize 
to families from lower socioeconomic backgrounds (as indexed by lower education 
level in the current study) and less industrialized countries, who were hit hardest by 
the pandemic, remains uncertain. Nonetheless, the absence of the effect of maternal 
education is consistent with the modest effects of maternal education on vocabulary 
reported in data from Wordbank (excluding the USA; Frank et al., 2021) particularly 
in children under 24 months, especially since a large percentage of the current sam-
ple involved children below this age (68%). However, maternal education did corre-
late positively with time spent on shared book reading, and negatively with time the 
child spent with digital media. Thus, while there were differences in the activities that 
caregivers with differing levels of educational attainment engaged in with their child 
(Entwisle et al., 2001; Pace et al., 2017), our results suggest that the activities that care-
givers engaged in with their children, rather than caregivers’ educational attainment, 
correlated with children’s receptive and expressive vocabulary development during 
lockdown. The conjunction of these results highlights some of the pathways through 
which maternal education (as a proxy for SES) may explain variability in vocabulary 
development in other studies (Fernald et al., 2013; Pace et al., 2017, Rowe, 2018).  
 

Conclusion 
 
This large-scale multinational study (1742 participants, 13 countries) offers a unique 
window into associations between features of the home environment and children’s 
longitudinal receptive and expressive vocabulary development. Taken together, the 
results suggest, that in our sample, caregiver education, children’s age or sex were 
not associated with children’s receptive and expressive vocabulary development as 
much as some of the activities that caregivers reported undertaking with their chil-
dren. 
 
In particular, the frequency and duration of shared book reading and screen exposure 
were related to respective receptive and expressive vocabulary gains in lockdown – 
children whose caregivers read more to them and who had less passive screen expo-
sure showed larger receptive and expressive vocabulary gains, respectively, – and 
that children’s reported receptive and expressive vocabulary development was 
boosted compared to pre-pandemic CDI norms.  
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Appendices 
 
Supplementary Material 1 
 
Table 1. Sample sizes for participating labs, for production data. 
 
Labid Language Country T1 sample T2 sample Final T1-T2 

sample  
Average T1-T2 
gap (days) 

kau-cll Arabic Saudi Arabia 336 171 90 73 
nbu Bulgarian Bulgaria 69 18 0  
brc-nijmegen Dutch The Nether-

lands 
26 25 20 39 

brookes English UK 565 341 292 74 
cogdevlabbyu English USA 93 89 39 23 
clcu English UK 123 56 40 35 
dsc English USA 32 14 5 86 
ilpll English USA 263 115 49 73 
ldl English Canada 63 29 17 33 
Louisville English USA 62 nc na  
owll English USA 10 nc na  
rhul_baby_lab English UK 55 34 25 25 
unlv English USA 56 27 0  
paris_team French France 654 535 466 28 
goe German Germany 84 69 37 63 
HaifaUniv Hebrew Israel 343 103 61 26 
technion_il Hebrew Israel 335 164 111 37 
babyling Norwegian Norway 786 182 173 20 
multilada Polish Poland 670 246 223 27 
hetsl French Switzerland nc 400 ca  
msu Russian Russia 255 24 17 41 
bcbl Spanish Spain 157 131 37 65 
mltlab Turkish Turkey 57 57 40 31 
  Total 5094 2830 1742 41 
 
nc - data not collected 
na - does not apply, giving that data in one sample was missing 
ca - due to the lack of child’s exact age, Swiss final data (n = 290) was used in the anal-
yses of the relationship between maternal education and activities (cf project’s OSF) 
Note. Final T1-T2 sample contains data points that have passed the inclusion criteria 
after the merge of the matching T1 and T2 questionnaires.   
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Supplementary Material 2 
 

 

Figure 1. Non-normalized (top) and normalized (bottom) gains in comprehension vo-
cabulary as a function of the adjusted CDI score at T1 for the CDI tools Words and 
Gestures (wg) and Words and Sentences (ws). See Analyses_2.Rmd code on 
https://osf.io/ty9mn/ for data on production.  



Language Development Research 
 
 
 
 
 

Volume 2, Issue 1, 31 December 2022 

33 

Supplementary Material 3 
 
We report below (Table 2) the fraction of participants having completed primary 
(level 1) and “some secondary” (level 2) education in the current sample, as well as 
in the sample used to derive vocabulary norms (from WordBank). We restricted our 
comparison to the handful of instruments for which we have maternal education in-
formation in both samples, as well as having commensurate measures of maternal 
education. 
 
Table 2. Percentage of participants in the first two levels of maternal education scale 
(primary, and some secondary), for the norming sample (WordBank) and our sam-
ple. Differences in the maternal education between the Wordbank sample and the 
German and Spanish samples in the current study are likely attributed to smaller 
sample sizes in these two countries in our study. 

 
Instrument (CDI) Percentage of participants on 

WordBank  
Percentage of participants in our 
sample (and sample size) 

American English CDI 5.3% 5.5% (110) 
Norwegian CDI 5.0% 4.0% (173) 
French CDI 0% 1.1% (466) 
German CDI 37.1% 13.5% (37) 
Spanish CDI 5.4% 8.1% (37) 
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Supplementary Material 4 
 
Table 3. Descriptive statistics of the variables used in the analyses of the production 
data (in percentiles). 
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SD 0.9 195.8 1.6 1.9 2.4 2.7 1.3 1.9 1.7 2.1 1.9 21.5 

Min 1 245 0 0 0 0 0 0 0 0 0 4 

Max 6 1075 9 8 9 9 7 9 9 9 9 111 

 
 
Table 4. Descriptive statistics of the variables used in the analyses of the comprehen-
sion data (in percentiles). 
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Supplementary Material 5 
 
Impact of SES on Vocabulary at T1 
 
To estimate the extent to which language comprehension and production depended 
on maternal education we fitted two Generalized Linear Mixed Models (GLMM; 
Baayen 2008) with beta error structure and logit link function (McCullagh & Nelder 
1989; Bolker 2008). We used a beta rather than a Gaussian error function since the 
residuals of the Gaussian model were neither normally distributed nor homogeneous. 
Both models were identical in their fixed and random effects: As fixed effects, we in-
cluded maternal education while controlling for sex, i.e., two fixed factors. We in-
cluded random intercepts of country and random slopes of both predictors within 
country (cf Schielzeth & Forstmeier 2009; Barr et al. 2013). We excluded parameters 
for the correlations among the random intercept and slopes due to model conver-
gence issues. 
 
Maternal education was z-transformed (M=0, SD=1) to ease model convergence and 
the random effect of sex was manually dummy coded and centered. We fitted the 
model in R (version 4.0.3; R Core Team 2020) using the function glmmTMB (version 
1.0.2.1; Brooks 2017). We determined the significance of individual fixed effects by 
comparing the respective full model with reduced models lacking them one at a time, 
utilizing likelihood ratio tests (Dobson 2002). We determined confidence intervals of 
model estimates by means of a parametric bootstrap (function simulate of the pack-
age glmmTMB) and estimated model stability by dropping countries one at a time and 
comparing estimates of models fitted to the respective subsets of the data to those 
obtained for the full data set. This revealed both models to be of moderate to good 
stability (see results). Neither of the two models was overdispersed (dispersion pa-
rameters; comprehension model: 1.00; production model: 1.048). The samples ana-
lysed for the two models comprised a total of 352 children from eight countries (com-
prehension model) and a total of 729 children from nine countries (production 
model). 
 
As can be seen in Tables 1 and 2, neither maternal education nor sex were significant 
in either of the two models. However, sex was only marginally non-significant in the 
production model and all model estimates had the hypothesized sign (Tables 1 and 2). 
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Table 5. Results of the comprehension model (estimates together with standard er-
rors, confidence limits, significance tests, and range of estimates (min, max) when 
dropping countries one at a time). 
 
term Estimate SE lower Cl upper Cl !² df P min max 
Intercept 0.092 0.164 -0.227 0.429     (1) -0.096 0.185 
mat. educ(2) 0.041 0.058 -0.075 0.162 0.501 1 0.479 0.031 0.083 
sex(3) -0.146 0.151 -0.454 0.136 0.840 1 0.360 -0.254 -0.040 
 

(1) not indicated because of having a very limited interpretation  
(2) z-transformed to a mean of zero and a standard deviation (sd) of one; mean and sd 
of the original variable were 4.375 and 0.944, respectively 
(3) dummy coded with female being the reference category 
  
Table 6. Results of the production model (estimates together with standard errors, 
confidence limits, significance tests, and range of estimates (min, max) when drop-
ping countries one at a time). 
 
term Estimate SE lower Cl upper Cl !² df P min max 
Intercept 0.053 0.115 -0.169 0.296     -1.000 -0.018 0.121 
mat. educ(2) 0.073 0.046 -0.017 0.162 2.285 1 0.131 0.040 0.105 
gender(3) -0.268 0.130 -0.520 -0.013 3.061 1 0.080 -0.349 -0.178 
 

(1) not indicated because of having a very limited interpretation 
(2) z-transformed to a mean of zero and a standard deviation (sd) of one; mean and sd 
of the original variable were 4.505 and 0.882, respectively 
(3) dummy coded with female being the reference category 
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