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1 | INTRODUCTION

For bilingual toddlers living in communities that predominantly speak one language (e.g., the United
Kingdom [UK], which uses English), it is important for them to acquire the community language
which would be widely used outside the home. As schools in such countries typically use the majority
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language as the language of instruction, proficiency in the majority language can have repercussions
for school achievement. A study by Howard et al. (2014) showed that Spanish-speaking bilingual
children's English vocabulary size in spoken production (as tested using a picture naming task) was
positively associated with their English reading proficiency, even after accounting for the effect of
socioeconomic status and amount of English exposure. A report by Strand et al. (2015) analyzing the
England National Pupil Database in 2013 indicated that the percentage of students in England clas-
sified to be learning English as an additional language (EAL) was 16.2%. As a group, EAL students
were identified by Strand et al. to have lower rates of academic achievement compared to students with
English as their first language when tested at the end of their first year of schooling. This lag decreased
over the years of schooling, with EAL students catching up to their peers by age 16. This narrowing of
the gap with years of schooling gives rise to the possibility that bilingual children's school-readiness
could be boosted by consistent language exposure starting from a younger age. In monolinguals, larger
vocabulary size and faster speed of word recognition tested at 25 months of age have been linked to
better expressive vocabulary, IQ and working memory at 8 years old (Marchman & Fernald, 2008).
Studying the early vocabulary development of children in their first 3 years of life, when their early
language skills are rapidly developing, can help us better understand the potential sources of diver-
gences for bilingual students who do or do not lag behind their monolingual peers.

1.1 | Single-language vocabulary, conceptual vocabulary and total
vocabulary

The literature on bilinguals' vocabulary size has generally found a bilingual delay when comparing
vocabulary in a single language between monolinguals and bilinguals. This group difference has been
found in receptive vocabulary tasks across toddlers (Cattani et al., 2014), school-age children (Bialystok
et al., 2010) and adults (Bialystok & Luk, 2012). It has also been found for productive vocabulary as
tested using a picture naming task with toddlers (Cattani et al., 2014; Hoff & Ribot, 2017) and school-
age children (Yan & Nicoladis, 2009). Differences of toddlers' vocabulary size between groups have
also been found using parent-report vocabulary questionnaires for both comprehension and production
(Cattani et al., 2014; Floccia et al., 2018; Vagh et al., 2009). Nevertheless, in some cases, comprehen-
sion and production may not show identical results. Yan and Nicoladis (2009) found that while word
comprehension performance was comparable, school-age bilinguals performed significantly poorer
than monolingual peers in production. Additionally, there may also be an age-related change in the
size of the vocabulary gap. De Houwer et al. (2014) found no significant difference in the receptive
vocabulary sizes in Dutch of monolingual toddlers learning Dutch and bilingual toddlers learning
Dutch and French at 13 months, but monolinguals knew significantly more Dutch words at 20 months.

The size of vocabulary differences between monolinguals and bilinguals is partially depend-
ent on the amount of exposure the bilinguals receive for each language. Single language vocabu-
lary size has been found to be positively correlated with the relative amount of exposure the child
has to that language (Cattani et al., 2014; Hoff et al., 2012; Pearson et al., 1997). English-dominant
bilingual toddlers (i.e., toddlers who hear more English than their other language in their day-to-day
lives) have been found to display larger English vocabulary than Spanish-dominant bilinguals
(Pearson et al., 1993; Vagh et al., 2009). Further supporting the effect of language exposure, Pearson
et al. (1993) also found that while Spanish-dominant bilinguals had smaller English vocabulary, they
had larger Spanish vocabulary than English-dominant peers. Notably, Pearson et al. (1993) found that
the vocabulary sizes of bilingual children were comparable to that of monolinguals in their dominant
language. This effect was also found by Cattani et al. (2014)—2.5-year-old bilingual toddlers with at
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least 60% English exposure performed equally well as English monolingual peers on various language
measures in English. Measures of single language vocabulary are therefore easily affected by language
exposure, and paint a limited picture if only one language is tested.

As such, proficiency in the majority language alone is insufficient for characterizing bilingual
development. When studying vocabulary knowledge in bilinguals, the method of calculating vocab-
ulary size is important as it can produce varied results. Alternative measures that have been used by
researchers are conceptual vocabulary size and total vocabulary size. Conceptual vocabulary size
counts any concepts that bilinguals know, regardless of the language they are known in. A child is said
to know a concept if they understand the word in one language or both. Total vocabulary size sums
the vocabulary sizes in both languages. Both measures present estimates of bilinguals' vocabulary that
are more representative of bilinguals' language development than single-language vocabulary size,
as they take into account vocabulary in both languages. Conceptual scoring has been noted to bring
school-age bilingual's vocabulary into normal monolingual range for both comprehension and produc-
tion (Gross et al., 2014). Pearson et al. (1993) found that the conceptual vocabulary sizes and total
vocabulary sizes of Spanish—English bilingual toddlers were similar to the vocabulary sizes of English
monolinguals for production, and in fact were significantly larger than monolinguals' vocabulary sizes
for comprehension. Comparable conceptual vocabulary sizes between groups have also been found
by Junker and Stockman (2002). Core et al. (2013) found conceptual vocabulary sizes that were still
smaller than monolinguals, but total vocabulary sizes that were comparable to those of monolinguals.
The gap between monolinguals and bilinguals increased for conceptual vocabulary between the age
of 22-30 months, but total vocabulary size remained similar between groups. Total vocabulary sizes
are also commonly used to measure bilingual vocabulary while minimizing the variability of language
exposure. Total vocabulary sizes of bilinguals have typically been found to be larger than those of
monolinguals (Bosch & Ramon-Casas, 2014; De Houwer et al., 2014; Junker & Stockman, 2002), or
at least comparable (Core et al., 2013).

1.2 | Translation equivalents

In addition to calculations of vocabulary sizes, we can also explore the interconnectivity of bilinguals'
two languages by studying the overlap in bilinguals' vocabulary in their two languages. Words that
share the same meaning across languages are known as translation equivalents. When a child knows
both words in a translation equivalent pair, they are considered to know a doublet. This is in contrast to
translation equivalent pairs where the child knows only one word of the pair, otherwise referred to as a
singlet. Research with bilingual children's early vocabulary has found doublets in the receptive vocab-
ulary of toddlers as young as 13 months old (De Houwer et al., 2006) and in productive vocabulary by
16 months old (Legacy et al., 2017). Investigations into the acquisition of translation equivalents can
shed light on the mechanisms underlying bilingual vocabulary acquisition.

Various proposals have been suggested for the acquisition pattern of translation equivalents in
comparison to new concepts. A Neutral Account posits that translation equivalents are not specially
advantaged—the acquisition of the translation equivalent to a known word is not different from
the acquisition of a word for a new concept. Pearson et al. (1995) provided support for a Neutral
Account, showing that the number of doublets known by bilingual children in their sample was
comparable to the number of doublets expected when random children were matched together.
Another account is the Preference Account, where toddlers find it easier to learn translation equiv-
alents over new concepts. In contrast to Pearson et al.’s findings, Bilson et al. (2015) found that
bilinguals in their sample showed significantly more translation equivalents in their vocabulary than
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would be expected if the two languages were learnt independently, thus supporting the Preference
Account. A recent study by Tsui et al. (2022) suggested that there may be developmental differences
in the acquisition of translation equivalents based on the child's vocabulary size. While toddlers
with larger vocabulary sizes (300 words or more) showed patterns that followed predictions of
the Neutral Account, those with smaller vocabulary sizes showed patterns supporting a Preference
Account.

Language exposure can also have an effect on the proportion of doublets observed in bilinguals'
vocabulary. Bilinguals who receive balanced exposure to both languages are expected to have similar
vocabulary sizes in both languages. Words that are learnt earlier in one language are also often learnt
earlier in other languages (Luniewska et al., 2016). Therefore, the words known in each language by
bilinguals who have balanced vocabulary sizes are likely to have high conceptual overlap, regardless
of whether this acquisition of doublets is incidental or due to a preference toward learning translation
equivalents (Pearson et al., 1995; Tsui et al., 2022).

1.3 | The present study

This study investigated whether bilingual toddlers growing up in the UK have similar or smaller vocab-
ulary sizes compared to monolinguals of the same age. This research complements previous work
with UK bilingual samples by Cattani et al. (2014) and Floccia et al. (2018), with the advantage of
a wider tested age range. We compared vocabulary acquisition trajectories between English-learning
monolinguals and bilinguals growing up in the UK aged 12-36 months old, comparing cross-sectional
data for comprehension and production collected using vocabulary questionnaires. As the UK is a
predominantly English-speaking community, the development of English proficiency is important
for both monolingual and bilingual toddlers' long-term communicative and academic outcomes. We
were also interested in the extent to which the degree of English exposure a child receives influences
their English vocabulary size. Additionally, we investigated whether bilinguals and monolinguals have
comparable vocabulary sizes when measured using conceptual vocabulary and total vocabulary. We
also calculated the proportion of doublets, to study the interactions between the two languages. A key
strength of the present study is the use of a standardized set of words across both comprehension and
production and across the full tested age range, allowing us to make more robust inferences about the
relationship between comprehension and production. Finally, we ran an exploratory analysis compar-
ing the proportion of doublets in bilinguals' vocabulary against the proportion found when monolin-
guals with comparable vocabulary sizes were randomly paired. If bilinguals know more doublets than
expected by chance (operationalized as randomly-paired monolinguals), this would provide support
for the Preference Account of translation equivalent acquisition. In contrast, the Neutral Account
predicts that translation equivalents are not privileged over new concepts, and so the number of
doublets known by bilinguals should be no different from chance.

Bilingual children growing up in the UK face a situation where their Additional Language (AL) is
not widely spoken in the community. For bilinguals growing up in communities where both languages
are widely spoken and their languages have equal social prestige, bilinguals may perform more simi-
larly to monolingual peers (Smithson et al., 2014). However, when there is a dominant community
language, parents can find it difficult to maintain consistent input in the minority language for their
child (see O’Toole & Hickey, 2017 for a report on Irish—English bilinguals). This has impact on both
the quantity and quality of language exposure that bilingual toddlers receive. By studying the language
development of bilinguals growing up in the UK, we can learn more about the parallel acquisition of
two languages with unequal usage in the community.
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2.1 | Participants

The present study was conducted according to guidelines laid down in the Declaration of Helsinki.
Written informed consent was obtained from a parent or caregiver for each child before any assess-
ment or data collection. All procedures involving human subjects in this study were approved by the
Medical Sciences Research Ethics Board at the University of Oxford, with reference number R60939/
REO009.

Participants were recruited via advertisements on social media (restricted to England) and via
email to families in the lab's database. We excluded participants reported to be premature (gestation
weeks of less than 34 weeks), have hearing problems or have diagnosed language delay. The demo-
graphics of bilingual and monolingual participants are summarized in Table 1.

2.1.1 | Bilingual

The bilingual toddlers in our sample had at least 20% exposure to English and 20% exposure to their
AL. We excluded participants who reported hearing 10% or more of a third language. We required at
least one parent to be a native speaker of the AL. We also required at least one parent to have fluent
English proficiency (self-rated proficiency of at least 7 out of 10). Finally, to obtain reliable estimates
of vocabulary size, we excluded an additional 56 children whose parents expressed uncertainty about
their ability to report their child's English vocabulary (e.g., due to not speaking English at home). The
ALs spoken by families in our bilingual sample (group sizes in brackets) were Dutch (N = 29), French
(N = 81), German (N = 46), Italian (N = 90), Polish (N = 92), Portuguese (N = 48) and Spanish
(N = 147). Bilingual families were offered the option of a £5 Amazon voucher or a child-sized t-shirt
as remuneration.

On average, the sampled bilingual toddlers were slightly skewed to have more exposure to English
than to their AL, with mean English exposure of 54.7% (SD = 17.6). This is unsurprizing given that
English is the predominant language spoken in the community. These toddlers typically had a higher
proportion of English exposure overall than at home. The mean home English language exposure was
37.0% (SD = 22.5). The majority (N = 465) of the sample were simultaneous bilinguals who had at
least 10% (and no more than 90%) English language exposure at home. There were 39 toddlers with
no English exposure at home, and another 29 who received some English exposure but less than 10%.

In the final sample, 173 families reported that both parents were native speaker of the AL; 301
families reported that one parent was a native speaker of the AL and one parent was a native speaker of

TABLE 1 Participant groups.

Bilingual Monolingual
N 533 257
N female 275 101
N male 258 156
Age in months 12.0-36.0 (mean 24.1) 12.5-35.9 (mean 25.0)
Country of residence England England
Language requirements >20% English and >20% AL Only English
Data collection period 2020-2022 2020-2022
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English; 2 families had parents who were both bilingual; 21 families had one bilingual parent and one
English-native parent; 11 families had one bilingual parent and one AL-native parent; and 25 families
had one AL-native parent and one parent who was native in a third language. Additionally, 46.9% of
sampled toddlers had spent at least 1 month immersed in a country where their AL is spoken widely
in the community. Of the toddlers who had language immersion experience, the average time spent
was 3.43 months (SD = 3.88).

2.1.2 | Monolingual

Monolingual participants completed the questionnaires as part of other studies. A subset (N = 180)
participated in an online study testing the utility of a touchscreen receptive vocabulary task (Gillen
et al., 2021). These families participated without remuneration. The remaining monolingual partici-
pants (N = 77) completed the questionnaires as part of their participation in a lab-based experiment.
These participants were offered £5 for travel expenses and a child-sized t-shirt as appreciation for their
participation. Questionnaires were sent to parents via email to be completed online at home. The ques-
tionnaires were completed prior to any additional tasks. As such, we do not expect that participation
in either of the two aforementioned studies would have significant impact on the analyses conducted
in this paper.

2.2 | Procedure

Questionnaires were administered online using Qualtrics (2022). Parents received a link to the ques-
tionnaires that they could complete at home. The questionnaires could be paused and resumed, but
would time out if not completed within 1 week. The questionnaires, anonymized data and analysis
scripts can be found in our OSF repository (https://osf.io/w8ke5/).

2.2.1 | Demographics questionnaire

All parents first answered some questions relating to their demographics (toddlers' date of birth, each
parent's highest level of education, any languages spoken at home besides English, and whether the
toddler had any diagnosed language delay, hearing problems or was born premature).

We used mother's highest education level as a proxy for socioeconomic status. Only entries where
information on mother's education level was available were included in the analysis. Education level
was converted into a numerical score, with 0—No qualifications; 1—Left school at 16 with GCSE
or equivalent; 2—Left school at 18 with A-Levels or equivalent; 3—University degree or equivalent.
Overall, mothers' educational level in the sample was high, with 89.5% of mothers in the bilingual
sample and 93.4% of mothers in the monolingual sample having a university degree or equivalent.

2.2.2 | Language exposure questionnaire
Bilingual parents (who reported that their child had regular exposure to English and one additional

language) went on to complete a simplified version of the Language Exposure Questionnaire (LEQ)
developed by Bosch and Sebastidn-Gallés (2001). The LEQ is a parental report questionnaire used to
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obtain a summary of each toddlers' language environment. It includes questions about each parent's
native language, their language proficiency, which languages(s) they usually use when speaking to
the toddler, whether or not the toddler is attending nursery (and the language used as nursery), and
whether the toddler has spent time immersed in a country where their AL is widely spoken. We also
asked parents to give an estimate of the percentage of English, AL and any third language that their
child is exposed to in their daily life overall. Parents were also asked about the percentages of these
languages heard specifically in the home. Monolingual parents (who reported that their child had no
consistent exposure to any other languages besides English) were not administered the LEQ.
Following the demographics questions and LEQ (if applicable), parents were directed to the appro-
priate version of the vocabulary questionnaires according to their toddler's language background.

2.2.3 | Vocabulary questionnaire

Data on vocabulary knowledge in English, for both the bilingual and monolingual groups, was
collected using the Oxford Communicative Development Inventory (CDI) (Hamilton et al., 2000), a
questionnaire containing 418 words commonly known to British toddlers. Parents indicated for each
word whether their child understands and says, understands but does not say, or does not understand
the word. The utility of CDIs to evaluate vocabulary development in toddlers has been supported
by studies showing good congruence between parent-reported vocabulary and toddlers' performance
on vocabulary tasks for both monolinguals (Gillen et al., 2021; Styles & Plunkett, 2009) and bilin-
guals (Marchman & Martinez-Sussmann, 2002; Vagh et al., 2009). Parents of bilingual toddlers also
completed an adaptation of the Oxford CDI in their AL (also 418 words). Adaptations were created for
each of the ALs collected in this study (Dutch, French, German, Italian, Polish, Portuguese and Span-
ish). While normed versions of the CDI exist in these languages, they vary considerably in length and
also have variable amounts of overlapping concepts with the Oxford CDI. We chose to use adaptations
of the Oxford CDI as this allowed us to have a high level of conceptual overlap for analyses of concep-
tual vocabulary size. We worked with native speakers of each AL, who translated the Oxford CDI and
replaced words that were not relevant to the target language—for example, “penny” was replaced with
“coin” in most languages. If an English word had multiple translations, we listed the different transla-
tions as one entry. We also compared the translations to normed adaptations of the MacArthur-Bates
CDI in those languages, using the same words where possible—to give an example, “lorry/truck” was
listed as “Lastwagen/Laster,” following the German MCDI adaptation.

English vocabulary size, conceptual vocabulary size and total vocabulary size were calculated
using the concepts that overlap across all the adaptations (365 out of 418 words), excluding words for
onomatopoeia. A monolingual child was coded as knowing a concept if they knew the English word
for the concept. A bilingual child was coded as knowing a concept if they knew the English word, the
word in their AL, or both.

2.3 | Sample subset for vocabulary in comprehension

The Oxford CDI, like other vocabulary questionnaires that use a standardized list across different
ages, is prone toward floor and ceiling effects. Toddlers, especially those with larger vocabularies, are
likely to also know words that are not included in the CDI. Ceiling effects are problematic as it gener-
ates a plateau of scores at the older ages that is not reflective of the actual developmental trajectory. It
is therefore crucial to specify a cut-off that minimizes the possibility of scores reaching ceiling. Floor
effects constitute a similar problem, creating a plateau at the youngest ages.
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To avoid floor and ceiling effects, analyses on vocabulary size in comprehension used a subset of
participants from the original 12-36-month-old sample. We defined the ceiling as 90% of the maximum
conceptual vocabulary size as calculated from overlapping concepts in our questionnaires, and the floor
as 10% of the maximum conceptual vocabulary size. We excluded age groups that had median vocabulary
sizes in comprehension smaller than the floor value and those larger than the ceiling value. The bilingual
group and the monolingual group had their thresholds at different ages—the bilingual group's accepted
range was 12-26 months; the monolingual group's accepted range was 14-25 months. We applied the
more conservative age range for both groups, leaving a sample subset of 14-25-month-old toddlers
for analyses of vocabulary size in comprehension. This subset included 141 monolingual toddlers (55
female; mean age 21.2 months) and 242 bilingual toddlers (125 female; mean age 19.6 months).

2.4 | Sample subset for vocabulary in production

We similarly aimed to avoid floor and ceiling effects for vocabulary size in production. As toddlers
typically learn to produce words later than they learn to understand them, the age at which toddlers'
vocabulary sizes hit the floor and the ceiling are likely to differ for comprehension and production,
thus requiring different cut-offs. The ceiling for production was defined as 90% of the maximum
conceptual vocabulary size, and the floor as 10% of the maximum conceptual vocabulary size. The
bilingual group's accepted range was 20-36 months; the monolingual group's accepted range was
19-29 months. Again, we applied the more conservative age range. The sample subset for analyses of
vocabulary size in production was 20—29-months-old. This subset included 151 monolingual toddlers
(60 female; mean age 23.9 months) and 223 bilingual toddlers (113 female; mean age 24.8 months).

3 | RESULTS

We first ran linear regressions (separately for comprehension and production) with vocabulary size as
the dependent variable. Language group (monolingual or bilingual), age, gender and mother's high-
est education level (numerical score) were predictors. Age was centered on the mean and scaled by
standard deviation for comprehension and production separately. The reference level for language
group was “Monolingual.” The reference level for gender was “Male.” An interaction between age
and language group was also included, to test if differences between monolingual and bilingual groups
changed with age. This analysis was done for English vocabulary size, conceptual vocabulary size and
total vocabulary size. The model is defined in R (R Core Team, 2013) as below:

Im(vocabulary_size ~ age + gender + mother_education + group + age : group)

To test the gradient effect of language exposure within the bilingual group, we ran a second series
of linear regressions with vocabulary size as the dependent variable for bilingual participants only.
Language exposure, age, gender and mother's highest education level were predictors. Language expo-
sure was a continuous variable derived from the percentage of English exposure the child received.
This percentage was centered on 50% and scaled by standard deviation. Monolingual participants
were not included in this analysis as their inclusion would result in a skewed distribution where a large
proportion of the sample has 100% English exposure.

As bilinguals who receive balanced input in their two languages were predicted to have a higher
proportion of doublets than those with English-dominant or AL-dominant input, the quadratic term
for language exposure was also included as a predictor. The quadratic term is the squared values of
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scaled English exposure. As scaled English exposure has a normal distribution with both positive
and negative values (range —1.7 to 1.7), the quadratic conversion would result in a U-shaped curve.
A significant linear term would indicate that vocabulary size increases or decreases linearly with an
increase of English exposure. Meanwhile, a significant quadratic term would indicate that the effect
of English exposure can be represented as a U-shaped curve in the data.

The second model is defined as below:

Im(vocabulary_size ~ age + gender + mother_education

+ English_exposure + I(English_exposure2))

Model residuals showed that assumptions for linear regression were met for all models. There
was no evidence of non-linear relationships between predictors and the outcome variable that had not
already been included.

3.1 | Comprehension (14-25-month-old)

For visualization purposes, we split the bilingual sample into three groups by their language exposure:
83 English-dominant bilinguals (61%-80% English exposure, mean = 72.0, SD = 4.66), 84 Balanced
bilinguals (41%—-60% English exposure, mean = 54.8, SD = 5.43) and 75 AL-dominant bilinguals
(20%—-40% English exposure, mean = 31.2, SD = 7.35).

3.1.1 | English vocabulary

The relationship between age, language group and English vocabulary size in comprehension is
visualized in Figure 1. As predicted, we observe a difference between the vocabulary trajectories of
monolinguals and bilinguals, with bilinguals of all three levels of language exposure having smaller
vocabulary sizes in English compared to monolinguals of the same age. The bilingual sample had on
average smaller vocabulary sizes than same-age monolinguals for English vocabulary (r = —6.260,
p < .001). The interaction between group and age was not significant (t = —0.265, p = .791).

When testing the effect of English language exposure as a continuous variable within the bilingual
group, we see the expected significant positive linear effect of English exposure on English vocabu-
lary size (Table 2). The quadratic term was also significant, indicating that balanced bilinguals were
more similar to English-dominant bilinguals than to AL-dominant bilinguals.

3.1.2 | Conceptual vocabulary

We then studied the relationship between age, language group and conceptual vocabulary size. In
Figure 2, which visualizes the relationship for conceptual vocabulary in comprehension, we see that
the difference between bilinguals and monolinguals has largely disappeared. The bilingual sample
had comparable vocabulary sizes in comprehension with same-age monolinguals when vocabulary
size was calculated using conceptual vocabulary (# = —1.392, p = .165). There was also no significant
interaction between group and age (t = —0.318, p = .750).

The effect of language exposure was not significant for predicting conceptual vocabulary size in
comprehension within the bilingual group (Table 3).
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FIGURE 1 Scatterplot of English vocabulary size in comprehension against toddler's age, split by language
dominance groups.

TABLE 2 Linear model for bilinguals' English vocabulary size in comprehension, with age, gender, mother's

education and English language exposure as predictors.

Predictor Estimate Std error t )/
(Intercept) 172.7 37.6 4.59 <.001
Age 57.7 5.25 11 <.001
Gender 1.92 10.6 0.182 .856
Mother's education —1.23 12.6 —0.097 922
English exposure 27.2 5.45 4.99 <.001
English exposure (quadratic) —154 5.89 —2.61 .00973

3.1.3 | Total vocabulary and doublets

Analyses of the proportion of doublets in bilingual toddlers' vocabulary showed that bilingual toddlers
have a large number of words that they understand in both languages. While the exact ratio varies
greatly (range 0%—-99.7%), on average participants understood both translation equivalents of 48.6%
(SD = 24.4%) of the concepts they knew. As a result of this high rate of doublets, bilingual toddlers
know a large number of words when their two languages are added together, exceeding the vocabulary
size of monolinguals of the same age. This difference was significant ( = 7.642, p < .001). Addition-
ally, there was also a significant interaction between group and age (t = 3.443, p < .001), where the
difference between groups increased with age.

Additionally, the effect of language exposure was significant for predicting total vocabulary size in
comprehension within the bilingual group, both for the linear term and the quadratic term (Table 4).
This indicates that English-dominant bilinguals had larger total vocabulary sizes than AL-dominant
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TABLE 3

20.0 225 25.0
Age in months

education and English language exposure as predictors.

Predictor Estimate
(Intercept) 190.3
Age 59.6
Gender 55
Mother's education 6.28
English exposure 5.16
English exposure (quadratic) =777
TABLE 4

Std error t

37.3 5.10
5.21 114

10.5 0.523

12.5 0.501
5.41 0.954
5.84 -1.33

education and English language exposure as predictors.

Predictor Estimate
(Intercept) 301.5
Age 111.0
Gender 9.63
Mother's education 13.0
English exposure 20.3
English exposure (quadratic) —22.2

Std error t

69.9 4.31
9.76 114

19.7 0.489

23.5 0.555

10.1 2.00

11.0 -2.03

Scatterplot of conceptual vocabulary size in comprehension against toddler's age, split by language

Linear model for bilinguals' conceptual vocabulary size in comprehension, with age, gender, mother's

<.001
<.001
.601
.617
341
.185

Linear model for bilinguals' total vocabulary size in comprehension, with age, gender, mother's

<.001

<.001
.626
579
.0463
.0436
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FIGURE 3 Scatterplot of total vocabulary size in comprehension against toddler's age, split by language

dominance groups.

bilinguals, and that balanced bilinguals also had larger vocabulary sizes than AL-dominant bilinguals,
as can also be seen in Figure 3.

3.2 | Production (20 to 29-month-old)

For visualization purposes, we split the bilingual sample for production into three groups by their
language exposure: 79 English-dominant bilinguals (61%—-80% English exposure, mean = 73.0,
SD = 5.00), 86 Balanced bilinguals (41%—60% English exposure, mean = 54.7, SD = 5.46) and 58
AL-dominant bilinguals (20%—40% English exposure, mean = 31.7, SD = 6.97).

3.2.1 | English vocabulary

As with comprehension, differences between monolinguals and bilinguals were found in vocabulary
size for production. Bilinguals produced less English words than monolinguals (r = —6.579, p < .001).
There was no significant interaction between group and age (t = —1.019, p = .309).

When testing the effect of English language exposure as a continuous variable, we see the expected
significant positive effect of the proportion of English language exposure on English vocabulary size
in production (Table 5). The quadratic term was again significant, indicating that balanced bilinguals
were more similar to English-dominant bilinguals than to AL-dominant bilinguals (Figure 4).

3.2.2 | Conceptual vocabulary

As with comprehension, conceptual vocabulary scoring reduced the difference between monolinguals
and bilinguals. However, in contrast to the results with comprehension, there remained a difference
between groups for conceptual vocabulary production. This difference between groups was significant
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TABLE 5 Linear model for bilinguals' English vocabulary size in production, with age, gender, mother's
education and English language exposure as predictors.

Predictor Estimate Std error t y/)
(Intercept) 87.7 43.3 2.03 .0439
Age 49.3 4.99 9.88 <.001
Gender 21.4 10.6 2.02 0451
Mother's education 7.50 14.4 0.519 .604
English exposure 33.9 5.64 6.01 <.001
English exposure (quadratic) —13.9 5.82 —2.38 .018
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Number of English words produced

20.0 22,5 25.0 27.5
Age in months

FIGURE 4  Scatterplot of English vocabulary size in production against toddler's age, split by language
dominance groups.

(t = —3.446, p < .001). There was no significant interaction between group and age (+ = —0.184,
p = .854).

In contrast to conceptual vocabulary in comprehension, language exposure was significant for
predicting conceptual vocabulary size in production within the bilingual group, both in the linear term
and quadratic term (Table 6). While English-dominant and Balanced bilinguals had vocabulary sizes
that were close to that of monolinguals, AL-dominant bilinguals had lower vocabulary size (Figure 5).

3.2.3 | Total vocabulary and doublets

Bilingual toddlers have a large number of doublets in their expressive vocabulary, albeit lower than
the values seen in comprehension. Again, the proportion varies (range 0%—89.8%), but on average
toddlers in the sample produced the translation equivalents in both languages of 32.7% (SD = 22.4%)
of the concepts they produced.
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TABLE 6 Linear model for bilinguals' conceptual vocabulary size in production, with age, gender, mother's
education and English language exposure as predictors.

Predictor Estimate Std error t P
(Intercept) 110.2 46.3 2.38 .0182
Age 57.5 5.34 10.8 <.001
Gender 26.5 114 2.33 .0206
Mother's education 9.99 15.5 0.65 519
English exposure 18.9 6.03 3.13 .00197
English exposure (quadratic) —12.5 6.22 —2.02 .0450
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FIGURE 5 Scatterplot of conceptual vocabulary size in production against toddler's age, split by language

dominance groups.

In comparison to total vocabulary size in comprehension, where bilinguals had larger vocabulary
sizes than monolinguals, the difference between groups for total vocabulary size in production was
smaller, albeit still significant (r = 2.103, p = .0361). The interaction between group and age was
also significant (f = 2.051, p = .0410).

The effect of language exposure was significant for predicting total vocabulary size in production
within the bilingual group, both for the linear term and the quadratic term, mirroring the pattern
observed for comprehension (Table 7). Balanced bilinguals had higher total vocabulary sizes than
both English-dominant and AL-dominant bilinguals (Figure 6).

To investigate whether bilinguals had more doublets in their vocabulary than would be expected
by chance, we ran an exploratory analysis to compare the proportion of doublets produced by bilin-
gual children to the proportion of doublets generated when two vocabulary-matched monolinguals are
paired randomly. We ran this exploratory analysis on English—Spanish bilinguals (the largest subgroup
of our sample) and English monolinguals reported in this manuscript, along with Spanish monolinguals
from Wordbank (Frank et al., 2017). Data from Spanish monolinguals was collected using the Spanish
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TABLE 7 Linear model for bilinguals' total vocabulary size in production, with age, gender, mother's education
and English language exposure as predictors.

Predictor Estimate Std error t p
(Intercept) 158.3 77.8 2.034 .0432
Age 90.5 8.97 10.1 <.001
Gender 41.5 19.1 2.17 .0310
Mother's education 17.8 26.0 0.684 494
English exposure 27.6 10.1 2.72 .00697
English exposure (quadratic) -32.0 10.5 —3.06 .00247
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FIGURE 6 Scatterplot of total vocabulary size in production against toddler's age, split by language dominance
groups.

(European) Words & Sentences CDI (Lépez-Ornat et al., 2005) (N = 593), which measures production
vocabulary only. There was an overlap of 136 concepts between the Oxford CDI and the Spanish CDI. To
avoid floor effects, we restricted analyses to toddlers with at least 10 words produced in each language.
Monolinguals were paired so that the English monolingual of each pair had the same English
vocabulary size as a given bilingual, while the Spanish monolingual had the same Spanish vocabulary
size as the bilingual. For example, if a bilingual produced 30 English words and 55 Spanish words,
English monolinguals with vocabulary size of 30 will be matched to each Spanish bilingual with
vocabulary size of 55. This process resulted in 2238 monolingual pairs, comprised of 104 English
monolinguals and 174 Spanish monolinguals. These pairs were compared against 62 bilinguals.
While there was a strong correlation of .95 between the proportion of doublets known by bilin-
guals and the proportion of doublets by chance, bilinguals knew a significantly larger proportion of
doublets than randomly paired monolinguals (# = 8.54, p < .001). This provides support for the Pref-
erence Account of translation equivalent acquisition. There was a strong positive effect of vocabulary
size on the proportion of doublets (f = 12.7, p < .001), but no significant interaction between group
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and total vocabulary size (r = 0.421, p = .674), suggesting that there was no vocabulary size-related
change in preference for translation equivalents in the sampled age range.

4 | DISCUSSION

In this paper, we presented findings regarding the vocabulary sizes of a large sample of UK bilin-
gual and monolingual toddlers that are convergent with previous findings in the literature (Cattani
et al., 2014; De Houwer et al., 2006, 2014; Hoff & Ribot, 2017; Vagh et al., 2009). The use of the
Oxford CDI and its adaptations, which collects information about both comprehension and produc-
tion using the same set of words, allowed us to make direct comparisons between vocabulary size in
comprehension and production for our sample. While other studies have reported both comprehension
and production (De Houwer et al., 2014; Pearson et al., 1993), they utilized the MacArthur-Bates CDI
and its adaptations, reporting data from the Infant Form for younger participants and the Toddler Form
for older participants. In our study, we used the Oxford CDI across the full range of our sample, thus
collecting vocabulary size for a common set of words across all ages. Another advantage of this study
was the sample size, which exceeded that of previous studies with similar questions and methodology
(Bosch & Ramon-Casas, 2014; Core et al., 2013; De Houwer et al., 2014; Pearson et al., 1993). This
gave us sufficient power to analyze the data with age and language exposure as continuous variables,
facilitating interpretations of these predictors.

4.1 | English vocabulary

For English vocabulary, bilinguals' vocabulary sizes were found to be smaller than that of same-age
monolinguals, with the difference significant in both comprehension and production. This difference
was modulated by the amount of English exposure received by the child, where bilingual children with
a higher proportion of exposure to English showed larger vocabulary sizes in English than bilinguals
who received proportionally more exposure to their AL. The relationship between the percentage of
English exposure and vocabulary size in English highlights the importance of language input in vocab-
ulary learning. Words that are learnt earlier have been associated with higher frequency in the language
input (Braginsky et al., 2019; Goodman et al., 2008; Hills, 2013; Hills et al., 2010). It is therefore unsur-
prizing that toddlers who hear less of a language understand and produce less words in that language.

The differences in English vocabulary did not show a fully linear pattern. Bilinguals who received
similar amounts of input to both English and their AL were more similar to English-dominant bilin-
guals than to AL-dominant bilinguals. This was found for both comprehension and production. It
is possible that vocabulary gains from increased exposure to a particular language may be smaller
when language input is already skewed toward that language. This reflects the findings by Pearson
et al. (1993) and Cattani et al. (2014) that English-dominant bilingual toddlers performed similarly to
same-age English monolinguals.

4.2 | Conceptual vocabulary

The second comparison that we conducted in this paper was between bilinguals' and monolinguals'
conceptual vocabulary size. For bilinguals, concepts were considered to be known if either or both
of the translation equivalent pair associated with the concept was known. For English monolinguals,
conceptual vocabulary size was equal to their English vocabulary size. We found that bilinguals'
conceptual vocabulary size in comprehension was comparable to that of monolinguals. This suggests
that learning two languages simultaneously did not have a detrimental effect on bilingual toddlers'
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acquisition of new concepts in their vocabulary. This pattern is consistent with previous research
measuring conceptual vocabulary size in comprehension (Pearson et al., 1993). For production,
conceptual vocabulary size was smaller for bilinguals than monolinguals. This mirrored findings by
Core et al. (2013) for production.

4.3 | Total vocabulary

When comparing total vocabulary size, bilingual toddlers showed larger vocabulary sizes than
monolinguals for both comprehension and production. This result mirrors findings by Junker and
Stockman (2002) and De Houwer et al. (2014), but differs from Pearson et al. (1993) and Core
et al. (2013). We attribute the significant effect of group for production in our analysis to our large
sample size, exceeding that of Core et al. (2013) (N = 113) and Pearson et al. (1993) (N = 60). The
larger total vocabulary sizes of bilingual toddlers relative to monolinguals can be attributed to a
high number of words that bilingual toddlers understand in both languages. As a result of receiving
language input in two languages, bilingual toddlers acquire words in both languages which over-
lap in meaning. For our tested languages, the high total vocabulary size may be partially attribut-
able to cognates among the doublets known, though likely not to the extent reported by Bosch and
Ramon-Casas (2014) for Spanish-Catalan bilinguals. The languages tested in our study had a modest
number of form-similar cognates and very few form-identical cognates. The tested languages which
shared the most cognates with English were Dutch and German, with 30% and 27% cognates (defined
as translation equivalents that overlapped on more than 40% of their transcribed phonemes) among the
words in the CDIs, while the remaining languages (French, Italian, Polish, Portuguese and Spanish)
had between 5% and 12% cognates.

Additionally, an interaction between group and age was found for total vocabulary size, where the
difference between bilinguals and monolinguals grew larger with increased age. This is similar to the
pattern found by Core et al. (2013) where only the oldest age group (30 months) showed significant
difference between monolinguals and bilinguals for total vocabulary size.

4.4 | Translation equivalents

Bilingual children showed a high proportion of doublets in their vocabulary. Notably, there was a
quadratic effect of language exposure, with balanced bilinguals showing larger total vocabulary
sizes and more doublets. The mechanism behind the acquisition of doublets is outside the scope of
this paper, but we will make some conjectures based on past research and our exploratory analysis.
A Neutral Account for doublet acquisition has been supported by Pearson et al. (1993) and Tsui
et al. (2022) for toddlers with larger vocabularies exceeding 300 words. The Neutral Account posits
that translation equivalents are neither easier nor more difficult to learn than new concepts. Bilingual
children may learn doublets incidentally due to similar trajectories of word acquisition order between
languages. The words which are easiest to learn in one language are also the words which are easiest
to learn in the other (Luniewska et al., 2016). Another popular theory is the Preference Account.
While some doublets may still be learnt incidentally, the Preference Account posits that it is easier to
learn the translation equivalent for a known word than a new concept. The predictions of this account
matches findings by Bilson et al. (2015) and by Tsui et al. (2022) for toddlers with smaller vocabu-
lary sizes below 300 words. A preference for doublets may explain the higher total vocabulary sizes
of bilinguals compared to monolinguals in our sample, as an ease of learning translation equivalents
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may make it easier for bilinguals to acquire more words in their total vocabulary than monolinguals.
Our exploratory analyses with English-Spanish bilinguals showed that bilingual toddlers produced a
higher proportion of doublets than expected by chance, providing support in line with the Preference
Account for the sampled age range of 12-36 months.

4.5 | Maturation constraints for expressive vocabulary

Another important finding of this study is that despite having comparable conceptual vocabulary sizes
in comprehension between groups, bilinguals had smaller conceptual vocabulary sizes in production
than monolinguals. In total vocabulary, while bilinguals exceeded monolinguals in vocabulary size for
both comprehension and production, the difference between groups was smaller in production than in
comprehension.

When making direct comparison between comprehension and production, there may be concerns
that the samples reported in this manuscript for analyses on comprehension and production were
not identical, due to the differing age ranges for avoid ceiling and floor effects. An analysis of the
common participants between these two samples (20-25 months old, N monolingual = 107, N bilin-
gual = 124) showed similar patterns. Total vocabulary size in comprehension was significantly higher
for bilinguals than monolinguals (¢ = 6.641, p < .001), while total vocabulary size in production did
not differ between groups (# = 1.072, p = .285).

This finding that monolingual and bilinguals of the same age produce, on average, a similar total
number of words despite bilinguals understanding many more words has interesting implications for
the developmental trajectory of word production. These patterns observed in production are likely
to be linked to maturation constraints in word production. Toddlers typically understand many more
words than they produce. This comprehension-production gap has been observed even in adults when
adult participants are taught new words in a novel word learning experiment (Gershkoff-Stowe &
Hahn, 2013). Unlike comprehension, which only involves the cognitive process of speech recognition,
word production is also dependent on development of motor skills and active rehearsal. Sosa and
Stoel-Gammon (2012) found that toddlers' early word productions showed differences in the produc-
tion accuracy relative to typical adult pronunciations and have variability in pronunciations of the
same word. There was more variability found for words that were phonetically more complex and had
later-learnt sound combinations. Green et al. (2010) put forward a model of speech development that
involves both constraints (milestones in perceptual, cognitive or motor development which limits the
learning speed for producing new words) and catalysts (cognitive, neural or environmental supports
that help children learn to produce new words). Constraints for speech production by toddlers may
include the gradual maturation of articulatory coordination of speech articulators (Green et al., 2000;
Tuzzini-Seigel et al., 2015). Given that bilingual toddlers are likely to be equally constrained by devel-
opmental milestones in fine motor control, it is unsurprizing that the total number of words produced
does not differ significantly between monolingual and bilingual groups.

4.6 | Imbalance in the effect of language dominance

The last point of note to be discussed is that English-dominant bilinguals showed larger vocabulary
sizes than AL-dominant bilinguals for both conceptual and total vocabulary, not only for English
vocabulary as predicted. This may be a feature of the UK bilingual sample, who hear English widely in
the community and have different patterns of language usage in the home. Children who are dominant
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in their AL (20%—40% overall English exposure) are less likely to be simultaneous bilinguals (defined
as having at least 10% exposure to each language at home). Only 75% of AL-dominant bilinguals can
be classified as simultaneous bilinguals. In comparison, 97% of English-dominant bilinguals and 87%
balanced bilinguals are simultaneous bilinguals. The later and limited exposure to their non-dominant
language may have repercussions on AL-dominant bilinguals' early vocabulary development.

However, there is also a possibility that parents of AL-dominant children find it more difficult to
report their child's English vocabulary accurately. In the present study, when given the opportunity
to write comments in a free text box, several parents of bilingual toddlers indicated uncertainty in
answering the CDI in their non-native language. Vagh et al. (2009) observed a similar issue, with 16
parents of 118 opting out of reporting their child's English vocabulary due to lack of confidence. This
opt-out rate of approximately 10% is similar to the rate observed in the present study. For the reported
analyses, we excluded the 56 families (out of 589) who explicitly expressed uncertainty in their report-
ing accuracy. We also required at least one parent to be a native speaker of the AL, and at least one
parent to have fluent English proficiency (self-rated proficiency of at least 7 out of 10). Through these
criteria, we aimed to reduce the variability in parents' reporting accuracy as a result of low proficiency
in one of the target languages.

Another possibility that may affect conceptual vocabulary size is the set of words used for meas-
uring vocabulary size. The CDI is not an exhaustive list of all the words that a child may know, but
instead is a subset of commonly-known words aimed to provide an estimate of a child's vocabulary
knowledge compared to their peers. Our AL CDIs were adapted from the Oxford CDI, which was
normed using data from English-monolingual British toddlers. As such, the subset of words in the
Oxford CDI (and subsequently our AL CDIs) may be biased toward concepts that are familiar to the
UK English-speaking community. While the toddlers in the bilingual sample were also growing up in
the UK, there may be certain concepts less common in their home environment due to cultural differ-
ences. We attempted to reduce this bias by using only the subset of concepts that was common across
all our CDIs after appropriate substitutions were made by native speakers of those languages. Further
research on bilingual children would benefit from questionnaires and tasks specifically designed to
reflect the experiences of bilingual communities.

5 | CONCLUSION

In this paper, we presented analyses on the vocabulary size trajectories of bilingual toddlers relative
to monolingual toddlers in English vocabulary, conceptual vocabulary and total vocabulary. Observed
differences between groups in English vocabulary size highlight the effect of language exposure on
vocabulary size in a single language. In contrast, comparable conceptual vocabulary sizes in compre-
hension suggest that bilinguals and monolinguals acquire new concepts at similar rates. Bilinguals also
have high total vocabulary sizes, with many words being doublets. This parallel development of their
two languages is important for the communicative needs of bilingual toddlers, who may need different
languages to communicate effectively with the people in their lives. We also discussed maturation
constraints for the development of vocabulary in production, linking it to comparable total vocabu-
lary sizes of bilingual and monolingual toddlers. The patterns of bilingual vocabulary size observed
in this study highlight both similarities and differences between bilinguals and monolinguals. Both
groups show similar trajectories for learning new concepts and development of production. However,
a unique aspect of bilinguals' language learning is the availability of cross-linguistic overlap. Trans-
lation equivalents can facilitate bilinguals' vocabulary learning through shared meaning. Learning a
new word for a known concept is posited to be easier than learning a new unique concept. Further
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research into how different semantic and phonological aspects of the languages may affect bilinguals'
vocabulary trajectories can shed light onto the specific aspects that facilitate parallel development of
two languages.
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