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ABSTRACT— The first years of life represent a unique win-
dow of opportunity for foreign language learning. How-
ever, key questions are: How much and what kind of for-
eign language exposure is needed to ignite learning? We
conducted a foreign language (English) intervention in four
public Infant Education Centers in Madrid, Spain. Inter-
vention children (N = 126, ages 7–33.5 months) experienced
18 weeks of daily, hour-long, group English sessions with
native-speaking tutors, using a brain-based method of infant
language development. Intervention infants were compared
to a matched Current Practice Comparison (CPC) group
of peers in the same schools. Intervention children outper-
formed the CPC group, showing rapid gains on measures
of English word comprehension and English speech produc-
tion. Schools’ neighborhood wealth was not a significant fac-
tor in learning. Follow-up analyses show that the language
gains were fully retained 18 weeks post-intervention. Chil-
dren’s foreign language skills advance quickly in school using
this research-to-practice curriculum.

In today’s globalized world, knowing two languages presents
important communicative, social, and economic advantages
(Callahan & Gándara, 2014), in addition to the well-known
cognitive benefits associated with bilingualism, such as
advantages in executive functioning (Bialystok, 2011; Carl-
son & Meltzoff, 2008), metalinguistic awareness (Barac &
Bialystok, 2012), and more robust cognitive abilities with
increased age (Craik, Bialystok, & Freedman, 2010).
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Studies show that the young brain is adept at acquiring
two languages—brain responses at 11 months of age are
equivalent for monolingual English-learning infants and
Spanish-English bilingual infants in response to English
syllables, whereas only Spanish-English bilinguals show
strong brain responses to Spanish syllables (Ferjan Ramirez,
Ramirez, Clarke, Taulu, & Kuhl, 2017). Infants are born
with the ability to discriminate phonetic units across all
languages (Kuhl et al., 2006; Werker & Tees, 1984), but
perception narrows at about 12 months of age when first
words appear, as infants begin to focus on the sounds
contained in the language(s) they hear. Infants growing up
in bilingual families achieve language milestones, such as
babbling (“bababa” and “dadada”) and first words at the
same age as their monolingual peers (Hoff et al., 2012;
Petitto et al., 2001).

Age of Acquisition
Research on second language learning outcomes (Flege,
MacKay, & Meador, 1999; Johnson & Newport, 1989;
Mackay & Flege, 2004) and language in international
adoptees (Jacobs, Miller, & Tirella, 2010; Mcacham, 2006)
show that exposure to a second language during the first
5 years of life produces the best possible outcomes for
full acquisition of the second language. These findings are
supported by brain research showing that the processing of
early acquired second languages is more efficient compared
to later acquired second languages (Jasinska & Petitto,
2013; Wartenburger et al., 2003; Weber-Fox & Neville, 1996,
2001). Using voxel-based morphometry (VBM), Mechelli
et al. (2004) have shown that exposure to two languages
before the age of 5 years results in the highest levels of
brain tissue density in areas related to language, mem-
ory, and attention. A recent magnetic resonance imaging
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(MRI) study shows no differences in brain structure between
monolinguals and bilinguals who started acquiring both lan-
guages before the age of 3, whereas bilinguals who started
acquiring the second language after age 3 had modified
brain structure (Klein, Mok, Chen, & Watkins, 2014).

The benefits of early exposure to a second language
align well with the concept of “neural commitment” (Kuhl,
2004), especially when timed to occur during the “criti-
cal period” for language acquisition (Lenneberg, 1967).
Early in development, learners “commit” neural networks
to patterns in language input, and this initial coding of
native-like patterns may interfere with second language
learning at later ages (Flege, 1995; Iverson et al., 2003;
Zhang et al., 2009). In infancy, on the other hand, brain
networks are not fully developed, interference is weak,
and infants can simultaneously set up neural networks for
two distinct languages. In agreement with this model, a
recent magnetoencephalography (MEG) study indicates
that the infant brain is indeed capable of simultaneously
“committing” to two languages (Ferjan Ramirez et al., 2017).
Thus, young children have the neural capacity to learn
two languages from birth. However, this capacity begins
to fade over time (see also Berken, Chai, Chen, Gracco,
& Klein, 2016).

What Do Young Children Need to Learn Two Languages?
In addition to early exposure, research findings show that
positive second language outcomes are dependent, to a large
degree, on the quantity (Garcia-Sierra, Ramirez-Esparza, &
Kuhl, 2016) and quality (Ramirez-Esparza, Garcia-Sierra, &
Kuhl, 2014, 2016) of language input that children receive.
These studies show that the prevalence of “parentese” speech
in one-on-one social interactions at home is strongly pre-
dictive of future language gains and that the strength of
brain responses to the critical phonetic units of a lan-
guage depends on the quantity of input in that language
(Garcia-Sierra et al., 2016).

Children learn language from exposure, in ways that
are unique to humans, combining pattern detection abil-
ities (Saffran, Aslin, & Newport, 1996) with uniquely
human social skills (see Kuhl, 2007 for discussion).
Laboratory studies indicate that foreign language learn-
ing in infancy can be surprisingly rapid: infants can
detect words in foreign languages when both transi-
tional probabilities and stress-related cues are available,
in brief exposure sessions (Hay, Pelucchi, Graf-Estes,
& Saffran, 2011). Moreover, infants exposed to natu-
ral foreign language at 9 months of age in play sessions
by a live tutor learn to discriminate foreign language
sounds at levels equivalent to infants exposed to that
language from birth, and do so in 12 sessions over 5
weeks—a total of 6 hours of foreign language experience.

However, no learning occurs if the same material on the
same schedule is presented via video, showing that a social
setting provides essential enhancements for foreign lan-
guage learning (Kuhl, Tsao, & Liu, 2003). Short-term foreign
language exposure through social interactions in infancy
modulates brain responses to foreign language sounds
(Conboy & Kuhl, 2011) that are predictive of language
skills up to 3 years of age (Kuhl et al., 2008), further sup-
porting the idea that language acquisition in infancy may
be “gated” by the social brain (Kuhl, 2007). These find-
ings have important practical implications. However, it
is currently unknown how the plethora of findings trans-
lates to real-life environments, such as infant education
centers.

Second Language Programs for Young Children
Several research studies have evaluated programs for chil-
dren who learn the majority language as a second lan-
guage in preschool or elementary school. Second language
skills benefit greatly from high-quality language learning
environments (Buysse, Peisner-Feinberg, Paez, Hammer, &
Knowles, 2014); however it is important to note that most
of these studies focus on children 3 years and older and do
not consider infants or toddlers. Along similar lines, public
school foreign language learning immersion programs typ-
ically focus on older children (see e.g., Hermanto, Moreno,
& Bialystok, 2012; Muñoz, 2006), and do not capitalize on
the abilities of very young children to rapidly and efficiently
learn two languages. While researchers and educators agree
that high-quality learning environments in the first 3 years of
life are critical because they influence later functioning (see
National Academy of Sciences, Engineering, and Medicine
[NASEM], 2017, chap. 5), to our knowledge, there are no the-
oretically guided, research-based, scientifically tested meth-
ods for infant and toddler second language teaching in
early educational (school) settings. Existing private bilingual
classes for infants and toddlers are expensive and not widely
available, and use methods that have not been rigorously
tested.

Bilingual Language Learning in Madrid’s Public Infant
Education Centers
Many communities around the world aspire to create
bilingual programs for very young children. Spain has
recently introduced an infant bilingual program in the
Community of Madrid’s Public Infant Education Centers
(escuelas infantiles), serving children 0–3 years of age.
The program consists of approximately 2 hours of weekly
instruction led by a Spanish-English bilingual teacher
who introduces English word labels, sings English nurs-
ery rhymes, reads English books, and exposes children to
English phrases.
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Current Study
One important question is how much, and what kind of
foreign language exposure is necessary to ignite foreign
language learning in infancy. The aim of the current study
was to test a language learning intervention, based on a
theoretical model and research in infant language devel-
opment (Kuhl et al., 2008), against Madrid’s current Infant
Bilingual Program, over a period of 18 weeks in four pub-
lic infant education centers in Madrid. Across the four par-
ticipating centers, we randomly assigned children (N = 250;
age range: 7–33.5 months) to the “Intervention” or “Cur-
rent Practice Comparison (CPC)” group. Intervention and
CPC group children were matched within each of the four
centers. Each day during the 18-week period, Intervention
children left their regular classroom, and went to a differ-
ent room to participate in 1-hour English sessions (Inter-
vention). CPC children experienced 18 weeks of English
exposure as usual (see Methods for details on both kinds of
exposure). Spanish and English comprehension and English
production outcomes were assessed in Intervention and
CPC children.

Three specific hypotheses were tested: (a) Interven-
tion children were hypothesized to show greater English
vocabulary comprehension growth than CPC children.
Spanish vocabulary comprehension was hypothesized to
grow at the same rate in both groups; (b) for the Inter-
vention group, significant gains were predicted in the
frequency of English vocalizations produced per hour;
and (c) at the end of the 18-week Intervention period, a
significantly higher frequency of English vocalizations was
predicted in the Intervention compared to CPC group. We
also measured language outcomes in relation to age and
neighborhood income, and assessed children’s retention
of English knowledge after an 18-week delay following the
Intervention.

METHODS

Participants
The participants were 126 children (62 boys) in the Inter-
vention group and 124 children (66 boys) in the CPC
group. Each of the four schools had an Intervention
group and a CPC group consisting of 30–36 children.
The mean age at the start of the study was 22 months (range
7–33.5 months). Prior to random assignment to the Inter-
vention and CPC groups, children were divided into four age
groups: 7–14 months, 14–20.5 months, 20.5–27 months,
and 27–33.5 months. Intervention and CPC children were
matched on age at the group level, and within each of the
four age groups.

The schools were public Infant Education Centers in the
Community of Madrid, and served families who lived in the

school’s neighborhood. Two schools served predominantly
low-income neighborhoods (Moratalaz and Carabanchel),
and two served mid-income neighborhoods (Arganzuela
and Fuencarral-El Pardo), as measured by the average gross
domestic product (GDP) per capita (Ayuntamiento de
Madrid, 2008). To assess the role of neighborhood GDP
per capita (wealth) on English language learning, children
were divided into two groups according to their school’s
neighborhood wealth (low and mid).

Intervention English Play Sessions
The Intervention sessions were highly social and led by
“tutors,” who were native English speakers and under-
graduate students or recent graduates of the University of
Washington. None of the tutors had advanced degrees, and
none were licensed teachers or professional researchers.
Prior to the Intervention, all tutors participated in a 2-week
training at the Institute for Learning & Brain Sciences at
the University of Washington, during which they received
instructions and practiced the method. Sessions were
conducted in small groups (four tutors playing with 12
children over 1 hour; children worked with the same four
tutors throughout the Intervention), allowing for frequent
one-on-one joint engagement and consistent practice of
routines. Tutors’ language production in the classroom
was monitored via bimonthly LENA recordings, which
were reviewed by a trained researcher immediately after
collection, to assure the fidelity of the Intervention imple-
mentation (see Results section and Table S1 in Appendix S1,
Supporting Information).

There were six key theory- and research-grounded prin-
ciples of the Intervention method:

1 Tutors addressed children often to achieve a high quan-
tity of English input. The amount of language that
children hear is known to affect language acquisition
and processing (Hart & Risley, 1995; Weisleder & Fer-
nald, 2013), and studies have shown that infants’ brain
responses are modulated by the quantity of language
that they hear (Garcia-Sierra et al., 2016).

2 Tutors addressed children using “parentese” or
infant-directed speech, which is characterized as having
higher pitch, slower tempo, and exaggerated intonation
contours when compared to adult-directed speech.
Research with monolingual and bilingual infants shows
that the prevalence of parentese at home, particularly
in one-on-one interactions, is associated with advanced
future language skills (Ramirez-Esparza et al., 2014,
2016), and event-related brain responses are enhanced
in infants listening to parentese as opposed to standard
speech (Zhang et al., 2011).

3 The learning context was highly social with games
and activities that prompt face-to-face interaction
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(Figure 1) (Kuhl et al., 2003; Roseberry, Hirsh-Pasek,
Parish-Morris, & Golinkoff, 2009), and tutors were
trained to provide prompt, contingent responses (Born-
stein, Tamis-LeMonda, Hahn, & Haynes, 2008). Research
shows that infants learn foreign language sounds from
live social tutors, but not from videos presenting the
same material (Kuhl et al., 2003), and infants’ social
behaviors during social language exposure correlate
significantly with brain measures that indicate second
language phonetic learning (Conboy, Brooks, Meltzoff,
& Kuhl, 2015).

4 Children were encouraged to “talk” (even if it involved
just “babbling”) and interact. Early vocalizations in
back-and-forth exchanges predict future language and
those who “babble” earlier advance more rapidly in
language learning (Ferguson, Menn, & Stoel-Gammon,
1992). Recent MEG studies show that infants at 7 and
11 months of age activate motor brain areas when lis-
tening to speech (Kuhl, Ramirez, Bosseler, Lin, & Imada,
2014), and findings on speech perception suggest that
infants may rely on sensorimotor connections when
listening to speech (Bruderer, Danielson, Kandhadai, &
Werker, 2015). The Intervention method and curriculum
encouraged children to vocalize and interact right from
the beginning.

5 Children heard English from multiple native speakers.
The proportion of language input provided by native
speakers explains the variation in 2-year-old bilingual’s
language skills (Place & Hoff, 2011), and recent research
indicates that parentese in late-bilingual mothers is more
variable and more inconsistent across phonetic contexts,
compared to parentese of native-speaking mothers (Fish,
Garcia-Sierra, Ramirez-Esparza, & Kuhl, 2017). Research
also shows that exposure to multiple speakers improves
learning (Rost & McMurray, 2009; Seidl, Onishi, & Cris-
tia, 2014).

6 Instruction was play-based, with weekly themes serv-
ing as the guide for daily activities. Research shows
that young children learn vocabulary better through
adult-scaffolded play compared to direct instruction
(Han, Moore, Vukelich, & Buell, 2010; Weisberg,
Hirsh-Pasek, & Golinkoff, 2013). Children learned
through meaningful and engaging contexts, and lan-
guage content was delivered in a way that ensured
distributed exposure, further fostering learning and
retention (Childers & Tomasello, 2002).

Madrid Infant Bilingual Program (Current Practice
Comparison, CPC)
The Community of Madrid Infant Bilingual Program focuses
on activities that are part of the existing everyday (Spanish)
program. The additional experiences in English consist

Fig. 1. English Intervention session at one of the participating
Infant Education Centers in Madrid. The sessions were highly
interactive and children were encouraged to participate.

of approximately 2 hours of weekly instruction led by a
Spanish-English bilingual teacher who introduces sim-
ple vocabulary and phrases through typical nursery school
activities such as book reading, nursery rhymes, and singing.
All teachers in this Madrid program hold the Cambridge
B1 or B2 Certificate. The schools have English books, and
other English materials, such as posters and wall decor with
English words, which are utilized by the teachers during the
English instruction period.

Parents of the Intervention and CPC children were
instructed not to purposely expose their children to addi-
tional English tutoring experiences outside of the school for
the duration of the program, and were asked to verify that
they followed this guideline.

Language Measures
The outline of study design is shown in Figure 2. At the
start of the study, CPC and Intervention children’s base-
line Spanish level was assessed with the European Spanish
MacArthur-Bates Communicative Developmental Inven-
tory (CDI; López Ornat et al., 2005). At both the start and at
the end of the 18-week Intervention period, CPC and Inter-
vention children who were at least 18 months of age partic-
ipated in a Spanish and English vocabulary comprehension
assessment using the Computerized Comprehension Task
(CCT; Friend & Keplinger, 2003), an assessment of early
word comprehension administered on a touch screen.

In Intervention and CPC children, English language
production was assessed with LENA technology (LENA
Research Foundation, 2015). Each child wore a LENA
vest, with a digital language processor (DLP): a small,
light-weight recorder placed into the vest’s pocket, designed
to optimally record the child’s voice and the language they
hear. Intervention children were recorded every 2 weeks, on
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CDI; CCT testing
Intervention &
CPC children

LENA recording
Intervention 
children (start)

CCT testing
Intervention &
CPC children
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CPC children (end)

LENA recording
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children (end)

Daily English Play Sessions (Intervention children)
Madrid Infant Bilingual Program (CPC children)

18 weeks

Madrid Infant Bilingual Program (Intervention children)

18 weeks

Retention CCT testing
Intervention children 

Fig. 2. Outline of study design.

the third day of the week (Wednesday); LENA recordings
from the initial (week 1) and final (week 18) weeks are used
in analyses reported here. CPC children were recorded with
LENA at the end of the 18-week period, and their recordings
were obtained in the same environment as the Intervention
children’s. That is, CPC children were also recorded during
an English play session, which used the same format as that
used during the Intervention. They were recorded in the
same room, interacted with the same tutors who worked
with the Intervention children, came to the recording class-
room for two days prior to the day they were recorded, and
“practiced” putting on the LENA vests to ensure that they
were completely comfortable playing in the setting before
they were recorded.

LENA produces an automatic, machine-based count of
child and nearby adult vocalizations. Because no normative
or reliability data exist for classroom LENA recordings or for
recordings shorter than 8 hours, the automatic LENA counts
were used exclusively to oversee the fidelity of method imple-
mentation. To assess children’s growth of English, manual
coding was performed, and all statistical analyses were con-
ducted on manually coded data. For each child, English
vocalizations were identified and divided into five categories:
(a) repeated English word (child repeats an English word
within 20 s of hearing it from the tutor); (b) repeated English
phrase (child repeats an English phrase within 20 s of hear-
ing it from the tutor); (c) spontaneous English word (child
spontaneously produces an English word, without hear-
ing it from the tutor for at least 20 s before production);
(d) spontaneous English phrase (child spontaneously pro-
duces an English phrase, without hearing it from the tutor
for at least 20 s before production); and (e) mixed phrase
(phrase containing a mix of Spanish and English words
[e.g., Eso es “pink”]).

In a follow-up study conducted 18 weeks after the comple-
tion of the Intervention, Intervention children were retested
on Spanish and English vocabulary comprehension with
CCT to measure retention after returning to their normal
classrooms (see description under Madrid Infant Bilingual

Program) with no additional Intervention sessions. Parents
were again instructed not to purposely expose their chil-
dren to additional English outside of the school during this
post-Intervention 18-week period.

Additional information on methods appears in
Appendix S1, Supporting Information.

RESULTS

Baseline Measures of Spanish Vocabulary
(Communicative Developmental Inventory, CDI)
At the start of the 18-week period, the Intervention
and CPC children were statistically equivalent on their
knowledge of Spanish as measured by the CDI, with
the mean score being the 41st percentile. Statistical
comparison can be found in the in Results section in
Appendix S1, Supporting Information.

Start- and End-of-Study Measures of English
and Spanish Comprehension (Computerized
Comprehension Task, CCT)
Mean English and Spanish comprehension scores and stan-
dard deviations for the Intervention and CPC children are
shown in Table 1.

For English CCT, a repeated measures analysis of vari-
ance (ANOVA) with Time (start/end of Intervention)
and Group (Intervention/CPC) as independent variables
showed a significant main effect of Time, F(1, 102)= 93.00,
p< .0001 (Greenhouse-Geisser), partial η2 = 0.48, and an
interaction of Time×Group, F(1, 102)= 9.64, p= .002
(Greenhouse-Geisser), partial η2 = 0.09. Follow-up t-tests
revealed that the Intervention and the CPC groups’ English
scores were equivalent at the start of the 18-week period,
t(102)= 0.19, p= .8, d = 0.04, confidence interval (CI) (−2.3,
2.8). At the end of the 18-week period, the Intervention
group’s scores were significantly higher than the CPC
group’s, t(54)=−9.91, p< .001, d =−1.34, CI (−10.4, −6.9),
and reached levels typical of English-learning 20-month-old
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Table 1
Mean English and Spanish Computerized Comprehension Task (CCT) Scores and Standard Deviations at the Start and End of the
18-Week Intervention Period

English CCT Spanish CCT
Intervention CPC Intervention CPC

Start End Start End Start End Start End

14.7 (6.8) 23.4 (4.5) 14.5 (6.2) 18.8 (5.0) 29.4 (8.0) 34.4 (5.4) 30.1 (6.6) 33.6 (4.8)

Note: CCT=Computerized Comprehension Task; CPC=Current Practice Comparison.

10

15

20

25

Start End

E
ng

lis
h 

C
C

T
 s

co
re

Intervention

Monolingual
English 20mo

Monolingual
English 16mo

CPC

Fig. 3. Mean English Computerized Comprehension Task (CCT)
scores at the start and at the end of the 18-week period, for Inter-
vention (red; n= 55) and Current Practice Comparison (CPC; blue;
n= 49) participants 18 months and older. * Indicates significance at
p< .001. Comparison data for English monolingual children from
Friend and Keplinger (2008).

infants in the United States (Friend & Keplinger, 2008; see
Figure 3).

For Spanish CCT, there was also a main effect of Time,
F(1, 102)= 64.69, p< .0001 (Greenhouse-Geisser), partial
η2 = 0.38, but the interaction of Time×Group was not signif-
icant, F(1, 102)= 2.20, p= .14 (Greenhouse-Geisser), partial
η2 = 0.021. The Spanish CCT scores in the two groups were
matched at the beginning and at the end of the Intervention,
and, as predicted, increased in both groups equally over the
course of the 18-week period.

Measures of English Speech Production (LENA)
At the end of the 18-week period, the Intervention group
produced an average of 74.1 English vocalizations per child
per hour, a significant gain from the beginning of the Inter-
vention when the average number was just over 12 English
vocalizations per hour, t(125)=−14.87, p< .001, d =−1.33,
CI (−76.1, −47.2) (Figure 4). At the end of the Interven-
tion, the CPC group produced just over 13 English vocal-
izations per child per hour, a number equivalent to the aver-
age produced by the Intervention group at the beginning of
the 18-week period, t(248)=−0.95, p= .34, d =− 0.12, CI
(−7.12, 5.13).
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Fig. 4. Mean number of English vocalizations per child per hour
for Intervention group (red; n= 126) at the beginning and end of
the 18-week period, and for Current Practice Comparison (CPC)
group (blue; n= 124) at the end of the 18-week period. * Indicates
significance at p< .001.

The same pattern of results was found across all five
categories of English vocalizations: English words, English
phrases, repeated English vocalizations, spontaneous
English vocalizations, and mixed phrases (Figure S1a–e,
Supporting Information). For each of the five categories,
t-tests showed that the Intervention group produced signif-
icantly more English vocalizations per child per hour at the
end of the Intervention compared to the beginning of the
Intervention (ps< .05), and the CPC group produced sig-
nificantly fewer English vocalizations than the Intervention
group at the end of the Intervention (ps< .05; for details
see Figure S1a–e, Supporting Information). Multivariate
analysis of variance (MANOVA) statistics are shown in the
in Results section in Appendix S1, Supporting Information.

Age effects were assessed on the total number of English
vocalizations produced per child per hour. For Intervention
children, a repeated measures ANOVA showed a signifi-
cant interaction of Age (four levels) with Time (start/end
of Intervention), Wilks’s λ= 0.91, F(3, 122)= 3.7, p= .013,
partial η2 = .08. A Bonferroni post hoc test revealed that all
four age groups were different from each other at p< .05.
In a comparison of Intervention and CPC groups (Group),
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Fig. 5. Mean number of English vocalizations per child per hour
at the end of the 18-week period, for the Intervention (red) and
Current Practice Comparison (CPC) (blue) children, by age group.
All * indicate that the average per child per hour is significantly
higher in the Intervention compared to the CPC group (p< .05).

a univariate ANOVA showed a main effect of Age, F(3,
242)= 67.2, p< .001, partial η2 = .4, a main effect of Group,
F(1, 242)= 169.0, p< .001, partial η2 = .4, and an interaction
between Age and Group, F(3, 242)= 5.3, p= .001, partial
η2 = .06. Bonferroni post hoc tests revealed that the CPC
children performed significantly below the Intervention
children at the end of the Intervention at all four ages
(p< .05; see Figure 5).

Significant gains were also observed in English language
complexity, as measured by an increase in the mean length
of English phrases (Figure S1f, Supporting Information.)1

In the Intervention group, English phrases increased from
2.2 words in length at the beginning of the Intervention
to 2.8 words in length by the end of the Intervention,
t(794)= 5.22, p< .001, d = 0.50, CI (−0.97, −0.23). The mean
English phrase length in the CPC group at the end of the
Intervention was 2.2, equivalent to that of the Interven-
tion group at the beginning of the Intervention, t(219)= 0.0,
p= 1.0, d = 0, CI (0, 0).

Effects of Neighborhood Wealth on English
Comprehension and Production
Two separate two-way ANOVAs were conducted to assess
the role of neighborhood wealth on learning, one for
the English CCT scores at the end of the Intervention
(comprehension) and one for the English vocalizations
produced at the end of the Intervention (production). The

two effects tested were Wealth (Low/Mid) and Group
(Intervention/CPC). The ANOVA for CCT scores yielded a
significant main effect of Group, F(1, 100)= 22.67, p< .001,
partial η2 = .19. The main effect of Wealth was not sig-
nificant, F(1, 100)= 0.25, p= .62, partial η2 = .003, nor
was the interaction between Group and Wealth, F(1,
100)= 1.79, p= .18, partial η2 = .018. The analyses of English
vocalizations revealed very similar results: There was a
significant main effect of Group, F(1, 246)= 95.76, p< .001,
partial η2 = .28, but not Wealth, F(1, 246)= 0.003, p= .96,
partial η2 = 0, and the interaction between Group and
Wealth was not significant, F(1, 246)= 1.64, p= .20, par-
tial η2 = .007. This indicates that on measures of English
comprehension and production, children in low-income
neighborhood schools learned at the same rate as children
in mid-income schools.

Retention Test: 18 Weeks Post-Intervention
We were interested in the degree to which children retained
the English vocabulary they learned, and this was measured
by readministering the CCT (comprehension) to Interven-
tion children 18 weeks after the completion of the study.
We also retested the Spanish CCT. The average scores
in the follow-up testing were 23.25 (standard deviation
[SD]= 4.5) for the English CCT and 36.60 (SD= 4.6) for the
Spanish CCT. Two separate repeated measures ANOVAs
were conducted, one for each language, with Time as the
3-level independent variable (start of Intervention=Time 1,
end of Intervention=Time 2, 18 weeks post-Intervention=
Time 3). For English and for Spanish, there was a signifi-
cant Time effect (English: Wilks’s λ= 0.37, F(2, 50)= 42.9,
p< .001, partial η2 = .63; Spanish: Wilks’s λ= 0.40, F(2,
50)= 36.9, p< .001, partial η2 = .60). Bonferroni post hoc
tests revealed that for English, Time 1 was significantly
different from Time 2 (p< .001) and Time 3 (p< .001), but
there was no difference between Time 2 and Time 3 (p> .05).
For Spanish, Time 1 was significantly different from Time
2 (p< .001) and Time 3 (p< .001), and Time 2 was also
significantly different from Time 3 (p< .001). This shows
that the effects of English learning were retained 18 weeks
after the completion of the Intervention, and that Spanish
continued to increase during this time (Figure 6).

DISCUSSION

The current study demonstrates that 18 weeks of foreign
language exposure in daily, social, 1-hour long play ses-
sions with native-speaking tutors using a research-based
method leads to highly significant gains in foreign language
comprehension and production in children between 7 and
33.5 months of age. The learning effects generalize across five
categories of English vocalizations, and across the entire age
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Fig. 6. Mean English (a) and Spanish (b) Computerized Compre-
hension Task (CCT) scores for the Intervention group at the begin-
ning of the 18-week period, at the end of the 18-week period,
and 18-weeks post-Intervention (n= 52). * Indicates significance at
(p< .001).

range tested. While older children produced a greater num-
ber of English vocalizations compared to younger children,
even children who were between 7 and 14 months old at
the beginning of the Intervention showed significant English
production gains. Retention measures show that the gains
in English learning remain unchanged for at least 18 weeks
after social exposure ends. Importantly, children in the Inter-
vention group simultaneously made significant progress in
Spanish, advancing in Spanish at the same rate as the chil-
dren in the CPC group.

Parents in Madrid, in the United States, and around the
world have a common concern when it comes to bilingual
education—many do not speak foreign languages, and can-
not afford expensive private programs designed to teach
them. Public schools typically do not offer foreign language
instruction until elementary school, therefore missing the
brain’s critical window for native-like language acquisition.
The language Intervention we tested here was conducted

in four public Infant Education Centers serving low- to
mid-income families and showed significant comprehension
and production gains regardless of neighborhood wealth.
These findings are interesting considering the wealth of lit-
erature showing the negative effects of lower socioeconomic
status (SES) on language learning and processing (Fernald,
Marchman, & Weisleder, 2013; Ramey & Ramey, 2004). Our
results support the notion that all infants, regardless of
socioeconomic background, can readily acquire a second
language in a social environment that engages children with
high quantity and quality language input (McCabe et al.,
2013; Werker & Byers-Heinlein, 2008).

Importantly, our findings also underscore the fact that the
nature and quality of foreign language programs for infants
and toddlers play an important role in learning. The Inter-
vention tested here was based on six learning principles,
each of which is supported by theory and research. From
a scientific perspective, we cannot yet specify the minimal
conditions that are necessary and sufficient for producing
the observed gains. For example, the English speech produc-
tion gains in the Intervention group may have been partly
due to increasing the children’s general level of engage-
ment. It is also possible and likely that learning is aided by
increasing the amount of language exposure above Madrid’s
standard bilingual teaching program, lowering the child to
teacher ratio, or employing highly motivated language tutors
(Burchinal & Cryer, 2004; Yoshikawa et al., 2013).

Further laboratory and intervention studies will be
needed to test specific subsets of variables and their effects
on foreign language learning. Brain studies using infant- and
toddler-friendly techniques, such as MEG brain recordings,
will play a critical role in improving our understanding of
the neural basis of variation in second language acquisition
outcomes. For example, examining MEG responses during
social and nonsocial language experiences, a study now
underway will allow us to test whether the brain is activated
differentially during these two conditions. MEG studies
comparing infants and toddlers with preschoolers can shed
light on the differential involvement of brain networks in
simultaneous versus sequential second language learning in
early childhood. Follow-up intervention studies spanning
longer periods of time (an entire school year or longer)
are necessary to assess children’s syntactic growth. Due to
the relatively short duration of the Intervention (18 weeks),
the current study focused primarily on the early stages of
language learning, and did not go beyond a rudimentary
assessment of growth in syntactic complexity at the group
level. Further studies are needed to assess children’s gram-
matical growth, and to determine whether research-based
interventions in early education settings can in fact create
truly bilingual minds.

Follow-up studies will also be needed to evaluate the
necessary conditions under which children retain second
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language knowledge. In the present study, we showed
that infants retained their knowledge of English for 18
weeks post-Intervention. During the Intervention and
post-Intervention periods, we were careful to ensure that
children did not receive additional English exposure outside
of the school. Future studies can explore avenues to provide
additional support for learning and retention. For example,
family engagement has been linked to multiple positive
child outcomes (see NASEM, 2017, chap. 5), and studies
should consider ways in which parents can support learning
at home.

Taken together, the current study shows that a rigorous
and well-described multifactor intervention rapidly serves
to advance second language learning in infants and young
children. Our findings underscore an important point about
the human ability to acquire more than one language: Chil-
dren have the capacity to begin second language learning
in early childhood and they make rapid gains from social
language exposure when the method of language expo-
sure incorporates key evidence-based features that have
been demonstrated to be effective in laboratory research.
Here we demonstrate the effectiveness of the method in a
school-based program lasting only 1 hour/day. Translational
science that takes basic research into the classroom to create
well-designed experimental interventions—in the present
case an intervention for infants and toddlers on early bilin-
gual language learning—has an impact that has the potential
to improve second language learning worldwide.
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NOTE

1 Phrase length was calculated by taking a mean of all
phrases produced by all children, and is thus not com-
parable to standardized measures of grammatical devel-
opment (such as mean length of utterance [MLU]).

SUPPORTING INFORMATION

Additional supporting information may be found in the
online version of this article:
Appendix S1. Supplementary materials and results with
references list.

Table S1. Adult words per hour, child vocalizations per
hour, and adult–child conversational exchanges per hour
in Intervention and Current Practice Comparison (CPC)
children.
Figure S1. Mean number of English vocalizations per child
per hour, by category, for Intervention Group (red; n= 126)
at the beginning and end of the 18-week period, and for Cur-
rent Practice Comparison (CPC) group (blue; n= 124) at the
end of the 18-week period. Repeated English vocalizations
(a), spontaneous English vocalizations (b), English words (c),
English phrases (d), and mixed phrases (e). Average phrase
length across all English phrases produced by all participat-
ing children (f ). All * indicate that the mean per child per
hour is significantly greater in the Intervention group com-
pared to the CPC control group (p< .05).
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