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The  first years  of  life are  foundational  for  children’s  cognitive  and  social–emotional  development  and  to
subsequent  development  in a  variety  of domains.  In  many  countries,  an increasing  number  of  toddlers  is
enrolled  in  early  childhood  education  (ECE)  programs,  which  can facilitate  early  development.  However,
the  quality  of these  programs  is  often  mediocre.  The  present  study  represents  a  large-scale  randomized
control  trial  (87  childcare  centers  and  1116  toddlers)  designed  to elevate  the  quality  of  instruction  in
eywords:
chool readiness intervention
oddler classrooms
CT study
anguage, math, and socio-emotional
utcomes

ECE  programs  serving  toddlers.  We  show  that  a low-cost  20-week  intervention  providing  teachers  with
sequence  and  scope  and  supportive  tools  to be more  explicit  and intentional  in  their  interactions  with
children  resulted  in positive,  mainly  medium-  to large-sized  effects  on  targeted  language  and  math  skills.

© 2020  The  Authors.  Published  by  Elsevier  Inc.  This  is an  open  access  article  under  the  CC  BY-NC-ND
license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
CE quality

The first years of life are foundational for children’s cognitive
nd social–emotional development. Research on brain develop-
ent, particularly concerning the plasticity of the developing

rain, shows high susceptibility to positive and negative environ-
ental influences during early childhood (Phillips et al., 2017;

honkoff et al., 2016). This results in substantial variation in chil-
ren’s development at a very early age (Fenson et al., 2007)
ith profound effects on subsequent development in a variety of

omains, which are predictive of academic trajectories through
ater schooling including early language, math and (to some extent)
ocial–emotional skills – often referred to as “school readiness”
Duncan et al., 2007). Variation in these skills is associated with
emographic factors, such as socioeconomic status (SES) and socio-
ultural background, with children from lower-SES backgrounds
nd some ethnic minority groups under-performing relative to
heir more affluent peers (Hoff, 2013).

Given the increased demand for childcare due to the rise of

others joining the work force (Baker, Gruber, & Milligan, 2008;

urchinal, Magnuson, Powell, & Soliday-Hong, 2015), an increas-
ng number of toddlers are enrolled in early childhood education
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/).
(ECE) programs in many countries (Organisation for Economic
Development & Cooperation [OECD] Family database, 2017). How-
ever, research on programs serving the youngest children in the
United States (US) suggests mediocre quality (Burchinal et al.,
2015). Learning more about how to support learning in such edu-
cational settings is therefore of great interest to teachers and
policymakers, but research on effective intervention models in tod-
dler classrooms is limited (Burchinal et al., 2015). The present study
represents one of few large-scale studies designed to elevate the
instructional and process quality of ECE programs serving toddlers
and measure its effectiveness on one- and two-year-old toddlers’
language and math skills based on teacher ratings.

1. The foundation of school readiness in early childhood

School readiness, which can be conceptualized along domains
of pre-academic skills and social–emotional skills, provides the
foundation for all subsequent cognitive and social development.
Concerning pre-academic skills, language in toddlerhood (in partic-
ular, vocabulary and the emergence of complex language skills) is

an important predictor of later language development (e.g., Fenson
et al., 2007) and reading skills (e.g., Bleses, Makransky, Dale, Højen,
& Ari, 2016; Dale, Price, Bishop, & Plomin, 2003; Duncan et al., 2007;
Lee, 2011). Likewise, early numeracy skills (i.e., knowledge about
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umber and quantity) emerge in toddlerhood and lay the founda-
ion for more complex mathematical abilities and problem solving
p to six years later (Clements & Sarama, 2011; Duncan et al.,
007). Further, Purpura and Reid (2016) have documented that
ontent-specific language, including words referring to quantities
e.g., “more”, “less”,), spatial language (e.g., “above” or “beneath”)
r names of shapes (e.g., “triangle” or “square”), is more important
or math development in preschoolers than general vocabulary.

Also, important social–emotional skills are being developed
n toddlerhood. Denham (2006) identified key aspects of
ocial–emotional competence that are essential for concurrent and
uture well-being and mental health, which include emotional
xpressiveness, understanding of emotion, regulation of emotion
nd behavior, social problem solving, and social and relation-
hip skills. Positive social behavior and emotion understanding in
reschool have shown to be related to positive social behavior in
indergarten (Nix, Bierman, Domitrovich, & Gill, 2013).

Importantly, research findings highlight substantial achieve-
ent gaps across these areas of school readiness skills that emerge

n toddlerhood (see Hoff, 2013). Provision of early childhood pro-
rams to young children is viewed as one important avenue for
itigating these achievement gaps.

. Quality in early childhood education programs

One mechanism for addressing early gaps in school readiness
kills is through the provision of high-quality ECE programs. There
re important structural differences between ECE settings, which
erve infants and toddlers, and preschool settings serving 3- to 5-
ear-olds. For instance, the latter has a higher teacher–child ratio
nd likely a greater emphasis on instructional routines and skills
ia structured curricula. However, both settings can be viewed
hrough a lens of socioecological and transactional frameworks,
hich incorporate multidimensional and bidirectional influences

f both children and their environment in shaping developmen-
al processes (Burchinal et al., 2015). Meta-analytic evidence finds
verall positive impacts of early ECE program enrollment on chil-
ren’s language, literacy and math skills in the early years (Duncan

 Magnuson, 2013), in some cases also longitudinally (Gupta &
imonsen, 2010; Vandell, Burchinal, & Pierce, 2016). For instance,
andell et al. (2016) found that more experience in center-based
are was associated with higher academic grades and admission to
ore selective colleges, although lack of persistence and fadeout

n impacts is a concern in such work (Bailey, Duncan, Odgers, & Yu,
017; Phillips et al., 2017). However, the quality of the ECE settings

s crucial (Burchinal et al., 2015).
Based on more specific developmental theories of cognitive

nd social stimulation and attachment theory, several hallmarks of
igh quality ECE have been forwarded as important for promoting
ognitive and social skills and both structural and process qual-
ty have been shown to be related to child outcomes (Burchinal
t al., 2015). Structural quality is defined as the regulable, more
istal aspects of ECE, such as group size, teacher-child ratio, or
eachers’ qualifications, which are regarded as important pre-
onditions of process quality, whereas process quality concerns
hildren’s daily experiences and interactions with teachers and
eers are proximal determinants of children’s outcomes (Burchinal
t al., 2015). In particular high-quality interactions between child-
eacher and rich learning opportunities have been shown to be
he most crucial (Burchinal et al., 2015; Slot, 2018). Medium- to
igh-quality teacher–child interactions are, for instance, associated
ith higher social–emotional and cognitive gains in preschool-
ged children (Hatfield, Burchinal, Pianta, & Sideris, 2016). The
uality of teacher–child interactions in ECE programs varies exten-
ively across programs both in the US and in Europe (Burchinal,
andergrift, Pianta, & Mashburn, 2010; Slot, 2018).
rch Quarterly 53 (2020) 64–76 65

However, most of the work on quality referred to thus far,
is based on research conducted in preschool settings. The devel-
opmental trajectories of preschool children are rooted in infant-
toddlerhood experiences, and in particular, social–emotional and
language skills emerge and develop quickly during infancy and
toddlerhood. Accordingly, the type of teacher–child interactions
in infant/toddler classrooms that have received most attention
is building relationships, fostering cognitive development and
encouraging language development (Norris & Horm, 2015). Sup-
port for social–emotional development, including self-regulation
and behavior guidance, may  therefore be even more important in
this age range compared to the preschool years (Thomason & La
Paro, 2009). This emphasis on such “soft skills” as social–emotional
development and interpersonal and personal skills also reflects par-
ents’ view of which developmental areas toddler settings should
focus on, whereas for preschool aged children more emphasis is
put on preacademic skills, as highlighted in a cross-European study
among about 2000 parents (Broekhuizen, Leseman, Moser, & van
Trijp, 2015). High structural quality is rated equally important in
infant/toddler and preschool classrooms, with having a safe envi-
ronment being rated as the most important (Broekhuizen et al.,
2015). In addition, parents rated process quality as slightly more
important than the structural features (Broekhuizen et al., 2015). In
US infant/toddler classrooms, the quality of emotional and behav-
ioral support and support for learning has been reported to be lower
than in preschool classrooms. with studies reporting minimal levels
of quality for infant/toddler (Burchinal et al., 2015; King, Pierro, Li,
Porterfield, & Rucker, 2016; La Paro, Williamson, & Hatfield, 2014);
however, it is important to note that relatively little is known about
the effects of center-based ECE programs on infants and toddlers
(Burchinal et al., 2015).

3. Improving quality and child outcomes in toddler
classrooms

Since many ECE programs provide only mediocre quality of
adult–child interactions, particularly concerning instructional sup-
port, numerous intervention studies have sought to elevate the
nature of these interactions. These often involve providing teach-
ers with advanced training and curricula that help them provide
higher-quality and more intentional interactions with children
(Markussen-Brown et al., 2017). Many preschool-focused interven-
tions are multi-component curricula, which specify a scope and
sequence delineating a set of specific targeted skills organized over
the period of instruction, and instructional practices (i.e., tech-
niques and aligned activities), often manualized via scripted lessons
that teachers implement with the children (Justice et al., 2010;
Lonigan, Farver, Phillips, & Clancy-Menchetti, 2011). However, a
recent study has indicated that the most essential component in a
language and emerging literacy intervention implemented at scale
to improve process quality was an explicit sequence and scope of
learning objectives, whereas the provision of scripted lessons was
less important (Bleses, Højen, Dale et al., 2018).

The majority of this work focuses on teachers working with
preschool-aged children, with work concentrated on settings serv-
ing infants and toddlers being rare. Some exceptions include studies
that have tested the effectiveness of various professional develop-
ment interventions (of coursework, onsite coaching or video-based
feedback) aimed at improving the quality of interactions in
center- and home-based care (e.g., Helmerhorst, Riksen-Walraven,
Fukkink, Tavecchio, & Deynoot-Schaub, 2017; Moreno, Green, &

Koehn, 2015; Werner, Vermeer, Linting, & Van IJzendoorn, 2018).
For instance, Moreno and colleagues showed that a combination of
coursework and coaching demonstrated patterns of improvements
in teacher practices related to the quality of interactions. These
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tudies suggest that the quality of interactions can be improved,
ut none of these studies measured the effects of improved quality
n child outcomes (Helmerhorst et al., 2017; Moreno et al., 2015;
erner et al., 2018). Moreover, none of these studies tested a spe-

ific curriculum incorporating age-appropriate sequence and scope
r aligned stimulating activities.

One study did evaluate the effect of a curriculum (Respon-
ive Early Childhood Curriculum, RECC), that supported quality (by
ncouraging teachers to respond contingently to children’s signals)
nd age-appropriate, stimulating activities to promote language,
arly literacy, and math development in toddlers (Landry et al.,
014). The RECC thematic curriculum included four daily cognitive
ctivities led by the teacher in a large group (two read alouds and
ursery rhyme) as well as one small group activity (math) imple-
ented over a 36 week-period (Landry et al., 2014). An additional

ocial–emotional curriculum, tested in a separate arm, was based
n an explicit sequence and scope. The study focused on high-risk
hildren. Teachers in the intervention arms outperformed control
eachers on measures of rich language input, classroom organi-
ation and planning, and implementation of engaging learning
ctivities. No significant group differences were found for growth
n children’s pre-academic skills, but children in the intervention
rms outperformed controls in areas of social and emotional devel-
pment, indicating that sequence and scope might be an important
art of promoting development for this age range (Landry et al.,
014). In summary, only a few studies have examined how the
uality of infant and toddler classrooms can be improved and even

ewer studies have documented effects on child outcomes.

. Differential effects for different groups of children

A general limitation in the intervention literature (independent
f age range) is that the study sample sizes are small (10 children or
ewer) and/or many studies focus entirely on children from low-SES
omes (Walker et al., 2020); both factors prevent examination of
otential differential effects conditional on child and parental back-
round characteristics. To the best of our knowledge, no study has
nvestigated differential effects of the same toddler school readi-
ess intervention on children from varying backgrounds. Earlier
ork from the implementation of the same language and literacy

nterventions targeting preschool aged children in Denmark sug-
est no differential effects between children depending on child
nd family characteristics (Bleses, Højen, Dale, et al., 2018; Bleses,
øjen, Justice, et al., 2018), but it is unclear to what extent this
nding also applies to toddlers who are in earlier stages of devel-
pment.

. ECE settings in Denmark

Compared to the US childcare/preschool system, the Danish
hildcare system features nearly universal enrollment of children
nd all municipalities are obliged to ensure availability of childcare
Gupta & Simonsen, 2010). According to the OECD family database,
enmark has the highest percentage of children enrolled in infant
nd toddler care among OECD countries (OECD Family Database,
017). Such extensive investment in ECE programs by the local
nd federal government is consistent with the design of the Danish
elfare state, where nearly all women and men  are on the labor
arket. Three out of four children are enrolled in childcare before

hey turn three years and are, on average, about ten months old
hen they start in childcare (Ministry of Children and Social Affairs,

018a). The majority of children are enrolled in center-based care

63%), and most serve children in the entire age range from birth
o five years (Justice, Logan, Purtell, Bleses, & Højen, 2017); often,
nfant-toddler classrooms are separated from preschool classrooms

ith typically eight to 12 children (Nøhr, Dalsgaard, Kloppenborg,
rch Quarterly 53 (2020) 64–76

Meldgaard, & Bækgaard, 2012). The socioeconomic composition of
childcare centers is mainly determined by the composition of the
neighborhood. Childcare centers vary greatly in size (range 11–80
children), but most enroll an average of 40–50 children (Nøhr et al.,
2012). The public spending on childcare in Denmark is the 5th high-
est among OECD countries (OECD Family database, 2017) and the
structural quality is regarded high (Slot, 2018). For childcare centers
serving infants and toddlers, the teacher–child ratio is relatively
low, with one teacher to about 3.5 children and approximately 60%
of teachers have a 3.5-year pedagogical bachelor degree, but with
some local variation (Ministry of Children and Social Affairs, 2018b).

Typically, the educational practice in Danish childcare centers
is based on a child-oriented whole-child perspective and teachers
are trained to take a holistic approach to pedagogy (Bauchmüller,
Gørtz, & Rasmussen, 2014). Encouraging social skills is the hallmark
of the Danish educational practice, whereas an explicit focus on
domain-specific academic skills is uncommon.

A recent review, which examined the relation between struc-
tural and process quality in preschools in OECD countries using the
Classroom Assessment Scoring System PreK (CLASS; Pianta, La Paro,
& Hamre, 2008), placed Denmark in the high range for Emotional
Support, in the medium range for Classroom Organization, whereas
scores for Instructional Support were in the low range, which is in
line with international evidence (Slot, 2018; Slot, Bleses, Justice,
Markussen-Brown, & Højen, 2018). In summary, 75% of toddlers
are enrolled in ECE programs with relatively high structural quality,
but this does not necessarily translate into high process quality.

6. The present study

The present study represents one of the only large-scale ran-
domized control trial (RCT) designed to elevate the quality of
instruction in ECE programs serving toddlers to increase the
intentional support of toddlers’ school readiness. The interven-
tion targeted toddlers’ language and math skills, and measures
effects on these domains. As social–emotional skills and other “soft
skills” are already well supported in the Danish context (see Slot
et al., 2018), we  elected to not focus on promoting this domain
directly in the intervention and rather to focus on improving the
low language and cognitive stimulation of the settings. However,
potential spillover effects of the intervention are also measured on
social–emotional skills. Next, we  present several key characteristics
of the study.

First, the study was designed to be a low-cost teacher-
implemented intervention “Play and Learn” to be used in the
context of universal childcare in Denmark without providing any
additional resources to the centers. The effect of the intervention is
tested in an unselected heterogenous sample of 1116 toddlers from
five municipalities, which allows us to investigate not only main
effects on child outcomes, but also differential effects on subgroups
of children. Dual language learners (DLLs) in Denmark (children of
immigrant parents in Denmark, for who Danish is a second or later
language) tend to originate from Turkey, Lebanon, Pakistan, Iraq,
and Somalia (Statistics Denmark, 2014). Concerns about achieve-
ment gaps of socially disadvantaged children and DLLs are present
in the Danish context, and research indicates that by the time
children leave infant-toddler classrooms, the 15% of children with
weakest language skills are one year behind the 15% children with
the strongest language skills, a gap that is doubled by the end of
preschool (Bleses, Jensen, Nielsen, Sehested, & Sjoe, 2016).

Second, the intervention targets both teachers’ instructional and
interactive skills and children’s language and math skills; thus, the

theory of change is such that the intervention aims to increase
intentional teaching, which, in turn, would improve children’s
skills. Research finds that effective preschool curricula are typically
multi-component, comprising a scope and sequence delineating a
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Table 1
Characteristics of the included childcare centers, classrooms, teachers, children and
parents.

Variable Control Intervention Balancing
tests

Total Total

Childcare characteristics
Childcare, N 44 43
Classrooms, N 86 90
Number of children, N 578 538

Mean Mean p-values

Teacher characteristics
Age (years) 40.2 40.4 .92
Experience (years) 10.9 11.4 .65
Education BA-level (fraction) 0.93 0.91 .65
Missing data (0/1) 0.07 0.04 .45

Parent characteristics
Mother low education (0/1) 0.11 0.13 .49
Mother low/mid education (0/1) 0.28 0.28 .96
Mother high-mid education (0/1) 0.30 0.29 .67
Mother high education (0/1) 0.24 0.23 .83
Mother missing data on education (0/1) 0.07 0.08 .85
Father low education (0/1) 0.17 0.14 .28
Father low/mid education (0/1) 0.35 0.37 .64
Father high-mid education (0/1) 0.19 0.20 .71
Father high education (0/1) 0.21 0.22 .83
Father missing data on education (0/1) 0.08 0.08 .88
No  employment (income base) (0/1) 0.13 0.11 .31
Parent cohabiting (0/1) 0.29 0.31 .50
Parents married (0/1) 0.56 0.55 .85
Living with single parent (0/1) 0.15 0.13 .47

Child characteristics
Boy (0/1) 0.51 0.52 .67
Non-Western origin (0/1) 0.09 0.12 .31
Age  (months) 24.9 24.0 .02*

Notes: Education levels: low (primary school); low–mid (high school, vocational
education); high–mid (e.g., professional BA such as teacher); high (BA and advanced
university education). Balancing tests are for equality of means in the control
and  intervention group. The p-values are from regressions of row variables on an
intervention indicator variable with standard errors adjusted for clustering at the
D. Bleses et al. / Early Childhood

et of specific targeted skills organized over a period of instruction,
nd aligned instructional practices. To promote fidelity to the com-
onents, curricula are manualized via semi-scripted lessons that
eachers implement with the children (Chambers, Cheung, & Slavin,
016). Research also finds that “serve and return” interactive prac-
ices, such as contingently responding to children’s comments and
ngaging children in extended conversations are very important
redictors of child improvement (Phillips et al., 2017). Importantly,
irect training of teachers may  increase their use of these practices
Markussen-Brown et al., 2017). Thus, in the design of this interven-
ion, we decided to emphasize the use of a sequence and scope to
rganize classroom learning targets and teachers’ use of responsive
trategies.

Accordingly, the “Play and Learn” intervention has a focus on
 set of interrelated school readiness skills with training and
aterials targeted at the teachers, designed to increase high

uality instruction and interactions. Borrowing from the most
uccessful preschool interventions, the intervention has a signif-
cant focus on specific instructional content using a sequence and
cope of selected developmental school readiness targets. How-
ver, recent research finds that teacher-implemented curricula
ffects are heightened if teachers are provided with some discretion
n implementation (Bleses, Højen, Dale, et al., 2018). Hence, teach-
rs were trained in using responsive strategies to increase process
uality, but were given a high discretion in terms of developing
nd implementing the educational activities, that is, the sequence
nd scope was not supplemented with scripted lesson plans with
ligned activities. Instead, a threefold scope of instruction target-
ng language, math language and numeracy was sequenced over

 20-week curriculum period, and teachers were asked to address
hese skills in self-developed activities of their own choice, and in
hild-initiated activities and during daily classroom routines.

Three research questions were addressed: (1) To what extent
oes a cost-efficient intervention improve children’s outcomes in

anguage, math language, and math? (2) To what extent are the
mpacts of “Play and Learn” conditional on child- and parental back-
round characteristics, namely language background and family
ES; and (3) To what degree are intervention impacts influenced
y the quality of the childcare prior to the intervention?

. Method

.1. Design of the study

This multisite, RCT was designed using a priori power cal-
ulations drawing upon estimates from previous studies within
ducation research (Bleses, Højen, Justice, et al., 2018), showing
hat for the cluster-randomized trial, we would need 82 childcare
enters to be able to detect an effect size of 0.2 SDs with a power of
0% and a standard significance level of 5%. However, the consider-
ble variation in size (number of children enrolled) of the childcare
enters made it desirable to recruit more childcare centers for the
rial to retain the desired power. The classrooms of the included
hildcare centers had between four and 21 children enrolled, with
he 10–90 percentile range being 10–16 children. In the current
tudy, we only include children aged 18 months or older. Thus,
508 children were enrolled in the study and completed pretest
ssessments. Data were collected between September 2015 and
une 2016.

The RCT design was approved by the five municipalities. The
anish Data Protection Agency approved the collection and treat-
ent of all data for the project (approval no. j.nr. 2014-54-0822). All
eachers and parents were informed about the RCT and data collec-
ion activities, with materials provided in five different languages,
nd were assured that all data would be treated anonymously
nd confidentially. Moreover, parents, professionals and associated
childcare center level.
* p < 0.05.

childcare centers were informed about the main results to honor
their contribution to the work.

7.2. Attrition following random assignment

The RCT used a cluster randomized design with random assign-
ment at the level of the childcare center; each center was  randomly
assigned to a treatment or a control group, with stratification based
on the percentage of socially disadvantaged children in each cen-
ter. Table 1 shows baseline characteristics of teachers and children
and the balance between treatment and control groups for the final
sample. As expected in large-scale trials, this study had some miss-
ing data. During the intervention period, 11% of these children left
their childcare centers, typically because of transition to preschool.
An additional 15% of children did not complete posttest assess-
ment. Thus, the attrition rates were 30% (treatment group) and 22%
(control group), however, these attrition rates are not significantly
different when we adjust for clustering at the childcare center level
(p = 0.091), so no differential attrition could be detected. Fig. 1 pro-
vides a flow-chart of how teachers, classrooms, and children were
recruited and enrolled into the study. The final sample involved 87
childcare centers serving 1116 toddlers, in the age range from 18 to

36 months at the time of the pretest assessment. By using the per-
sonal identification numbers of the Danish civil registration system,
we were able to obtain information from administrative registers
on children and family background through Statistics Denmark (see
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Fig. 1. Flow chart of the recruit

able 1). Balancing tests demonstrated that the baseline character-
stics of the included teacher, parents and child characteristics were
istributed evenly across the intervention and control groups for
he final sample. The main research questions were evaluated for all
hildren who had a pretest and a posttest on a given subscale (see
able 2). In general, the children in the control group had higher
retest values than the children in the intervention group, with
art of the difference being due to the difference in age. This lack
f balance is taken care of by modeling the changes in the outcome
easures and including age as a covariate (see further below in the

nalytic Strategy).
We  compared attriters with non-attriters by balancing test

etween the two groups, both for the total sample and separately
or control and intervention groups. The results of these tests are
eported in Table A1 and demonstrate that the demographic char-
cteristics do not differ between attriters and non-attriters. We

lso performed balancing tests for the allocation to the control
nd interventions groups for the initial sample (i.e., before attri-
ion) and these are reported in Table A2. They demonstrate that the
haracteristics were also evenly distributed in the initial sample.
nd follow-up/analysis process.

7.3. Procedures

The primary procedures of relevance were intervention imple-
mentation and implementation of main study measures.

Intervention. All childcare centers in the treatment group imple-
mented a researcher-developed 20-week instructional curriculum
called “Play and Learn,” the design of which was influenced by
recent findings within the field of ECE. The conceptual model
behind the intervention is depicted in Table 3. In the follow-
ing the intervention targets, intervention elements and expected
outcomes are described in more detail. The intervention was devel-
oped in close partnership with the involved municipalities.

The intervention targets both teacher and child skills. For teach-
ers, the intervention aimed at improving their instructional and
interactive skills. The aim of the intervention for children was  to
improve their language and math skills. Based on theory as well

as empirical studies, the intervention had several elements, which
were developed to support teachers’ and children’s skill develop-
ment. First, we  developed a threefold scope of instruction targeting
language (general vocabulary and language use) and math (math
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Table  2
Descriptive information on children’s language, math, and social–emotional skills
at  pretest and posttest.

Mean SD Range N

Pretest
Control

Vocabulary (CDI-Educator) 31.3 20.8 0–70 578
Language use (CDI-Educator) 4.5 3.2 0–10 578
Math language (Math-checklist) 43.0 14.6 28–112 575
Numeracy (Math-checklist) 19.0 7.7 13–52 575
Empathy (SEAM toddler) 13.0 4.2 0–18 572
Self-regulation, cooperation (SEAM toddler) 8.5 2.7 0–12 572

Intervention
Vocabulary (CDI-Educator) 24.7 17.1 0–70 538
Language use (CDI-Educator) 3.8 2.8 0–10 538
Math language (Math-checklist) 37.5 9.5 28–112 538
Numeracy (Math-checklist) 17.0 5.3 13–52 538
Empathy (SEAM toddler) 12.3 4.3 0–18 538
Self-regulation, cooperation (SEAM toddler) 8.3 2.7 0–12 538

Posttest
Control

Vocabulary (CDI-Educator) 48.4 17.7 0–70 578
Language use (CDI-Educator) 7.2 2.8 0–10 578
Math language (Math-checklist) 57.7 19.0 28–112 575
Numeracy (Math-checklist) 26.0 9.5 13–52 575

Empathy (SEAM toddler) 15.5 3.1 0–18 438
Self-regulation, cooperation (SEAM toddler) 9.8 2.2 0–12 438

Intervention
Vocabulary (CDI-Educator) 47.4 17.5 0–70 538
Language use (CDI-Educator) 7.1 3.0 0–10 538
Math language (Math-checklist) 63.8 19.6 28–112 538
Numeracy (Math-checklist) 28.2 9.9 13–52 538
Empathy (SEAM toddler) 15.7 3.1 0–18 465
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training workshop, which introduced teachers to the intervention
elements, including the instructional scope and sequence, the use of

T
C

Self-regulation, cooperation (SEAM toddler) 9.7 2.5 0–12 465

anguage and numeracy skills) that was sequenced over the 20-
eek curriculum period with the overall aim of promoting the

nstructional quality and to promote teachers’ use of rich language.
eachers were asked to develop activities of their own  choice to
ddress the instructional targets to promote active engagement and
o support autonomy. Examples of the sequence and scope, which
as been developed based on empirical databases (e.g., Jørgensen,
ale, Bleses, & Fenson, 2010) include (1) general vocabulary:  the-
atic words (typical words for objects, events and actions, e.g.,

beach”, “wet”), words for feelings (e.g., “happy”, “angry”), time

e.g., “before” “now”) and space (“down”, “under”); and (2) math
anguage: words for numbers, shapes (e.g., “round”, “square”), sizes
e.g., “big”, “short”), and patterns (e.g., “dots”, “stripes”). Pictures

able 3
onceptual model for “Play and Learn”.

Intervention targets Intervention elements 

TEACHERS→
Instructional and interactive skills.

Age dependent sequence and scope of →
Weekly language, math language and nu
teachers’ instructional quality and use of
Five content themes support content rich
relevant to children’s lives.
A  weekly planner supports the organizat
inclusion of all children.
Accessible posters that support high qua
like repetition and expansion, open-ende
new words) and differentiated instructio
(low and high support strategies cf. Justi
Weekly implementation notes and mont
that support reflection over implementa
Access to resources (materials, videos).

CHILDREN
Child  language and math skills.
rch Quarterly 53 (2020) 64–76 69

and posters of target words were provided to assist teachers in
their planning of activities but it was  voluntary to use them.

Second, to support teachers’ development of intervention activ-
ities and the use of rich language in both planned activities and
during daily routines, the intervention was  organized in five con-
tent themes (“My daily life”; “The weather”; “Animals and nature”;
“My  family”; “Out in the world”). To guide implementation, in
particular to support the self-organization of activities and the
inclusion of all children, teachers received a weekly planner offer-
ing an instructional framework by which to plan these activities
in alignment with the week objectives; the planner provided a
suggested weekly dosage of two  large-group and two small-group
activities per week and one individual conversation per child each
week (among others to minimize effects of implicit biases in engag-
ing children in activities). The teachers were encouraged to use
daily routines like diaper change and dressing situations for indi-
vidual conversations with children. Child participation in all three
types of activity settings was  logged on the weekly planner.

Third, to support high interaction quality and use of responsive
strategies in all activities during the day (i.e., planned activities as
well as daily routines), teachers were provided with a set of strate-
gies to enrich and differentiate their interactions with individual
children. The strategies were visualized on posters to be put on
the wall. One poster (“The high-quality conversation”) included
strategies like repetition and expansion, and open-ended ques-
tions. Inspired by, for instance, Beck and McKeown (2007), the
second poster (“Learning new words”) included word learning
strategies like relating new words to known words, and providing
examples from the same or related semantic categories. The third
poster (“The learner’s ladder”) included examples of targeted scaf-
folding (low and high support strategies cf., Justice et al., 2010). Both
access to posters and videos supported the use of specific practices
supporting enriched conversations.

Fourth, based on research indicating the importance of
self-evaluation and reflection when implementing instructional
practices (Crawford, Zucker, Van Horne, & Landry, 2017), teachers
in each classroom completed implementation notes on a logging
tool and monitored child gains from the intervention to support
reflection on implementation. The implementation logs repre-
sented the experiences of individual children in each classroom.

Finally, inspired by recent work on professional development
(Hamre et al., 2012), staff in all classrooms participated in a two-day
specific practices to enrich and differentially support children, and
guidance on how best to select activities that create many learning

Excepted outcomes

meracy targets support
 content rich language.

 language about events

ion of activities and the

lity interactions (strategies
d questions, explanation of
n via targeted scaffolding
ce et al., 2010).
hly child progress checklists
tion and child benefits.

TEACHERS
More instructional content, use of more
rich language and use of more
instructional and interactive strategies.
↓

CHILDREN
Improved outcomes in children’s language,
math language and numeracy.
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pportunities. This training provided teachers with all materials
ecessary to fully implement the 20-week “Play and Learn” cur-
iculum.

Teachers’ ongoing completion of implementation logs allowed
delity to be monitored and this indicated that teachers imple-
ented the “Play and Learn” activities with varying degrees of

delity. For the weekly large-group activities, of which two  were
ecommended, teachers implemented an average of 1.8 (range
–5.8). For the weekly recommendation of two small-group activi-
ies, teachers implemented an average of 1.1 (range 0–3.9). Finally,
ndividual children experienced an average of about 1 (0.9) indi-
idual conversation with their teachers each week (range 0–11.5).
dditional measures of fidelity were coded from two videos col-

ected in each classroom mid-way through the implementation
eriod. Analyses showed that treatment teachers used targeted
trategies at significantly higher rates than controls (strategies
rom “The high-quality conversation” were used 4.7 times across
eachers in the treatment group vs. 1.0 time in the control group,
trategies from “Learning new words” were used on average 1.2
imes in the treatment group vs. 0.2 times in the control group
nd strategies from “The Learner’s ladder” were on average used
.2 times in the treatment group vs. 0.2 times in the control
roup).

.4. Measures

Classroom measures. To examine the potential interaction
etween treatment effects and baseline center process quality, the
lassroom Assessment Scoring System-Toddler (CLASS-Toddler; La
aro, Hamre, & Pianta, 2012) was used. CLASS is an observational

nstrument that evaluates the quality of classroom processes along
wo broad domains, which comprises five and three dimensions,
espectively: Emotional and Behavioral Support (EBS, comprising
ositive Climate, Negative Climate, Teacher Sensitivity, Regard for
tudent Perspectives, and Behavior Guidance) and Engaged Sup-
ort for Learning (ESL, comprising Facilitation of Learning and
evelopment, Quality of Feedback, and Language Modeling). Class-

oom quality was rated on a 7-point scale ranging from 1 or 2
classroom is low on that dimension); to 3, 4 or 5 (classroom is in
he midrange on that dimension); and to 6 or 7 (classroom is high
n that dimension). All observers were trained by a licensed CLASS
rainer and achieved at least 80% agreement within one scale-point
eviation with the trainer on an online test before they were admit-
ed to assess the classroom quality. A total of 13% of classrooms
ere randomly selected and assessed by two observers, reveal-

ng high inter-rater reliability of 97% within one-scale point (range
7–100%).

If there were only one or two classrooms at the center, we
dministered CLASS in all classrooms in the center (n = 88). In
hildcare centers with more than two classrooms (n = 27), the class-
ooms to be observed were chosen randomly. Overall, the quality of
7 classrooms out of 176 classrooms were observed using CLASS-
oddler prior to the introduction of the intervention. There were no
ignificant differences on teacher characteristics (i.e., teacher age,
ducational background and experience) between classrooms that
ere observed and those that were not. There was one minor dif-

erence between the classrooms in terms of child characteristics,
uch that there were more children from unemployed families in
lassrooms observed with CLASS (14% vs. 9%, p = .03).

Child outcomes. To measure child outcomes, we used three
eacher-reported instruments that were completed at pretest
before the intervention) and posttest, approximately seven
onths after the intervention was initiated. Each of the instru-
ents took on average about eight to 10 min  to complete, thus

eachers spent about 30 min  per child completing the instru-
ents.
rch Quarterly 53 (2020) 64–76

For language, we  used a teacher-based standardized checklist,
the CDI-Educator (Bleses, Jensen, Højen, & Dale, 2018), developed
on the basis of the well-known MacArthur-Bates Communicative
Development Inventories (Fenson et al., 2007) and a Danish adapta-
tion of a short version of the instrument (Vach, Bleses, & Jørgensen,
2010). The checklist includes a 70-item vocabulary checklist, which
is divided in nine categories of content (sound effects and ani-
mal  sounds, animals and things, food and drink, body parts, small
household items, furniture and rooms and places (to go), people
and routines, action words, descriptive words, and particles). More-
over, five questions concerning the child’s use of decontextualized
language with respect to objects and actions distant from the here
and now (e.g., whether the child at any time speaks about earlier
episodes and persons who  are not present or about something that
will happen in the future) are included. The vocabulary summary
score was  calculated adding up the number of words the child could
produce. For the language use summary score, the response cate-
gories were converted to points and summed up across the five
questions (“not yet” [0], “sometimes” [1] or “often” [2]). Measure-
ment properties of the instrument are reported in a validation study
(Bleses, Jensen, et al., 2018).

For math language and math, we  used a researcher-developed
teacher-administered checklist reflecting the fact that we were not
able to identify a standardized measure that could be applied to
toddlers. The constructs included in the checklist were primarily
based on more general work on children’s math development (Frye
et al., 2013) and more specific work on content-specific language by
Purpura and Reid (2016) that is supportive of math development.
The checklist consists of 41 items in total, where 13 items assess
children’s early numbers and counting skills and 28 items assess
children’s comprehension and use of math language (words for
sizes, quantities, shapes, and space). The response categories were
converted to points and summed up across the relevant questions
(“not yet” [1], “sometimes” [2], “often” [3] or “always” [4]). This
instrument covered items that were more proximal to the inter-
vention targets. Internal consistency was  assessed for each subtest.
For the subtests, all items have an item-total correlation exceeding
.50, and as these individual item correlations suggest, Cronbach’s
alpha is high for both subtests, around .95. This demonstrates that
the math checklist has high internal consistency. Correlations with
the two CDI-based language scores (vocabulary, language use) are
also substantial, between .60 and .73.

For measuring potential spill-over effects on children’s
social–emotional skills, we  used the teacher version of a Danish
adaptation (Sjoe et al., 2017) of the standardized questionnaire,
Social–Emotional Assessment/Evaluation Measure (SEAM)–Research
Edition (Squires, 2014). SEAM includes 10 domains (called bench-
marks) critical to social–emotional skills and executive functions:
empathy, healthy interactions, expression of emotions, regulation
of social–emotional responses, cooperation, sharing and engaging,
regulation of attention and activity level, independence, self-image,
and adaptive skills. SEAM has four response categories: 0 = not true,
1 = rarely true, 2 = somewhat true, and 3 = very true. A high score
indicates a positive aspect of social–emotional development. The
ten benchmarks were combined into two overall indexes: (1) The
empathy index, which assesses the child’s ability to communicate
own  feelings and to read and understand others’ feelings; and (2)
The self-regulation & cooperation Index, which assesses the child’s
ability to regulate and cooperate, and the child’s adaptability.

7.5. Analytic strategy
To estimate the effects of the intervention compared with treat-
ment as usual in the control group, we  use regression analysis with
SEs adjusted for clustering at the childcare center level to account
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Table  4
Treatment effects (effect sizes) for all children and subgroups.

Vocabulary Language use Math language Numeracy Empathy Self-regulation & cooperation

All children 0.27** 0.19** 0.80** 0.55** 0.12 −0.00
(n  = 1080) (0.07) (0.07) (0.13) (0.12) (0.07) (0.10)

Subgroups
Background

Danish  0.29** 0.23** 0.88** 0.61** 0.14 0.01
(n  = 972) (0.08) (0.08) (0.14) (0.13) (0.07) (0.10)
Non-Western 0.15 −0.17 −0.01 −0.05 −0.13 −0.17
(n  = 108) (0.19) (0.20) (0.23) (0.27) (0.24) (0.25)

p  = 0.535 p = 0.067 p = 0.001 p = 0.025 p = 0.255 p = 0.477
Maternal Eda

Low −0.06 −0.23 0.56* 0.49* −0.23 −0.21
(n  = 130) (0.13) (0.16) (0.24) (0.23) (0.21) (0.26)
Low–mid 0.37** 0.23* 0.79** 0.53** 0.04 −0.07
(n  = 307) (0.12) (0.12) (0.14) (0.13) (0.14) (0.14)
High-mid 0.23* 0.16 0.69** 0.44* 0.21* 0.07
(n  = 319) (0.10) (0.12) (0.16) (0.18) (0.10) (0.13)
Vs.  Low p = 0.062 p = 0.042 p = 0.596 p = 0.834 p = 0.046 p = 0.332
High 0.35** 0.39** 1.15** 0.77** 0.15 0.03
(n  = 261) (0.11) (0.11) (0.25) (0.23) (0.13) (0.16)
Vs.  Low p = 0.014 p = 0.001 p = 0.044 p = 0.334 p = 0.114 p = 0.433
Vs.  High–mid p = 0.404 p = 0.196 p = 0.065 p = 0.211 p = 0.700 p = 0.804

Notes. Standard errors in parentheses. Standard errors are adjusted for clustering at the childcare center level. Missing values are handled by using the ML  method (FIML).
Estimates are from linear models with covariates and constants included. p-values reported in table are for effects being equal across subgroups (for Background or as
indicated for Maternal Ed).

* p < 0.05.
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** p < 0.01.
a Low (primary school); low–mid (high school, vocational education); high–mid

ducation).

or the hierarchical structure of the dataset. The regression model
s specified as:

yi = ˇ0 + ıIi + x′
i  ̌ + εi

here dyi denotes the change in the outcome of interest for child i
nd ı represents the intervention effect. Hence, the model describes
he determinants of the change in outcome from the pretest to the
osttest. To increase precision of the estimates, we include child
nd family covariates represented by the vector xi. The included
ovariates are gender, age, mother’s and father’s education, ethnic
ackground, employment status (no employment), and family sta-
us (married, cohabitating, or single parent), as shown in Table 1.
esults are similar without the inclusion of these covariates (and
unicipality fixed effects). Intraclass correlations (ICCs) provide

vidence for variation in the outcome measures both within and
etween childcare centers and classrooms. At the childcare center

evel, ICCs ranged from 0 on language use to 0.09 on math language
nd at the classroom level, ICCs ranged from 0.16 on language use
o 0.26 on math language. These values indicate that the majority
f variance was between children, with fractions ranging from 0.74
n math language to 0.84 on language use. The analyses were also
un using hierarchical linear modeling, and results were similar to
hose presented here. Missing data was handled by the maximum
ikelihood method (FIML), while a sensitivity analysis showed that

ultiple imputation yielded similar results.
Subgroup analyses were conducted using the same model, but

ith interaction terms added for the interaction between the inter-
ention indicator Ii and the indicator variables for the relevant
ubgroups. The model with interaction terms was specified such
hat we obtained separate estimates for the treatment effect for
ach subgroup (reported in Table 4).

As many ECE programs have been reported to vary substan-
ially in their provision of high-quality adult–child interactions,

dditional analyses were conducted to examine the potential inter-
ction between treatment effects and baseline center process
uality. Analyses of the potential moderating effect of classroom
uality were conducted by adding the EBS and ESL scores into each
professional BA such as teacher); high (bachelor’s degree and advanced university

model as a separate variable and as an interaction term with the
intervention indicator (using a two-level hierarchical linear model
with children nested in classrooms to capture that we  are using a
classroom-level variable). These analyses were only conducted for
the children in classrooms for which the CLASS was administered.

8. Results

8.1. Main effects of “Play and Learn”

To address the first research, we  examined the extent to which
the intervention had positive effects on children’s school readiness
outcomes as compared to the control group. Cohen’s d effect size
estimations based on the results from the regression models appear
in Table 4 for each of the language, math and social–emotional
skills. As can be seen, the intervention “Play and Learn” had sig-
nificantly positive effects on children’s skills in the four areas
examined: general vocabulary (d = 0.27), language use (d = 0.19),
math language (d = 0.80), and numeracy (d = 0.55). Therefore, the
results show the intervention to have significant positive effects
on all preacademic outcomes ranging from small in size for the
language outcomes and medium to large in size for the two
math outcomes. Children receiving the “Play and Learn” inter-
vention did not improve skills relative to the control group on
measures of social–emotional skills (self-regulation & coopera-
tion, d = 0.12; empathy d = −0.00), that is, there were no spill-over
effects. However, the intervention did not have a negative impact
on social–emotional skills either, even though they were not tar-
geted in the intervention.

8.2. Differential effects of “Play and Learn”

Subgroup analyses were conducted to examine treatment

effects for Danish versus non-Western immigrant children (i.e.,
children starting to acquire Danish as a second language) and for
children across various SES strata based on maternal education
(see Table 4). For the subgroup analyses, we use information from
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Table 5
Descriptive information for the CLASS toddler (N = 97 classrooms).

Control Intervention

Mean Standard deviation Range Mean Standard deviation Range

4.2–6.7 5.73 .51 4.7–6.8
2.0–4.8 2.88 .50 1.9–4.2

S
m
d
c
p
c
i
a
M

t
u
D
n
b
v
s
c
t
b
c

e
i
m
c
a
e
o
l
m
g
d
m
c
v
o

c
y
t
s
s
e
t
i
t
f
w
h
i

8

a
e
m

Table 6
Interaction between treatment and quality at classroom level (N = 97 classrooms/580
children).

Vocabulary Language use Math language Numeracy

Simple main effects 0.38** 0.15 0.70** 0.52**
(0.09) (0.10) (0.16) (0.16)

Interaction effects
Emotional and −0.01 −0.22 0.21 0.30
Behavioral Support (0.15) (0.18) (0.27) (0.27)
Engaged Support −0.15 −0.43* −0.04 0.24
For Learning (0.16) (0.17) (0.36) (0.35)

Notes. Standard errors in parentheses. Standard errors are adjusted for clustering
at  the classroom level. Estimates are from two-level hierarchical linear models
with constants, main effects and interaction terms included. Estimates shown in
the  second part of the table are of coefficients to the interaction terms with the
treatment.

* p < 0.05.
** p < 0.01.
Emotional and Behavioral Support (EBS) 5.71 .56 

Engaged Support for Learning (ESL) 3.08 .67 

tatistics Denmark on ethnic background for the children and their
other’s education. We  distinguish between Danish children (chil-

ren with at least one parent born in Denmark and having Danish
itizenship) and immigrant children (children with none of their
arents being born in Denmark and having Danish citizenship; the
hild may  has been born in Denmark or abroad). We  only consider
mmigrant children from non-Western countries in the subgroup
nalysis as there were too few children from Western countries.
other’s education is divided into four different categories.

For the Danish and non-Western groups, we find significant
reatment effects for four outcomes (vocabulary d = 0.29, language
se d = 0.23, math language d = 0.88, and numeracy d = 0.61) for
anish children, whereas no significant effects were found for
on-Western children (d = −0.17–0.15). However, the differences
etween Danish and non-Western children were not significant for
ocabulary and language use (p = 0.535 and 0.067, respectively). It
hould be noted that there was a high degree of concentration of
hildren of non-Western background in classrooms. Almost two-
hirds of all classrooms did not have any children of non-Western
ackground, whereas in 8% of the classrooms at least 50% of the
hildren had non-Western background.

Subgroup analyses were also conducted to examine treatment
ffects across SES strata, based on grouping of maternal education
nto four groups. For children of low–mid and mid–high-educated

others, we find strong and significant effects for three out-
omes (vocabulary d = 0.23–0.37, math vocabulary d = 0.69–0.79)
nd numeracy d = 0.44–0.53), whereas only children with high-
ducated mothers show significant improvement in all four
utcomes (vocabulary d = 0.35, language use d = 0.39, math vocabu-

ary d = 1.15, and numeracy d = 0.77). For children of low-educated
others, the treatment only has significant effects for math lan-

uage (d = 0.56) and numeracy (d = 0.49). We  only find significant
ifferences between children of low- and high-mid educated
others on language use and empathy (p = 0.042–0.046), whereas

hildren of high educated mothers score significantly higher on
ocabulary, language use and math language compared to children
f low-educated mothers (p = 0.001–0.044).

We also investigated whether the intervention effects were
onditioned on children’s initial skill levels by conducting an anal-
sis with baseline skills (pretest assessments) as a moderator of
he effects. This analysis indicated that for three outcome mea-
ures, language use, math language and numeracy, there was a
ignificantly positive moderating effect of baseline skills. How-
ver, further analysis revealed that the subgroup differences in
reatment effects were persistent even when baseline skills were
ncluded as a moderator. This additional analysis suggests that
he intervention may  have been especially beneficial for children
rom advantaged families. Maternal education and initial skill levels

ere uncorrelated, whereas children of non-Western background
ad lower maternal education and initial skill levels (correlations

n the range of .11–.16).

.3. Intervention effects and childcare quality
To examine the potential interaction between treatment effects
nd baseline center process quality, the CLASS-Toddler data for
ach program was considered. Table 5 provides descriptive infor-
ation for the CLASS-Toddler. As can be seen, the mean score of
Fig. 2. Treatment effects on language use for different levels of engaged support for
learning (ESL).

Emotional and Behavioral Support (EBS) is in the mid–high range
(5.76), whereas the mean score of Engaged Support for Learning
(ESL) is in the low–mid range (2.96) but with substantial varia-
tion between classrooms. The interaction between treatment and
classroom process quality, which is shown in Table 6, was only
significant in one case, namely between language use (−0.43) and
ESL.

Based on visualizations of the treatment effect for different lev-
els of ESL for language use, as shown in Fig. 2, we find that the
treatment effect on language use is only significantly positive for
children in classrooms with initially lower levels of ESL, whereas
the effect becomes smaller and insignificant for initial higher levels
of ESL. To visualize the estimated coefficient of the interaction term
(reported in Table 6), Fig. 2 shows the estimated treatment effect
as a function of the ESL scores (i.e., as conditional marginal effects).
The results therefore indicate that the intervention effect on chil-
dren’s language use is stronger in classrooms with initially lower

levels of ESL in comparison to classrooms with initially higher ESL,
indicating that the added value of the intervention is largest for
classrooms scoring the lowest.
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. Discussion

Skill begets skill as brains are built from the bottom up; there-
ore, the earlier children are provided enriching environments that
xplicitly promote learning of critical skills, the more likely they
ill develop the foundational skills that underlie future schooling

uccess (Phillips et al., 2017). At the same time, providing high-
uality early education programs to young children allows parents
o stay in the work force and contribute economically to society
Baker et al., 2008). With these two circumstances well-established,

 pressing challenge many local authorities face is how to ensure
hat teachers who care for very young children are able to stim-
late early growth in skills, including language and math. This
tudy, involving 1116 18-to-36-months old children enrolled in
he near-universal Danish child-care system, represents one of the
rst large-scale RCTs focused on increasing the skills of infants and

oddlers in ECE settings.

.1. Main impact of the intervention

The first research question asked to what extent a cost-efficient
ntervention improved children’s language, math language, and

ath skills. The results of the study showed that the “Play and
earn” intervention had a significant short-term impact on all the
argeted language, math language and numeracy skills with over-
ll effect sizes ranging from 0.19 to 0.80, corresponding to medium
o large effects. While numerous studies have shown that similar
pproaches can improve early education outcomes for four-to-five-
ear old children (Chambers et al., 2016; Duncan & Magnuson,
013; Shonkoff et al., 2016), the present study suggests that inten-
ional teaching providing children with more support for learning
s effective as measured by teacher ratings when children are as
oung as 18 months of age, at least for children from middle- to
pper-class families. This is particularly important in relation to
ath language and numeracy, as evidence points to young chil-

ren’s early math competencies as being extremely relevant for
heir future math and reading achievement (Duncan et al., 2007).
t should be noted, though, that a likely reason that “Play and
earn” was particularly beneficial for children’s development of
ath language and numeracy skills is that these skills are sel-

om taught within business-as-usual toddler (BAU) classrooms in
enmark, although we have no empirical data on math activities

n the control group. The null finding for social–emotional skills
which were not targeted in the intervention) suggests that the
ntervention did not distract teachers’ emotional and behavioral
upport of the children. Teachers were able to maintain the high
uality of emotional support that was present prior to the interven-
ion, as documented by the pretest CLASS scores. The present study
undamentally contributes to contemporary issues by showing that

 relatively easy-to-implement, yet systematically organized, cur-
iculum can significantly improve the language and math skills of
oddlers relative to BAU care. Importantly, the curriculum provided
id not increase the amount of time children spent in childcare
r the number of adults who care for them. Rather, the curricu-

um provided teachers with tools – training, sequence and scope,
trategies, and materials – by which to be more explicit and inten-
ional in their interactions with children, serving as mechanisms
ffecting children’s language and math development. Therefore,
he study also adds additional evidence that leaving teachers with
ome discretion to implement programs can lead to improved out-
omes in children but that more is needed to make sure that socially
isadvantaged children benefit as well. Suggestively, higher lev-

ls of teacher freedom in planning and implementation may have
educed the curriculum complexity and enabled teachers to focus
n the most important part of the curriculum, that is, engaging

n interactions focused on learning and the sequence and scope
rch Quarterly 53 (2020) 64–76 73

may  have supported the teachers with age appropriate targets
that have stimulated teachers to use richer language. A compar-
ison with the RECC curriculum referred to earlier (Landry et al.,
2014) illustrates this last point. The most significant difference
of “Play and Learn” compared to the RECC curriculum, is that
“Play and Learn” follows a sequence and scope for language and
math targets, whereas the RECC is only implementing a sequence
and scope for social–emotional skills. Interestingly, in the “Play
and Learn” intervention, significant impacts were only found for
preacademic skills, whereas in the RECC intervention, significant
impacts were only found for social–emotional skills. Note that the
intervention dosage is much smaller for “Play and Learn” com-
pared to the RECC, and still intervention effects were stronger
for pre-academic skills. This points to the importance of provid-
ing a sequence and scope for teachers relative to lesson plans
and aligned activities, possibly reflecting the fact that teachers
need the more specific information about how children develop
skills at specific ages that is provided by the sequence and scope,
whereas the aligned activities seem less important. However, it
should be noted, that the educational level of Danish teachers is
higher than in the US and some other settings as well, with 60% of
teachers having a pedagogical bachelor degree. Furthermore, this
study shows that the process quality of the Danish toddler class-
rooms was  in the mid–high range for Emotional and Behavioral
Support and in the lower end for Engaged Support for Learning
reflecting a higher level of process quality compared to the US
and some other OECD countries (Burchinal et al., 2015; Slot, 2018).
The higher educational level may  have served as a necessary back-
ground for the teachers to use the sequence and scope and the
supportive tools to be more explicit and intentional in their interac-
tions with children. It is therefore unclear if the same intervention
effects can be found in ECE settings where teachers are less edu-
cated.

9.2. Child and family characteristics and intervention
effectiveness

The second research question focused on the extent to which the
impact of “Play and Learn” was conditional on child- and parental
background characteristics, namely language background and fam-
ily SES. By focusing attention to subgroups within a single, large
experiment, we found that middle- to upper class children seemed
to especially benefit from the intervention, which is in contrast
to findings from some US studies (Phillips et al., 2017). A fur-
ther analysis of whether the intervention effects were conditioned
on children’s initial skill levels revealed that the subgroup differ-
ences in treatment effects were persistent even when baseline
skills were included as a moderator suggesting that the inter-
vention may  have been especially beneficial for children from
advantaged homes. Weaker and in many cases non-significant
results were found for children of non-Western origin and chil-
dren with mothers with low education (primary school only). As
all dual language learners are tested in Danish (their second lan-
guage), it may  not be surprising that this group of children did
not improve on the more advanced language measures (language
use and math language), but there were no significant effects
for these children on basic vocabulary either. However, dual lan-
guage learners with non-Western background in Denmark typically
only meet the majority language (Danish) when they enter child-
care and as dual language learners typically experience an initial
silent period in their second language acquisition, thus longer
time may  be needed for effects to emerge (Krashen, 1985). Sim-

ilarly, children of low educated mothers benefited less from the
intervention on vocabulary and language use. There was no indi-
cation of differential exposure to the intervention as a result of
socioeconomic factors suggesting that children of low-educated
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others may  need more exposure to experience positive effects
Wen, Leow, Hahs-Vaughn, Korfmacher, & Marcus, 2012). Other
otential explanations are that the type of activities that teach-
rs chose to carry out may  potentially have been more interesting
nd engaging for more advantaged children or that implicit biases
esulted in too low expectations for less advantaged children’s abil-
ty to learn, which may  have caused teachers to implement the
ntervention less systematically and with lower quality for these
hildren. More specific training of teachers in supporting children
f diverse backgrounds and collegial coaching to support reflection
f the implementation of the intervention to meet all children’s
eeds may  be a way forward to improve outcomes for all chil-
ren.

.3. Childcare quality and intervention effectiveness

The last research questions examined the degree to which inter-
ention impacts were influenced by the quality of the childcare
rior to the intervention. We  only found limited evidence that the
xisting quality of the classroom as measured by the CLASS Tod-
ler instrument served to moderate intervention effects. For one

anguage domain, language use, the intervention interaction with
uality suggests that a curriculum like “Play and Learn” may  be
ven more helpful for teachers who provide lower levels of ESL.
his suggests that “Play and Learn” can improve child outcomes in
lassroom independent of the classroom quality.

.4. Limitations

The findings of this study are important to advancing investi-
ations of strategies for enhancing the quality and outcomes of
oddler care, and is one of the largest causally interpretable stud-
es of its type. While the study findings show the potential value
f incorporating intentional teaching via responsive practices and

 scope and sequence in such settings, several limitations should
e noted. First, the understanding of classroom practices in control
ettings was only studied via use of a general observational tool
nd thus relatively little is known about the counterfactual in this
tudy. The study results would have been more strongly contex-
ualized if the counterfactual conditions were better understood.
econd, as studies demonstrate that the CLASS has small linkages
ith child outcomes, it would be important in future studies to

onsider additional indicators of program quality – over and above
LASS – to investigate interactions between treatment effects and
xisting center process quality. Third, the assessment of child out-
omes relied on teacher report instruments, including the math
hecklist developed as part of this study. Although teacher-report
nstruments are often used in studies of ECE practices, we  acknowl-
dge that this limits the strength of the conclusions drawn from
he study and that standardized assessments administered by a
hird party would be a valuable addition to estimating treatment
ffects. Fourth, long-term follow-up data are not available, thus it
s unknown if the intervention results will have longer-term ben-
fits for children’s development, which is the goal of such work.
t is especially important to determine whether the intervention
enefits those children for whom early educational experiences
ay  be particularly vital, such as children from low-SES fami-

ies. Finally, it is currently unclear whether the intervention effects
ould successfully generalize to other contexts like the US. Struc-
ural characteristics like a higher educational level of the Danish
eachers and higher teacher–child ratios may  have affected the
mplementation of the open curriculum and more research in other
ultural settings is needed.
rch Quarterly 53 (2020) 64–76

9.5. Conclusion

With the increased demand for ECE programs due in part to the
rise of mothers joining the work force, many countries are faced
with a pressing challenge to provide high quality early education
that stimulates early growth in children’s language and math skills.
The present study, conducted within childcare centers in a wel-
fare state, demonstrates the effectiveness of a 20-week curriculum
for increasing children’s short-term language and math outcomes,
even when children are as young as 18 months of age over a rel-
atively short period of time; importantly, the curriculum allows
teachers with some discretion to implement the intervention and
relies on the use of responsive interactions with children. In par-
ticular, the large effects on math are especially important as they
demonstrate that it is feasible to increase math-related vocabulary
and early numeracy skills in toddlers.
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Appendix A

Tables A1 and A2.

Table A1
Comparison of attriters and non-attriters for the total aample and separately for
control and intervention groups.

Variable Total sample Control Intervention
p-values p-values p-values

Parent characteristics
Mother low education (0/1) 0.49 0.85 .37
Mother low/mid education (0/1) 0.68 0.69 .82
Mother high-mid education (0/1) 0.22 0.54 .24
Mother high education (0/1) 0.31 0.35 .60
Mother missing data on education (0/1) 0.13 0.84 .08
Father low education (0/1) 0.14 0.04* .90
Father low/mid education (0/1) 0.59 0.73 .63
Father high-mid education (0/1) 0.78 0.14 .28
Father high education (0/1) 0.26 0.81 .19
Father missing data on education (0/1) 0.54 0.79 .57
No  employment (income base) (0/1) 0.47 0.55 .82
Parent cohabiting (0/1) 0.20 0.78 .13
Parents married (0/1) 0.35 0.62 .40
Living with single parent (0/1) 0.69 0.64 .24

Child characteristics
Boy (0/1) 0.08 0.03* .67
Non-Western origin (0/1) 0.29 0.82 .20

Notes: Education levels: low (primary school); low–mid (high school, vocational
education); high–mid (e.g., professional BA such as teacher); high (BA and advanced
university education). The tests are for equality of means in the group of attriters
and the group of non-attriters. The p-values are from regressions of row variables

on an attrition indicator variable with standard errors adjusted for clustering at the
childcare center level.

* p < 0.05.



D. Bleses et al. / Early Childhood Resea

Table  A2
Characteristics of children and parents in the initial sample (N = 1508 children).

Variable Control Intervention Balancing
tests

Mean Mean p-values

Parent characteristics
Mother low education (0/1) 0.11 0.12 .51
Mother low/mid education (0/1) 0.27 0.27 .93
Mother high-mid education (0/1) 0.29 0.28 .61
Mother high education (0/1) 0.25 0.24 .75
Mother missing data on education (0/1) 0.08 0.09 .35
Father low education (0/1) 0.16 0.13 .46
Father low/mid education (0/1) 0.35 0.36 .64
Father high-mid education (0/1) 0.20 0.19 .56
Father high education (0/1) 0.21 0.23 .67
Father missing data on education (0/1) 0.09 0.09 .95
No  employment (income base) (0/1) 0.13 0.10 .37
Parent cohabiting (0/1) 0.28 0.29 .78
Parents married (0/1) 0.56 0.56 .92
Living with single parent (0/1) 0.14 0.14 .82

Child characteristics
Boy (0/1) 0.53 0.52 .96
Non-Western origin (0/1) 0.08 0.13 .16
Age  (months) 25.8 25.4 .27

Notes: Education levels: low (primary school); low–mid (high school, vocational
education); high–mid (e.g., professional BA such as teacher); high (BA and advanced
university education). Balancing tests are for equality of means in the control
and  intervention group. The p-values are from regressions of row variables on an
i
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