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Currently available measures of PreK classroom quality inconsistently predict gains in children’s out-
comes. Extant measures may not capture the full range of instructional practices—including the degree
to which children are exposed to rich content and cognitively demanding instruction—that are important
for supporting the development of early language and mathematics skills. The current study leverages
data from systematic observations of classrooms (N = 51) in public schools and community-based orga-
Keywords: nizations implementing the Boston Public Schools prekindergarten program to create reliable measures
Prek of content-rich instruction and cognitive demand and explore associations between these constructs and
Quality instruction ) gains in children’s (N = 378) language and mathematics skills during PreK. Findings from descriptive anal-
Classroom observations yses revealed that classrooms used content-rich and cognitively demanding practices at moderate levels,
Mathematics skills . . . . N . . .
Language skills and clasgmom; with higher levels of intervention fidelity generally used hlgher-qgallty practices. Class-
rooms with higher percentages of Black students scored lower on observed cognitive demand. Results
from multi-level models revealed that content-rich instruction consistently predicted gains in mathemat-
ics skills. There were stronger, positive associations between both content-rich instruction and cognitive
demand and gains in mathematics skills for children who started the year with stronger mathematics
skills. Neither of the constructs predicted gains in language skills. There was no consistent evidence that
associations between either of these constructs and gains in mathematics and language skills varied by
children’s race/ethnicity, socioeconomic status, or home language. Findings demonstrate that further work
to measure and provide supports for exposure to rich instructional content in PreK is warranted.
© 2021 Published by Elsevier Inc.

High-quality PreK during the 4-year-old year is one promising
pathway for promoting more equitable child outcomes at kinder-
garten entry, with particularly large benefits for children from
low-income, non-White, and non-native English-speaking families
(Yoshikawa et al., 2013). Yet, there is considerable variation in the
quality of children’s PreK experiences (Pianta, Downer & Hamre,
2016), creating challenges for supporting learning and develop-
ment at scale (e.g., Auger, Farkas, Burchinal, Duncan & Vandell,
2014). Complicating matters, there is no conclusive evidence about
the aspects of children’s learning environments that matter most
for reliably generating sustained benefits for children in PreK. Cur-
rent conceptualizations and measurement of PreK classroom qual-
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ity may not capture the full range of practices critical for promot-
ing children’s early academic skills (Burchinal, 2018).

An emerging body of literature highlights the potential of some
less studied aspects of observed classroom instructional quality—
like exposure to rich content (i.e., background and world knowl-
edge) and cognitively demanding instruction (i.e., instruction fo-
cused on promoting inferential thinking)—to predict gains in chil-
dren’s learning outcomes, particularly among those who begin
early childhood education with lower levels of mathematics and
language skills (Neuman, 2006). Relatedly, recent work has argued
that PreK curricula that explicitly support a core learning domain
like mathematics, language/literacy, or social-emotional skills are
the field’s “best bet” for boosting classroom instructional quality
and gains in targeted child outcomes (Weiland, McCormick, Mat-
tera, Maier & Morris, 2018; Yoshikawa et al., 2013). Large early ed-
ucational systems like New York City have begun to implement
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these models at-scale (Rojas, Morris & Balaraman, 2020). Accord-
ingly, it is important to examine how content-rich and cognitively
demanding instruction are supported by—and may vary by—fidelity
to those types of curricula in early learning settings. Yet, there are
no known, reliable, and valid measures of these constructs in PreK
that consistently predict gains in children’s academic and cogni-
tive skills. The current study aims to address this need by accom-
plishing 3 research objectives: 1) examining the extent to which
PreK classrooms use content-rich and cognitively demanding prac-
tices and exploring whether and how these practices vary by in-
tervention fidelity (i.e., the extent to which the curricula are im-
plemented as intended) and by the composition of children in the
classroom; 2) estimating associations between both content-rich
instruction and cognitive demand and gains in children’s language
and mathematics skills across the PreK year; and 3) considering
whether and how these associations vary for children depending
on their academic skills at PreK entry, socioeconomic status (SES),
race/ethnicity, and home language.

In doing so, we add to the literature in several ways. First, we
explore whether we are able to use a short set of global obser-
vational items to collect reliable measures of content-rich instruc-
tion and cognitive demand. Second, we aim to establish the added
value of content-rich instruction and cognitive demand for predict-
ing children’s gains in language and mathematics skills during the
PreK year, over and above another widely-used indicator of class-
room process quality—the Classroom Assessment Scoring System
(CLASS; Pianta, La Paro & Hamre, 2008)—which does not predict
child gains in the public school sample in our context (Guerrero-
Rosada et al., 2021). Third, we are able to describe the curriculum
used in study classrooms in detail and are further able to con-
trol for key features of intervention fidelity, including dosage, ad-
herence, and quality (Hulleman & Cordray, 2009), which may be
alternative explanations driving gains in children’s outcomes. Fi-
nally, we explore the extent to which a construct like content-
rich instruction—which has typically been explored in the lan-
guage/literacy literature—may also be related to gains in children’s
mathematics outcomes. Findings stand to build evidence on fea-
tures of instruction that can be intervened on to reliably support
children’s learning and development.

Dimensions of classroom quality and links to children’s
outcomes

A number of studies have identified links between the qual-
ity of children’s PreK learning experiences and gains in key out-
comes of interest, such as language and mathematics skills (e.g.,
Auger et al,, 2014; (Early et al., 2007). Yet, there is no consistent
definition across studies of what “high quality” entails, and little
consensus on the specific aspects of quality that are consistently
related to gains in children’s skills. Current conceptualizations dis-
tinguish 3 basic dimensions of classroom quality that are thought
to influence child outcomes (Burchinal, 2018; (Maier, Hsueh, &
McCormick, 2020): 1) structural quality is focused on the physi-
cal features of classrooms and how they are designed and con-
figured (e.g., teacher-student ratios; class size; classroom materi-
als); 2) process quality is focused on the nature of teacher-child
interactions; and 3) instructional quality is focused on what and
how teachers teach. We hypothesize that this last dimension in-
cludes the content that children are exposed to and the pedagogy
or practices teachers use to stimulate children’s cognitive develop-
ment and inferential thinking.

Structural quality is thought to set the stage for process and in-
structional quality, but it alone is not enough to promote learn-
ing and development (Yoshikawa et al., 2013). Aspects of pro-
cess quality are hypothesized to be more closely linked with chil-
dren’s gains than structural quality due to their focus on inter-
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actions, which are more proximal to students’ experiences (Tseng
& Seidman, 2007). While empirical evidence supports this the-
ory to some degree, most studies have found small and incon-
sistent associations between measures of PreK process quality fo-
cused on the nature of teacher-child interactions and children’s
outcomes (Burchinal, 2018). Measures of instructional quality fo-
cused explicitly on what teachers teach and how they teach it (e.g.,
Classroom Observation of Mathematics - Environment and Teach-
ing (COEMET), Sarama, Clements, Starkey, Klein & Wakeley, 2008;
Early Language & Literacy Classroom Observation Toolkit (ELLCO),
Wayne, DiCarlo, Burts & Benedict, 2007) have shown larger links
with child outcomes (Burchinal, 2018; Howes et al., 2008). But
these associations are modest in size (Burchinal, 2018). This work
highlights a need for a more nuanced understanding of classroom
quality and better measures that consistently link with children’s
outcomes.

Diving deeper into aspects of instructional quality: cognitive
demand

The premise behind instructional quality as a support for chil-
dren’s development is guided by socioecological and sociocultural
learning theories that point to the importance of bidirectional
interactions between children, their caregivers, and their learn-
ing environments as mechanisms that shape learning (Bodrova
& Leong, 2006; Bronfenbrenner, Morris, Damon & Lerner, 2006).
Repeated opportunities for engagement in guided activities and
rich conversations support meaningful learning (Beck & McKe-
own, 2007). Consequently, we view instructional quality as encom-
passing both what is taught and how teachers provide these learn-
ing opportunities.

Existing measures of instructional quality tend to place more of
an emphasis on how teachers teach, assessing teachers’ use of in-
structional practices or activities that promote inferential thinking,
such as asking children to explain, analyze, and think more deeply
about ideas and engage in rich back-and-forth conversations (e.g.,
Bilbrey, Vorhaus, Farran & Shufelt, 2010). These practices, which
challenge children to think—that is are cognitively demanding—are
thought to be particularly important because they push young chil-
dren to draw on their analysis, reasoning, and inferential thinking
skills (Collins, 2016).

There are several instructional practices that can be viewed as
cognitively demanding, such as challenging questioning, differenti-
ated instruction, back-and-forth conversations (particularly around
cognitively challenging topics), and use of sophisticated vocabulary.
Activities like asking children to explain their thinking, summa-
rize events, or provide opinions; verbally scaffolding children to
help them solve a problem on their own; and engaging children
in classroom discourse have demonstrated small to moderate as-
sociations with gains in children’s skills, including language and
literacy skills (Hamre, Hatfield, Pianta & Jamil, 2014), reading com-
prehension, decoding, and mathematics skills (e.g., Collins, 2016;
Cook, Roggman & Boyce, 2011; Dieterich, Assel, Swank, Smith
& Landry, 2006), and cognitive self-regulation (Fuhs, Farran &
Nesbitt, 2013). Differentiated instruction that aims to meet chil-
dren where they are developmentally is linked with preschool-
ers’ language, literacy and mathematics skills (DeBaryshe, Gorecki
& Mishima-Young, 2009). Teacher-child conversations and book-
reading activities that provide opportunities to use new or sophis-
ticated vocabulary have shown moderate associations with bet-
ter language (Dickinson & Porche, 2011; Whorrall & Cabell, 2016)
and mathematics skills when mathematical language is used (e.g.,
Purpura, Napoli & King, 2019).

Yet, associations between these kinds of cognitively demand-
ing practices and children’s skills have not been fully consistent,
with variation across learning domains and observational foci. As-
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sociations appear larger in studies focused on parental stimula-
tion (d = 0.34, Dieterich et al., 2006; d = 0.19 - 38, Cook et al,,
2011) compared to studies of cognitive stimulation in classrooms
(e.g., d = 0.06 - 0.11, Fuhs et al., 2013). Further, research sug-
gests that teachers may miss out on opportunities to provide these
kinds of rich conversations and learning (Whorrall & Cabell, 2016).
Thus, teachers that intentionally try to infuse cognitively demand-
ing practices throughout the school day—such as by turning rou-
tine transitions into learning time or capitalizing on children’s nat-
ural bids for attention to have an in-depth conversation about
children’s interests, home, or culture—may further support chil-
dren’s learning. Existing work is also constrained by measurement
limitations, focused on the use of inferential questioning or re-
inforcement of vocabulary in a shared book-reading context (e.g.,
Wasik & Bond, 2001), whereas extant measures of classroom qual-
ity tend to capture these practices via one-off items. This limits the
field’s understanding of the unique role that cognitively demanding
practices—as used across a range of learning activities and not just
book-reading—may play in promoting children’s skill development
in multiple domains.

At the same time, such cognitively demanding learning op-
portunities may vary depending on children’s skills at PreK en-
try and also potentially by demographic characteristics like SES,
race/ethnicity, and home language. In work examining the Head
Start program, researchers have found larger impacts for children
who begin the program with lower scores on measures of cogni-
tive skills, as well as Dual Language Learner (DLL) and Hispanic
children (e.g., Bloom & Weiland, 2015). This research, however, also
argues that the content of Head Start may be somewhat remedial
and particularly focused on supporting English proficiency for chil-
dren who are DLLs and were initially tested in English. Even so,
it may be that Head Start programs are able to offer these chil-
dren the appropriate supports, or “zone of proximal development”
(Vygotsky, 1978), to learn just beyond what they already know. It is
possible that supports for higher-skilled children in programs like
Head Start are not as robust, or that prior work has not been able
to measure the broad and comprehensive nature of cognitively de-
manding opportunities that support learning for these children.

Indeed, another body of work argues that when instruction is
high in cognitive demand, the learning environment may be more
likely to support the outcomes of children who have higher initial
skill levels at the start of the PreK year. For example, children with
stronger skills at PreK entry, who are disproportionately likely to
be from higher SES families, may benefit more from talk that is in-
ferential in nature (e.g., Reese & Cox, 1999). In line with Vygotskian
theory introduced above, children who start PreK with higher lev-
els of skills may have a stronger knowledge base that allows them
to take advantage of and learn from cognitively demanding activ-
ities because their skill level is more closely matched to the de-
mands of their learning environment. For a child with lower ini-
tial skill levels or who is learning English during PreK, some cog-
nitively demanding activities may be beyond their abilities, even
with help from a teacher. Thus, adding nuance to the range of cog-
nitively demanding activities and opportunities that are scaffolded
and differentiated in line with children’s abilities may be an im-
portant aspect of assessing cognitive demand.

Diving deeper into aspects of instructional quality: content-rich
instruction

There are a different set of extant measures of instruc-
tional quality, such as the Emerging Academic Snaphot (SNAP;
Ritchie, Howes, Kraft-Sayre & Weiser, 2001) and the Narrative
Record (Farran & Bilbrey, 2004), that have been collected at-scale
and capture what teachers teach by measuring time spent in dif-
ferent skill domains (e.g., mathematics, literacy, science). However,
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what teachers teach goes beyond capturing indicators of time in dif-
ferent subject areas. It refers not only to the skill domains that
are taught but also the richness of the content underlying learn-
ing activities. Neuman, Kaefer and Pinkham (2014) describe the
latter construct as content-rich instruction, or the delivery of back-
ground and world knowledge as the medium through which teach-
ers support the development of children’s skills. For example, a
PreK teacher might engage in a lesson to teach letter sounds by
having each letter on a flashcard with a picture of a word that
starts with that letter, but with no clear connection between the
individual words and letter sounds, or across the various words in-
troduced. In contrast, in a content-rich PreK classroom, content is
infused into instruction by classroom activities being connected to
a topical theme or focal question. The teacher could do a similar
activity but have each of the letter sounds correspond to a pic-
ture or word related to a theme, such as oceans as a habitat. The
letter sounds are then discussed as they relate to new vocabulary
at the same time that background information about the ocean
as a habitat is provided. However, even if a teacher is integrat-
ing background knowledge into instruction, classrooms are likely
to vary by how rich the content is—from more superficial (e.g., “au-
tumn”) to more inferential (e.g., “living things”)—by the extent to
which learning activities within a day and across time are tied to
a theme, by the extent to which explicit connections to the theme
are made, and by the extent to which theme-specific vocabulary
are used.

Background knowledge is thought to be critical for support-
ing student outcomes because when engaging in an activity like
reading a text or completing a complex mathematics problem, the
more an individual knows about the content that the text or prob-
lem is rooted in, the better and more efficient they are at com-
prehending and completing it; the foundational knowledge they
already have helps them make connections and detract meaning
(Hiebert, Goodwin & Cervetti, 2018; Recht & Leslie, 1988). Descrip-
tive and experimental research provide evidence for this hypothe-
sis, demonstrating that content-rich instruction in early childhood
supports background knowledge in core subject areas, in turn serv-
ing as a foundation for future academic success (Neuman et al.,
2014). For example, work on language development reinforces the
importance of engaging children in “knowledge-building” experi-
ences that develop vocabulary in core subject areas (e.g., math-
ematics, science, social studies). These results have been further
supported by experimental work (Neuman et al., 2016), including
studies showing that curricula using content-rich practices stand to
improve children’s learning outcomes, relative to typical PreK prac-
tice (Nguyen, Jenkins and Auger Whitaker, 2018). Although there is
limited information about content-rich instruction in mathematics
in early learning settings, research from older grades has shown
that content can be a critical vehicle for supporting understanding
and perceived relevance of mathematics (Zwiep and Benken, 2012).
Moreover, learning does not occur in a vacuum and is mutually
supported by knowledge and competencies across learning do-
mains (Institute of Medicine & National Research Council, 2015),
which suggests that mathematics instruction grounded in content
may support competencies in this domain.

Content-rich instruction and cognitive demand in the Boston
Public Schools prekindergarten program

Yoshikawa and colleagues (2013) have argued that the evi-
dence for quality improvement at-scale points to implementation
of domain-specific curricula that “aim to provide intensive expo-
sure to a given content area based on the assumption that skills
can be better fostered with a more focused scope” (p. 7), sup-
ported by teacher training and coaching and monitoring of chil-
dren’s progress. With a few notable exceptions (e.g., Boston, NYC),
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few programs nationally have adopted this approach, with most
choosing to implement whole-child or global curricula that aim to
address all domains of child development but do not have a speci-
fied scope and sequence and do not allow for much depth of focus
on any one domain(Jenkins et al., 2018). Comparison of domain-
specific vs whole-child curricula suggests that the former would
be better set up to support content-rich instruction and cognitively
demanding practices (Weiland et al., 2018). Yet, because limited
work has assessed these constructs in settings implementing these
curricula, there is little evidence for this theory.

The Boston Public Schools (BPS) Prekindergarten program, how-
ever, is an example of a model working since 2007 to imple-
ment 2 evidence-based, domain-specific curricula, supporting by
initial and on-going training and coaching of teachers (Weiland
et al., 2018). District prekindergarten programs, as well as ten part-
ner community-based organizations, all implement both Opening
the World of Learning (Schickedanz, Dickinson & Schools, 2005), a
language and literacy curriculum that includes a social-emotional
skills component in each unit, and Building Blocks (Clements &
Sarama, 2007), an early mathematics curriculum that also pro-
motes language development by requiring children to explain their
mathematical reasoning verbally. The PreK curriculum is culturally
responsive to the diverse students that BPS serves in 3 distinct
ways: 1) giving all children access to cognitively demanding tasks
2) prominently representing children’s and families’ diverse back-
grounds, and 3) collaboratively engaging children as active agents
of their learning. Teachers in both public school and community-
based programs are well-compensated relative to other scaled PreK
programs (Kabay, Weiland, & Yoshikawa, 2020) and the large ma-
jority have master’s degree or are en route to earning one (Weiland
et al., 2018). Classrooms are generally small with no more than 20
students per teacher and the school day is 6 hour and 30 minutes
long. The curriculum is structured so that a large amount of time is
spent in small, structured, free-choice centers and there are oppor-
tunities for small group instruction daily (McCormick et al., 2020).
Prior work examining model implementation has shown moder-
ate to high levels of fidelity (McCormick et al., 2020). Given this
fine-grained information about fidelity to the model, questions re-
main about the extent to which the approach does achieve its goal
of improving content-rich and cognitively-demanding practice and
how those practices translate into gains for students.

The current study

The current study aims to build on the existing PreK classroom
quality literature by leveraging data from the BPS prekindergarten
program implemented in public schools and community-based or-
ganizations. The study will answer 3 research questions:

1 To what extent do classrooms delivering the BPS prekinder-
garten model use content-rich and cognitively demanding prac-
tices and how do these constructs vary by intervention fidelity
and by the composition of children in the classroom?

2 Does exposure to content-rich and cognitively demanding prac-
tices predict gains in children’s language and mathematics skills
during the PreK year?

3 Do these associations vary for children who start the academic
year with weaker vs stronger language and mathematics skills
and by children’s SES, race/ethnicity, and DLL status?

Taken together, findings will shed light on observable character-
istics that may not be captured in existing measures of classroom
quality and determine whether they are potential targets for fu-
ture measurement and intervention work in order to support gains
for children entering early childhood settings with varying levels
of skills and demographic characteristics.
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Participants and setting

The sample for the current study consists of 378 children en-
rolled in prekindergarten during the 2016 - 2017 academic year,
recruited from 51 classrooms within 20 public elementary schools
and 10 community-based programs (referred to as CBOs hereafter)
all implementing the BPS prekindergarten model during the aca-
demic year. Students in the current study were enrolled in class-
rooms with observational data and participated in assessments of
their language and mathematics skills in the fall and spring of the
PreK year.

In public school settings, the BPS prekindergarten program is
free, runs full-day, and is open to any age-eligible child for the
academic year (though there is more demand than supply). All
BPS prekindergarten teachers meet the same requirements and re-
ceive the same compensation as K-12 teachers and are required to
have an early childhood (preschool to grade 2) license from the
Massachusetts Department of Elementary and Secondary Educa-
tion and have or be working towards a master’s degree in educa-
tion. The district recently partnered with a subset of CBOs offering
center-based PreK to implement this model as well. At least one
teacher in every CBO classroom implementing the BPS prekinder-
garten model had a minimum of a BA in early childhood education
or a related field. Teachers in partnering CBOs received a pay boost
to ensure parity with the entry-level salary of teachers in public
school settings. All classrooms included in the current study im-
plemented the BPS Focus on K1 curriculum, with implementation
supported through district-provided training and coaching.

The demographic characteristics of the child and teacher sam-
ples are presented in Table 1. As illustrated in the top panel of
the table, the majority of the child sample was eligible for free-
or reduced-price lunch, and the children were diverse with respect
to racial/ethnic background and parental education, among other
characteristics. We coded all students at the CBO programs as eli-
gible for free- or reduced-price lunch, due to income eligibility for
those slots coupled with reports from the CBO providers. Teachers
also come from diverse racial/ethnic backgrounds (13% Hispanic,
43% White, 26% Black, 9% Asian, and 9% other race or biracial)
with an average of 14.83 (SD = 8.86) years of teaching experience.
Compared to the sample, students in the general population of BPS
public prekindergarten were more likely to be Hispanic (28% of the
sample compared to 38% of the broader population) and less likely
to be Asian (14% of the sample, compared to 9% of the broader
population).

Procedures

School and classroom recruitment

In the summer of 2016, we randomly selected 25 public schools
to participate in the study from the 76 district schools offering
the public prekindergarten program. 21 agreed. We used 1 school
as a pilot school for measure development and the remaining 20
schools made up the public school sample. We then selected 10
of the 11 CBOs implementing the BPS prekindergarten model to
participate in the study and all agreed. As mentioned, the CBOs
were connected to the BPS Department of Early Childhood (DEC)
and were receiving training and coaching to implement the BPS
prekindergarten model during the 2016 - 2017 year. We asked all
teachers assigned to general education or inclusion classrooms in
each of the 20 public schools to participate in the study in the
fall of 2016. We randomly selected 1 classroom serving 4-year-old
children within each CBO to participate. 96% (N = 51) of teachers
agreed, and there was no attrition across the year.
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Table 1
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Descriptive characteristics of child, teacher, and classroom sample.

Characteristic Mean or%  SD Percent missing
Child characteristics Race/ethnicitv (%)

Hispanic 28.38 - 26.26
White 22.02 - 26.26
Black 31.03 - 26.26
Asian 14.06 - 26.26
Other race 4.51 - 26.26
Female (%) 50.26 - 0.00
Child age on September 1st, 2016 (fall of PreK) 4.50 0.30 0.00
Eligible for free or reduced price lunch (%) 66.93 - 0.00
Dual Language Learner (%) 48.68 - 0.00
Days between Fall and Spring assessments (in years)  0.52 0.07 0.00
PPVT raw score in Fall of PreK 72.20 2738 2091
PPVT raw score in Spring of PreK 85.57 26.50 5.56
WJAP raw score in Fall of PreK 12.04 5.14 3.44
W]JAP raw score in Spring of PreK 14.98 4.96 5.82
REMA t score in Spring of PreK 36.37 6.61 5.56
Teacher/classroom characteristics Teacher race/ethnicity (%)

Hispanic 13.04 - 9.80
White 43.48 - 9.80
Black 26.09 - 9.80
Asian 8.70 - 9.80
Other race 8.70 - 9.80
Years of teaching experience 14.83 8.86 7.84

Note: N = 378 PreK students; N = 51 PreK classrooms.

Recruitment of children

Eighty-one percent of all children in participating classrooms
had parent consent to participate in the study. The team randomly
selected 50% (~6 - 10 per classroom) of consented children to par-
ticipate in data collection. The children in this group were repre-
sentative of the broader population of children with written con-
sent to participate.

Direct assessments

The field-based research team assessed children in prekinder-
garten during fall 2016 (October 1 through December 12) and
spring 2017 (April 5 through June 16). All child assessors were
trained to reliability prior to collecting data. Before beginning the
study battery, assessors used the Pre-language Assessment Scale
(preLAS; (Duncan & DeAvila, 1998) to determine the administra-
tion language for a subset of assessments (Barrueco, Lopez, Ong &
Lozano, 2012). Of the 378 children in the sample, 43 (11%) com-
pleted a subset of assessments in Spanish in fall 2016, and 15
(4%) completed assessments in Spanish in spring 2017. There were
N = 363 children who completed the assessments in fall, N = 356
who completed assessments in spring, and N = 341 who com-
pleted assessments at both time points.

Classroom observations

We provide a description of procedures for live and videotaped
classroom observations in the main text and further details in Ap-
pendix B.

Live classroom observations

In winter 2017, trained instructional coaches from the BPS dis-
trict observed each participating classroom for two 2-hour blocks
of academic instruction (Mean = 106 minutes, SD = 29). Coaches
only completed fidelity observations in classrooms they did not
normally coach. Observations focused on the full classroom includ-
ing the lead teacher, the children, and any assistant teachers and
other adults.

Fifteen BPS instructional coaches trained as observers par-
ticipated in a 3-day training in January 2017 to learn how to
rate classrooms and teachers on different indicators of interven-
tion fidelity for each component of the Focus on K1 curriculum.
Coaches were majority female (80%) and diverse with respect to
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race/ethnicity (33% White, 33% Black, 20% Hispanic, 13% Asian).
All were former early childhood or elementary school teachers.
As part of the training, observers also learned how to rate class-
rooms on a new measure created to capture global indicators of
instructional quality, regardless of the curricular components ob-
served (see shortened set of items in Table 2 and full measure with
anchors and descriptions in Appendix C). During the data collec-
tion period (February - May 2017), the team double-coded 20% of
observations to assess interrater reliability, showing high levels of
agreement, with 89% of fidelity double codes being reliable “within
1” (aligned with reliability standards on observational measures
like the CLASS).

Videotaped classroom observations

On different days than the live observations, we also collected
2 videotaped observations of instruction (Mean = 3.16 hour of
total time across the observations, SD = 0.83, min = 2.21 hour,
max = 4.62 hour) during winter 2017. We coded observations us-
ing the CLASS (Pianta et al., 2008) and an adapted version of the
Individualizing Student Instruction (ISI; Connor et al., 2009) tools.
We used CLASS domains as covariates in our main analyses and ro-
bustness checks (the 3 domains together in our main analysis and
each domain separately in robustness checks) and data from the
ISI for robustness checks only.

All coders participated in a 2-day CLASS training led by a cer-
tified trainer and then established reliability on a set of master
codes created by the developers. Coding of each videotape started
once the instructional time began. As recommended by the mea-
sure’s protocol (Pianta et al., 2008), coders used cycles of 20 min-
utes for observing and 10 minutes for scoring, which they repeated
up to 4 times for each videotape. We averaged scores across the
4 segments and then across the 2 observations to generate over-
all scores for each classroom. We double-coded 20% of the ob-
servations to assess interrater reliability. The final ICCs represent-
ing interrater reliability for the 3 domains were 96% for Emotional
Support, 94% for Classroom Organization, and 88% for Instructional
Support. We also conducted drift checks wherein coders had to
code a master tape every 3 weeks to ensure they were still reli-
able.
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Table 2
Results of exploratory factor analysis with two-factor solution.

Factor loadings: varimax
rotation

Item Construct 2
Construct 1 content-
cognitive rich
demand instruction

Learning opportunities in this classroom cognitively 0.79 0.42

demanding

Classroom capitalizes on learning opportunities for 0.78 0.49

children

Teacher talks to children in ways that encourage them to 0.75 0.44

expand on or think more deeply about ideas

Relevant vocabulary and rich academic language used 0.71 0.48

and clearly defined throughout the observation

Teacher uses differentiated learning strategies to make 0.51 0.26

the curriculum accessible to a range of children

Classroom culture to discuss and explicitly demonstrate 0.50 0.10

diversity

Evidence of the theme/focal question in this classroom 0.12 0.93

instructional time

Rich content delivered on the theme/focal question 0.43 0.77

Teacher made connections between activities to deepen 0.48 0.70

children’s understanding of the theme/focal question

Teacher defined theme-specific vocabulary words 0.29 0.63

Evidence of the theme in classroom materials, including 0.26 0.63

materials within centers and students’ work on walls

Teacher connects or links activities to the curriculum unit ~ 0.28 0.60

or book in explicit and intentional ways

Abstract content delivered on the theme/focal question -0.21 -0.04

Construct alpha 0.90 0.90

Note: N = 51 classrooms. Items were rated on a scale from 1 to 5, with a higher score indicating
the teacher performed better on that item. Factor loadings considered in measurement creation

are shaded.

Administrative data

We accessed administrative records from the BPS district on
children’s demographic characteristics (race, ethnicity, birthdate,
eligibility for free/reduced price lunch, home language, sex), his-
tory of enrollment in the BPS prekindergarten program, and cur-
rent classroom and school membership. We lacked these data on
students from CBOs and thus created these indicators using a
combination of parent reports (race/ethnicity, birthdate, home lan-
guage) and broader information on income eligibility for CBO slots.

Measures

Intervention fidelity to the BPS Focus on K1 model: dosage,
adherence, and quality

The research team worked closely with the BPS DEC to create
an observational tool to assess fidelity to the integrated Focus on
K1 model—described above— in prekindergarten classrooms. We
published information describing the creation of this tool and our
assessment of its reliability and validity (McCormick et al., 2020).
In line with recommendations from Hulleman and Cordray (2009),
we used this tool to measure 3 dimensions of intervention fidelity
- dosage, adherence, and quality. We used these measures of inter-
vention fidelity to conduct robustness checks. See Appendix D for
an overview of the Focus on K1 curricular components.

Implementation dosage. Dosage captured the number of curricular
components observed and the amount of time spent doing them.

Adherence to the curriculum. Adherence items captured whether
particular aspects of each curricular component were implemented
as intended. We coded adherence to the curriculum as the propor-
tion of adherence items that the teacher was observed to imple-
ment within each component. We then averaged across all of the
observed components to calculate a total adherence score (which
was a percentage ranging from 0 to 100).
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Quality of curricular implementation. Quality items captured the
manner by which the curricular components were delivered and
whether particular instructional practices were used. These items
included a detailed set of anchors and descriptors using a 5-point
Likert scale where 1 = low quality and 5 = high quality. We cal-
culated the average quality score for each teacher across all quality
items in curricular components that were observed.

Scoring. We averaged across both observations to create
classroom-level fidelity scores. We report on descriptive statistics
for the dimensions of adherence and quality and use those vari-
ables in our robustness checks described in Appendix A. Finally,
we calculated the number of days between September 1 and
the fidelity observations, averaged across the 2 observations, and
included that as a covariate in the predictive models.

Content-rich instruction and cognitive demand

Recognizing that it would be impossible to observe the same
curricular components in every observation or classroom, we also
developed a set of global items aimed at capturing content-rich
instruction and cognitively demanding practices. We used these
items to rate every classroom on a consistent set of items using
a 5-point Likert scale (1 = low, 5 = high), regardless of the cur-
ricular components that were observed. Observers rated the extent
to which instruction was both rich in content and vocabulary and
cognitively demanding (see Table 2 for a list of items; full mea-
sure included in Appendix C). Although these global items were in-
spired by extant observational tools (Pianta et al., 2008) and prior
fidelity measures used in BPS (Yudron, Weiland & Sachs, 2016), the
content was driven primarily by the overarching goals of the BPS
approach, including the promotion of rich vocabulary, conceptual
knowledge, and an understanding of abstract, complex ideas. After
conducting analyses to assess the items’ psychometric properties,
we averaged the items within domains to create 2 separate con-
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structs representing cognitive demand (N = 6 items) and content-
rich instruction (N = 6 items).

Classroom process quality

We measured global classroom process quality using the Class-
room Assessment Scoring System (CLASS) PreK (Pianta et al.,
2008). CLASS measures 3 domains of teacher-child interactions:
Emotional Support, Classroom Organization, and Instructional Sup-
port. All dimensions are directly scored on a 7-point scale, where
a score of 7 represents high quality except for negative climate
which is reverse-coded. The CLASS and these 3 constructs show
good psychometric reliability and validity in the literature, and
prior studies examining associations between quality and chil-
dren’s outcomes have used this same 3-factor structure (Burchinal
et al., 2014). We included all 3 domains as one block of covariates.
We also examined the sensitivity of these results to models fit sep-
arately for each CLASS domain (discussed in robustness check sec-
tion and Appendix A).

Language skills

We used the Peabody Picture Vocabulary Test IV (PPVT IV; Dunn
& Dunn, 2007) to assess children’s receptive language skills in the
fall and spring. The PPVT IV is a nationally normed measure used
widely in diverse samples of young children. The test has excel-
lent split-half and test-retest reliability estimates, and strong qual-
itative and quantitative validity properties (Dunn & Dunn, 2007).
We assessed all children on the PPVT (regardless of whether they
passed the PreLAS language screener) in order to describe an
equivalent measure of receptive language skills in English across
the sample.

Mathematics skills

We assessed children’s mathematics skills using both the Wood-
cock Johnson Applied Problems (WJAP; Woodcock, Mather, McGrew
& Wendling, 2001) and the Research-based Early Mathematics As-
sessment (REMA; Clements, Sarama & Liu, 2008). Children who
did not pass the PreLAS screener (N = 43 in fall and N = 15 in
spring) were assessed using the Spanish versions (i.e., the Bateria
Il Woodcock Mufioz and the Spanish translation of the REMA).
We combined scores from the English and Spanish assessments to-
gether for the sample. Full details on the reliability and validity of
these measures are included in Appendix E.

The WJ/WM Applied Problems assessment is a numeracy and
early mathematics measure that requires children to perform cal-
culations to analyze and solve arithmetic problems. It has demon-
strated good evidence of reliability and validity in prior work. We
present results using the raw score of the measure. The W] Applied
Problems subtest has been criticized by some mathematics experts
because it is not particularly sensitive in the early childhood years,
skips quickly to difficult items, and does not include geometry
(Weiland et al., 2012). Accordingly, in spring of prekindergarten, we
also used the REMA to assess children’s early mathematics skills.
The REMA is a hands-on, one-on-one assessment that measures
core mathematical abilities of children ages 3 - 8 and has demon-
strated good psychometrics (Clements et al., 2008). The REMA was
only collected in the spring because the updated version of the as-
sessment was not yet available. We used the WJAP as the fall base-
line level of mathematics in all predictive models.

Child characteristics from administrative and assessment data

Using administrative data, we created a series of indicators to
describe children’s race/ethnicity (Black, Hispanic, Asian, or Other
Race/Ethnicity (including mixed-race children)) with the reference
group as White. We used similar indicators to describe eligibility
for free or reduced-price lunch and sex (1 = female; 0 = not fe-
male). We set a dummy variable for DLL equal to 1 if the parent
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reported that there was a language other than English ever spoken
at home and O otherwise. We used the child’s birthdate to calcu-
late child age on September 1, 2016. We also included the number
of days between the fall and spring assessments as a covariate.

Analytic approach

Missing data

Overall, there was a relatively low amount of missing data. All
students had complete data on child-level information provided
by the school district. Missingness on variables used in analyses
ranged from 0% to 6%. There was limited evidence that data were
systematically missing. Accordingly, we chose to use listwise dele-
tion to fit our models when answering the key research questions
of interest. However, as a robustness check we did use multiple
imputation similar to how we have done on a number of other
studies with this sample (and different outcome measures; see
(McCormick et al., 2020)(McCormick et al., 2021) . More informa-
tion on treatment of missing data is included in Appendix A.

Factor analyses

To examine the construct validity of our measures of cognitive
demand and content-rich instruction, we conducted an exploratory
factor analysis (EFA) with varimax rotation using the full sample
of 51 prekindergarten classrooms (both public school and CBO)
that participated in live observations. We fit this model using the
classroom-level scores averaged across the 2 observation periods.
Results from both the scree plot and the rotated factor solution
suggested that a 2-factor solution was the best fit to the data. 12
of 13 items loaded onto one of the factors at 0.5 or above. There
was 1 item (denoted in Table 2) that did not load onto either factor
and was excluded from the creation of these constructs. In addi-
tion, there were some instances where an item loaded onto 1 fac-
tor at 0.7 or above and then loaded onto the other factor at 0.42
to 0.49. However, because it was clear that these items had a high
loading on 1 factor and a substantially lower loading on the other
factor, we were not concerned about issues with double-loading
items. Table 2 lists the loadings for the rotated 2-factor solution.
The 2-factor solution fit the data better than a 3- or 4-factor solu-
tion.

After reviewing the items within each factor, we labeled the
first factor cognitive demand (o 0.90) and the second factor
content-rich instruction (¢ = 0.90). Cognitive demand included
items about the extent to which the learning opportunities pro-
vided required higher-order or strategic and extended thinking
(compared to opportunities that were more rote or basic in nature)
or focused on different aspects of diversity (e.g., language, cultures,
gender), whether the teacher appeared to capitalize on opportuni-
ties to extend children’s learning in intentional ways, and the fre-
quency with which rich vocabulary and language was used and de-
fined. Content-rich instruction was comprised of items tapping into
the extent to which there was evidence of background knowledge
(e.g., families, things that grow, habitats) being presented via a unit
theme or focal question throughout different learning opportuni-
ties and in the vocabulary used, the extent to which teachers made
connections between different activities and referenced that back-
ground knowledge in intentional ways, and the extent to which the
background knowledge provided was rich in nature—that is pro-
moted conceptual thinking.

We created cognitive demand and content-rich instruction
scores by calculating the average rating of the non-missing items
within each factor for each classroom in the sample. We exam-
ined bivariate correlations with the CLASS domains, finding low
correlations between cognitive demand and CLASS emotional sup-
port (r = 0.23) and classroom organization (r = 0.28), and mod-
est correlations between content-rich instruction and CLASS emo-
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tional support (r = 0.08) and classroom organization (r = 0.08).
Correlations for cognitive demand (r = 0.33), as well as content-
rich instruction (r = 0.23), with instructional support were slightly
larger than for the other CLASS domains. Correlations between
these practices and the 3 dimensions of the instructional sup-
port were low but higher for cognitive demand (rs = 0.29-0.31)
than content-rich instruction (rs = 0.20-0.23). Cognitive demand
and content-rich instruction constructs were moderately correlated
with one another (r = 0.71).

Descriptive analysis

We first examined classrooms’ scores on the cognitive demand
and content-rich instruction measures using descriptive statistics.
We then examined bivariate correlations between cognitive de-
mand and content-rich instruction and information on intervention
fidelity and explored whether these constructs varied by interven-
tion fidelity and by the composition of children in the classroom
in terms of their race/ethnicity, DLL status and eligibility for free
or reduced-price lunch (our proxy for SES).

Multi-level modeling

We used multi-level modeling to answer our second and third
research questions about whether exposure to content-rich and
cognitively demanding practices predicted children’s gains and
whether these associations varied by children’s language and
mathematics skills at the beginning of the prekindergarten year.
Because children in the sample were nested in classrooms and
schools/CBOs, we fit unconditional means models to partition the
variance at each relevant level (i.e., school/center, classroom, child).
The 3-level model with random intercepts for classrooms and
schools was the best fit to the data across outcomes (Snijders &
Bosker, 2011). Eq. (1) below illustrates the model we fit to an-
swer our second research question, examining associations be-
tween content-rich instruction and cognitive demand and gains in
children’s language and mathematics skills.

Yijx = Bo + BiContentRichinstruct, + B,CogDemand jy + Vijk

+ o+ i+ G+ gk (1)

As summarized here, we regressed each outcome measured
in the spring of prekindergarten for student i, in classroom j
and school k (Y;j) on both content-rich instruction and cogni-
tive demand, together as one block. In Eq. (1), y;j is a vector
of student-level covariates, oy is a vector of classroom-level co-
variates, uj, and ¢ denote random intercepts for classrooms and
schools, and & is a residual error term. We made the decision
to include content-rich instruction and cognitive demand as pre-
dictors together in the model because the correlation between
the measures was moderate (r = 0.71) and we wanted to under-
stand their unique association with outcomes, net of the other. We
grand-mean centered all continuous variables.

Finally, we tested our third research question—considering vari-
ation in associations between indicators of quality and gains in
children’s outcomes by fall skill level as well as SES, race, and
ethnicity—by fitting separate models for each moderator and do-
main of quality (moderators: children’s academic skills in the fall
of the academic year, SES, 5 categories of race/ethnicity used as
covariates in earlier models, DLL status), adjusting for covariates,
including the other theorized quality construct.

Results
Descriptive analysis
We summarize descriptive findings in Table 3. CLASS scores

were lower than those reported in a previous study of class-
room quality in the BPS prekindergarten program (Weiland &
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Yoshikawa, 2013). With respect to intervention fidelity, there were
moderately high levels of adherence (63.6%) and moderate levels
of quality of implementation (mean = 3.25, SD = 0.56) across ob-
served curricular components. We observed about 75% of the cur-
riculum components in each classroom (mean = 8.47, SD = 2.58)
with variation attributed to the frequency with which some com-
ponents (like Centers, Read Aloud) took place compared to others.

Research Question 1. To what extent do classrooms implement-
ing the BPS prekindergarten model use content-rich and cogni-
tively demanding practices and how do these constructs vary by
intervention fidelity and the composition of children in the class-
room?

As described in Table 3, we found that classrooms used moder-
ate levels of content-rich (mean = 3.10, SD = 0.79) and cognitively
demanding (mean = 2.89, SD = 0.75) practices. Exploratory anal-
yses taking intervention fidelity into account revealed fairly large
and statistically significant associations between both content-rich
instruction and quality of curricular implementation (r = 0.68, P <
0.001) and cognitive demand and quality of curricular implementa-
tion (r = 0.74, P < 0.001). There were smaller—yet still moderately
sized—statistically significant associations between content-rich in-
struction and adherence to the curriculum (r = 0.44, P < 0.01) and
cognitive demand and adherence to the curriculum (r = 0.39, P <
0.01). We then explored whether content-rich instruction and cog-
nitive demand were generally similar or varied depending on the
composition of the children in the classroom. We found a negative
correlation between the proportion of Black children and cognitive
demand, which was statistically significant at P < 0.10 (r = —0.25,
P < 0.10). There were no other correlations greater than 0.20 be-
tween content-rich instruction or cognitive demand and the other
classroom demographic characteristics (i.e., racial/ethnic categories,
SES, or DLL status).

Research Question 2. Does exposure to content-rich and cogni-
tively demanding practices predict gains in children’s language and
mathematics skills across the prekindergarten year?

Findings across all models are summarized in Table 4. For sta-
tistically significant results we present results from full models -
with covariates - in Table 5. Content-rich instruction was posi-
tively associated with gains in children’s mathematics skills (mea-
sured using the WJAP) in prekindergarten (y = 1.20, SE = 0.34, P <
0.001, std. association = 0.24) while cognitive demand was nega-
tively associated with gains in mathematics skills during this same
time (y = —0.97, SE = 0.34, P < 0.01, std. association = —0.20). In
other words, holding all other factors constant, including the level
of cognitive demand, children who were exposed to 1 standard
deviation more content-rich instruction demonstrated larger gains
in mathematics skills—of about 0.24 SDs (or about 2.5 months
of learning in mathematics; Hill, Bloom, Black & Lipsey, 2008)—
than children exposed to the mean level of content-rich instruc-
tion. Holding all covariates constant, including content-rich in-
struction, children exposed to 1 SD more cognitive demand ex-
perienced smaller gains in mathematics—of about 0.20 SDs—than
children exposed to the mean level of cognitive demand. Further,
models demonstrated null associations between both of these pre-
dictors and gains in children’s language skills and spring mathe-
matics skills assessed with the REMA in spring.

Research Question 3. Do these associations vary for children
who start the academic year with weaker vs stronger language and
mathematics skills and by children’s SES, race/ethnicity, and DLL
status?

All interaction results are presented in Table 4. Results from
the full models with statistically significant interactions - includ-
ing covariates - are in Table 5. There was a statistically significant
interaction between content-rich instruction and fall skills in the
model predicting spring REMA scores (y = 0.12, SE = 0.06, P <
0.05). Children who entered school with stronger levels of math-



M.E Maier, M.P. McCormick, S. Xia et al.

Early Childhood Research Quarterly 60 (2022) 96-109

Table 3
Descriptive statistics and bivariate correlations for measures of classroom quality and intervention fidelity'.
Variable of interest Mean  SD 1 2 3 4 5 6 7
1.  Content-rich instruction 3.10 0.79 -
2. Cognitive demand 2.89 0.75 0.71 == -
3. CLASS emotional support 5.51 0.59 0.08 0.23 -
4.  CLASS classroom organization 5.36 0.58 0.08 0.28 * 0.85* -
5. CLASS instructional support 3.19 0.63 0.23 0.33 ¢ 0.63 0.68 -
6.  Quality of implementation 3.25 0.56  0.68 * 0.74 =+ 0.23 0.22 033~ -
7.  Adherence to curriculum 0.64 0.11 0.44* 0.39** -0.15 -0.21 -0.04 057" -
8.  *curricular components observed 8.47 2.58 0.08 0.05 -0.35 * -0.20 -0.12 0.00 0.12
Note: N = 51 classrooms. Sample has limited missing data.
** P < 0.001.
** P < 0.01.
* P < 0.05.
T P < 0.10.

Table 4

Associations between instructional practices and gains in students’ language and math skills in PreK.

Language skills (PPVT)
Fixed effects

y SE Std.association y

Math skills (WJAP)

Math skills (REMA)

SE Std.association y SE Std.association

Main effects 0.26 2.07
model
Cognitive
demand
Content-rich
instruction
Emotional
support
Classroom
observation
Instructional
support
Interaction
model for
cognitive
demand
Cognitive
demand
Cognitive
demand x
baseline skill
Interaction
model for
content-rich
instruction
Content-rich
instruction
Content-rich
instruction x
baseline skill

0.01 -0.97

-0.16 —-0.01 1.20

-1.18 3.90 —-0.04 -1.63*

4.05 0.15 1.59*

-2.91 -0.11 0.11

0.45 0.02 -0.97 **

0.08 0.05 0.00 0.00

-0.24 —-0.01 1.21 ==

0.04 0.04 0.00 —-0.02

0.34 —0.20 —-1.08 0.68 -0.16

0.34 0.24 0.80 0.70

—0.33 -1.32 1.28 -0.20

0.70 0.32 1.98 1.43 0.30

0.38 0.02 -0.76 0.75 -0.12

0.34 -0.20 -1.03 0.68 -0.16

0.05 0.00 0.15 * 0.07 0.02

0.24 0.71 0.70

0.04 0.00 0.12 0.06 0.02

Note: N = 335 students and N = 50 classrooms. All models also adjust for Fall assessments, time between assessments, student age, free/reduced price lunch status,
sex, dual-language learner status, whether student was in a CBO or not, and average number of days between September 1 and fidelity observations. Interacted
models also adjust for the three domains of the CLASS (emotional support, classroom organization, instructional support).

#* P < 0.001.
* P < 0.01.
* P < 0.05.
P <0.10.

ematics skills and who experienced high levels of content-rich in-
struction demonstrated higher mathematics scores during spring
of prekindergarten than children with similar fall skills who expe-
rienced lower levels of content-rich instruction (see Fig. 1A). There
was also a statistically significant interaction between cognitive de-
mand and fall skills in the model predicting the REMA (y = 0.15,
SE = 0.07, P < 0.05). As illustrated in Fig. 1B, children who began
prekindergarten with lower levels of mathematics skills and expe-
rienced lower levels of cognitive demand showed stronger math-
ematics skills on the REMA than children who began school with
similar levels of academic skills and experienced higher levels of
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cognitive demand. Finally, in the models predicting gains in lan-
guage skills, we also found an interaction between fall skills and
cognitive demand (y = 0.08, SE = 0.05, P < 0.10). Further inclusion
of an additional set of controls (discussed in Appendix A) yielded
a parameter estimate of similar-sized magnitude (y = 0.10) on
this interaction that was statistically significant at P < 0.05 (see
more below). Probing the interaction revealed that children who
entered prekindergarten with higher levels of language skills and
experienced higher levels of cognitive demand demonstrated larger
gains on the PPVT during prekindergarten than children who en-
tered school with similar levels of language skills and were ex-
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Full multi-level models predicting gains in prek from content-rich instruction, cognitive demand, and interactions between constructs and fall skills.

Lang skills (PPVT) Math skills (WJAP)

Math skills (WJAP)

Math skills (WJAP) Math skills (REMA) Math skills (REMA)

Fixed effects yy SE 2.58 1% SE 0.43 y
Intercept 88.86 15.62 15.62
Covariates o * :

Fall level of the 0 69 0.04 071 **~ 0.04 0.71 ***
outcome (or skill)

Free/reduced price —4.06 2.48 -0.01 0.47 -0.01
lunch eligible

Female -0.53 1.62 —-0.08 0.31 -0.07
Dual Language Learner -1.74 2.12 0.47 0.40 0.47
Asian 2.46 3.31 -0.54 0.60 -0.53
Black 0.80 2.97 -1.10f 056 -1.10f
Hispanic -2.12 2.90 -1.36 0.56 -1.36
Other race 6.00 3.96 0.35 0.76 0.35
Community-based 1.76 4.64 0.53 0.73 0.52
PreK

Child age at school 1.33 2.82 -0.43 0.55 -0.43
year start

Time between 12.83 14.28 2.64 2.65 2.65
assessments

Days between 9/1 and -0.07 0.10 -0.04 0.02 -0.04
fidelity obs. CLASS " '
domains

Emotional support -2.32 4.00 -1.63 * 0.66 -1.62 *
Classroom organization  5.20 4.45 1.59 * 0.70 1.59 *
Instructional support -2.92 2.27 0.11 0.38 0.11
Global quality domains

Cognitive demand 0.45 2.10 -0.97 0.34 -0.97
Content-rich 0.04 2.14 1.20 *** 034 1.20 ***
Interaction terms

Cognitive demand x 0.08 T 0.05 - - 0.00

baseline skill
Content-rich x baseline - - - - _
skill

SE 0.43 Y SE 0.43 Y SE 0.78 Yy SE 0.78
15.60 37.78 38.05

0.04 0.71 *** 0.04 072 0.06 074 0.05
0.47 —-0.01 0.47 —0.40 0.69 —0.47 0.69
0.31 —-0.07 0.31 -0.17 0.45 -0.25 0.46
0.40 0.48 0.40 1.23* 0.59 1.14 f 0.59
0.60 -0.54 0.60 —0.47 0.95 —0.55 0.95
0.56 -1.09 f 0.56 -2.27 0.86 —2.28 0.86
0.56 -1.34 0.56 -2.11 0.82 -2.21 0.83
0.76 0.37 0.76 -0.07 1.12 -0.12 1.12
0.74 0.51 0.73 —0.49 1.52 —0.56 1.51
0.55 -0.43 0.55 0.17 0.81 0.20 0.81
2.67 2.61 2.66 6.40 4.18 5.80 4.17
0.02 —-0.04 0.02 —0.02 0.03 —0.02 0.03
0.66 -1.61 * 0.66 —-1.47 1.27 -1.38 1.27
0.70 1.57 * 0.70 2.19 1.43 2.12 1.43
0.38 0.11 0.38 —0.91 0.75 -0.87 0.75
0.34 -0.98 0.34 -1.03 0.68 -1.02 0.68
0.35 1.21 0.35 0.81 0.70 0.71 0.70
0.05 - - 0.15 0.07 - -

- —-0.02 0.04 - - 0.12 * 0.06

Note: N = 335 students and N = 50 classrooms. All models also adjust for Fall assessments, time between assessments, student age, free/reduced price lunch status, sex,
dual-language learner status, whether student was in a CBO or not, and average number of days between September 1 and fidelity observations, and the three domains
of the CLASS (emotional support, classroom organization, instructional support). Given space constraints, we do not present null models. These results are available by

request.
=+ P < 0.001.
* P < 0.01.
* P < 0.05.
T P <0.10.

posed to lower levels of cognitive demand. We treat this finding
as exploratory given the inconsistency in the p value, but it does
suggest that cognitive demand may act similarly for language and
mathematics skills, in predicting gains for children who begin the
year with stronger skills. We did not find any consistent evidence
that associations between either content-rich instruction or cogni-
tive demand and gains in skills varied by students’ eligibility for
free or reduced price lunch, race/ethnicity, or DLL status.

Robustness checks

We considered a number of robustness checks (see Appendix
A) including: multiple imputation to handle missing covariates;
fitting separate predictive models for content-rich instruction and
cognitive demand; and examining sensitivity of results to a range
of alternative explanations (amount of time children spent in lan-
guage and mathematics instruction, the number of curricular com-
ponents classrooms were observed to implement [i.e., intervention
dosage], intervention adherence, and overall quality of implemen-
tation). The association between content-rich instruction and gains
in mathematics skills (assessed on the WJAP) was fully robust and
varied little in magnitude across all of our checks (N = 6). In con-
trast, the negative association between cognitive demand and gains
in the WJAP was no longer significant and had a decreased mag-
nitude in 2 out of 6 checks. As such, we have more confidence in
the predictive ability of content-rich instruction than cognitive de-
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mand. Although the interactions were not all robust to multiple
imputation at P < 0.05, prior work has shown that multiple impu-
tation can introduce more bias and error than complete case anal-
ysis when the level of missingness is low relative to sample size
(Gelman and Hill, 2006). There is value in considering these inter-
actions in an exploratory way, as they were robust to alternative
models and inclusion of conceptually meaningful covariates.

Discussion

This paper aimed to build evidence on the reliability and pre-
dictive ability of 2 aspects of PreK classroom instructional quality—
content-rich instruction and cognitive demand—hypothesized to
be associated with gains in children’s language and mathemat-
ics skills. We were able to create reliable measures of these con-
structs by collecting systematic observations of classrooms im-
plementing domain-specific, evidence-based curricula designed to
support these teacher practices. Descriptive findings revealed that
classrooms used content-rich and cognitively demanding practices
at moderate levels (on a 5-point scale) and that our measures
were sensitive enough to detect variation in these constructs across
study classrooms. Importantly, we found evidence that classrooms
with higher proportions of Black students scored lower on our
measure of cognitive demand, compared to classrooms with lower
proportions of Black students. Content-rich instruction was con-
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Fig. 1. (A). Interaction of fall mathematics skills and content-rich instruction pre-
dicting spring REMA scores in PreK, (B). interaction of fall mathematics skills and
cognitive demand predicting spring REMA scores in PreK.

sistently associated with gains in children’s mathematics skills—
measured using the Woodcock Johnson Applied Problems—at a
magnitude of about a quarter of a standard deviation, whereas
findings related to main effects of cognitive demand and children’s
gains were inconsistent as were associations between content-rich
instruction and gains in language skills. There was no evidence that
these associations varied by students’ race/ethnicity, SES, or DLL
status.

Support of content-rich instruction and cognitive demand via
curriculum

Specific to our descriptive analysis, our results show that
stronger implementation of domain-specific curricula focused on
both language/literacy and mathematics can support higher lev-
els of content-rich and cognitively demanding instruction. Class-
rooms with higher levels of intervention fidelity to BPS’s Focus on
K1 curriculum were observed using more content-rich and cog-
nitively demanding practices. For example, compared to teachers
who were observed adhering to about 40% of observed curricular
components (i.e., 1 standard deviation below the mean), teachers
who implemented curricular components with 80% adherence (1
standard deviation above the mean) scored about half of a stan-
dard deviation higher on our measure of content-rich instruction
and about a third of a standard deviation higher on our measure
of cognitive demand. This is a notable finding because it identi-
fies curricula as a clear approach for programs to hone in on to
enhance these features of instructional quality. In addition, given
the difficulty of collecting fine-grained measures of intervention
fidelity for a large number of classrooms, it may be more fea-
sible to consider approaches like ours—using global observational
measures—to assess content-rich instruction and cognitive demand
at-scale.
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Recent updates in standards for early childhood education high-
light the importance of using curricula to support both content-
rich and cognitively demanding instruction as 1 indicator of high-
quality practice. For example, Head Start Program Performance
Standards call for curricula that are “sufficiently content rich” and
“have an organized developmental scope and sequence that in-
clude plans and materials for learning experiences based on de-
velopmental progressions” (Head Start Program Performance Stan-
dards, 2016). Relatedly, the recent revision to the professional stan-
dards and competencies for early childhood educators created by
the National Association for the Education of Young Children (NA-
EYC) articulates that educators need to not only “ask good ques-
tions and encourag|e] young children to express and test their own
ideas” but also have both content and pedagogical knowledge that
can be applied “to integrated curriculum that makes connections
through play” (p. 23) (NAEYC, 2019). And, large-scale collection
of observational data as part of Quality Rating Improvement Sys-
tems (QRIS) has highlighted the need to support cognitively de-
manding instructional practices that stimulate children’s thinking
(Pianta et al., 2016).

Yet, most early childhood education programs in the United
States do not implement the type of domain-specific, play-based
curricula that the classrooms in the current study used (Weiland
et al., 2018). Dominating the preschool landscape are whole-child
or global curricula that purport to address all domains of child de-
velopment but whose learning activities do not follow a specified
scope and sequence and do not allow for much depth of focus on
any 1 domain (Jenkins et al., 2018; Weiland et al., 2018). As re-
ported in our prior work (Authors, 2020), we observed children in
this study participating in play-based learning centers in all of the
classrooms and that was by far the curricular component that chil-
dren spent the most time in. As such, there is evidence that chil-
dren were spending an ample amount of time in activity settings
to support the play-based learning dictated by the curriculum and
also theorized to support content-rich and cognitively demanding
instruction. Further work to measure the constructs of content-
rich instruction and cognitive demands across a broader range of
programs—and to test whether and how they vary across PreK cur-
ricula and different activity settings—is needed to understand how
curricula may support these indicators of classroom quality priori-
tized by existing early learning standards.

Importantly, our exploratory and descriptive analyses also sug-
gested implications for racial equity. We found that classrooms
with higher proportions of Black children had lower scores on cog-
nitive demand, on average. This result may in part reflect these
classrooms also scoring lower on quality of curricular implemen-
tation as well as general emotional support and classroom orga-
nization. Although our results are only correlational, it is possible
that they may reflect prior research finding that elementary school
teachers tend to have lower expectations for Black students, re-
gardless of children’s skill levels (Gershenson & Papageorge, 2018).
Curricula that aim to support teachers to use cognitively demand-
ing practices may be implemented less well—due to implicit bias
and other reasons—in classrooms that include a higher proportion
of Black students (Peterson, Rubie-Davies, Osborne & Sibley, 2016).
When adopting evidence-based, domain-specific curricula in PreK
settings, it may be beneficial for schools and centers to imple-
ment targeted strategies to ensure equitable levels of implemen-
tation quality and instructional practices across settings.

Content-rich instruction and gains in mathematics skills in prek

Finding that domain-specific curricula can support content-rich
instruction is particularly important because results from our pre-
dictive models showed that this indicator of classroom quality
consistently predicted gains in children’s mathematics skills—as
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assessed using the WJAP—across the PreK year, over and above
a widely-used, existing measure of classroom process quality. In
other words, within a sample of classrooms all implementing cur-
ricula that aimed to support teachers to expose children to rich
content, we found that teachers who were able to do so at higher
levels had students who experienced larger gains in mathematics
skills during the year than those who implemented these prac-
tices at lower levels. This standardized association translates into
about 2.5 additional months of learning in mathematics (Hill et al.,
2008), which may be particularly important in early childhood
contexts given descriptive studies identifying mathematics skills at
kindergarten entry—perhaps more so than language/literacy skills—
as a critical predictor of academic outcomes through third grade
(Duncan et al., 2007).

Although this study is novel in assessing content-rich instruc-
tion using a global observational measure, there is growing ev-
idence in the field that content-rich instruction in general sup-
ports young students’ learning. For example, a recent article by
Cabell and Hwang (2020) reviewed the evidence on content-rich
instruction in kindergarten to second grade, reporting that the
delivery of content appeared to be an effective mechanism for
supporting children’s language skills and content knowledge, in
turn supporting longer-term linguistic and reading comprehension
skills. Yet, the bulk of work on content-rich instruction focuses on
language and literacy and typically tests the effects of curricula
designed to deliver content relative to business-as-usual instruc-
tion. In contrast, we examined these practices in a set of class-
rooms all implementing content-rich curricula and found links be-
tween the construct and gains in mathematics—but not language—
skills. Mathematics instruction integrated with content—for exam-
ple, talking about different objects in a house and the kinds of
shapes they represent while reading a page during a read aloud
or discussing strategies for counting the number of seeds during
a science activity—may be a mechanism for supporting mathemat-
ics in a similar way to how content has been shown to support
language skills.

In another example that comes from the mathematics curricu-
lum BPS uses, children are given a sheet of paper displaying a
generic outdoor background scene (e.g., hills, stream). They are
then given varied manipulatives—like small dinosaur figures or dif-
ferent types of plants—and encouraged to tell a story that relates
to topics from science such as herbivores, carnivores, and fossils.
They are provided with scaffolds to integrate mathematics into this
story, for example by counting the dinosaurs and plants or sorting
them by size and shape. In this way, children are exposed to rich
and advanced science content while also being explicitly supported
in developing mathematics skills. Although we are unable to exam-
ine how and whether content-rich instruction varied in the context
of mathematics and language/literacy instruction, it is possible that
this construct was more salient for supporting mathematics skills
because there was more variation in whether and how teachers
engaged in content-rich instruction during mathematics. In addi-
tion, content-rich instruction is by definition linked to background
and world knowledge. In the Focus on K1 curricula, this may man-
ifest itself as content linked to science, technology, and engineer-
ing, which have been associated with children’s early mathematics
skills (Whittaker et al., 2020).

Importantly, we identified associations between content-rich in-
struction and gains in children’s mathematics skills, over and above
the 3 domains of the CLASS and, in our sensitivity tests, over
and above overall indicators of intervention fidelity (dosage, ad-
herence, and quality). The CLASS is the most widely used obser-
vational measure of classroom quality currently in existence and
is used by policymakers and practitioners at federal, state, and lo-
cal levels to guide program improvement. Recent estimates from
Teachstone suggest that about 200,000 to 250,000 CLASS observa-
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tions occur each year. This measure primarily focuses on interac-
tions between teachers and children, and although it has indicators
that aim to capture cognitively demanding instructional practices,
its dimensions do not explicitly focus on cognitive demand alone
and do not consider content-rich instruction. Recent evidence sug-
gests that the CLASS may not be as predictive of gains in children’s
skills as prior studies from 10 or more years ago (e.g., Guerrero-
Rosada et al., 2021). Work to measure instructional content is im-
portant for implementing supports to improve these aspects of
quality that may be more predictive of gains in contemporary set-
tings.

Benefits of content-rich and cognitively demanding instruction for
children beginning prek with stronger skills

We found that associations between our constructs of interest
and children’s skills varied depending on the skills children had
when they started PreK. Although statistically significant associ-
ations varied across outcomes, we generally found that the ben-
efits of content-rich instruction and cognitive demand were lim-
ited to children who began the PreK year with higher levels of
academic skills. Associations between content-rich instruction and
children’s spring mathematics skills—assessed on the REMA—were
larger for children who began PreK with higher mathematics skills,
and associations between cognitive demand and gains in children’s
language skills—assessed using the PPVT—were larger for children
who began PreK with higher language skills. Children who began
PreK with lower mathematics skills actually had stronger mathe-
matics skills in spring—assessed using the REMA—when exposed
to lower levels of cognitively demanding practices.

The findings align with theory developed through
Vygotsky’s zone of proximal development (1978), hypothesiz-
ing that children who start PreK with higher levels of skills have
a stronger knowledge base that allows them to take advantage of
and learn from content-rich and cognitively demanding activities
because their skill level is more closely matched to the demands of
their learning environment. In contrast, children with lower initial
skill levels may find some cognitively demanding activities beyond
their abilities, even with help from a teacher. There is empirical
evidence from other work finding a similar pattern of results. For
example, a recent evaluation of the Building Blocks mathematics
curriculum—the same cognitively demanding mathematics cur-
riculum used in BPS—found that impacts on mathematics skills
were larger for children who began PreK with stronger cognitive
skills (Morris, Mattera & Maier, 2016). Although this study did
not examine the construct of content-rich instruction specifically,
added benefits for higher-skilled children experiencing rich con-
tent may operate similarly. Importantly, taken as a whole, children
in this study who started the PreK year with weaker skills did
make larger gains in academic skills than children who started the
year with stronger skills. As such, there continues to be a need to
identify the active ingredients driving this differential growth in
academic skills for children who start the year with stronger vs
weaker skills.

Limitations and directions for future research

This study used a descriptive design, and the analyses do not
allow for causal inference. Future experimental research is needed.
Second, in our models predicting the REMA mathematics assess-
ment as an outcome, we had to use the WJAP in the fall as a co-
variate because we were unable to collect the REMA in fall. It is
possible that our models predicting the REMA masked associations
of interest, an area that future research can address when fitting
residualized gains models. Third, we were only able to examine
the psychometric properties of the constructs within the current
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sample. It is unclear if this measure would demonstrate reliability
and be as predictive of children’s gains when used in other set-
tings, such as classrooms using one of the whole-child curricula
(e.g., Creative Curriculum, HighScope) used more widely across the
country. Next, we may have had limited power to detect interac-
tion effects in this paper. A future study leveraging a larger sam-
ple of classrooms and students might be better powered to detect
small associations between key predictors of interest—content-rich
instruction and cognitive demand—and children’s skills and to ex-
plore heterogeneity in association by children’s race/ethnicity, SES,
and DLL status.

Fifth, because this measure is a global set of items rated at
the end of a classroom observation, we are unable to distinguish
when content-rich and cognitively demanding instruction occurred,
particularly whether it was occurring during activities focused on
a specific skill domain. Future work that can disentangle when
and how content-rich instruction is delivered can help explain the
mechanisms behind the associations found here and inform how
to support teachers to provide content-rich instruction. Relatedly,
because these global items were completed at the end of an ob-
servation where a fidelity tool was being used, we do not know if
the items can be used independently. Future research is needed to
examine the conditions under which these items can be used and
still demonstrate reliability. Finally, we did not include all possible
fidelity constructs (Hulleman & Cordray, 2009); child engagement
in particular would have added to the richness of our study (e.g.,
Arbour et al., 2016). We chose only to focus on academic skills as
outcomes and did not include children’s behaviors, literacy skills,
and social-emotional skills in predictive analyses. More research
focused on these outcome domains is needed.

Implications

Although this study is exploratory, there are some important
implications for future research and practice in this area. First,
there is a hunger for feasible and reliable measures of PreK class-
room quality that are consistently predictive of child gains. We
found that a global observational measure predicted gains in chil-
dren’s mathematics skills, as measured on the WJAP. Although
more work is needed to understand why this observational mea-
sure did not predict gains in language skills, findings point to the
importance of measuring content-rich instruction—or the extent to
which teachers deliver background and world knowledge as the
medium to support children’s skill development—as an aspect of
classroom instructional quality. Findings support the need for sig-
nificant research devoted to better understanding and measuring
the key levers in children’s PreK learning environments that sup-
port their development. Doing so will help the field understand
core components of early interventions, such as curricula that de-
liver rich content (Neuman et al.,, 2014) and move the needle on
children’s outcomes. Building observational systems than can en-
hance quality and outcomes for students, especially those that sup-
port high-quality learning for children from historically marginal-
ized and underserved groups, is of paramount importance.
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