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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- 

nizations implementing the Boston Public Schools prekindergarten program to create reliable measures 

of content-rich instruction and cognitive demand and explore associations between these constructs and 

gains in children’s ( N = 378) language and mathematics skills during PreK. Findings from descriptive anal- 

yses revealed that classrooms used content-rich and cognitively demanding practices at moderate levels, 

and classrooms with higher levels of intervention fidelity generally used higher-quality 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. 
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High-quality PreK during the 4-year-old year is one promising 

athway for promoting more equitable child outcomes at kinder- 

arten entry, with particularly large benefits for children from 

ow-income, non-White, and non-native English-speaking families 

Yoshikawa et al., 2013). Yet, there is considerable variation in the 

uality of children’s PreK experiences ( Pianta, Downer & Hamre, 

016 ), creating challenges for supporting learning and develop- 

ent at scale (e.g., Auger, Farkas, Burchinal, Duncan & Vandell, 

014 ). Complicating matters, there is no conclusive evidence about 

he aspects of children’s learning environments that matter most 

or reliably generating sustained benefits for children in PreK. Cur- 

ent conceptualizations and measurement of PreK classroom qual- 
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ty may not capture the full range of practices critical for promot- 

ng children’s early academic skills ( Burchinal, 2018 ). 

An emerging body of literature highlights the potential of some 

ess studied aspects of observed classroom instructional quality—

ike exposure to rich content (i.e., background and world knowl- 

dge) and cognitively demanding instruction (i.e., instruction fo- 

used on promoting inferential thinking)—to predict gains in chil- 

ren’s learning outcomes, particularly among those who begin 

arly childhood education with lower levels of mathematics and 

anguage skills ( Neuman, 2006 ). Relatedly, recent work has argued 

hat PreK curricula that explicitly support a core learning domain 

ike mathematics, language/literacy, or social-emotional skills are 

he field’s “best bet” for boosting classroom instructional quality 

nd gains in targeted child outcomes ( Weiland, McCormick, Mat- 

era, Maier & Morris, 2018 ; Yoshikawa et al., 2013). Large early ed- 

cational systems like New York City have begun to implement 
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hese models at-scale ( Rojas, Morris & Balaraman, 2020 ). Accord- 

ngly, it is important to examine how content-rich and cognitively 

emanding instruction are supported by—and may vary by—fidelity 

o those types of curricula in early learning settings. Yet, there are 

o known, reliable, and valid measures of these constructs in PreK 

hat consistently predict gains in children’s academic and cogni- 

ive skills. The current study aims to address this need by accom- 

lishing 3 research objectives: 1) examining the extent to which 

reK classrooms use content-rich and cognitively demanding prac- 

ices and exploring whether and how these practices vary by in- 

ervention fidelity (i.e., the extent to which the curricula are im- 

lemented as intended) and by the composition of children in the 

lassroom; 2) estimating associations between both content-rich 

nstruction and cognitive demand and gains in children’s language 

nd mathematics skills across the PreK year; and 3) considering 

hether and how these associations vary for children depending 

n their academic skills at PreK entry, socioeconomic status (SES), 

ace/ethnicity, and home language. 

In doing so, we add to the literature in several ways. First, we 

xplore whether we are able to use a short set of global obser- 

ational items to collect reliable measures of content-rich instruc- 

ion and cognitive demand. Second, we aim to establish the added 

alue of content-rich instruction and cognitive demand for predict- 

ng children’s gains in language and mathematics skills during the 

reK year, over and above another widely-used indicator of class- 

oom process quality—the Classroom Assessment Scoring System 

CLASS; Pianta, La Paro & Hamre, 2008 )—which does not predict 

hild gains in the public school sample in our context ( Guerrero- 

osada et al., 2021 ). Third, we are able to describe the curriculum 

sed in study classrooms in detail and are further able to con- 

rol for key features of intervention fidelity, including dosage, ad- 

erence, and quality ( Hulleman & Cordray, 2009 ), which may be 

lternative explanations driving gains in children’s outcomes. Fi- 

ally, we explore the extent to which a construct like content- 

ich instruction—which has typically been explored in the lan- 

uage/literacy literature—may also be related to gains in children’s 

athematics outcomes. Findings stand to build evidence on fea- 

ures of instruction that can be intervened on to reliably support 

hildren’s learning and development. 

imensions of classroom quality and links to children’s 

utcomes 

A number of studies have identified links between the qual- 

ty of children’s PreK learning experiences and gains in key out- 

omes of interest, such as language and mathematics skills (e.g., 

uger et al., 2014 ; ( Early et al., 2007 ). Yet, there is no consistent

efinition across studies of what “high quality” entails, and little 

onsensus on the specific aspects of quality that are consistently 

elated to gains in children’s skills. Current conceptualizations dis- 

inguish 3 basic dimensions of classroom quality that are thought 

o influence child outcomes ( Burchinal, 2018 ; ( Maier, Hsueh, & 

cCormick, 2020 ): 1) structural quality is focused on the physi- 

al features of classrooms and how they are designed and con- 

gured (e.g., teacher-student ratios; class size; classroom materi- 

ls); 2) process quality is focused on the nature of teacher-child 

nteractions; and 3) instructional quality is focused on what and 

ow teachers teach. We hypothesize that this last dimension in- 

ludes the content that children are exposed to and the pedagogy 

r practices teachers use to stimulate children’s cognitive develop- 

ent and inferential thinking. 

Structural quality is thought to set the stage for process and in- 

tructional quality, but it alone is not enough to promote learn- 

ng and development (Yoshikawa et al., 2013). Aspects of pro- 

ess quality are hypothesized to be more closely linked with chil- 

ren’s gains than structural quality due to their focus on inter- 
97 
ctions, which are more proximal to students’ experiences ( Tseng 

 Seidman, 2007 ). While empirical evidence supports this the- 

ry to some degree, most studies have found small and incon- 

istent associations between measures of PreK process quality fo- 

used on the nature of teacher-child interactions and children’s 

utcomes ( Burchinal, 2018 ). Measures of instructional quality fo- 

used explicitly on what teachers teach and how they teach it (e.g., 

lassroom Observation of Mathematics – Environment and Teach- 

ng (COEMET), Sarama, Clements, Starkey, Klein & Wakeley, 2008 ; 

arly Language & Literacy Classroom Observation Toolkit (ELLCO), 

ayne, DiCarlo, Burts & Benedict, 2007 ) have shown larger links 

ith child outcomes ( Burchinal, 2018 ; Howes et al., 2008 ). But 

hese associations are modest in size ( Burchinal, 2018 ). This work 

ighlights a need for a more nuanced understanding of classroom 

uality and better measures that consistently link with children’s 

utcomes. 

iving deeper into aspects of instructional quality: cognitive 

emand 

The premise behind instructional quality as a support for chil- 

ren’s development is guided by socioecological and sociocultural 

earning theories that point to the importance of bidirectional 

nteractions between children, their caregivers, and their learn- 

ng environments as mechanisms that shape learning ( Bodrova 

 Leong, 2006 ; Bronfenbrenner, Morris, Damon & Lerner, 2006 ). 

epeated opportunities for engagement in guided activities and 

ich conversations support meaningful learning ( Beck & McKe- 

wn, 2007 ). Consequently, we view instructional quality as encom- 

assing both what is taught and how teachers provide these learn- 

ng opportunities. 

Existing measures of instructional quality tend to place more of 

n emphasis on how teachers teach, assessing teachers’ use of in- 

tructional practices or activities that promote inferential thinking, 

uch as asking children to explain, analyze, and think more deeply 

bout ideas and engage in rich back-and-forth conversations (e.g., 

ilbrey, Vorhaus, Farran & Shufelt, 2010 ). These practices, which 

hallenge children to think—that is are cognitively demanding—are 

hought to be particularly important because they push young chil- 

ren to draw on their analysis, reasoning, and inferential thinking 

kills ( Collins, 2016 ). 

There are several instructional practices that can be viewed as 

ognitively demanding, such as challenging questioning, differenti- 

ted instruction, back-and-forth conversations (particularly around 

ognitively challenging topics), and use of sophisticated vocabulary. 

ctivities like asking children to explain their thinking, summa- 

ize events, or provide opinions; verbally scaffolding children to 

elp them solve a problem on their own; and engaging children 

n classroom discourse have demonstrated small to moderate as- 

ociations with gains in children’s skills, including language and 

iteracy skills ( Hamre, Hatfield, Pianta & Jamil, 2014 ), reading com- 

rehension, decoding, and mathematics skills (e.g., Collins, 2016 ; 

ook, Roggman & Boyce, 2011 ; Dieterich, Assel, Swank, Smith 

 Landry, 2006 ), and cognitive self-regulation ( Fuhs, Farran & 

esbitt, 2013 ). Differentiated instruction that aims to meet chil- 

ren where they are developmentally is linked with preschool- 

rs’ language, literacy and mathematics skills ( DeBaryshe, Gorecki 

 Mishima-Young, 2009 ). Teacher-child conversations and book- 

eading activities that provide opportunities to use new or sophis- 

icated vocabulary have shown moderate associations with bet- 

er language ( Dickinson & Porche, 2011 ; Whorrall & Cabell, 2016 ) 

nd mathematics skills when mathematical language is used (e.g., 

urpura, Napoli & King, 2019 ). 

Yet, associations between these kinds of cognitively demand- 

ng practices and children’s skills have not been fully consistent, 

ith variation across learning domains and observational foci. As- 
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ociations appear larger in studies focused on parental stimula- 

ion ( d = 0.34, Dieterich et al., 2006 ; d = 0.19 – 38, Cook et al.,

011 ) compared to studies of cognitive stimulation in classrooms 

e.g., d = 0.06 - 0.11, Fuhs et al., 2013 ). Further, research sug-

ests that teachers may miss out on opportunities to provide these 

inds of rich conversations and learning ( Whorrall & Cabell, 2016 ). 

hus, teachers that intentionally try to infuse cognitively demand- 

ng practices throughout the school day—such as by turning rou- 

ine transitions into learning time or capitalizing on children’s nat- 

ral bids for attention to have an in-depth conversation about 

hildren’s interests, home, or culture—may further support chil- 

ren’s learning. Existing work is also constrained by measurement 

imitations, focused on the use of inferential questioning or re- 

nforcement of vocabulary in a shared book-reading context (e.g., 

asik & Bond, 2001 ), whereas extant measures of classroom qual- 

ty tend to capture these practices via one-off items. This limits the 

eld’s understanding of the unique role that cognitively demanding 

ractices—as used across a range of learning activities and not just 

ook-reading—may play in promoting children’s skill development 

n multiple domains. 

At the same time, such cognitively demanding learning op- 

ortunities may vary depending on children’s skills at PreK en- 

ry and also potentially by demographic characteristics like SES, 

ace/ethnicity, and home language. In work examining the Head 

tart program, researchers have found larger impacts for children 

ho begin the program with lower scores on measures of cogni- 

ive skills, as well as Dual Language Learner (DLL) and Hispanic 

hildren (e.g., Bloom & Weiland, 2015 ). This research, however, also 

rgues that the content of Head Start may be somewhat remedial 

nd particularly focused on supporting English proficiency for chil- 

ren who are DLLs and were initially tested in English. Even so, 

t may be that Head Start programs are able to offer these chil- 

ren the appropriate supports, or “zone of proximal development”

 Vygotsky, 1978 ), to learn just beyond what they already know. It is 

ossible that supports for higher-skilled children in programs like 

ead Start are not as robust, or that prior work has not been able

o measure the broad and comprehensive nature of cognitively de- 

anding opportunities that support learning for these children. 

Indeed, another body of work argues that when instruction is 

igh in cognitive demand, the learning environment may be more 

ikely to support the outcomes of children who have higher initial 

kill levels at the start of the PreK year. For example, children with 

tronger skills at PreK entry, who are disproportionately likely to 

e from higher SES families, may benefit more from talk that is in- 

erential in nature (e.g., Reese & Cox, 1999 ). In line with Vygotskian 

heory introduced above, children who start PreK with higher lev- 

ls of skills may have a stronger knowledge base that allows them 

o take advantage of and learn from cognitively demanding activ- 

ties because their skill level is more closely matched to the de- 

ands of their learning environment. For a child with lower ini- 

ial skill levels or who is learning English during PreK, some cog- 

itively demanding activities may be beyond their abilities, even 

ith help from a teacher. Thus, adding nuance to the range of cog- 

itively demanding activities and opportunities that are scaffolded 

nd differentiated in line with children’s abilities may be an im- 

ortant aspect of assessing cognitive demand. 

iving deeper into aspects of instructional quality: content-rich 

nstruction 

There are a different set of extant measures of instruc- 

ional quality, such as the Emerging Academic Snaphot (SNAP; 

itchie, Howes, Kraft-Sayre & Weiser, 2001 ) and the Narrative 

ecord ( Farran & Bilbrey, 2004 ), that have been collected at-scale 

nd capture what teachers teach by measuring time spent in dif- 

erent skill domains (e.g., mathematics, literacy, science). However, 
98 
hat teachers teach goes beyond capturing indicators of time in dif- 

erent subject areas. It refers not only to the skill domains that 

re taught but also the richness of the content underlying learn- 

ng activities. Neuman, Kaefer and Pinkham (2014) describe the 

atter construct as content-rich instruction, or the delivery of back- 

round and world knowledge as the medium through which teach- 

rs support the development of children’s skills. For example, a 

reK teacher might engage in a lesson to teach letter sounds by 

aving each letter on a flashcard with a picture of a word that 

tarts with that letter, but with no clear connection between the 

ndividual words and letter sounds, or across the various words in- 

roduced. In contrast, in a content-rich PreK classroom, content is 

nfused into instruction by classroom activities being connected to 

 topical theme or focal question. The teacher could do a similar 

ctivity but have each of the letter sounds correspond to a pic- 

ure or word related to a theme, such as oceans as a habitat. The 

etter sounds are then discussed as they relate to new vocabulary 

t the same time that background information about the ocean 

s a habitat is provided. However, even if a teacher is integrat- 

ng background knowledge into instruction, classrooms are likely 

o vary by how rich the content is—from more superficial (e.g., “au- 

umn”) to more inferential (e.g., “living things”)—by the extent to 

hich learning activities within a day and across time are tied to 

 theme, by the extent to which explicit connections to the theme 

re made, and by the extent to which theme-specific vocabulary 

re used. 

Background knowledge is thought to be critical for support- 

ng student outcomes because when engaging in an activity like 

eading a text or completing a complex mathematics problem, the 

ore an individual knows about the content that the text or prob- 

em is rooted in, the better and more efficient they are at com- 

rehending and completing it; the foundational knowledge they 

lready have helps them make connections and detract meaning 

 Hiebert, Goodwin & Cervetti, 2018 ; Recht & Leslie, 1988 ). Descrip- 

ive and experimental research provide evidence for this hypothe- 

is, demonstrating that content-rich instruction in early childhood 

upports background knowledge in core subject areas, in turn serv- 

ng as a foundation for future academic success ( Neuman et al., 

014 ). For example, work on language development reinforces the 

mportance of engaging children in “knowledge-building” experi- 

nces that develop vocabulary in core subject areas (e.g., math- 

matics, science, social studies). These results have been further 

upported by experimental work (Neuman et al., 2016), including 

tudies showing that curricula using content-rich practices stand to 

mprove children’s learning outcomes, relative to typical PreK prac- 

ice ( Nguyen, Jenkins and Auger Whitaker, 2018 ). Although there is 

imited information about content-rich instruction in mathematics 

n early learning settings, research from older grades has shown 

hat content can be a critical vehicle for supporting understanding 

nd perceived relevance of mathematics ( Zwiep and Benken, 2012 ). 

oreover, learning does not occur in a vacuum and is mutually 

upported by knowledge and competencies across learning do- 

ains ( Institute of Medicine & National Research Council, 2015 ), 

hich suggests that mathematics instruction grounded in content 

ay support competencies in this domain. 

ontent-rich instruction and cognitive demand in the Boston 

ublic Schools prekindergarten program 

Yoshikawa and colleagues (2013) have argued that the evi- 

ence for quality improvement at-scale points to implementation 

f domain-specific curricula that “aim to provide intensive expo- 

ure to a given content area based on the assumption that skills 

an be better fostered with a more focused scope” (p. 7), sup- 

orted by teacher training and coaching and monitoring of chil- 

ren’s progress. With a few notable exceptions (e.g., Boston, NYC), 
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ew programs nationally have adopted this approach, with most 

hoosing to implement whole-child or global curricula that aim to 

ddress all domains of child development but do not have a speci- 

ed scope and sequence and do not allow for much depth of focus 

n any one domain( Jenkins et al., 2018 ). Comparison of domain- 

pecific vs whole-child curricula suggests that the former would 

e better set up to support content-rich instruction and cognitively 

emanding practices ( Weiland et al., 2018 ). Yet, because limited 

ork has assessed these constructs in settings implementing these 

urricula, there is little evidence for this theory. 

The Boston Public Schools (BPS) Prekindergarten program, how- 

ver, is an example of a model working since 2007 to imple- 

ent 2 evidence-based, domain-specific curricula, supporting by 

nitial and on-going training and coaching of teachers ( Weiland 

t al., 2018 ). District prekindergarten programs, as well as ten part- 

er community-based organizations, all implement both Opening 

he World of Learning ( Schickedanz, Dickinson & Schools, 2005 ), a 

anguage and literacy curriculum that includes a social-emotional 

kills component in each unit, and Building Blocks ( Clements & 

arama, 2007 ), an early mathematics curriculum that also pro- 

otes language development by requiring children to explain their 

athematical reasoning verbally. The PreK curriculum is culturally 

esponsive to the diverse students that BPS serves in 3 distinct 

ays: 1) giving all children access to cognitively demanding tasks 

) prominently representing children’s and families’ diverse back- 

rounds, and 3) collaboratively engaging children as active agents 

f their learning. Teachers in both public school and community- 

ased programs are well-compensated relative to other scaled PreK 

rograms ( Kabay, Weiland, & Yoshikawa, 2020 ) and the large ma- 

ority have master’s degree or are en route to earning one ( Weiland

t al., 2018 ). Classrooms are generally small with no more than 20 

tudents per teacher and the school day is 6 hour and 30 minutes 

ong. The curriculum is structured so that a large amount of time is 

pent in small, structured, free-choice centers and there are oppor- 

unities for small group instruction daily ( McCormick et al., 2020 ). 

rior work examining model implementation has shown moder- 

te to high levels of fidelity ( McCormick et al., 2020 ). Given this

ne-grained information about fidelity to the model, questions re- 

ain about the extent to which the approach does achieve its goal 

f improving content-rich and cognitively-demanding practice and 

ow those practices translate into gains for students. 

he current study 

The current study aims to build on the existing PreK classroom 

uality literature by leveraging data from the BPS prekindergarten 

rogram implemented in public schools and community-based or- 

anizations. 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- 

stics that may not be captured in existing measures of classroom 

uality and determine whether they are potential targets for fu- 

ure measurement and intervention work in order to support gains 

or children entering early childhood settings with varying levels 

f skills and demographic characteristics. 
99 
ethod 

articipants and setting 

The sample for the current study consists of 378 children en- 

olled in prekindergarten during the 2016 - 2017 academic year, 

ecruited from 51 classrooms within 20 public elementary schools 

nd 10 community-based programs (referred to as CBOs hereafter) 

ll implementing the BPS prekindergarten model during the aca- 

emic year. Students in the current study were enrolled in class- 

ooms with observational data and participated in assessments of 

heir language and mathematics skills in the fall and spring of the 

reK year. 

In public school settings, the BPS prekindergarten program is 

ree, runs full-day, and is open to any age-eligible child for the 

cademic year (though there is more demand than supply). All 

PS prekindergarten teachers meet the same requirements and re- 

eive the same compensation as K-12 teachers and are required to 

ave an early childhood (preschool to grade 2) license from the 

assachusetts Department of Elementary and Secondary Educa- 

ion and have or be working towards a master’s degree in educa- 

ion. The district recently partnered with a subset of CBOs offering 

enter-based PreK to implement this model as well. At least one 

eacher in every CBO classroom implementing the BPS prekinder- 

arten model had a minimum of a BA in early childhood education 

r a related field. Teachers in partnering CBOs received a pay boost 

o ensure parity with the entry-level salary of teachers in public 

chool settings. All classrooms included in the current study im- 

lemented the BPS Focus on K1 curriculum, with implementation 

upported through district-provided training and coaching. 

The demographic characteristics of the child and teacher sam- 

les are presented in Table 1 . As illustrated in the top panel of 

he table, the majority of the child sample was eligible for free- 

r reduced-price lunch, and the children were diverse with respect 

o racial/ethnic background and parental education, among other 

haracteristics. We coded all students at the CBO programs as eli- 

ible for free- or reduced-price lunch, due to income eligibility for 

hose slots coupled with reports from the CBO providers. Teachers 

lso come from diverse racial/ethnic backgrounds (13% Hispanic, 

3% White, 26% Black, 9% Asian, and 9% other race or biracial) 

ith an average of 14.83 (SD = 8.86) years of teaching experience. 

ompared to the sample, students in the general population of BPS 

ublic prekindergarten were more likely to be Hispanic (28% of the 

ample compared to 38% of the broader population) and less likely 

o be Asian (14% of the sample, compared to 9% of the broader 

opulation). 

rocedures 

chool and classroom recruitment 

In the summer of 2016, we randomly selected 25 public schools 

o participate in the study from the 76 district schools offering 

he public prekindergarten program. 21 agreed. We used 1 school 

s a pilot school for measure development and the remaining 20 

chools made up the public school sample. We then selected 10 

f the 11 CBOs implementing the BPS prekindergarten model to 

articipate in the study and all agreed. As mentioned, the CBOs 

ere connected to the BPS Department of Early Childhood (DEC) 

nd were receiving training and coaching to implement the BPS 

rekindergarten model during the 2016 – 2017 year. We asked all 

eachers assigned to general education or inclusion classrooms in 

ach of the 20 public schools to participate in the study in the 

all of 2016. We randomly selected 1 classroom serving 4-year-old 

hildren within each CBO to participate. 96% ( N = 51) of teachers 

greed, and there was no attrition across the year. 
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Table 1 

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 27.38 2.91 

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 

WJAP 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. 
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ecruitment of children 

Eighty-one percent of all children in participating classrooms 

ad parent consent to participate in the study. The team randomly 

elected 50% ( ∼6 – 10 per classroom) of consented children to par- 

icipate in data collection. The children in this group were repre- 

entative of the broader population of children with written con- 

ent to participate. 

irect assessments 

The field-based research team assessed children in prekinder- 

arten during fall 2016 (October 1 through December 12) and 

pring 2017 (April 5 through June 16). All child assessors were 

rained to reliability prior to collecting data. Before beginning the 

tudy battery, assessors used the Pre-language Assessment Scale 

preLAS; ( Duncan & DeAvila, 1998 ) to determine the administra- 

ion language for a subset of assessments ( Barrueco, López, Ong & 

ozano, 2012 ). Of the 378 children in the sample, 43 (11%) com- 

leted a subset of assessments in Spanish in fall 2016, and 15 

4%) completed assessments in Spanish in spring 2017. There were 

 = 363 children who completed the assessments in fall, N = 356 

ho completed assessments in spring, and N = 341 who com- 

leted assessments at both time points. 

lassroom observations 

We provide a description of procedures for live and videotaped 

lassroom observations in the main text and further details in Ap- 

endix B. 

ive classroom observations 

In winter 2017, trained instructional coaches from the BPS dis- 

rict observed each participating classroom for two 2-hour blocks 

f academic instruction ( Mean = 106 minutes, SD = 29). Coaches 

nly completed fidelity observations in classrooms they did not 

ormally coach. Observations focused on the full classroom includ- 

ng the lead teacher, the children, and any assistant teachers and 

ther adults. 

Fifteen BPS instructional coaches trained as observers par- 

icipated in a 3-day training in January 2017 to learn how to 

ate classrooms and teachers on different indicators of interven- 

ion fidelity for each component of the Focus on K1 curriculum. 

oaches were majority female (80%) and diverse with respect to 
100 
ace/ethnicity (33% White, 33% Black, 20% Hispanic, 13% Asian). 

ll were former early childhood or elementary school teachers. 

s part of the training, observers also learned how to rate class- 

ooms on a new measure created to capture global indicators of 

nstructional quality, regardless of the curricular components ob- 

erved (see shortened set of items in Table 2 and full measure with 

nchors and descriptions in Appendix C). During the data collec- 

ion period (February – May 2017), the team double-coded 20% of 

bservations to assess interrater reliability, showing high levels of 

greement, with 89% of fidelity double codes being reliable “within 

 

′′ (aligned with reliability standards on observational measures 

ike the CLASS). 

ideotaped classroom observations 

On different days than the live observations, we also collected 

 videotaped observations of instruction ( Mean = 3.16 hour of 

otal time across the observations, SD = 0.83, min = 2.21 hour, 

ax = 4.62 hour) during winter 2017. We coded observations us- 

ng the CLASS ( Pianta et al., 2008 ) and an adapted version of the

ndividualizing Student Instruction (ISI; Connor et al., 2009 ) tools. 

e used CLASS domains as covariates in our main analyses and ro- 

ustness checks (the 3 domains together in our main analysis and 

ach domain separately in robustness checks) and data from the 

SI for robustness checks only. 

All coders participated in a 2-day CLASS training led by a cer- 

ified trainer and then established reliability on a set of master 

odes created by the developers. Coding of each videotape started 

nce the instructional time began. As recommended by the mea- 

ure’s protocol ( Pianta et al., 2008 ), coders used cycles of 20 min-

tes for observing and 10 minutes for scoring, which they repeated 

p to 4 times for each videotape. We averaged scores across the 

 segments and then across the 2 observations to generate over- 

ll scores for each classroom. We double-coded 20% of the ob- 

ervations to assess interrater reliability. The final ICCs represent- 

ng interrater reliability for the 3 domains were 96% for Emotional 

upport, 94% for Classroom Organization, and 88% for Instructional 

upport. We also conducted drift checks wherein coders had to 

ode a master tape every 3 weeks to ensure they were still reli- 

ble. 
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Table 2 

Results of exploratory factor analysis with two-factor solution. 

Item 

Factor loadings: varimax 

rotation 

Construct 1 

cognitive 

demand 

Construct 2 

content- 

rich 

instruction 

Learning opportunities in this classroom cognitively 

demanding 

0.79 0.42 

Classroom capitalizes on learning opportunities for 

children 

0.78 0.49 

Teacher talks to children in ways that encourage them to 

expand on or think more deeply about ideas 

0.75 0.44 

Relevant vocabulary and rich academic language used 

and clearly defined throughout the observation 

0.71 0.48 

Teacher uses differentiated learning strategies to make 

the curriculum accessible to a range of children 

0.51 0.26 

Classroom culture to discuss and explicitly demonstrate 

diversity 

0.50 0.10 

Evidence of the theme/focal question in this classroom 

instructional time 

0.12 0.93 

Rich content delivered on the theme/focal question 0.43 0.77 

Teacher made connections between activities to deepen 

children’s understanding of the theme/focal question 

0.48 0.70 

Teacher defined theme-specific vocabulary words 0.29 0.63 

Evidence of the theme in classroom materials, including 

materials within centers and students’ work on walls 

0.26 0.63 

Teacher connects or links activities to the curriculum unit 

or book in explicit and intentional ways 

0.28 0.60 

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. 
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dministrative data 

We accessed administrative records from the BPS district on 

hildren’s demographic characteristics (race, ethnicity, birthdate, 

ligibility for free/reduced price lunch, home language, sex), his- 

ory of enrollment in the BPS prekindergarten program, and cur- 

ent classroom and school membership. We lacked these data on 

tudents from CBOs and thus created these indicators using a 

ombination of parent reports (race/ethnicity, birthdate, home lan- 

uage) and broader information on income eligibility for CBO slots. 

easures 

ntervention fidelity to the BPS F ocus on K1 model: dosage, 

dherence, and quality 

The research team worked closely with the BPS DEC to create 

n observational tool to assess fidelity to the integrated Focus on 

1 model—described above— in prekindergarten classrooms. We 

ublished information describing the creation of this tool and our 

ssessment of its reliability and validity ( McCormick et al., 2020 ). 

n line with recommendations from Hulleman and Cordray (2009) , 

e used this tool to measure 3 dimensions of intervention fidelity 

dosage, adherence, and quality. We used these measures of inter- 

ention fidelity to conduct robustness checks. See Appendix D for 

n overview of the Focus on K1 curricular components. 

mplementation dosage. Dosage captured the number of curricular 

omponents observed and the amount of time spent doing them. 

dherence to the curriculum. Adherence items captured whether 

articular aspects of each curricular component were implemented 

s intended. We coded adherence to the curriculum as the propor- 

ion of adherence items that the teacher was observed to imple- 

ent within each component. We then averaged across all of the 

bserved components to calculate a total adherence score (which 

as a percentage ranging from 0 to 100). 
101 
uality of curricular implementation. Quality items captured the 

anner by which the curricular components were delivered and 

hether particular instructional practices were used. These items 

ncluded a detailed set of anchors and descriptors using a 5-point 

ikert scale where 1 = low quality and 5 = high quality. We cal- 

ulated the average quality score for each teacher across all quality 

tems in curricular components that were observed. 

coring. We averaged across both observations to create 

lassroom-level fidelity scores. We report on descriptive statistics 

or the dimensions of adherence and quality and use those vari- 

bles in our robustness checks described in Appendix A. Finally, 

e calculated the number of days between September 1 and 

he fidelity observations, averaged across the 2 observations, and 

ncluded that as a covariate in the predictive models. 

ontent-rich instruction and cognitive demand 

Recognizing that it would be impossible to observe the same 

urricular components in every observation or classroom, we also 

eveloped a set of global items aimed at capturing content-rich 

nstruction and cognitively demanding practices. We used these 

tems to rate every classroom on a consistent set of items using 

 5-point Likert scale (1 = low, 5 = high), regardless of the cur- 

icular components that were observed. Observers rated the extent 

o which instruction was both rich in content and vocabulary and 

ognitively demanding (see Table 2 for a list of items; full mea- 

ure included in Appendix C). Although these global items were in- 

pired by extant observational tools ( Pianta et al., 2008 ) and prior 

delity measures used in BPS ( Yudron, Weiland & Sachs, 2016 ), the 

ontent was driven primarily by the overarching goals of the BPS 

pproach, including the promotion of rich vocabulary, conceptual 

nowledge, and an understanding of abstract, complex ideas. After 

onducting analyses to assess the items’ psychometric properties, 

e averaged the items within domains to create 2 separate con- 
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tructs representing cognitive demand ( N = 6 items) and content- 

ich instruction ( N = 6 items). 

lassroom process quality 

We measured global classroom process quality using the Class- 

oom Assessment Scoring System (CLASS) PreK ( Pianta et al., 

008 ). CLASS measures 3 domains of teacher-child interactions: 

motional Support, Classroom Organization, and Instructional Sup- 

ort. All dimensions are directly scored on a 7-point scale, where 

 score of 7 represents high quality except for negative climate 

hich is reverse-coded. The CLASS and these 3 constructs show 

ood psychometric reliability and validity in the literature, and 

rior studies examining associations between quality and chil- 

ren’s outcomes have used this same 3-factor structure (Burchinal 

t al., 2014). We included all 3 domains as one block of covariates. 

e also examined the sensitivity of these results to models fit sep- 

rately for each CLASS domain (discussed in robustness check sec- 

ion and Appendix A). 

anguage skills 

We used the Peabody Picture Vocabulary Test IV (PPVT IV; Dunn 

 Dunn, 2007 ) to assess children’s receptive language skills in the 

all and spring. The PPVT IV is a nationally normed measure used 

idely in diverse samples of young children. The test has excel- 

ent split-half and test–retest reliability estimates, and strong qual- 

tative and quantitative validity properties ( Dunn & Dunn, 2007 ). 

e assessed all children on the PPVT (regardless of whether they 

assed the PreLAS language screener) in order to describe an 

quivalent measure of receptive language skills in English across 

he sample. 

athematics skills 

We assessed children’s mathematics skills using both the Wood- 

ock Johnson Applied Problems (WJAP; Woodcock, Mather, McGrew 

 Wendling, 2001 ) and the Research-based Early Mathematics As- 

essment (REMA; Clements, Sarama & Liu, 2008 ). Children who 

id not pass the PreLAS screener ( N = 43 in fall and N = 15 in

pring) were assessed using the Spanish versions (i.e., the Batería 

II Woodcock Muñoz and the Spanish translation of the REMA). 

e combined scores from the English and Spanish assessments to- 

ether for the sample. Full details on the reliability and validity of 

hese measures are included in Appendix E. 

The WJ/WM Applied Problems assessment is a numeracy and 

arly mathematics measure that requires children to perform cal- 

ulations to analyze and solve arithmetic problems. It has demon- 

trated good evidence of reliability and validity in prior work. We 

resent results using the raw score of the measure. The WJ Applied 

roblems subtest has been criticized by some mathematics experts 

ecause it is not particularly sensitive in the early childhood years, 

kips quickly to difficult items, and does not include geometry 

 Weiland et al., 2012 ). Accordingly, in spring of prekindergarten, we 

lso used the REMA to assess children’s early mathematics skills. 

he REMA is a hands-on, one-on-one assessment that measures 

ore mathematical abilities of children ages 3 – 8 and has demon- 

trated good psychometrics ( Clements et al., 2008 ). The REMA was 

nly collected in the spring because the updated version of the as- 

essment was not yet available. We used the WJAP as the fall base- 

ine level of mathematics in all predictive models. 

hild characteristics from administrative and assessment data 

Using administrative data, we created a series of indicators to 

escribe children’s race/ethnicity (Black, Hispanic, Asian, or Other 

ace/Ethnicity (including mixed-race children)) with the reference 

roup as White. We used similar indicators to describe eligibility 

or free or reduced-price lunch and sex (1 = female; 0 = not fe-

ale). We set a dummy variable for DLL equal to 1 if the parent
102 
eported that there was a language other than English ever spoken 

t home and 0 otherwise. We used the child’s birthdate to calcu- 

ate child age on September 1, 2016. We also included the number 

f days between the fall and spring assessments as a covariate. 

nalytic approach 

issing data 

Overall, there was a relatively low amount of missing data. All 

tudents had complete data on child-level information provided 

y the school district. Missingness on variables used in analyses 

anged from 0% to 6%. There was limited evidence that data were 

ystematically missing. Accordingly, we chose to use listwise dele- 

ion to fit our models when answering the key research questions 

f interest. However, as a robustness check we did use multiple 

mputation similar to how we have done on a number of other 

tudies with this sample (and different outcome measures; see 

 McCormick et al., 2020 )( McCormick et al., 2021 ) . More informa-

ion on treatment of missing data is included in Appendix A. 

actor analyses 

To examine the construct validity of our measures of cognitive 

emand and content-rich instruction, we conducted an exploratory 

actor analysis (EFA) with varimax rotation using the full sample 

f 51 prekindergarten classrooms (both public school and CBO) 

hat participated in live observations. We fit this model using the 

lassroom-level scores averaged across the 2 observation periods. 

esults from both the scree plot and the rotated factor solution 

uggested that a 2-factor solution was the best fit to the data. 12 

f 13 items loaded onto one of the factors at 0.5 or above. There 

as 1 item (denoted in Table 2 ) that did not load onto either factor

nd was excluded from the creation of these constructs. In addi- 

ion, there were some instances where an item loaded onto 1 fac- 

or at 0.7 or above and then loaded onto the other factor at 0.42 

o 0.49. However, because it was clear that these items had a high 

oading on 1 factor and a substantially lower loading on the other 

actor, we were not concerned about issues with double-loading 

tems. Table 2 lists the loadings for the rotated 2-factor solution. 

he 2-factor solution fit the data better than a 3- or 4-factor solu- 

ion. 

After reviewing the items within each factor, we labeled the 

rst factor cognitive demand ( α = 0.90) and the second factor 

ontent-rich instruction ( α = 0.90). Cognitive demand included 

tems about the extent to which the learning opportunities pro- 

ided required higher-order or strategic and extended thinking 

compared to opportunities that were more rote or basic in nature) 

r focused on different aspects of diversity (e.g., language, cultures, 

ender), whether the teacher appeared to capitalize on opportuni- 

ies to extend children’s learning in intentional ways, and the fre- 

uency with which rich vocabulary and language was used and de- 

ned. Content-rich instruction was comprised of items tapping into 

he extent to which there was evidence of background knowledge 

e.g., families, things that grow, habitats) being presented via a unit 

heme or focal question throughout different learning opportuni- 

ies and in the vocabulary used, the extent to which teachers made 

onnections between different activities and referenced that back- 

round knowledge in intentional ways, and the extent to which the 

ackground knowledge provided was rich in nature—that is pro- 

oted conceptual thinking. 

We created cognitive demand and content-rich instruction 

cores by calculating the average rating of the non-missing items 

ithin each factor for each classroom in the sample. We exam- 

ned bivariate correlations with the CLASS domains, finding low 

orrelations between cognitive demand and CLASS emotional sup- 

ort ( r = 0.23) and classroom organization ( r = 0.28), and mod- 

st correlations between content-rich instruction and CLASS emo- 
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ional support ( r = 0.08) and classroom organization ( r = 0.08). 

orrelations for cognitive demand ( r = 0.33), as well as content- 

ich instruction ( r = 0.23), with instructional support were slightly 

arger than for the other CLASS domains. Correlations between 

hese practices and the 3 dimensions of the instructional sup- 

ort were low but higher for cognitive demand ( r s = 0.29–0.31) 

han content-rich instruction ( r s = 0.20–0.23). Cognitive demand 

nd content-rich instruction constructs were moderately correlated 

ith one another ( r = 0.71). 

escriptive analysis 

We first examined classrooms’ scores on the cognitive demand 

nd content-rich instruction measures using descriptive statistics. 

e then examined bivariate correlations between cognitive de- 

and and content-rich instruction and information on intervention 

delity and explored whether these constructs varied by interven- 

ion fidelity and by the composition of children in the classroom 

n terms of their race/ethnicity, DLL status and eligibility for free 

r reduced-price lunch (our proxy for SES). 

ulti-level modeling 

We used multi-level modeling to answer our second and third 

esearch questions about whether exposure to content-rich and 

ognitively demanding practices predicted children’s gains and 

hether these associations varied by children’s language and 

athematics skills at the beginning of the prekindergarten year. 

ecause children in the sample were nested in classrooms and 

chools/CBOs, we fit unconditional means models to partition the 

ariance at each relevant level (i.e., school/center, classroom, child). 

he 3-level model with random intercepts for classrooms and 

chools was the best fit to the data across outcomes ( Snijders & 

osker, 2011 ). Eq. (1) below illustrates the model we fit to an- 

wer our second research question, examining associations be- 

ween content-rich instruction and cognitive demand and gains in 

hildren’s language and mathematics skills. 

 i jk = β0 + β1 Content RichInst ruc t jk + β2 CogDeman d jk + γi jk 

+ α jk + μ jk + ζk + ε i jk , (1) 

As summarized here, we regressed each outcome measured 

n the spring of prekindergarten for student i, in classroom j 

nd school k ( Y i jk ) on both content-rich instruction and cogni- 

ive demand, together as one block. In Eq. (1) , γi jk is a vector 

f student-level covariates, α jk is a vector of classroom-level co- 

ariates, μ jk and ζk denote random intercepts for classrooms and 

chools, and ε i jk is a residual error term. We made the decision 

o include content-rich instruction and cognitive demand as pre- 

ictors together in the model because the correlation between 

he measures was moderate ( r = 0.71) and we wanted to under- 

tand their unique association with outcomes, net of the other. We 

rand-mean centered all continuous variables. 

Finally, we tested our third research question—considering vari- 

tion in associations between indicators of quality and gains in 

hildren’s outcomes by fall skill level as well as SES, race, and 

thnicity—by fitting separate models for each moderator and do- 

ain of quality (moderators: children’s academic skills in the fall 

f the academic year, SES, 5 categories of race/ethnicity used as 

ovariates in earlier models, DLL status), adjusting for covariates, 

ncluding the other theorized quality construct. 

esults 

escriptive analysis 

We summarize descriptive findings in Table 3 . CLASS scores 

ere lower than those reported in a previous study of class- 

oom quality in the BPS prekindergarten program ( Weiland & 
103 
oshikawa, 2013 ). With respect to intervention fidelity, there were 

oderately high levels of adherence (63.6%) and moderate levels 

f quality of implementation (mean = 3.25, SD = 0.56) across ob- 

erved curricular components. We observed about 75% of the cur- 

iculum components in each classroom (mean = 8.47, SD = 2.58) 

ith variation attributed to the frequency with which some com- 

onents (like Centers, Read Aloud) took place compared to others. 

Research Question 1. To what extent do classrooms implement- 

ng the BPS prekindergarten model use content-rich and cogni- 

ively demanding practices and how do these constructs vary by 

ntervention fidelity and the composition of children in the class- 

oom? 

As described in Table 3 , we found that classrooms used moder- 

te levels of content-rich (mean = 3.10, SD = 0.79) and cognitively 

emanding (mean = 2.89, SD = 0.75) practices. Exploratory anal- 

ses taking intervention fidelity into account revealed fairly large 

nd statistically significant associations between both content-rich 

nstruction and quality of curricular implementation ( r = 0.68, P < 

.001) and cognitive demand and quality of curricular implementa- 

ion ( r = 0.74, P < 0.001). There were smaller—yet still moderately 

ized—statistically significant associations between content-rich in- 

truction and adherence to the curriculum ( r = 0.44, P < 0.01) and 

ognitive demand and adherence to the curriculum ( r = 0.39, P < 

.01). We then explored whether content-rich instruction and cog- 

itive demand were generally similar or varied depending on the 

omposition of the children in the classroom. We found a negative 

orrelation between the proportion of Black children and cognitive 

emand, which was statistically significant at P < 0.10 ( r = −0.25, 

 < 0.10). There were no other correlations greater than 0.20 be- 

ween content-rich instruction or cognitive demand and the other 

lassroom demographic characteristics (i.e., racial/ethnic categories, 

ES, or DLL status). 

Research Question 2. Does exposure to content-rich and cogni- 

ively demanding practices predict gains in children’s language and 

athematics skills across the prekindergarten year? 

Findings across all models are summarized in Table 4 . For sta- 

istically significant results we present results from full models –

ith covariates – in Table 5 . Content-rich instruction was posi- 

ively associated with gains in children’s mathematics skills (mea- 

ured using the WJAP) in prekindergarten ( γ = 1.20, SE = 0.34, P < 

.001, std. association = 0.24) while cognitive demand was nega- 

ively associated with gains in mathematics skills during this same 

ime ( γ = −0.97, SE = 0.34, P < 0.01, std. association = −0.20). In

ther words, holding all other factors constant, including the level 

f cognitive demand, children who were exposed to 1 standard 

eviation more content-rich instruction demonstrated larger gains 

n mathematics skills—of about 0.24 SDs (or about 2.5 months 

f learning in mathematics; Hill, Bloom, Black & Lipsey, 2008 )—

han children exposed to the mean level of content-rich instruc- 

ion. Holding all covariates constant, including content-rich in- 

truction, children exposed to 1 SD more cognitive demand ex- 

erienced smaller gains in mathematics—of about 0.20 SDs—than 

hildren exposed to the mean level of cognitive demand. Further, 

odels demonstrated null associations between both of these pre- 

ictors and gains in children’s language skills and spring mathe- 

atics skills assessed with the REMA in spring. 

Research Question 3. Do these associations vary for children 

ho start the academic year with weaker vs stronger language and 

athematics skills and by children’s SES, race/ethnicity, and DLL 

tatus? 

All interaction results are presented in Table 4 . Results from 

he full models with statistically significant interactions – includ- 

ng covariates – are in Table 5 . There was a statistically significant 

nteraction between content-rich instruction and fall skills in the 

odel predicting spring REMA scores ( γ = 0.12, SE = 0.06, P < 

.05). Children who entered school with stronger levels of math- 
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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 0.33 ∗ –

7. Adherence to curriculum 0.64 0.11 0.44 ∗∗ 0.39 ∗∗ −0.15 −0.21 −0.04 0.57 ∗∗∗ –

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. 
† P < 0.10. 

Table 4 

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

Fixed effects 

Language skills (PPVT) Math skills (WJAP) Math skills (REMA) 

y SE Std.association y SE Std.association y SE Std.association 

Main effects 

model 

Cognitive 

demand 

0.26 2.07 0.01 −0.97 ∗∗ 0.34 −0.20 −1.08 0.68 −0.16 

Content-rich 

instruction 

−0.16 2.11 −0.01 1.20 ∗∗∗ 0.34 0.24 0.80 0.70 0.12 

Emotional 

support 

−1.18 3.90 −0.04 −1.63 ∗ 0.66 −0.33 −1.32 1.28 −0.20 

Classroom 

observation 

4.05 4.35 0.15 1.59 ∗ 0.70 0.32 1.98 1.43 0.30 

Instructional 

support 

−2.91 2.25 −0.11 0.11 0.38 0.02 −0.76 0.75 −0.12 

Interaction 

model for 

cognitive 

demand 

Cognitive 

demand 

0.45 2.10 0.02 −0.97 ∗∗ 0.34 −0.20 −1.03 0.68 −0.16 

Cognitive 

demand x 

baseline skill 

0.08 † 0.05 0.00 0.00 0.05 0.00 0.15 ∗ 0.07 0.02 

Interaction 

model for 

content-rich 

instruction 

Content-rich 

instruction 

−0.24 2.13 −0.01 1.21 ∗∗∗ 0.35 0.24 0.71 0.70 0.11 

Content-rich 

instruction x 

baseline skill 

0.04 0.04 0.00 −0.02 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. 
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matics skills and who experienced high levels of content-rich in- 

truction demonstrated higher mathematics scores during spring 

f prekindergarten than children with similar fall skills who expe- 

ienced lower levels of content-rich instruction (see Fig. 1 A). There 

as also a statistically significant interaction between cognitive de- 

and and fall skills in the model predicting the REMA ( γ = 0.15, 

E = 0.07, P < 0.05). As illustrated in Fig. 1 B, children who began

rekindergarten with lower levels of mathematics skills and expe- 

ienced lower levels of cognitive demand showed stronger math- 

matics skills on the REMA than children who began school with 

imilar levels of academic skills and experienced higher levels of 
104 
ognitive demand. Finally, in the models predicting gains in lan- 

uage skills, we also found an interaction between fall skills and 

ognitive demand ( γ = 0.08, SE = 0.05, P < 0.10). Further inclusion 

f an additional set of controls (discussed in Appendix A) yielded 

 parameter estimate of similar-sized magnitude ( γ = 0.10) on 

his interaction that was statistically significant at P < 0.05 (see 

ore below). Probing the interaction revealed that children who 

ntered prekindergarten with higher levels of language skills and 

xperienced higher levels of cognitive demand demonstrated larger 

ains on the PPVT during prekindergarten than children who en- 

ered school with similar levels of language skills and were ex- 
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Table 5 

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 

Intercept 

Covariates 

γ γ

88.86 
∗∗∗

SE 2.58 γ

15.62 
∗∗∗

SE 0.43 γ

15.62 
∗∗∗

SE 0.43 γ

15.60 
∗∗∗

SE 0.43 γ

37.78 
∗∗∗

SE 0.78 γ

38.05 
∗∗∗

SE 0.78 

Fall level of the 

outcome (or skill) 

0 69 
∗∗∗

0.04 071 ∗∗∗ 0.04 0.71 ∗∗∗ 0.04 0.71 ∗∗∗ 0.04 0 72 
∗∗∗

0.06 0 74 
∗∗∗

0.05 

Free/reduced price 

lunch eligible 

−4.06 2.48 −0.01 0.47 −0.01 0.47 −0.01 0.47 −0.40 0.69 −0.47 0.69 

Female −0.53 1.62 −0.08 0.31 −0.07 0.31 −0.07 0.31 −0.17 0.45 −0.25 0.46 

Dual Language Learner −1.74 2.12 0.47 0.40 0.47 0.40 0.48 0.40 1.23 ∗ 0.59 1.14 f 0.59 

Asian 2.46 3.31 −0.54 0.60 −0.53 0.60 −0.54 0.60 −0.47 0.95 −0.55 0.95 

Black 0.80 2.97 −1.10 f 0.56 −1.10 f 0.56 −1.09 f 0.56 −2.27 
∗∗

0.86 −2.28 
∗∗

0.86 

Hispanic −2.12 2.90 −1.36 ∗ 0.56 −1.36 ∗ 0.56 −1.34 ∗ 0.56 −2.11 ∗ 0.82 −2.21 
∗∗

0.83 

Other race 6.00 3.96 0.35 0.76 0.35 0.76 0.37 0.76 −0.07 1.12 −0.12 1.12 

Community-based 

PreK 

1.76 4.64 0.53 0.73 0.52 0.74 0.51 0.73 −0.49 1.52 −0.56 1.51 

Child age at school 

year start 

1.33 2.82 −0.43 0.55 −0.43 0.55 −0.43 0.55 0.17 0.81 0.20 0.81 

Time between 

assessments 

12.83 14.28 2.64 2.65 2.65 2.67 2.61 2.66 6.40 4.18 5.80 4.17 

Days between 9/1 and 

fidelity obs. CLASS 

domains 

−0.07 0.10 −0.04 
∗∗

0.02 −0.04 
∗∗

0.02 −0.04 
∗∗

0.02 −0.02 0.03 −0.02 0.03 

Emotional support −2.32 4.00 −1.63 ∗ 0.66 −1.62 ∗ 0.66 −1.61 ∗ 0.66 −1.47 1.27 −1.38 1.27 

Classroom organization 5.20 4.45 1.59 ∗ 0.70 1.59 ∗ 0.70 1.57 ∗ 0.70 2.19 1.43 2.12 1.43 

Instructional support 

Global quality domains 

−2.92 2.27 0.11 0.38 0.11 0.38 0.11 0.38 −0.91 0.75 −0.87 0.75 

Cognitive demand 0.45 2.10 −0.97 
∗∗

0.34 −0.97 
∗∗

0.34 −0.98 
∗∗

0.34 −1.03 0.68 −1.02 0.68 

Content-rich 

Interaction terms 

0.04 2.14 1.20 ∗∗∗ 0.34 1.20 ∗∗∗ 0.35 1.21 ∗∗∗ 0.35 0.81 0.70 0.71 0.70 

Cognitive demand x 

baseline skill 

0.08 † 0.05 – – 0.00 0.05 – – 0.15 ∗ 0.07 – –

Content-rich x baseline 

skill 

– – – – – – −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. 
† P < 0.10. 
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osed to lower levels of cognitive demand. We treat this finding 

s exploratory given the inconsistency in the p value, but it does 

uggest that cognitive demand may act similarly for language and 

athematics skills, in predicting gains for children who begin the 

ear with stronger skills. We did not find any consistent evidence 

hat associations between either content-rich instruction or cogni- 

ive demand and gains in skills varied by students’ eligibility for 

ree or reduced price lunch, race/ethnicity, or DLL status. 

obustness checks 

We considered a number of robustness checks (see Appendix 

) including: multiple imputation to handle missing covariates; 

tting separate predictive models for content-rich instruction and 

ognitive demand; and examining sensitivity of results to a range 

f alternative explanations (amount of time children spent in lan- 

uage and mathematics instruction, the number of curricular com- 

onents classrooms were observed to implement [i.e., intervention 

osage], intervention adherence, and overall quality of implemen- 

ation). The association between content-rich instruction and gains 

n mathematics skills (assessed on the WJAP) was fully robust and 

aried little in magnitude across all of our checks ( N = 6). In con-

rast, the negative association between cognitive demand and gains 

n the WJAP was no longer significant and had a decreased mag- 

itude in 2 out of 6 checks. As such, we have more confidence in

he predictive ability of content-rich instruction than cognitive de- 
105 
and. Although the interactions were not all robust to multiple 

mputation at P < 0.05, prior work has shown that multiple impu- 

ation can introduce more bias and error than complete case anal- 

sis when the level of missingness is low relative to sample size 

 Gelman and Hill, 2006 ). There is value in considering these inter- 

ctions in an exploratory way, as they were robust to alternative 

odels and inclusion of conceptually meaningful covariates. 

iscussion 

This paper aimed to build evidence on the reliability and pre- 

ictive ability of 2 aspects of PreK classroom instructional quality—

ontent-rich instruction and cognitive demand—hypothesized to 

e associated with gains in children’s language and mathemat- 

cs skills. We were able to create reliable measures of these con- 

tructs by collecting systematic observations of classrooms im- 

lementing domain-specific, evidence-based curricula designed to 

upport these teacher practices. Descriptive findings revealed that 

lassrooms used content-rich and cognitively demanding practices 

t moderate levels (on a 5-point scale) and that our measures 

ere sensitive enough to detect variation in these constructs across 

tudy classrooms. Importantly, we found evidence that classrooms 

ith higher proportions of Black students scored lower on our 

easure of cognitive demand, compared to classrooms with lower 

roportions 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. 
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istently associated with gains in children’s mathematics skills—

easured using the Woodcock Johnson Applied Problems—at a 

agnitude of about a quarter of a standard deviation, whereas 

ndings related to main effects of cognitive demand and children’s 

ains were inconsistent as were associations between content-rich 

nstruction and gains in language skills. There was no evidence that 

hese associations varied by students’ race/ethnicity, SES, or DLL 

tatus. 

upport of content-rich instruction and cognitive demand via 

urriculum 

Specific to our descriptive analysis, our results show that 

tronger implementation of domain-specific curricula focused on 

oth language/literacy and mathematics can support higher lev- 

ls of content-rich and cognitively demanding instruction. Class- 

ooms with higher levels of intervention fidelity to BPS’s Focus on 

1 curriculum were observed using more content-rich and cog- 

itively demanding practices. For example, compared to teachers 

ho were observed adhering to about 40% of observed curricular 

omponents (i.e., 1 standard deviation below the mean), teachers 

ho implemented curricular components with 80% adherence (1 

tandard deviation above the mean) scored about half of a stan- 

ard deviation higher on our measure of content-rich instruction 

nd about a third of a standard deviation higher on our measure 

f cognitive demand. This is a notable finding because it identi- 

es curricula as a clear approach for programs to hone in on to 

nhance these features of instructional quality. In addition, given 

he difficulty of collecting fine-grained measures of intervention 

delity for a large number of classrooms, it may be more fea- 

ible to consider approaches like ours—using global observational 

easures—to assess content-rich instruction and cognitive demand 

t-scale. 
106 
Recent updates in standards for early childhood education high- 

ight the importance of using curricula to support both content- 

ich and cognitively demanding instruction as 1 indicator of high- 

uality practice. For example, Head Start Program Performance 

tandards call for curricula that are “sufficiently content rich” and 

have an organized developmental scope and sequence that in- 

lude plans and materials for learning experiences based on de- 

elopmental progressions” (Head Start Program Performance Stan- 

ards, 2016). Relatedly, the recent revision to the professional stan- 

ards and competencies for early childhood educators created by 

he National Association for the Education of Young Children (NA- 

YC) articulates that educators need to not only “ask good ques- 

ions and encourag[e] young children to express and test their own 

deas” but also have both content and pedagogical knowledge that 

an be applied “to integrated curriculum that makes connections 

hrough play” (p. 23) ( NAEYC, 2019 ). And, large-scale collection 

f observational data as part of Quality Rating Improvement Sys- 

ems (QRIS) has highlighted the need to support cognitively de- 

anding instructional practices that stimulate children’s thinking 

 Pianta et al., 2016 ). 

Yet, most early childhood education programs in the United 

tates do not implement the type of domain-specific, play-based 

urricula that the classrooms in the current study used ( Weiland 

t al., 2018 ). Dominating the preschool landscape are whole-child 

r global curricula that purport to address all domains of child de- 

elopment but whose learning activities do not follow a specified 

cope and sequence and do not allow for much depth of focus on 

ny 1 domain ( Jenkins et al., 2018 ; Weiland et al., 2018 ). As re-

orted in our prior work (Authors, 2020), we observed children in 

his study participating in play-based learning centers in all of the 

lassrooms and that was by far the curricular component that chil- 

ren spent the most time in. As such, there is evidence that chil- 

ren were spending an ample amount of time in activity settings 

o support the play-based learning dictated by the curriculum and 

lso theorized to support content-rich and cognitively demanding 

nstruction. Further work to measure the constructs of content- 

ich instruction and cognitive demands across a broader range of 

rograms—and to test whether and how they vary across PreK cur- 

icula and different activity settings—is needed to understand how 

urricula may support these indicators of classroom quality priori- 

ized by existing early learning standards. 

Importantly, our exploratory and descriptive analyses also sug- 

ested implications for racial equity. We found that classrooms 

ith higher proportions of Black children had lower scores on cog- 

itive demand, on average. This result may in part reflect these 

lassrooms also scoring lower on quality of curricular implemen- 

ation as well as general emotional support and classroom orga- 

ization. Although our results are only correlational, it is possible 

hat they may reflect prior research finding that elementary school 

eachers tend to have lower expectations for Black students, re- 

ardless of children’s skill levels ( Gershenson & Papageorge, 2018 ). 

urricula that aim to support teachers to use cognitively demand- 

ng practices may be implemented less well—due to implicit bias 

nd other reasons—in classrooms that include a higher proportion 

f Black students ( Peterson, Rubie-Davies, Osborne & Sibley, 2016 ). 

hen adopting evidence-based, domain-specific curricula in PreK 

ettings, it may be beneficial for schools and centers to imple- 

ent targeted strategies to ensure equitable levels of implemen- 

ation quality and instructional practices across settings. 

ontent-rich instruction and gains in mathematics skills in prek 

Finding that domain-specific curricula can support content-rich 

nstruction is particularly important because results from our pre- 

ictive models showed that this indicator of classroom quality 

onsistently predicted gains in children’s mathematics skills—as 
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ssessed using the WJAP—across the PreK year, over and above 

 widely-used, existing measure of classroom process quality. In 

ther words, within a sample of classrooms all implementing cur- 

icula that aimed to support teachers to expose children to rich 

ontent, we found that teachers who were able to do so at higher 

evels had students who experienced larger gains in mathematics 

kills during the year than those who implemented these prac- 

ices at lower levels. This standardized association translates into 

bout 2.5 additional months of learning in mathematics ( Hill et al., 

008 ), which may be particularly important in early childhood 

ontexts given descriptive studies identifying mathematics skills at 

indergarten entry—perhaps more so than language/literacy skills—

s a critical predictor of academic outcomes through third grade 

 Duncan et al., 2007 ). 

Although this study is novel in assessing content-rich instruc- 

ion using a global observational measure, there is growing ev- 

dence in the field that content-rich instruction in general sup- 

orts young students’ learning. For example, a recent article by 

abell and Hwang (2020) reviewed the evidence on content-rich 

nstruction in kindergarten to second grade, reporting that the 

elivery of content appeared to be an effective mechanism for 

upporting children’s language skills and content knowledge, in 

urn supporting longer-term linguistic and reading comprehension 

kills. Yet, the bulk of work on content-rich instruction focuses on 

anguage and literacy and typically tests the effects of curricula 

esigned to deliver content relative to business-as-usual instruc- 

ion. In contrast, we examined these practices in a set of class- 

ooms all implementing content-rich curricula and found links be- 

ween the construct and gains in mathematics —but not language—

kills. Mathematics instruction integrated with content—for exam- 

le, talking about different objects in a house and the kinds of 

hapes they represent while reading a page during a read aloud 

r discussing strategies for counting the number of seeds during 

 science activity—may be a mechanism for supporting mathemat- 

cs in a similar way to how content has been shown to support 

anguage skills. 

In another example that comes from the mathematics curricu- 

um BPS uses, children are given a sheet of paper displaying a 

eneric outdoor background scene (e.g., hills, stream). They are 

hen given varied manipulatives—like small dinosaur figures or dif- 

erent types of plants—and encouraged to tell a story that relates 

o topics from science such as herbivores, carnivores, and fossils. 

hey are provided with scaffolds to integrate mathematics into this 

tory, for example by counting the dinosaurs and plants or sorting 

hem by size and shape. In this way, children are exposed to rich 

nd advanced science content while also being explicitly supported 

n developing mathematics skills. Although we are unable to exam- 

ne how and whether content-rich instruction varied in the context 

f mathematics and language/literacy instruction, it is possible that 

his construct was more salient for supporting mathematics skills 

ecause there was more variation in whether and how teachers 

ngaged in content-rich instruction during mathematics. In addi- 

ion, content-rich instruction is by definition linked to background 

nd world knowledge. In the Focus on K1 curricula, this may man- 

fest itself as content linked to science, technology, and engineer- 

ng, which have been associated with children’s early mathematics 

kills ( Whittaker et al., 2020 ). 

Importantly, we identified associations between content-rich in- 

truction and gains in children’s mathematics skills, over and above 

he 3 domains of the CLASS and, in our sensitivity tests, over 

nd above overall indicators of intervention fidelity (dosage, ad- 

erence, and quality). The CLASS is the most widely used obser- 

ational measure of classroom quality currently in existence and 

s used by policymakers and practitioners at federal, state, and lo- 

al levels to guide program improvement. Recent estimates from 

eachstone suggest that about 20 0,0 0 0 to 250,0 0 0 CLASS observa-
107 
ions occur each year. This measure primarily focuses on interac- 

ions between teachers and children, and although it has indicators 

hat aim to capture cognitively demanding instructional practices, 

ts dimensions do not explicitly focus on cognitive demand alone 

nd do not consider content-rich instruction. Recent evidence sug- 

ests that the CLASS may not be as predictive of gains in children’s 

kills as prior studies from 10 or more years ago (e.g., Guerrero- 

osada et al., 2021 ). Work to measure instructional content is im- 

ortant for implementing supports to improve these aspects of 

uality that may be more predictive of gains in contemporary set- 

ings. 

enefits of content-rich and cognitively demanding instruction for 

hildren beginning prek with stronger skills 

We found that associations between our constructs of interest 

nd children’s skills varied depending on the skills children had 

hen they started PreK. Although statistically significant associ- 

tions varied across outcomes, we generally found that the ben- 

fits of content-rich instruction and cognitive demand were lim- 

ted to children who began the PreK year with higher levels of 

cademic skills. Associations between content-rich instruction and 

hildren’s spring mathematics skills—assessed on the REMA—were 

arger for children who began PreK with higher mathematics skills, 

nd associations between cognitive demand and gains in children’s 

anguage skills—assessed using the PPVT—were larger for children 

ho began PreK with higher language skills. Children who began 

reK with lower mathematics skills actually had stronger mathe- 

atics skills in spring—assessed using the REMA—when exposed 

o lower levels of cognitively demanding practices. 

The findings align with theory developed through 

ygotsky’s zone of proximal development (1978) , hypothesiz- 

ng that children who start PreK with higher levels of skills have 

 stronger knowledge base that allows them to take advantage of 

nd learn from content-rich and cognitively demanding activities 

ecause their skill level is more closely matched to the demands of 

heir learning environment. In contrast, children with lower initial 

kill levels may find some cognitively demanding activities beyond 

heir abilities, even with help from a teacher. There is empirical 

vidence from other work finding a similar pattern of results. For 

xample, a recent evaluation of the Building Blocks mathematics 

urriculum—the same cognitively demanding mathematics cur- 

iculum used in BPS—found that impacts on mathematics skills 

ere larger for children who began PreK with stronger cognitive 

kills ( Morris, Mattera & Maier, 2016 ). Although this study did 

ot examine the construct of content-rich instruction specifically, 

dded benefits for higher-skilled children experiencing rich con- 

ent may operate similarly. Importantly, taken as a whole, children 

n this study who started the PreK year with weaker skills did 

ake larger gains in academic skills than children who started the 

ear with stronger skills. As such, there continues to be a need to 

dentify the active ingredients driving this differential growth in 

cademic skills for children who start the year with stronger vs 

eaker skills. 

imitations and directions for future research 

This study used a descriptive design, and the analyses do not 

llow for causal inference. Future experimental research is needed. 

econd, in our models predicting the REMA mathematics assess- 

ent as an outcome, we had to use the WJAP in the fall as a co-

ariate because we were unable to collect the REMA in fall. It is 

ossible that our models predicting the REMA masked associations 

f interest, an area that future research can address when fitting 

esidualized gains models. Third, we were only able to examine 

he psychometric properties of the constructs within the current 
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ample. It is unclear if this measure would demonstrate reliability 

nd be as predictive of children’s gains when used in other set- 

ings, such as classrooms using one of the whole-child curricula 

e.g., Creative Curriculum, HighScope) used more widely across the 

ountry. Next, we may have had limited power to detect interac- 

ion effects in this paper. A future study leveraging a larger sam- 

le of classrooms and students might be better powered to detect 

mall associations between key predictors of interest—content-rich 

nstruction and cognitive demand—and children’s skills and to ex- 

lore heterogeneity in association by children’s race/ethnicity, SES, 

nd DLL status. 

Fifth, because this measure is a global set of items rated at 

he end of a classroom observation, we are unable to distinguish 

hen content-rich and cognitively demanding instruction occurred, 

articularly whether it was occurring during activities focused on 

 specific skill domain. Future work that can disentangle when 

nd how content-rich instruction is delivered can help explain the 

echanisms behind the associations found here and inform how 

o support teachers to provide content-rich instruction. Relatedly, 

ecause these global items were completed at the end of an ob- 

ervation where a fidelity tool was being used, we do not know if 

he items can be used independently. Future research is needed to 

xamine the conditions under which these items can be used and 

till demonstrate reliability. Finally, we did not include all possible 

delity constructs ( Hulleman & Cordray, 2009 ); child engagement 

n particular would have added to the richness of our study (e.g., 

rbour et al., 2016 ). We chose only to focus on academic skills as

utcomes and did not include children’s behaviors, literacy skills, 

nd social-emotional skills in predictive analyses. More research 

ocused on these outcome domains is needed. 

mplications 

Although this study is exploratory, there are some important 

mplications for future research and practice in this area. First, 

here is a hunger for feasible and reliable measures of PreK class- 

oom quality that are consistently predictive of child gains. We 

ound that a global observational measure predicted gains in chil- 

ren’s mathematics skills, as measured on the WJAP. Although 

ore work is needed to understand why this observational mea- 

ure did not predict gains in language skills, findings point to the 

mportance of measuring content-rich instruction—or the extent to 

hich teachers deliver background and world knowledge as the 

edium to support children’s skill development—as an aspect of 

lassroom instructional quality. Findings support the need for sig- 

ificant research devoted to better understanding and measuring 

he key levers in children’s PreK learning environments that sup- 

ort their development. Doing so will help the field understand 

ore components of early interventions, such as curricula that de- 

iver rich content ( Neuman et al., 2014 ) and move the needle on

hildren’s outcomes. Building observational systems than can en- 

ance quality and outcomes for students, especially those that sup- 

ort high-quality learning for children from historically marginal- 

zed and underserved groups, is of paramount importance. 
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