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a b s t r a c t 

This study examined the links between classroom skill compositions and preschoolers’ early learning and devel- 
opment in the nationally representative Head Start Family and Child Experiences Survey 2014 (FACES, n = 1,711 
children/207 classrooms) and public pre-K programs in a county in Virginia ( n = 1,467 children/123 classrooms). 
Results from a series of covariate-adjusted multilevel regression models revealed that there were small within- 
domain associations between classmates’ skill mean and individual children’s academic and executive function 
skill development in FACES, but not in the Virginia data. There were no consistent associations across skill 
domains nor as a function of classmates skills’ heterogeneity. In addition, we found little evidence that these 
associations between classroom skill compositions and individual children’s development varied by children’s 
initial skill levels, family income, maternal education, and home language. When taken together, these findings 
inform the discourse on peer influences on children’s learning in early childhood. 
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Considerable research has shown that children’s classmates are an
mportant influence on their educational experiences ( Henry & Rick-
an, 2007 ; Skibbe et al., 2012 ). These influences may begin to emerge

n preschool when children spend a large amount of time with peers with
ifferent levels of academic and executive function (EF) skills in either
roup activities or free play ( Early et al., 2010 ; Justice et al., 2021 ).
lassmates’ skills can vary in two ways, both with respect to the mean
f each skill and the degree to which individual classmates’ skills devi-
te from the classroom mean (i.e., heterogeneity; Atkins-Burnett et al.,
017 ; Finch et al., 2019 ). These two aspects of classmates’ skills, re-
erred to as classroom skill composition, have implications on children’s
kill gains either through peer-peer learning or bringing changes in the
lassroom learning environment (e.g., changing teachers’ provision of
nstruction and tasks). 

The importance of classmates’ skills is supported by work that
as considered classmates’ average language skills as a predictor of
reschoolers’ learning outcomes ( Justice et al., 2011 ; Mashburn et al.,
009 ). However, less attention has been paid to other domains of de-
elopment, including children’s literacy, mathematics, and executive
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unction skills, which are key correlates of long-term school success
 Duncan et al., 2007 ; Reynolds et al., 2011 ). Existing studies of the asso-
iation between classrooom skill compositions and children’s develop-
ent has also generated mixed findings, with very few examining the

ole of skill heterogeneity in the preschool context (e.g., Justice et al.,
011 ; Mashburn et al., 2009 ). Evidence is also mixed when consider-
ng to what extent classroom skill composition matters differently for
ifferent subgroups of children who enter preschool with diverse ex-
eriences ( Kohl et al., 2021 ). Thus, this study sought to address these
aps in knowledge by examining the extent to which each aspect of skill
omposition within preschool classrooms (i.e., mean and heterogene-
ty) are associated with children’s gains in language, literacy, mathe-
atics, and executive function. As part of this effort, we also: (a) test

or both within- and cross-domain associations and (b) examine the ex-
ent to which these associations vary based on children’s school-entry
kills, maternal education, household income, and home language. To
elp resolve the mixed findings in prior studies, we leveraged two large
nd contemporary datasets collected between 2010-2020 in the United
tates and performed parallel analyses to answer the above questions. 
ders, community programs, teachers, parents, and children. Their enthusiastic 
reciation and recognition to Marcia Kraft-Sayre, Marianna Lyulchenko, Laura 

he research reported here was supported by the Institute of Education Sciences, 
nia. The opinions expressed are those of the authors and do not represent views 

023 

https://doi.org/10.1016/j.ecresq.2023.04.003
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ecresq
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecresq.2023.04.003&domain=pdf
https://doi.org/10.1016/j.ecresq.2023.04.003


Q. Yang, A. Ansari, K.M. Purtell et al. Early Childhood Research Quarterly 64 (2023) 290–301 

T

 

c  

a  

o  

c  

a  

t  

2  

i  

2  

t  

(  

t  

c  

p  

b  

2  

a
 

d  

i  

c  

o  

t  

f  

s  

n  

p  

f  

c  

o  

m  

i  

t  

c  

t

C

 

s  

p  

e  

(  

c  

e  

c  

o  

a  

t  

a  

s  

m

A

 

f  

m  

w  

t  

A  

M  

i  

w  

s  

c  

M  

c  

fi
 

o  

(  

&  

w  

F  

T  

s  

t  

c  

M  

b  

d  

t  

f  

t  

M  

B  

d  

p  

a  

fi  

o
 

i  

a  

o  

S  

c  

2  

w  

t  

D  

e  

i  

o  

A
 

t  

u  

p  

c  

p  

2  

s  

e  

f  

h  

s  

m  

g  

2

H

 

s  

g  

h  

d  

c  
he Role of Peers in Child Development 

The availability of preschool in the United States has expanded in re-
ent years ( National Center for Education Statistics, 2018 ), resulting in
 greater number of 3- and 4-year-olds who spend a significant portion
f their day in a classroom with peers. Although there is variability from
lassroom to classroom, preschoolers within the United States spend, on
verage, almost a third of the school day in free-choice play and a lit-
le over a third of the day in teacher-assigned activities ( Early et al.,
010 ). Similar research also finds that on average, over half of their day
s spent in large-group, small-group, or dyad activities ( Justice et al.,
021 ). Within these activities, the time preschoolers spend talking with
heir peers (18%) is similar to the time they spend speaking with adults
17%; Dickinson & Tabors, 2001 ). Moreover, many teacher-assigned ac-
ivities are organized in either a small- or large-group setting where
hildren have many opportunities to interact with peers and observe
eers’ behaviors, and teachers adjust their involvement and instruction
ased on the group’s performance ( Booren et al., 2012 ; Fuligni et al.,
012 ). As such, children’s peers are a key part of the classroom context
nd may contribute to their development. 

Previous theories and studies have highlighted both direct and in-
irect pathways through which peers may influence children’s learn-
ng and development. According to social cognitive theory and socio-
ultural theory, interacting with classmates provides children with the
pportunity to observe and model classmates’ behaviors and skills and
o scaffold their classmates’ learning, both of which facilitate and rein-
orce their own learning ( Bandura, 1986 ; Vygotsky, 1978 ). For example,
tudies have shown that preschoolers learn early academic skills (e.g.,
aming sight words) taught to their more skilled peers by modeling their
eers’ skills in small-group activities ( Ledford & Wolery, 2015 ). Peer ef-
ects may also manifest by shaping the learning environment within a
lassroom. For instance, kindergarten teachers report a lower frequency
f teaching advanced mathematic skills and fewer interactive mathe-
atics activities when there is a larger percentage of children perform-

ng below grade level in their class ( Gottfried & Kirksey, 2019 ). Taken
ogether, the characteristics of the peer group with whom individual
hildren share the classroom (i.e., classroom composition) matter for
heir learning. 

lassroom Skill Compositions and its Within- and Cross-domain Effects 

One critical component of classroom compositions is classmates’
kills. It is clear that there is a great deal of variation in children’s
reschool-entry skills across domains, due in part to both program
nrollment policies and children’s varied prior learning experiences
 Duncan & Murnane, 2011 ; McWayne et al., 2004 ). Put another way, the
oncentration and distribution of children with certain levels of skills in
arly academic and executive function domains vary from classroom to
lassroom. For example, in Head Start classrooms approximately four
ut of 10 children enter school at risk for being behind in key areas of
chievement, with mathematics showing relatively higher developmen-
al risk ( Halle et al., 2012 ). Accordingly, differences in classmates’ skills
re a key feature of classrooms that may explain individual children’s
kills gains, and the pattern of these associations may vary by skill do-
ain. 

verage Skill of Classmates 

Most commonly, researchers examining the role of classmates’ skills
or children’s development in the preschool context do so by esti-
ating the associations between classmates’ average level of a skill
ithin a domain at school entry and individual children’s gains across

he school year in the same domain (i.e., within-domain peer effects;
tkins-Burnett et al., 2017 ; Foster et al., 2020 ; Justice et al., 2011 ;
ashburn et al., 2009 ; Ribeiro et al., 2017 ). These studies primar-

ly focus on the role of peers’ language skills and suggest that being
291 
ith classmates who demonstrate higher language skills in the fall re-
ults in greater growth in individual preschoolers’ expressive and re-
eptive vocabulary ( Atkins-Burnett et al., 2017 ; Foster et al., 2020 ;
ashburn et al., 2009 ). One study focusing on the role of preschool

lassmates’ average levels of self-regulation also revealed similar bene-
ts of being with more self-regulated peers ( Montroy et al., 2016 ). 

However, not all studies have detected a significant benefit
f higher average classmates’ skills within preschool classrooms
 Justice et al., 2011 ; Kohl et al., 2021 ; Ribeiro et al., 2017 ; Weiland
 Yoshikawa, 2014 ), and effect sizes vary considerably across studies,
ith estimates ranging from .02 to .36 ( Atkins-Burnett et al., 2017 ;
oster et al., 2020 ; Henry & Rickman, 2007 ; Mashburn et al., 2009 ).
hese inconsistent patterns may be due to several factors. First, older
tudies sampled an average of four to seven children per classroom
o capture classmates’ skills, which represents less than half of each
lassroom’s enrollment ( Henry & Rickman, 2007 ; Justice et al., 2011 ;
ashburn et al., 2009 ). The above is of note because the small num-

er of sampled children per classroom may not accurately capture the
istribution of classmates’ skills. Second, studies also differ in terms of
he population their sample represented, ranging from samples drawn
rom outside the United States ( Kohl et al., 2021 ; Ribeiro et al., 2017 )
o samples selected from a wider geographic region ( Foster et al., 2020 ;
ashburn et al., 2009 ) or a single state in the United States ( Atkins-
urnett et al., 2017 ; Henry & Rickman, 2007 ; Justice et al., 2011 ). The
istinct samples combined with the varied analytic approaches used in
revious studies limit our ability to draw comparisons and conclusions
cross studies. Therefore, continued work is needed to examine whether
ndings replicate across different samples using parallel analytic meth-
ds. 

In addition to within-domain peer effects, there is also an emerg-
ng body of research that has examined how peers’ average levels of
 skill in one domain link to individual preschoolers’ gains in an-
ther domain (i.e., cross-domain peer effects; Montroy et al., 2016 ;
kibbe et al., 2012 ). This literature has emerged from evidence that
hildren’s own skills are interrelated ( Fuhs et al., 2014 ; Schmitt et al.,
017 ). For example, children with better-developed executive function
ere more likely to engage in academic learning activities, which leads

o more gains in language, literacy, and mathematics ( Bohlmann &
owner, 2016 ; Nesbitt et al., 2015 ). Higher levels of language and lit-
racy skills also allow children to make better meaning of mathemat-
cs problems ( Purpura et al., 2011 ; Vukovic & Lesaux, 2013 ) and learn
thers’ expectations and rules for well-regulated behaviors ( Vallotton &
youb, 2011 ). 

Given the above, classmates’ language, literacy, math, and execu-
ive function skills may have cross-domain associations with individ-
al preschoolers’ early academic skills through either direct or indirect
athways. A low average level of language and literacy skills across the
lassroom may limit the chance for children to exchange thoughts with
eers regarding problem-solving strategies and social rules ( Lin et al.,
016 ), and increase challenges for the teacher to introduce cognitively-
timulating academic content and communicate classroom behavioral
xpectations ( Rjosk et al., 2014 ; Sawyer et al., 2018 ). As for executive
unction skills, a higher concentration of peers with lower levels of be-
avioral regulation may limit children’s opportunities to model peers’
elf-regulated learning and require more time spent on class manage-
ent instead of academic instruction, thereby resulting in less optimal

rowth in children’s development ( Montroy et al., 2016 ; Skibbe et al.,
012 ). 

eterogeneity in Classmates’ Skills 

In addition to average levels of classmates’ skills, another aspect of
kill compositions that has garnered much less attention is the hetero-
eneity of classmates’ skills, especially in the preschool context. The
eterogeneity of peers’ skills is commonly operationalized as the stan-
ard deviation of classmates’ skills, representing the degree of individual
lassmates’ skills deviating from the classroom mean. There has been in-
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reasing interest in whether heterogeneous or homogenous classrooms
re more beneficial to children’s development in the elementary school
ontext; however, both theoretical and empirical evidence is mixed in
his regard ( Ben-Ari & Kedem-Friedrich, 2000 ; Hanushek et al., 2003 ;
uzmina & Ivanova, 2018 ). 

From a social cognitive perspective, learning in a heterogeneous
lassroom may foster children’s early academic and executive function
kills because children may have a variety of learning opportunities,
uch as confronting and exchanging different ideas and reinforcing their
wn knowledge and communicative skills through mutual discussion
 Ben-Ari & Kedem-Friedrich, 2000 ). Despite these theoretical assertions
egarding the benefits of heterogeneous classrooms, some scholars ar-
ue that it may be easier for a teacher to tailor instruction and learning
aterials to meet children’s needs and interests if their skills are more
omogenous ( Tomlinson et al., 2003 ). Supporting these different argu-
ents, studies investigating the consequences of classmates’ skill hetero-

eneity during the elementary school years have also provided inconsis-
ent evidence. Whereas some studies suggest the advantages of having
lassmates with more heterogeneous skills for children’s language and
iteracy development ( Kuzmina & Ivanova, 2018 ), other studies exam-
ning classroom ability groupings indicate that grouping children based
n their skills within classrooms or schools benefit elementary students’
eneral learning behaviors and achievement, which supports the mer-
ts of homogenous classrooms ( Duflo et al., 2011 ; Hong et al., 2012 ).
here are also studies that document null associations between class-
ates’ skill heterogeneity and elementary students’ gains in academic

chievement and executive function ( Finch et al., 2019 ; Hanushek et al.,
003 ). 

These incongruent findings require continued investigation in or-
er to inform classroom placement practices and policies. Impor-
antly, previous studies primarily focused on elementary school children
 Duflo et al., 2011 ; Finch et al., 2019 ; Hong et al., 2012 ; Hanushek et al.,
003 ; Kuzmina & Ivanova, 2018 ), which leaves a knowledge gap in
reschool settings. Classmates’ skill heterogeneity may operate differ-
ntly for preschoolers as they may be less likely to engage in construc-
ive peer-peer interactions and knowledge exchanges to leverage the
earning opportunities of being in a heterogenous group ( Sills et al.,
016 ). However, the larger skill heterogeneity within classrooms may
ose greater challenges, particularly for preschool teachers, because
hey experience similar demands to adjust instruction in whole group
ctivities (approximately 40% of the day; Pianta et al., 2018 ) whereas
ew preschool curricula offer guidelines to help teachers to individualize
heir instruction ( Skibbe et al., 2016 ). Alternatively, the relatively larger
roportion of time spent in small group activities and center play may
ake it easier for teachers to indivdiualize instruction in the preschool

ontext (Justice et al., 2022). 

eers Matter Differentially for Some Subgroups of Children 

Children enter classrooms with a wide range of school-entry skills
nd sociocultural experiences that can either facilitate or hinder the
xtent to which they benefit from peer experiences within the class-
oom. Therefore, previous studies focus on the role of different as-
ects of children’s backgrounds and previous experiences in differ-
ntiating peer effects, including children’s preschool-entry skills, ma-
ernal education, household income, and home language experiences
 Atkins-Burnett et al., 2017 ; Justice et al., 2011 ; Mashburn et al., 2009 ;
ibeiro et al., 2017 ; Schmerse, 2021 ). However, these studies also re-
eal different patterns in terms of how peer effects matter for differ-
nt subgroups of children. One of the common patterns corresponds
o a compensatory effect , whereby exposure to more skilled peers may
ompensate for children’s disadvantages in school-entry skills and so-
ioeconomic or linguistical background ( Atkins-Burnett et al., 2017 ;
anushek et al., 2003 ; Justice et al., 2011 , 2014 ; Ribeiro et al., 2017 ;
chmerse, 2021 ). For example, Justice and colleagues ( 2011 ) found ben-
fits of being with more skilled peers, but only for the language gains
f children who had lower school entry skills. In contrast, fewer stud-
292 
es find support for the Matthew effect , whereby children with higher
kills ( Mashburn et al., 2009 ) or from more advantaged backgrounds
 Luyten et al., 2009 ) who possess more resources make better use of
earning opportunities from being with more skilled peers. Notably,
here are also studies that find no support for either pattern in terms
f school-entry skills ( Kohl et al., 2021 ; Ribeiro et al., 2017 ), home
anguage ( Kohl et al., 2021 ), or children’s socioeconomic background
 Kohl et al., 2021 ). 

With that said, most of the above-reviewed studies with preschool-
rs focused on whether children’s characteristics and family background
oderate the effect of classmates’ mean language skills ( Justice et al.,
011 ; Mashburn et al., 2009 ; Ribeiro et al., 2017 ). As such, we know
ittle about whether these associations emerge for other domains of
evelopment and whether the effects of classmates’ skill heterogene-
ty differ for different subgroups of children in the preschool context.
nitial evidence on primary school students suggests that the positive
ssociation between classmates’ skill heterogeneity in language and lit-
racy skills and individual children’s learning is stronger for children
ith relatively low initial skills ( Kuzmina & Ivanova, 2018 ). This sug-
ests that children with relatively low initial skills may benefit more
rom diversely-skilled peers and potentially more varied instructional
ontent of heterogenous classrooms than their higher-skilled classmates
 Kuzmina & Ivanova, 2018 ). However, studies examining the effect of
omogeneous grouping suggest that kindergarteners with low to aver-
ge abilities showed greater literacy growth when they were frequently
laced in small groups with similar abilities and experienced adequate
nstructional time ( Hong et al., 2012 ). 

he Current Study 

The extant literature suggests that both the mean and heterogeneity
n the skills of classmates may be associated with preschoolers’ early
cademic and executive function outcomes and that these associations
ay differ for children with different levels of initial skills and socio-

ultural backgrounds. Even though research to date has been critical in
dvancing our knowledge regarding peer effects and the role of class-
oom skill compositions, there are several important ways in which this
tudy builds on prior research including focusing on the role of het-
rogeneity in peer skills and peer effects among skills beyond just lan-
uage, cross-domain associations among these skills, and the variation
f peer effects for different subgroups of children in the preschool con-
ext. Specifically, this study aims to further our understanding by exam-
ning: 1) To what extent are classmates’ skill mean and heterogeneity
ssociated with preschoolers’ skill gains in the areas of language, liter-
cy, mathematics, and executive function? and 2) To what extent do the
bove associations vary depending on children’s preschool-entry skills,
aternal education, household income, and home language? Due to the

parse and inconsistent evidence, we address these questions in an ex-
loratory manner. 

Given the inconsistent findings and effect sizes on peer effects doc-
mented in previous studies, we utilize two large and contemporary
atasets to examine whether the associations of interest can be repli-
ated in different populations and reconcile some of the discrepancies re-
orted in previous studies. One dataset draws from families and children
n the state of Virginia who are enrolled in a mixed-delivery and pub-
icly funded preschool program targeted at low-income families. These
ata include a substantial number of immigrants and non-native En-
lish speakers who represent the fastest growing segment of the school-
ge population (Ansari & Crosnoe, 2018). The other dataset, the Head
tart Family and Child Experiences Survey 2014 (FACES), is nationally
epresentative of children and families enrolled in the largest feder-
lly funded preschool program in the United States, Head Start. Both
atasets include a larger number of children per classroom (71% and
0% of each classroom’s total enrollment, respectively for the Virginia
ataset and FACES; more than Atkins-Burnett et al., 2017 ; Henry & Rick-
an, 2007 ; Justice et al., 2011 ; Mashburn et al., 2009 ; Ribeiro et al.,
017 ), which allow us to capture the variation in classmates’ skills
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ithin and across classrooms. In addition, each dataset represents differ-
nt groups of racially/ethnically diverse and low-income populations,
hich enables a more holistic snapshot of children and their experi-

nces in publicly funded preschool programs and a test for the variation
n peer effects for subgroups of children. Moreover, to avoid masking
he unique characteristics of each population, we estimate the associa-
ions with interest separately with the two datasets instead of combining
hem. The similarities and/or differences across these datasets in terms
f the sampling strategies and the characteristics of sampled children,
lassrooms, and teachers can provide complementary perspectives re-
arding the associations of interest using a parallel analytic framework.
n doing so, the present study provides a novel opportunity to compare
he manifestation of peer effects in different populations and test the
eneralizability of peer effects in early childhood education systems in
he United States. 

ethod 

ata Sources and Procedure 

Data used for this study were drawn from two different sources. The
rst dataset was drawn from a large, culturally, and linguistically di-
erse county located in Virginia in the 2016 - 2017 school year. This
ounty blends local, state, and federal funding to provide low-cost or
ree public preschool education to over 2000 eligible low-income fam-
lies. Notably, 18% of the population in this county were new to the
nited States, and 53% of children in kindergarten came from fami-

ies speaking a language other than English as their primary language.
he Virginia study recruited preschool teachers from the entire popu-

ation of preschool classrooms with different combinations of funding
ources. All teachers in Head Start and state-funded public school pro-
rams were eligible and teachers in community-based private centers
ere eligible if the center enrolled at least five publicly funded pre-K

hildren. Researchers first sent a flyer with a description of the project
o the center director. After center directors indicated an interest in par-
icipating, 156 teachers were contacted to describe the project in more
etail and to obtain consent forms. Overall, a total of 138 teachers from
3 different schools/centers who met eligibility requirements returned
onsent forms to the research team and were considered enrolled in the
tudy (88% consent rate; range of classrooms per school/center = 1-
; roughly 1.66 classrooms per school/center). Within the consented
lassrooms, child participation consent was received from 80% of par-
nts and guardians who had children eligible for participation. Children
ere eligible to participate if they were enrolled in the pre-K program,

urned four years of age by the start of the study, and were not receiving
pecial education services (except for speech). These sampling criteria
esulted in a final sample of 1,498 children, for an average of 10.86
range = 1-18) children from each classroom (i.e., 71% of each class-
oom’s enrollment, range = 6% - 100%). 

The second dataset was the FACES 2014, a nationally representative
ample of Head Start children and families in 2014 – 2015. FACES fol-
owed a multistage sample design to ensure a representative national
ample. In the first two stages (Head Start program and centers within
rograms), FACES sampled with a probability proportional to size de-
ign and obtained a total of 60 programs and 118 centers. Then, one or
wo classrooms within a center and 12 children within a classroom were
elected with equal probability. Consent was received from 93% of eligi-
le parents, resulting in a total of 2,462 children across 247 classrooms
n the fall of 2014. This sample size decreased to 2,206 children across
45 classrooms in the spring of 2015 due to attrition, which corresponds
o 9.00 (range = 1-18) children per classroom (i.e., 50% of classroom
nrollment, range = 5% - 100%). Child assessments were conducted in
oth the fall of 2014 and the spring of 2015. Family background in-
ormation was collected in the fall of 2014 and teacher surveys were
ompleted in the spring of 2015. 
293 
articipants 

To maximize the reliability of the measure of classroom skill com-
osition and ensure that each focal child’s measure of classmates’ skill
ncluded information from at least three classmates that was available in
ach dataset, we excluded classrooms that had less than four children
ith child assessments (15 classrooms in the Virginia dataset and 10

lassrooms in the FACES). This criteria resulted in a subsample of 1,467
hildren ( M age = 4.45 years, SD age = 0.29) across 123 preschool class-
ooms drawn from the Virginia dataset. For FACES, we also excluded
hildren who had no valid longitudinal weight that is required to draw
ationally representative inferences and account for the cross-wave at-
rition, which resulted in 1,711 out of 2,206 initially sampled children
 M age = 4.00 years, SD a ge = 0.57) across 207 classrooms. Several im-
ortant similarities and differences exist across the two study samples.
irst, the classrooms in the Virginia data were diverse in terms of aus-
ice/funding (Head Start, 23%; Private Center, 15%; Public School,
2%), whereas FACES included 60 Head Start programs in the 10 dele-
ated regions across the United States. Second, 79% of children in the
irginia data spoke languages other than English at home whereas in
ACES, 76% of children spoke English at home. Third, both datasets
ere diverse in terms of children’s ethnicity/race (Hispanic, 59%/41%;
lack, 17%/24%; White, 10%/26%; Asian/other race, 14%/9% for the
irginia data and FACES, respectively); however, the Virginia data in-
luded a larger proportion of non-White children. Fourth, children in
he Virginia data were 5 months older and were less diverse in age than
hose sampled in FACES, which included both 3- and 4-year-olds. Fifth,
oth datasets represent low-income populations (Virginia, M = 0.86,
D = .54; FACES, M = 0.91, SD = .77). Sixth, average years of educa-
ion among mothers in both datasets was slightly above a high school
ducation; however, parents in the Virginia data were 5 years older
han parents in FACES. Seventh, teachers in both datasets were diverse
White, 58%/43%; Black, 21%/28%; Hispanic, 11%/19%; Asian/Other,
0%/11%), but there were more non-White teachers in FACES. Lastly,
eachers had over 14 years of teaching experience and over 70% of
eachers had obtained a Bachelor’s Degree or higher across both sam-
les; however, teachers in Virginia were more educated and experi-
nced. More detailed demographic information can be found in Table 1 .

easures 

hildren’s Early Academic and Executive Functioning Skills 

anguage Skills. In the Virginia dataset, children’s language skills were
ssessed with the Picture Vocabulary subtest of the Woodcock-Johnson
II ( 𝜶 = .81; WJ-III; Woodcock, 2001), which required children to name
he depicted objects in a series of pictures. In FACES, children were
ssessed with the Peabody Picture Vocabulary Test 3rd edition ( 𝜶 = .97;
unn & Dunn, 1997), which asked children to point to a picture from

he four pictures shown on each card. For the purposes of the present
tudy, the W-scores, rather than the raw or standardized scores, were
sed. The W-score is a special transformation of the Rasch ability scale,
hich is centered on 500 (approximation of the average score of a 10-
ear-old child). The typical range of W abilities within a test is about
30 to 550 and varies depending on the trait being measured ( McGrew &
oodcock, 1989 ). The W-score is more ideal as a measure of classroom

kill compositions because 1) it is an indicator of children’s absolute
kills instead of relative skills compared with age norms, and 2) it allows
or interpretation of growth in specific skills over time (Jaffe, 2009). 

iteracy Skills. Across both datasets, children’s literacy skills (W-score)
ere assessed with the Letter-Word Identification subtest of the WJ-

II, which required children to distinguish and pronounce letters and
ords in a book ( 𝜶 = .94; Woodcock, 2001). Note that the WJ-III norms
sed in FACES and Virginia datasets were based on Census population
rojection for 2000 and 2005, respectively, which do not allow for a
omparison of children’s skill scores across the two datasets. 
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Table 1 

Demographic information for sample in the Virginia data (n = 1,467 children 
from 123 classrooms) and weighted sample in FACES (n = 1,711 children from 

207 classrooms) 

Virginia data FACES 
M (SD) M (SD) 

Child and family characteristics 
Child gender: Female (%) 740 (49.76) 858 (50.20) 
Child race/ethnicity 
White 152 (10.38) 448 (26.23) 
Black 249 (17.00) 406 (23.76) 
Hispanic 859 (58.63) 704 (41.18) 
Asian/other 205 (13.99) 151 (8.84) 
Primary language spoken at home: English (%) 309 (20.82) 1,299 (75.94) 
Child age (months) 53.40 (3.48) 48.11 (6.79) 
Parent age (years) 34.15 (7.16) 29.29 (6.06) 
Parent years of education 12.63 (1.80) 12.38 (1.30) 
Income-to-needs 0.86 (0.54) 0.91 (0.77) 
Number of adults 2.28 (1.06) 1.89 (.82) 
Number of children 2.50 (1.25) 1.33 (1.24) 

Teacher and classroom characteristics 
Preschool arrangement type (%) 
Head Start 32 (23.19) 207 (100.00) 
Private center 21 (15.22) 0 (0.00) 
Public school 85 (61.59) 0 (0.00) 

Teacher race/ethnicity (%) 
White 65 (58.04) 87 (42.59) 
Black 24 (21.43) 56 (27.57) 
Hispanic 12 (10.71) 39 (19.01) 
Asian and other 11 (9.82) 23 (10.82) 
Teacher early childhood major: Yes (%) 44 (39.29) 190 (93.35) 
Teacher years of education 16.86 (1.60) 15.77 (1.46) 
Teacher age 43.14 (11.59) 44.16 (11.38) 
Teacher teaching years 15.68 (9.73) 14.58 (9.32) 
Class size 16.86 (1.85) 17.36 (2.11) 
Classroom income-to-need 0.88 (0.30) 0.91 (0.37) 
Percentage of boys .51 (.11) .44 (.16) 
Percentage of IEP .08 (.08) .06 (.10) 
Percentage of non-white .77(.17) .68 (.37) 

N 1,467 1,711 

Note. IEP = children with Individualized Education Plan 
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ath Skills. To assess children’s math skills (W-score), both the Vir-
inia data and FACES used the Applied Problems subtest of the WJ-III
 𝜶 = .93; Woodcock, 2001). This subset included increasingly difficult
ath problems and required children to identify the operation and per-

orm basic calculations based on given information in the problem. 

xecutive Functioning. We focused on one component of executive func-
ion, inhibitory control ( Blair, 2016 ). This focus is due to the associa-
ions between higher levels of inhibitory control and classroom behav-
ors, including active participation in learning activities, positive social-
earning interactions, and fewer disruptive behaviors ( Nelson et al.,
017 ; Nesbitt et al., 2015 ). The Pencil Tap Test was used to assess chil-
ren’s inhibitory control in both datasets ( Smith-Donald et al., 2007 ).
s part of the assessment, children were instructed to inhibit their dom-

nant response and display the required response by tapping once when
he assessor taps twice and vice visa. To complete this test, children
ere required to sustain or shift attention to retain the instructed infor-
ation and handle conflict stimuli and control the irrelevant or incorrect

esponses. Percent of correct responses out of 16 trials was used as the
nal score. 

lassroom Skill Compositions 

Informed by previous studies, we used the leave-out method to cal-
ulate classmates’ skill means and heterogeneity in the fall so that chil-
ren’s own scores were not included in the calculation of classrooms’
kill compositions ( Finch et al., 2019 ; Mashburn et al., 2009 ). The leave-
ut means of assessed classmates of a targeted child scores ( N – 1) on the
bove-listed assessments in the fall were calculated to represent their
lassmates’ average levels of language, literacy, math, and executive
294 
unction that the targeted child was exposed to. The leave-out standard
eviations of assessed classmates of a focal child scores ( N – 1) on those
ssessments in the fall were calculated for each focal child to represent
he degree of heterogeneity in their classmates’ skills that the child ex-
erienced. The mean, standard deviation, and range of classmates’ skill
ean and heterogeneity across two datasets are shown in Table 2 . 

Despite the income eligibility of programs under study, it is impor-
ant to note that there was a great deal of variability in classroom skill
omposition. To illustrate the variability between classrooms, we di-
ided the standard deviation of classmates’ skill mean by the difference
etween fall and spring for a given skill. Then, we multiplied the gen-
rated estimate by the time between fall and spring assessments, which
apped the variability in skill compositions between classrooms with
onths of development. Doing so revealed that the differences in class-

ooms’ skill compositions between classrooms in the fall corresponds
o 4 ∼6 months (Virginia dataset) and 7 ∼9 months (FACES) in perfor-
ance. To capture the variability in classroom skill compositions within

lassrooms, we divided the mean of classmates’ skill heterogeneity by
he difference between fall and spring for a given skill, which then was
ultiplied by the average time lapse. In doing so, we found that the

ariability in classmates’ skill within classrooms equals 7 ∼10 months
Virginia dataset) and 9 ∼15 months (FACES). These calculations suggest
hat 1) there is variability in classroom skill compositions both within
nd between classrooms; 2) the variability within classrooms is larger
han between classrooms; and 3) FACES has larger variability than the
irginia dataset. 

ovariates 

Previous studies suggest that the estimation of the outcomes of class-
oom skill compositions are sensitive to endogenous factors, which influ-
nce both children’s classroom enrollment and experiences along with
heir skills gains ( Fletcher, 2010 ). To reduce estimation bias due to is-
ues of endogeneity, we included a set of child- and classroom-level
ovariates that may associate with children’s enrollment in different
ypes of classrooms and children’s skill gains ( Aguiar & Aguiar, 2020 ;
assok et al., 2018 ; Crosnoe et al., 2016 ; Eslava et al., 2016 ; Pianta et al.,
005 ). At the child level, we controlled for child characteristics (parent-
eported child age, gender, race/ethnicity), household resources (home
anguage, parent age, years of education, household income-to-needs),
nd household structure (the number of adults and children in the home).
t the classroom level, we controlled for teacher characteristics (teacher’s
ge, race, years of education, teaching years, whether the teacher has an
arly childhood major or not), and other classroom composition indicators

class size, average classroom income-to-needs, the percentage of boys,
he percentage of non-white children, and the percentage of children
ith special needs). Given the different types of classrooms sampled in

he Virginia data (i.e., Head Start, private center, public school), class-
oom type was included as an additional control in analyses of Virginia
but not FACES) data. In addition, we adjusted for the time difference
etween pre-and post-test. The correlations between classroom-level co-
ariates and classroom skill compositions are presented in Supplemental
ables 1a and 1b. 

nalytic Approach 

To begin, we determined the missingness for both datasets. In the
irginia data, the Pencil Tap Test assessing children’s executive func-

ion in fall had the highest rate of missingness (25%), followed by
amily income-to-need ratio (22%) and parents’ education level (20%).
n FACES, the Pencil Tap Test in fall had the highest rate of miss-
ngness (41%), followed by the Pencial Tap Test in the spring (20%)
nd literacy assessment in the fall (18%). Little’s MCAR test suggested
hat missing data were not missing completely at random for both
atasets ( 𝜒2 (2630) = 4635.09, p < 0.001 for the Virginia data; 𝜒2 

2884) = 5434.15, p < 0.001 for FACES). Further exploration of the
issingness patterns indicated a high possibility of missing at random.
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Table 2 

Descriptives for dependent variables, independent variables, and moderators for the Virginia data and weighted 
descriptives for FACES. 

Virginia data FACES 

Variables Mean( SD ) Range Mean( SD ) Range 

Individual child’s skills in spring 

Language: WJ14 Picture Vocabulary/PPVT 453.66(16.32) 374-491 113.15(19.27) 43-168 
Literacy: WJ1 Letter-Word 341.26(28.18) 264-519 328.58(29.58) 264-519 
Mathematics: WJ10 Applied Problem 403.28(23.54) 318-453 391.15 (28.26) 318-458 
Executive function: Pencil Tap Test .71(.31) 0-1 .59(.35) 0-1 
Individual child’s skills in fall 

Language: WJ14 Picture Vocabulary/PPVT 440.76(24.60) 374-481 105.66(19.82) 43-157 
Literacy: WJ1 Letter-Word 317.05(29.95) 264-489 314.71(27.41) 264-486 
Mathematics: WJ10 Applied Problem 380.55(31.90) 318-449 377.90(31.92) 318-453 
Executive function: Pencil Tap Test .49(.35) 0-1 .47(.35) 0-1 
Classmates’ skill means 

Language mean 442.45(11.35) 401.89-466.86 104.84(12.09) 62.50-136.20 
Literacy mean 318.59(12.12) 287.00-361.40 313.87(15.07) 270.00-388.67 
Mathematics mean 382.01(12.92) 349.00-425.50 377.30(18.48) 318.00-436.00 
Executive function mean .50(.14) .13-.83 .45(.19) .00 -1.00 
Classmates’ skill heterogeneity 

Language SD 20.82(8.37) 5.18-45.25 16.20(5.63) 1.41-36.08 
Literacy SD 27.47(7.85) 5.95-50.31 23.03(8.93) 0.00-70.57 
Mathematics SD 29.57(7.94) 6.60-45.71 27.43(9.31) 0.00-55.15 
Executive function SD .34(.06) .13-.48 .32(.11) .00-.62 
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w  
n the Virginia data, missingness of children’s post-test scores were cor-
elated with child age, race/ethnicity, and parent’s education level; in
ACES, children’s post-test scores were shown to be missing as a func-
ion of child age, home language, parent’s education level, and teacher’s
ace. To minimize the potentially biased estimation and the reduction in
tatistical power by analyzing complete case data ( Enders, 2013 ), we im-
uted 50 data sets with chained equations. All the analyzed variables in
ach dataset were included in the imputation model and both observed
nd imputed values were used to estimate missing values. 

The analyses across two datasets were performed using a two-level
ultilevel modeling (MLM) framework to account for the nesting of

hildren in classrooms, with slight differences in specifications due to
he different sampling strategies. In the Virginia data, we controlled
or preschool arrangement type (i.e., Head Start, private center, and
ublic school). In comparison, because FACES adopted a multistage
ampling strategy, we incorporated a child-level longitudinal weight
PRA12OCW) and classroom-level weight (T2CLSWT) in our MLM mod-
ls to adjust for the differential probabilities of selection and sample at-
rition at both levels and reduce estimation bias. We also incorporated
he effective scaling method in MLM models to estimate the child-level
ariance more accurately ( Shen & Konstantopoulos, 2022 ). In addition,
ecause the selection of classrooms were nested within primary sam-
ling units (PSUs), we also used cluster-robust standard errors at the PSU
evel. Across both datasets, all continuous variables were standardized
o have a mean of 0 and a standard deviation of 1; thus, the estimates
or both datasets can be interpreted as standardized coefficients. 

To establish the associations between classroom skill compositions
i.e., classmates’ skill mean and skill heterogeneity) and children’s skill
ains, we began by estimating a series of models that included children’s
kills in the spring regressed on classroom skill compositions, separately
or each outcome domain. Classroom skill compositions were estimated
t level 1 controlling for children’s pretest score and other child co-
ariates at level 1 and classroom covariates at level 2. Given the high
orrelations between classmates’ skill mean and skill heterogeneity for
ome of the assessed domains (see Table 3a and 3b for each dataset),
e included each classmates’ skill mean and each skill heterogeneity
ariable in separate models. In each dataset, a total of 32 models were
stimated to test the main effects of the four classmates’ skill mean vari-
bles and the four heterogeneity variables on the four skill outcomes.
n example of the equation for models that tested the main effects of
lassmates’ language mean is presented below: 
d  

295 
Level 1: 𝑌 𝑖𝑗 = 𝛽0 𝑗 + 𝛽1 𝑗 ( 𝑐𝑙 𝑎𝑠𝑠𝑚𝑎𝑡𝑒𝑠 ′ 𝑙 𝑎𝑛𝑔 𝑢𝑎𝑔 𝑒 𝑚𝑒𝑎𝑛 ) 𝑖𝑗 +
𝛽2 𝑗 ( 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 ) 𝑖𝑗 + 𝛽3 𝑗 ( 𝐶ℎ𝑖𝑙𝑑 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 ) 𝑖𝑗 + 𝑒 𝑖𝑗 

Level 2: 𝛽0 𝑗 = 𝛾00 + 𝛾01 ( 𝑐𝑙𝑎𝑠𝑠𝑟𝑜𝑜𝑚 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 ) 𝑗 + 𝜇0 𝑗 

To explore the moderating role of children’s initial skills, household
ncome, maternal education, and home language, we estimated another
eries of models in which the level 1 equation was changed by adding an
nteraction term of these moderators and skill compositions in separate
odels and the level 2 equation remained the same. In each dataset, a

otal of 128 models were estimated to test if the above 32 main associ-
tions vary by the four moderators. All models adjusted for children’s
nitial skill in the fall corresponding to the domain of outcome skill as
ell as the child- and classroom-level covariates mentioned in the mea-

ures section (see Table 1 ). For example, the level 1 equation of a model
esting the moderating effect of children’s home language in the associ-
tions between classmates’ language mean and outcomes is: 

Level 1: 𝑌 𝑖𝑗 = 𝛽0 𝑗 + 𝛽1 𝑗 ( 𝑐𝑙 𝑎𝑠𝑠𝑚𝑎𝑡𝑒𝑠 ′𝑙 𝑎𝑛𝑔 𝑢𝑎𝑔 𝑒 𝑚𝑒𝑎𝑛 ) 𝑖𝑗 +
𝛽2 𝑗 ( 𝑝𝑟𝑒𝑡𝑒𝑠𝑡 𝑠𝑐𝑜𝑟𝑒 ) 𝑖𝑗 + 𝛽3 𝑗 ( 𝐶ℎ𝑖𝑙𝑑 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 ) 𝑖𝑗 + 

4 𝑗 ( 𝑐𝑙 𝑎𝑠𝑠𝑚𝑎𝑡𝑒𝑠 ′ 𝑙 𝑎𝑛𝑔 𝑢𝑎𝑔 𝑒 𝑚𝑒𝑎𝑛 ∗ 𝑐ℎ𝑖𝑙𝑑𝑟𝑒𝑛 ′𝑠 ℎ𝑜𝑚𝑒 𝑙𝑎𝑛𝑔 𝑢𝑎𝑔 𝑒 ) 𝑖𝑗 + 𝑒 𝑖𝑗 
As a sensitivity check, we reestimated all models using the whole

ample, which included classrooms with less than four children with di-
ect assessments. And in instances in which only the study child was
ampled, we imputed classmates’ skill data. Despite slight changes in
he effect sizes, the results were substantively the same (see Supple-
ental Tables 2 and 3).We conducted exploratory analyses with both

he mean and heterogeneity of classmates’ skills in each domain in the
ame model. The coefficients of classmates’ skill mean and heterogene-
ty remained largely the same (see Supplemental Table 4). Lastly, to
nsure our results were robust to the entering of child- and classroom-
evel covariates, we reran all the models with child-level covariates and
lassroom-level covariates entered sequentially. The results were not
ensitive to the sequencing of covariates (see Supplemental Tables 5
nd 6). 

esults 

lassroom Skill Compositions and Children’s Outcomes 

We began by testing the within- and across-domain associations of
lassmates’ language, literacy, math, and executive function mean skills
ith individual children’s spring scores in these domains. In the Virginia
ataset, none of the within-domain associations were significant after
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Table 3a 

Correlations between skill means and skill heterogeneity for the Virginia data 

Mean Heterogeneity 

1. Language 2. Literacy 3. Math 4. EF 5. Language 6. Literacy 7. Math 8. EF 

1. - 
2. .69 ∗∗∗ - 
3. .76 ∗∗∗ .69 ∗∗∗ - 
4. .35 ∗∗∗ .43 ∗∗∗ .51 ∗∗∗ - 
5. -.71 ∗∗∗ -.45 ∗∗∗ -.59 ∗∗∗ -.18 ∗∗∗ - 
6. .04 .27 ∗∗∗ .11 ∗∗∗ .29 ∗∗∗ .17 ∗∗∗ - 
7. -.41 ∗∗∗ -.37 ∗∗∗ -.60 ∗∗∗ -.07 ∗∗ .53 ∗∗∗ .21 ∗∗∗ - 
8. .11 ∗∗ .06 .09 ∗∗ .09 ∗∗ .01 .29 ∗∗∗ .11 ∗∗ - 

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 

Table 3b 

Weighted correlations between skill means and skill heterogeneity for the weighted FACES 

Mean Heterogeneity 

1. Language 2. Literacy 3. Math 4. EF 5. Language 6. Literacy 7. Math 8. EF 

1. - 
2. .45 ∗∗∗ - 
3. .67 ∗∗∗ .62 ∗∗∗ - 
4. .53 ∗∗∗ .26 ∗∗∗ .50 ∗∗∗ - 
5. -.04 -.02 .12 ∗∗∗ .04 - 
6. .12 ∗∗∗ .24 ∗∗∗ .10 ∗∗∗ .08 ∗∗ .30 ∗∗∗ - 
7. .01 -.10 ∗∗∗ -.23 ∗∗∗ .01 .32 ∗∗∗ .26 ∗∗∗ - 
8. .22 ∗∗∗ .11 ∗∗∗ .18 ∗∗∗ .39 ∗∗∗ .14 ∗∗∗ .17 ∗∗∗ .18 ∗∗∗ - 

∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 
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ontrolling for the fall scores in the corresponding domain and all other
ovariates ( 𝛽 = |.00 - .04|; see Table 4 ). Further examination of cross-
omain associations also revealed largely null patterns ( 𝛽 = |.00 – .05|;
ee Table 4 ). In FACES, the four within-domain effect sizes of classmates’
kill mean on the corresponding skills are somewhat larger as compared
ith the Virginia dataset as shown in Table 4 ( 𝛽 = .03 - .09), including

hree significant within-domain associations between classmates’ mean
iteracy skills and children’s spring literacy skills, between classmates’
ean math skills and children’s spring math skills, and between class-
ates’ mean EF and children’s spring EF ( 𝛽 = .07, SE = .03, p < .05;
= .06, SE = .02, p < .05; 𝛽 = .09, SE = .04, p < .05). The cross-domain

ssociations between skill means were also somewhat larger in FACES
 𝛽 = |.01 - .15|; see Table 4 ), but only two significant associations were
ocumented, including classmates’ mean language and children’s spring
xecutive function ( 𝛽 = .15, SE = .04, p < .01) and between classmates’
ean literacy and children’s spring math ( 𝛽 = .07, SE = .02, p < .05).
aken together, approximately one third of the models revealed signifi-
ant effects of classmates’ skill mean in the FACES data; however, only
ne out of sixteen were significant in the Virginia data. 

Next, we tested the within- and across-domain associations between
lassmates’ skill heterogeneity across language, literacy, math, and exec-
tive function and individual children’s spring scores in these domains
n separate models. Results of both datasets revealed largely null pat-
erns for the classmates’ skill heterogeneity within-domain associations
 𝛽 = |.01 - .02| for the Virginia data; |.01 - .02| for FACES see Table 5 ).
dditionally, none of the cross-domain associations were significant in

he Virginia data ( 𝛽 = |.00 - .04|; see Table 5 ). Cross-domain associa-
ions were also largely nonsignificant in FACES ( 𝛽 = |.00 - .07|), except
or the one significant association between classmates’ EF heterogene-
ty and children’s spring literacy skills ( 𝛽 = .07, SE = .03, p < .05; see
able 5 ). 

hild-Level Variability in the Outcomes of Classroom Skill Compositions 

Having established the associations between classroom skill compo-
itions and children’s early learning, we next tested whether children’s
296 
nitial skills, household income, maternal education, and home language
oderated the above associations in separate models. For classmates’
ean skills, only five out of sixty-four interactions tested in the Virginia
ata were statistically significant and four out of the sixty-four interac-
ions in FACES were statistically significant (see Table 4 ). In terms of
ariability in associations between classmates’ skill heterogeneity and
hildren’s early learning, only two significant interactions were docu-
ented in the Virginia data and only one significant interaction was
ocumented in FACES (see Table 5 ). Taken together, there were no con-
istent patterns of moderating effects within and across the two datasets,
roviding little evidence that the associations between classroom skill
ompositions and children’s spring skills vary as a function of the exam-
ned moderators. 

iscussion 

Understanding how preschool experiences shape children’s early
cademic development and executive functioning is critical, as these
kills shape children’s long-term school success ( Duncan et al., 2007 )
nd have lifelong consequences for health and economic well-being
 Reynolds et al., 2011 ). Given the substantial time children spend with
lassmates, there has been ongoing interest in understanding the role
f classmate skills in preschoolers’ learning (e.g., Justice et al., 2011 ;
ohl et al., 2021 ; Mashburn et al., 2009 ). Using two large samples with
 considerable representation of children in the classroom, our work
dds to previous studies by focusing on two aspects of classroom skill
ompositions, namely skill mean and skill heterogeneity, and exploring
ow they are associated with children’s development of language, liter-
cy, mathematics, and executive function skills. As part of this effort, we
lso sought to identify whether the links between classroom skill compo-
itions and children’s early learning vary by child and family character-
stics. We found that across the two datasets, there was limited evidence
or: (a) both within-domain and cross-domain effects of classmates’ skill
eans and skill heterogeneity except for small within-domain associa-

ions in FACES; and (b) differential associations for different subgroups
f children. We discuss the themes of our work in more detail below. 
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Table 4 

Associations between classmates’ skill means, interaction between skill means and child and family characteristics, and children’s early academic and 
executive function outcomes across two datasets using a subsample of classrooms with at least four children 

Virginia data (n = 1,467 children across 123 classrooms) FACES (n = 1,711 children across 207 classrooms) 

Language Literacy Math EF Language Literacy Math EF 

Classmates’ language mean -.035(.022) -.012(.029) -.024(.024) -.028(.030) a .030(.025) .047(.038) .050(.030) .147(.042) ∗∗ 

Classmates’ literacy mean -.003(.021) .038(.028) -.028(.024) -.011(.029) a .018(.020) .072(.032) ∗ .067(.022) ∗∗ .072(.037) 
Classmates’ math mean -.020(.021) .006(.027) .003(.023) .012(.027) -.023(.023) .020(.032) .055(.024) ∗ .072(.039) a 

Classmates’ EF mean -.001(.020) -.054(.027) ∗ -.037(.023) .002(.029) .021(.021) .004(.031) -.001(.025) a .087(.036) ∗ 

Language mean ∗ Initial skill .009(.017) a .014(.020) .020(.020) .030(.025) .001(.014) .052(.028) .008(.023) b -.067(.027) ∗ 

Literacy mean ∗ Initial skill .020(.017) .034(.020) .028(.020) .009(.025) .006(.016) .004(.022) .017(.024) a -.039(.026) 
Math mean ∗ Initial skill -.004(.018) .033(.021) -.001(.020) .015(.024) -.000(.015) .012(.023) .015(.023) -.086(.031) ∗∗ 

EF mean ∗ Initial skill -.035(.017) ∗ .056(.019) ∗∗ -.020(.020) .017(.024) a .005(.018) -.021(.026) -.009(.022) a -.045(.038) 
Language mean ∗ Household income -.034(.016) ∗ .011(.019) -.018(.019) -.001(.024) -.015(.014) .018(.029) -.002(.021) a -.013(.021) 
Literacy mean ∗ Household income -.020(.016) .003(.018) -.027(.018) -.002(.023) a .006(.016) .013(.033) .021(.020) a .004(.020) 
Math mean ∗ Household income -.034(.015) ∗ .002(.017) -.021(.018) .007(.022) -.013(.015) .032(.035) .000(.019) .009(.034) 
EF mean ∗ Household income -.041(.016) ∗ -.005(.018) -.014(.020) .008(.024) -.002(.014) -.007(.024) -.035(.034) b -.035(.031) 
Language mean ∗ Maternal education -.028(.020) b .004(.021) -.029(.023) .011(.027) a .013(.018) .020(.020) .038(.022) a -.012(.027) 
Literacy mean ∗ Maternal education -.015(.018) .009(.019) -.023(.021) .011(.025) .017(.018) .000(.020) .028(.022) b -.015(.031) 
Math mean ∗ Maternal education -.024(.018) .012(.020) -.036(.021) .016(.025) a .020(.016) .013(.019) .036(.025) -.055(.029) 
EF mean ∗ Maternal education -.019(.018) .019(.020) -.030(.020) -.024(.025) c .029(.016) .001(.021) .046(.024) .000(.031) 
Language mean ∗ Home language -.048(.048) .049(.055) -.017(.056) .046(.065) .020(.039) .037(.071) .070(.057) a -.114(.052) ∗ 

Literacy mean ∗ Home language -.025(.039) .038(.045) -.002(.047) .012(.056) a .027(.037) .037(.048) .090(.052) -.028(.062) 
Math mean ∗ Home language -.043(.041) -.033(.047) -.052(.048) .018(.056) .027(.032) .094(.056) .076(.049) b -.050(.065) 
EF mean ∗ Home language -.023(.043) .017(.048) -.069(.049) -.015(.060) .014(.039) .011(.064) .003(.055) -.137(.063) ∗ 

Note. All estimates correspond to standardized betas and those in parentheses correspond to standard errors. Models controlled for children’s initial skill 
corresponding to the domain of outcome skill, child- (Child age, gender, race/ethnicity, primary home language, parent age, maternal years of education, 
income to needs, number of adults, number of child in household, time difference between pretest and posttest), and classroom-level covariates (Teacher 
age, teacher race/ethnicity, years of education, teaching years, whether having a ECE major, classroom type, class size, average classroom income-to- 
needs, percentage of boys, percentage of non-white children, percentage of children with IEP/IFSP in the classroom). Child race/ethnicity and teacher 
race/ethnicity were coded as dummy variables (0/1) and the White was the reference category. In the Virginia data, classroom type was also coded as 
dummy variable and Public School was the reference category. 
Each classmates’ skill mean and each interaction term was entered in separate models. The coefficients of classmates’ skill mean were drawn from models 
that did not include the interaction terms. 
The estimates reported herein correspond to standardized coefficient, because all continuous variables were standardized to have a mean of 0 and standard 
deviation of 1. 
Results combined across 50 imputed datasets except for the ones failing to converge. 

a 49 imputations. 
b 48 imputations. 
c 47 imputations. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 
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imited Evidence for Within- and Cross-domain Effects of Classmates’ Skill 

ean 

We did not find consistent associations between classmates’ av-
rage skill levels and children’s development of language, literacy,
ath, and executive function skills. These largely nonsignificant pat-

erns emerged for both the within- and cross-domain models and across
wo datasets. When interpreting these findings, it is important to ac-
nowledge that previous studies have provided contradictory evidence.
everal studies have revealed a significant within-domain effect of class-
ates’ average language skills, with effect sizes ranging from .02 -

36 ( Atkins-Burnett et al., 2017 ; Foster et al., 2020 ; Mashburn et al.,
009 ) and a cross-domain effect of classmates’ executive function on
iteracy skills (.09 - .12; Montroy et al., 2016 ). However, other studies
ave failed to detect significant associations between classmates’ av-
rage language skills and individual children’s language development
 Justice et al., 2011 ; Kohl et al., 2021 ; Ribeiro et al., 2017 ; Weiland
 Yoshikawa, 2014 ). The current study served as a step to resolve the

nconsistencies in the literature by: (a) extending the focus from class-
ates’ average language skills to include children’s literacy, mathemat-

cs, and executive function skills and (b) examining both within- and
ross-domain peer effects with two large and contemporary datasets.
he limited significant findings reported in the current study highlight
ome important issues for further consideration. 

First, previous studies suggest that lower family income is associated
ith children’s overall levels of skills ( Magnuson & Waldfogel, 2016 ),
nd children enrolled in publicly funded programs targeting low-income
297 
amilies such as Head Start enter with relatively lower academic and
xecutive function skills than national norms ( Hulsey et al., 2011 ). Al-
hough our descriptives showed that there was considerable variation
n classmates’ skills both within and between classrooms, especially in
ACES, whether this level of variation is sufficient to promote the types
f scaffolding required for more optimal levels of peer-to-peer learning
emains unclear. Descriptives of the standardized scores for language,
iteracy, and mathematics in the fall and spring suggest that children
n both datasets scored, on average, lower than the national norms,
.e., less than 100 (86.84 – 97.48 in Virginia dataset; 89.40 – 96.00
n FACES). Given the limited evidence reported herein, continued in-
estigation is needed to examine whether peer effects vary by program
nrollment policies. But given the widespread use of publicly funded
reschool programs to support children from low-income families, our
ndings suggest a next step for researchers and practitioners is to iden-
ify the conditions that enable peer-to-peer learning in such programs.
nother potential explanation for the largely null linear associations

s the existence of non-linear effects or thresholds of classmates’ skills.
hat is, the effects of classmates’ mean skills may be conditional on the
resence of a certain number of higher skilled peers in the classroom. 

Second, the findings reported herein call for more nuanced measures
o capture classroom composition. The measures of classmates’ average
kills capture the available skills of classmates; however, they may not
eflect the actual skills of peers whom children interact with on a reg-
lar basis ( Chen et al., 2020 ). Not all classmates are children’s play-
ates, and children do not interact with and learn from classmates in

n equally effective manner. On the one hand, children are inclined to
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Table 5 

Associations between classmates’ skill heterogeneity, interaction between skill heterogeneity and child and family characteristics, and children’s early academic 
and executive function outcomes across two datasets with classrooms using a subsample of classrooms with at least four children 

Virginia data (n = 1,467 children across 123 classrooms) FACES (n = 1,711 children across 207 classrooms) 

Language Literacy Math EF Language Literacy Math EF 

Classmates’ language heterogeneity -.012(.021) -.009(.027) -.002(.022) -.010(.028) -.024(.017) -.002(.028) -.027(.022) c .002(.033) 
Classmates’ literacy heterogeneity -.001(.019) .008(.024) .003(.020) -.044(.025) .021(.014) .014(.033) .010(.020) .091(.049) 
Classmates’ math heterogeneity -.003(.019) -.032(.025) .024(.021) -.036(.026) a .021(.017) .039(.033) -.011(.023) b .023(.038) 
Classmates’ EF heterogeneity .009(.018) a .027(.023) -.007(.020) -.015(.024) -.004(.019) .069(.034) ∗ .011(.030) a -.005(.032) 
Language heterogeneity ∗ Initial skill -.022(.019) .003(.018) -.017(.020) -.016(.023) .015(.019) .018(.030) .033(.025) .008(.024) 
Literacy heterogeneity ∗ Initial skill -.036(.029) .005(.027) .009(.022) .013(.023) -.005(.030) .024(.022) -.005(.027) a -.002(.016) 
Math heterogeneity ∗ Initial skill -.050(.019) -.045(.019) -.051(.024) ∗ -.004(.024) .015(.027) .029(.024) .016(.025) b .027(.027) 
EF heterogeneity ∗ Initial skill -.041(.025) -.026(.023) .012(.025) .021(.025) .012(.027) .008(.034) .001(.024) -.046(.028) 
Language heterogeneity ∗ Household income .032(.017) ∗ -.020(.019) .004(.019) .002(.022) -.002(.016) .035(.030) .019(.022) b .044(.036) 
Literacy heterogeneity ∗ Household income .009(.017) -.010(.019) -.006(.020) .003(.025) b .009(.016) .012(.028) .024(.021) a .006(.029) 
Math heterogeneity ∗ Household income .014(.017) -.022(.019) -.001(.020) -.002(.023) a .022(.023) .015(.030) .021(.030) a .006(.041) 
EF heterogeneity ∗ Household income .006(.017) a .001(.019) -.012(.020) -.027(.023) b .017(.015) .040(.023) .065(.034) .050(.041) 
Language heterogeneity ∗ Maternal education .025(.018) -.009(.020) .012(.021) -.010(.026) b .014(.019) .041(.030) .033(.023) .062(.025) ∗ 

Literacy heterogeneity ∗ Maternal education -.008(.017) .003(.020) -.001(.020) -.003(.024) a .000(.021) .011(.028) .012(.024) a .022(.030) 
Math heterogeneity ∗ Maternal education .007(.018) -.019(.020) .009(.021) -.022(.024) .009(.021) .036(.029) .000(.022) a .041(.032) 
EF heterogeneity ∗ Maternal education -.025(.019) a .001(.021) -.013(.022) -.046(.025) .019(.018) .026(.033) .013(.027) -.005(.037) 
Language heterogeneity ∗ Home language -.014(.040) -.048(.045) -.053(.046) -.094(.053) a .046(.040) .089(.051) .028(.062) .096(.063) 
Literacy heterogeneity ∗ Home language -.008(.039) -.043(.045) -.027(.045) -.077(.056) a .004(.059) -.007(.062) .033(.073) a -.003(.061) 
Math heterogeneity ∗ Home language -.010(.037) -.032(.042) -.045(.044) -.068(.053) .018(.048) .038(.061) -.004 (.058) .011(.060) 
EF heterogeneity ∗ Home language .035(.039) -.032(.044) .021(.046) -.099(.055) -.016(.035) .009(.079) -.002(.061) b .031(.067) 

Note. All estimates correspond to standardized betas and those in parentheses correspond to standard errors. Models controlled for children’s initial skill cor- 
responding to the domain of outcome skill, child-(Child age, gender, race/ethnicity, primary home language, parent age, maternal years of education, income 
to needs, number of adults, number of child in household, time difference between pretest and posttest), and classroom-level covariates (Teacher age, teacher 
race/ethnicity, years of education, teaching years, whether having a ECE major, classroom type, class size, average classroom income-to-needs, percentage of 
boys, percentage of non-white children, percentage of children with IEP/IFSP in the classroom). Child race/ethnicity and teacher race/ethnicity were coded as 
dummy variables (0/1) and the White was the reference category. In the Virginia data, classroom type was also coded as dummy variable and Public School 
was the reference category. 
Each classmates’ skill mean and each interaction term was entered in separate models. The coefficients of classmates’ skill heterogeneity were drawn from 

models that did not include the interaction terms. 
The estimates reported herein correspond to standardized coefficient, because all continuous variables were standardized to have a mean of 0 and standard 
deviation of 1. 
Results combined across 50 imputed datasets except for the ones failing to converge. 

a 49 imputations. 
b 48 imputations. 
c 47 imputations. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 
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hoose classmates who are similar to them (e.g., skills, gender, family
ncome) as their playmates, and their skills increase or decrease towards
he levels of their playmates (DeLay et al., 2018). On the other hand,
hether children can benefit from their peers during peer interactions
epends on the extent to which children can consciously observe and
odel peers’ behaviors or cooperatively exchange and discuss conflict-

ng perspectives ( Rubin et al., 2006 ). However, some preschoolers may
ot yet be able to purposefully and positively interact and learn from
ach other without adult support ( Sills et al., 2016 ). As such, future
tudies need to use more nuanced measures capturing peer selection
nd peer interaction. 

There was some evidence suggesting the effects of classmates’ skill
ean in the FACES data especially for the within-domain associations,
ith a slightly larger average effect size of around 0.06 compared with

he Virginia dataset. The inconsistent findings across the two datasets
re somewhat similar to the mixed findings seen in previous stud-
es, which calls for further examination of the variation in peer ef-
ects within/between different populations and across different con-
exts. There are several plausible explanations for the inconsistent find-
ngs. First, the Virginia dataset sampled a much more linguistically di-
erse population with 57% of children speaking Spanish and 23% speak-
ng another non-English language at home, compared both with FACES
21%, Spanish; 2%, other non-English languages) and samples in pre-
ious studies (Foster et al., 2021; Justice et al., 2011 ; Mashburn et al.,
009 ; Montroy et al., 2016 ). Because part of the transmission of early
cademic and executive function skills among children relies on ver-
al communication in a common language ( Kuhn et al., 2014 ; Ramsook
t al., 2020), the diversity in children’s home-spoken language in the Vir-
298 
inia data may have constrained the exchange of knowledge and skills
mong classmates. In addition, our skill composition variables were cre-
ted from classmates’ scores on English assessments, which may fail to
apture children’s exchange of skills using Spanish and other common
anguages in the Virginia data. Second, the sample of relatively younger
nd more age diverse children in FACES may enable children to bene-
t more from interacting with peers in older age groups (Foster et al.,
021). Lastly, the classmates’ skill mean in FACES has larger between-
lassroom variability than the Virginia dataset according to our calcula-
ion (7 ∼9 months vs. 4 ∼6 months), which may be more likely to account
or the variation in children’s skill gains. 

ittle Evidence for Within- and Cross-domain Effects of Classmates’ Skill 

eterogeneity 

We also found nonsignificant associations between heterogeneity in
lassmates’ early academic and executive function skills and individ-
al children’s skills gains. This nonsignificant pattern emerged across
ost within- and cross-domain models for both datasets, which aligns
ith previous studies using primary school samples ( Hanushek et al.,
003 ; Finch et al., 2019 ). To date, the outcomes of classmates’ skill het-
rogeneity have not been adequately examined in the preschool context
nd studies in elementary school context have generated mixed findings
 Duflo et al., 2011 ; Finch et al., 2019 ; Hong et al., 2012 ; Hanushek et al.,
003 ; Kuzmina & Ivanova, 2018 ). Thus, our findings contribute to the
iterature by demonstrating the extent to which preschoolers benefit
rom heterogeneity in classmates’ early academic and executive func-
ion skills. 
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The overall nonsignificant effects of classmates’ skill heterogene-
ty in the current study are inconsistent with some previous stud-
es in elementary school contexts suggesting that the heterogeneity in
eers’ skills within classrooms/groups may either facilitate or interfere
ith children’s learning ( Kuzmina & Ivanova, 2018 ; Duflo et al., 2011 ;
ong et al., 2012 ). The inconsistent findings across our study and previ-
us studies may be explained by the differences in peer interactions and
eachers’ instruction across contexts. As noted above, the extent to which
hildren are able to leverage the heterogeneity in peers’ skills (e..g.,
earning from more knowledgeable others, reflecting on their thoughts
hen encountering different perspectives) also depends on with whom

hey interact and whether they interact in a frequent and effective man-
er (DeLay et al., 2018). The nonsignificant findings on classmates’
kill heterogeneity occur across two samples of preschoolers with slight
ge differences, which may suggest that peer interactions during the
reschool period may not be efficient enough to enable the manifes-
ations of classmates’ skill heterogeneity influence ( Sills et al., 2016 ).
oreover, the effects of classmates’ skill heterogeneity may be also con-

ingent on teachers’ abilities to deal with the heterogeneity and pro-
ide individual children with developmentally appropriate instruction
Ansari, 2017; Tomlinson et al., 2003 ). To better illustrate the influences
f classmates’ skill heterogeneity in different contexts, future research
hould use more nuanced measures of peer interaction and teachers’
nstructional practices. 

ittle Variability in Peer Effects by Children’ s Characteristics and Family 
ackground 

Lastly, our findings revealed little evidence that classmates’ skill
ean and heterogeneity have differential associations with children’s

kills gains depending on children’s initial skills, maternal education,
ousehold income, and home language across the two datasets. Com-
ined with the limited evidence of main effects, our findings suggest
hat neither the average level of classmates’ skills nor the heterogeneity
n classmates’ skills has major consequences for preschoolers’ of differ-
nt academic, socioeconomic, or linguistic backgrounds. These largely
ull findings are surprising given they provide no support for either the
ompensatory effect or the Matthew effect that have been highlighted in
revious studies (e.g., Justice et al., 201; Mashburn et al., 2009 ). How-
ver, similar null patterns were also found when previous studies exam-
ned the role of classmates’ mean language skills with a German sample
 Kohl et al., 2021 ). 

Even though the largely null findings are somewhat surprising given
he theoretically informed variability in peer effects, the lack of differen-
ial associations by children’s characteristics warrants more replication
ork and highlights the necessity to continue testing other potential
oderators. The nonsignificant moderators in the current study may be
ue to the fact that teachers are not focused on leveraging the academic
trengths of children’s classmates. For example, a survey among early
lementary teachers suggested that teachers rated separating behavioral
roblems instead of heterogeneous ability grouping as most important
 Kim et al., 2020 ). Combined with children’s tendency to interact with
eers like them in terms of demographic characteristics and skills (De-
ay et al., 2018), the skills exchange between higher-and lower-skilled
hildren may be limited. 

The extent to which peer effects vary by children’s characteristics
nd family backgrounds may depend on whether and how teachers ad-
ust their instructional content and strategies based on the needs of chil-
ren. For example, children who entered kindergarten with lower skills
ere found to benefit more from homogenous ability grouping only
hen their group received ample instruction from teachers ( Hong et al.,
012 ). As another example, Foster and colleagues (2021) documented
 significant main effect of classmates’ language skills that was stronger
or English speakers in a sample of preschoolers from largely low-income
amilies. It is important to note that their sample came from programs
hat focused on improving teachers’ teaching practices and professional
299 
evelopment. As such, future studies need to investigate classroom pro-
esses (e.g., teachers’ instructional practices and grouping strategies),
eacher attitudes and beliefs towards heterogeneity as well as teacher
nd program focus (e.g., focusing on low or high achievers) as potential
oderators in distinguishing the consequence of classroom skill compo-

itions. 

imitations and Future Directions 

Overall, our findings provide little evidence that, above and beyond
hildren’s own preschool-entry skills, their classmates’ skills associate
ith their development of academic and executive function skills. With

hat said, there are several limitations and future directions that should
e acknowledged. First, we do not know whether our findings general-
ze to universal preschool programs without income eligibility for en-
ollment. Previous studies sampling children from universal preschool
rograms reveal significant effects of classmates’ skill mean ( Atkins-
urnett et al., 2017 ; Mashburn et al., 2009 ). Thus, the associations
etween classroom skill compositions and preschoolers’ academic and
xecutive function outcomes and the variation in peer effects among
ubgroups of children may be more distinct in universal preschool pro-
rams due to potentially larger variability in classmates’ skills within
nd across classrooms ( Barnett, 2010 ). With that said, the two datasets
ach represent a localized public preschool program and a national early
ducation system that serve children from low-income households in
he United States, and thus, the present study provides a comprehensive
napshot of how peer effects work in these systems. 

Furthermore, linear associations of classmates’ skill means and het-
rogeneity in skills may not tell the whole story about the relations un-
er investigation. Future studies need to consider other ways to repre-
ent classroom skill compositions, such as the percentage of children
bove or below proficiency levels. Threshold effects should also be
ested with a more diverse distribution of classmates’ skills. Addition-
lly, this study did not disentangle peer effect from peer selection and
id not measure peer interaction within classrooms. With only a record
f classmates’ skills level, this study, like other studies of peer effects
e.g., Henry & Rickman, 2007 ; Justice et al., 2011 ; Mashburn et al.,
009 ), was unable to identify with whom the study children interacted
ith and how they interacted with each other. Accordingly, future stud-

es should include more nuanced observations of peer interactions to
etter understand the mechanisms underlying peer effects. 

Next, the Pencil-Tap test used in both datasets to measure children’s
xecutive function contained a high rate of missingness in the fall. The
xamination of missingness patterns suggested that children whose test
cores were missing were most likely to be those who were younger at
reschool entry. Whether this test is suitable to assess preschoolers’ ex-
cutive function at the school entry remains in question. However, this
est has been widely used to assess children’s inhibitory control and val-
dated in samples of children ranging from 27 to 73 months and from
arying socioeconomic and sociocultural contexts (Raver et al., 2012;
mith-Donald et al., 2007 ). Instead of only recording children’s response
ccuracy in this test, future studies may also consider recording their
esponse speed to better measure executive function and related peer
ffects. For example, Finch and colleagues ( 2019 ) measured both re-
ponse accuracy and response speed on EF tasks and found the effect of
lassmates’ EF skills was driven by EF-related speed on the tasks instead
f accuracy. 

Our test of the moderating role of child and family characteristics
ailed to reveal variability in the focal associations of interest. How-
ver, it is plausible that peer effects emerge for other populations or
nder different classroom circumstances; as such, future studies should
onsider other potential moderators, such as teachers’ expectations and
eliefs, instructional content, and classroom grouping strategies. Addi-
ionally, we did not account for the multilevel structure of the data in
he imputation models, which better matches the multilevel models we
stimated. Lastly, the short time frame between pretest and posttest in
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oth datasets may limit our ability to test relatively long-term effects of
lassmates’ skills. The high associations between children’s initial skills
n the fall and outcome skills in the spring across both datasets (B = .48
.77 in the Virginia data and .54-.71 in FACES; see Supplemental Table
) may also contribute to our null findings. That said, there was still a
onsiderable amount of residual variance in outcome skills in the spring
hat are unexplained by the initial skills in the fall (range = 41% - 77%
n the Virginia data and 49% -71% in FACES). 

onclusions 

With the above limitations and future directions in mind, this study
dded to the existing knowledge about peer effects in preschool settings
y examining the role of classmates’ skill mean and heterogeneity in
wo large and contemporary datasets in the United States. As both data
ampled a large number of children per classroom and each represented
ifferent groups of ethnically/racially diverse and low-income popula-
ions, our findings generalize to many current publicly funded preschool
ystems that target children from low-income families. When taken to-
ether, results from the current study revealed limited and small sig-
ificant within- and cross-domain associations between classmates’ skill
ean and heterogeneity with preschoolers’ early academic and execu-

ive function outcomes across two datasets. We also found little evidence
or variability in peer effects as a function of preschool-entry skills, ma-
ernal education, household income, and home language, suggesting few
ifferential associations for preschoolers of different academic, socioe-
onomic, or linguistic backgrounds. However, there was some indication
hat classmates’ skill means were associated with children’s skill gains
n the FACES data, especially when considering within-domain associ-
tions. Given the inconsistent findings in the current study and mixed
ndings in previous studies, continued attempts at replication within
ifferent populations and across different contexts are necessary. Over-
ll, our results suggest that the average and heterogeneity in classmates’
kills do not play a major role in preschoolers’ learning, and future re-
earch should focus on more nuanced interactions within classrooms to
nderstand the ways in which peer interactions shape development. 
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