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The present investigation examined the benefits of pre-K through the end of kindergarten for children
from low-income homes who lived in alarge and diverse county (n = 2,581) aswell as factors associated
with a reduction in benefits during the kindergarten year. Results revealed that pre-K graduates
outperformed nonattenders in the areas of achievement and executive functioning skills at the end of
kindergarten, and also that the benefits of pre-K at the start of the year diminished by a little more than
half. This convergence between groups performance was largest for more constrained skills, such as
letter-word identification, and was attributed to the fact that nonattenders made greater gains in
kindergarten as compared with graduates of pre-K. Importantly, convergence in the groups performance
in kindergarten was not attributed to pre-K children’s classroom experiences in kindergarten. Conver-
gence was, however, attributable to preexisting individual differences, and there was support for the
notion that even though children’s skills are susceptible to improvement as a result of pre-K, their
longer-term outcomes are likely to be impacted by factors that are outside the scope of early schooling.
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Across the United States, more and more young children enroll
in aforma preschool program in the year or two before kinder-
garten (Child Trends Databank, 2019). National estimates reveal
that, today, roughly 4.69 million children attend preschool as
compared with 2.88 million children in 1989 (Chaudry & Datta,
2017). This growth in preschool enrollment reflects decades of
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empirical evidence that make a strong case for program participa-
tion: Children who attend preschool, on average, enter kindergar-
ten more ready to learn than their classmates and peers who have
no prior school experience (for reviews of the literature see:
Phillips et a., 2017; Y oshikawa et a., 2013). Although the depth
of knowledge on the short-term benefits of preschool has grown
tremendously over the past severa decades, many questions re-
main. Two questionsin particular that have been the focus of much
discussion are both whether and why the benefits of preschool
persist over time as children progress throughout the elementary
grades.

It is with these questions that this study is primarily concerned.
More specifically, the present investigation considers the differ-
ences in school readiness skills across the kindergarten year be-
tween agroup of pre-K attenders and nonattenders who came from
low-income and ethnically and linguistically diverse homes. As
part of this effort, we also consider the degree to which the benefits
of pre-K diminish by the end of kindergarten (i.e., convergence)
and the extent to which this convergence is a result of children
without prior pre-K experience making ground (i.e., catch-up) or
children with prior pre-K experience losing ground (i.e., fadeout).
This study also adds to the extant literature by focusing on the
underlying reasons for convergence, with afocus on differencesin
children’s skills and their kindergarten classroom experiences.

The Near-Term Benefits of Pre-K

These past several decades of research have produced important
insights into the effectiveness of pre-K. Notwithstanding the di-
versity in program delivery and various investigations' analytic
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designs, there is now strong evidence from the developmental and
educational sciences to suggest that children who attend pre-K, as
compared with those without pre-K experience, are more ready for
kindergarten in the areas of language, literacy, and math, particu-
larly at the start of the year, when compared with children who do
not have such experience (Barnett et al., 2018; Camilli, Vargas,
Ryan, & Barnett, 2010; Duncan & Magnuson, 2013; Phillipset al .,
2017; Yoshikawa et a., 2013). These results have been shown
through evaluations of small-scale demonstration programs in the
1960s and 1970s (Campbell & Ramey, 1994; Schweinhart et al.,
2005) and verified over the years with evaluations of a variety of
scaled-up state and federal programs (Barnett et al., 2018; Gorm-
ley, Gayer, Phillips, & Dawson, 2005; Montrosse-Moorhead,
Dougherty, Salle, Weiner, & Dostal, 2019; Puma et a., 2012;
Weiland & Y oshikawa, 2013). And even though the magnitude of
program impacts varies considerably and scal ed-up evaluations see
smaller end-of-treatment impacts than earlier small-scale demon-
stration programs, a meta-analysis by Li and colleagues (2020) of
more than 65 programs reports that the cognitive impacts of
program participation are approximately a quarter of a standard
deviation upon program exit.

Additionally, although much of the extant literature has focused
on children’s academic achievement as the benchmark for program
success, a few studies have also examined children’s socioemo-
tional and executive function skills as outcomes. These studies of
nonacademic outcomes of pre-K have generally reported mixed
evidence. Some document negative associations between program
participation (relative to nonprogram participation) and children’s
socioemotional and executive function performance (Ansari, 2018;
Bassok, Gibbs, & Latham, 2019; Magnuson, Ruhm, & Waldfogel,
2007; National Institute of Child Health & Human Development
[NICHD] Early Child Care Research Network, 2003), whereas
others present positive or null effects (Forry, Davis, & Welti, 2013;
Puma et al., 2012; Weiland & Yoshikawa, 2013; Zachrisson,
Dearing, Lekhal, & Toppelberg, 2013). Even with the variability in
findings, the average effect sizes for these associations are gener-
aly less than a sixth of a standard deviation and, therefore, are
small in magnitude.

Of note is that a prior correlational study of pre-K benefits,
drawing from the dataset used in the present investigation, con-
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firms the general findings discussed above. In spite of the heter-
ogeneity in the at-scale pre-K educational opportunities in the
large urban county that is the context for the investigation, Ansari
and colleagues (2020) found that graduates of pre-K, on average,
entered kindergarten the following year demonstrating stronger
academic and executive function skills than nonattenders, net of a
wide range of demographic controls. The effect sizes of pre-K
participation was roughly 40% of a standard deviation for aca-
demic achievement and 25% of a standard deviation for executive
functioning (Ansari et a., 2020). Moreover, even with the accel-
erated learning of children enrolled in pre-K, Ansari and col-
leagues (2020) documented no consistent differences in teachers’
reports of the children’s socioemotional adjustment upon kinder-
garten entry. That is, graduates of pre-K entered kindergarten
exhibiting stronger academic and executive function skills than
there nonattending peers but did not display any advantages (or
disadvantages) in the areas of socioemotional adjustment.

Sustaining the Benefits of Pre-K

Despite the promising evidence about the short-term benefits of
pre-K, a number of recent studies that have followed program
graduates over time report that the benefits of pre-K, relative to
earlier patterns of skill growth and relative to the skills of nonat-
tenders, diminish soon after program completion (e.g., Ansari,
2018; Clements, Sarama, Wolfe, & Spitler, 2013; Li et a., 2020;
Lipsey, Farran, & Durkin, 2018; Puma et al., 2012). For example,
although the meta-analysis by Li and colleagues (2020) reveaed
that the cognitive impacts of early childhood education are roughly
a quarter of a standard deviation at program exit, these benefits
diminish to only a tenth of a standard deviation a year later. As
illustrated in Figure 1, this convergence in performance between
attenders and nonattenders is presumed to stem from: (@) catch-up,
whereby nonattenders make ground on program graduates; (b)
fadeout, whereby program graduates demonstrate slowed progress
over time; or (c) both (e.g., Baley et al., 2016; Magnuson et al.,
2007; Protzko, 2015, 2016). Accordingly, understanding how
gains from pre-K can be sustained and increased over time (espe-
cialy intheyear or two after program completion) has been afocal
point of research and of increasing policy interest, not only for
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Figure 1. Anillustration of the different sources of convergence in the early benefits of pre-K.
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accountability, but also because of public investmentsin programs
across the country (Friedman-Krauss et al., 2018).

Understanding the persisting benefits of pre-K (or lack thereof)
cals for specia attention to the intersection of developmental
change and experiences in educational settings across the pre-K
and elementary school years. As part of the present investigation,
we focus on key elements of kindergarten experiences emphasized
asfactorsthat may play apivota rolein whether pre-K benefitsare
sustained over time (e.g., Bailey, 2019; Bailey et a., 2016, 2017,
Phillips et al., 2017; Yoshikawa et al., 2013). More specificaly,
we consider the role of (&) the different types of kindergarten
classrooms attended by children, (b) the differences in children’s
kindergarten entry academic, executive function, and socioemo-
tional skills, and (c) therole of children’sindividual experiencesin
classrooms.

Sustaining Environments

In the context of considering the intersection of developmental
change and experiences in educational settings across the pre-K
and elementary school years, longer-term program effects have
been hypothesized as a function of alignment between the instruc-
tional programs of the pre-K and elementary systems, or as a
matter of individualization of instruction within a given classroom.
For example, kindergarten teachers may respond to the higher skill
levels of incoming students with pre-K experience by raising the
level of instruction (Bassok, Latham, & Rorem, 2016) and rein-
forcing learning gains (Claessens, Engel, & Curran, 2014). In
contrast, kindergarten teachers may fail to adapt instruction to
pre-K graduates and teach skills that these children have aready
mastered (Engel, Claessens, & Finch, 2013), resulting in children
losing early gains (Lipsey et a., 2018). Likewise, a number of
studies have shown that children require continued high quality
opportunities for learning gains to be sustained (Ansari & Pianta,
2018; Cash, Ansari, Grimm, & Pianta, 2019; Zhai, Raver, & Jones,
2012) and that the types of classrooms/schools children subse-
quently experience may explain the convergence of early program
benefits (Currie & Thomas, 2000). This alignment of educational
systems (or lack thereof) is of interest because the benefits of
pre-K for closing skills gaps can only be realized if program
graduates continue to learn new skills at the same or a faster rate
than their peers who did not attend pre-K. Accordingly, in the
present study, we consider the extent to which the different kin-
dergarten classrooms attended by pre-K attenders and nonattenders
may help sustain (or inhibit) the persistence of pre-K effects.

Constraining Content Versus Preexisting Differences

The benefits of pre-K may also diminish because of constraints
on children’s growth over the course of the school year, which
imposes a ceiling on higher achieving children (Ansari & Purtell,
2018; Phillips et a., 2017); however, this remains a largely unex-
plained hypothesis. With that said, if this hypothesis were true,
then this constraint or ceiling would be present both for children
whose skills were boosted by pre-K as well as nonattenders with
similar higher-level skillsat kindergarten entry (see top hand panel
of Figure 2). Put another way, under this hypothesis, both highly
skilled nonattenders and pre-K graduates would display smaller
gains in kindergarten. However, in one of the only tests of this

Constraint on student learning hypothesis

Prior to pre-K entry Fall of kindergarten Spring of kindergarten

-®-= Non-attender  ---#-- Pre-K attender Constraint

Preexisting differences hypothesis

Prior to pre-K entry Fall of kindergarten Spring of kindergarten

-+~ Non-attender ---#-- Pre-K attender Pre-K attender without pre-K

Figure2. Aniillustration of the constraint on student learning hypothesis
(top) and preexisting differences hypothesis (bottom) for higher achieving
nonattenders. The gray line in the left panel corresponds to an imposed
limit or constraint on higher achieving children. The gray line in the right
panel corresponds to the learning trajectory of a pre-K attender if they did
not receive pre-K. Although the current study does not have data on all
children prior to kindergarten entry, the gray blocks correspond to what
children’s outcomes would look like in light of both hypotheses if data
were available. Adapted from “Fadeout in an early mathematics interven-
tion: Constraining content or preexisting differences?’ by D. H. Bailey, T.
Nguyen, J. M. Jenkins, T. Domina, D. H. Clements, J. S. Sarama, 2016,
Developmental Psychology, 52, p 3. Copyright 2016 by the American
Psychological Association. Adapted with permission.

hypothesis, Bailey and colleagues (2016) found that persistent
individual differences in children’s long-term functioning contrib-
ute to the converging benefits of a pre-K intervention more so than
school- or classroom-wide factors. More specifically, Bailey and
colleagues (2016) found that control group children with similar
scores at kindergarten entry as children who had experienced a
pre-K intervention had preexisting differences (e.g., cognitive abil-
ities, academic skills, and motivation) compared with pre-K non-
attenders. These high-achieving children in the control group ex-
perienced greater learning gains during the kindergarten year than
similarly achieving pre-K attenders (see bottom panel of Figure 2),
suggesting that individual differences beyond pre-K attendance
may have influenced their rates of growth. Put another way,
children’s skills are malleable to pre-K education and intervention;
however, longer-term school success may be largely influenced by
factors beyond the scope of these programs. In considering the
degree to which the short-term effects of pre-K persist or diminish,
we test the hypothesis that convergence occurs because of preex-
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isting differences as compared with constraints on student learning
in kindergarten.

Individual Differencesin Classroom Experiences

Finally, as can be seen by the literature outlined above, progress
has been made in understanding the ways in which the long-term
benefits of pre-K may (or may not) vary as afunction of children’s
subsequent experiences at the classroom-level; however, less at-
tention has been paid to variability in children’s experiences within
classrooms. That is, no two children are alike and no two children
experience the classroom in the same way. As such, we focus on two
aspects of children’s individual experiences in kindergarten class-
rooms—the quality of their relationship with the teacher and their
perceptions of the classroom as an enjoyable and engaging setting.
For young children, these indicators of the quality of the classroom
as a social setting have been identified as factors accounting for
student success (Hamre & Pianta, 2001; Mantzicopoulo, Patrick, &
Samarapungavan, 2008; Pianta, 1997; Valeski & Stipek, 2001).
Teachers' perceptions and feelings regarding their relationship
with a specific child, which consist of the closeness (i.e., levels of
warmth, positive affect, and approachability) and conflict (i.e.,
negativity and lack of rapport), have been implicated in numerous
studies as a predictor of outcomes as diverse as academic achieve-
ment and referral for special education. Teacher—child relation-
ships are an important marker of individual experience given
evidence that teachers provide more support to children with
whom they have a close and conflict-free relationship than chil-
dren with whom they may have a more conflictua relationship
(Cadima, Verschueren, Leal, & Guedes, 2016; Hamre & Pianta,
2001; Pianta, 1997; Silva et a., 2011). Additionally, children’s
academic orientations, which captures children’s school enjoyment
(i.e., positive feelings toward and experiences of school (Mantzi-
copoulo et a., 2008) and feelings about their peers (Vaeski &
Stipek, 2001) reflect the extent to which young children experience
the classroom as a supportive resource for learning. These markers
of academic orientation are critical in understanding the ways in
which children experience the classroom because children who
enjoy school more and who report better relationships with their
teachers and peers demonstrate greater classroom engagement
(Papadopoulou & Gregoriadis, 2017; Ruzek et a., 2020). These
two indicators of individual children’s experiences of the class-
room setting (assessed from teacher and child perspectives) enable
further exploration of the possible individual differences in class-
room experience that account for convergence.

The Current Study

In the context of alarge and diverse county pre-K program, the
present investigation addresses three research questions. First, we
consider the extent to which the benefits of participation in pub-
licly funded pre-K in the year before kindergarten persist through
the end of the kindergarten year, and whether there is empirical
evidence for convergence between pre-K attenders and nonattend-
ers. If there is empirical evidence of convergence, then we exam-
ine the extent to which convergence is attributed to catch-up
among children who did not participate in pre-K at age 4 as
compared with fadeout among those who did. Finally, we decom-
pose convergence to estimate the degree to which it is attributed to

(a) the different kindergarten classrooms attended by children, (b)
children’s kindergarten entry skills, and (c) individual children’s
experiences in kindergarten. Given the conflicting evidence re-
garding the persistence of program benefits and plausibility of the
various explanations for convergence (e.g., Bailey et d., 2017,
Phillips et a., 2017; Yoshikawa et a., 2013), we left our study
objectives as largely exploratory.

Method

Participants were drawn from a large, culturally and linguisti-
caly diverse county in a mid-Atlantic state that serves over
186,000 students from pre-K through 12th grade. The study school
district serves a growing number of vulnerable families and chil-
dren, including alarge immigrant population, with 18% of families
in which neither parent is a U.S. citizen. County students are
ethnically (39% White, 26% Hispanic, 19% Asian, 10% African
American, and 6% other or mixed race/ethnicity) and linguistically
(53% of children have a home language other than English)
diverse. Moreover, 10% of households have no full-time wage
earner, one third of children qualify as low-income, and 25%
receive public assistance.

The sample for the present study draws from the full population
of children who were income eligible for pre-K (described in more
detail below) and who were enrolled in kindergarten in the county.
This sample included 2,581 children (1,247 nonattenders; 1,334
attenders), which represents two thirds of kindergartners from
low-income families in the county. Overal, sample of children
were ethnically (62% Hispanic, 12% Black, 15% Asian/other, and
11% White) and linguistically (59% spoke Spanish, 24% spoke
another language, and 17% spoke English) diverse. Additionally,
children came from households with an income-to-needs ratio of
approximately 1.10 (SD = 0.72), and their mothers averaged less
than a high school education (M = 11.76, SD = 3.71). For other
sample descriptives stratified by pre-K enrollment, see Table 1.
Note that this study received approval by the Institutional Review
Board at the University of Virginia (UVA IRB-SBS #2355. “FP3:
Fairfax Pre-K to Third Grade Project”).

Recruitment of Pre-K Teachers and Attenders

In the study county, children attend one of two full-day pro-
grams. The largest, which serves more than 1,500 children, con-
sists of publicly funded pre-K classrooms within schools. The
second consists of Head Start classrooms and subsidized slots in
private pre-K programs that together serve more than 400 children.
Pre-K teachers were recruited from the population of school and
community-based pre-K programs in the county. All teachers in
public schools and Head Start centers were eligible; however, in
community programs, teachers were eligible if they taught at a
center in which more than five publicly funded pre-K children
were enrolled. At the start of the 2016—2017 school year, 156
pre-K teachers were initially recruited (100 from public schools,
56 from community programs, including Head Start). If center
directors indicated that they were interested in participating, re-
searchers and program staff contacted teachers in their program to
describe the project in more detail and obtain teachers' consent. Of
the 156 recruited teachers, 126 met eligibility requirements and
enrolled in the study. Lead pre-K teachers averaged 16.86 years of
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Table 1
Demographic Characteristics of the Pre-K and Non-pre-K Attender Samples
Non—pre-K attender Pre-K attender
Variable M SO Prop. missing M SO Prop. missing Sig. diff.
Kindergarten entry outcomes
Academic achievement
WUXIII Letter-Word Identification ~ 89.89 15.53 0.07 96.13 12.41 0.06 o
WX Picture Vocabulary 85.67 13.42 0.16 88.91 10.74 0.07 o
WX Applied Problems 91.10 14.00 0.09 97.05 11.74 0.07 o
WX Quantitative Concepts 86.99 14.97 0.10 90.68 13.61 0.07 o
WX Academic Knowledge 81.57 15.41 0.14 86.92 13.22 0.07 o
Executive functioning
Pencil Tap 0.78 0.30 0.07 0.86 0.23 0.06 o
Backward Digit Span 149 0.83 0.07 161 0.86 0.07 o
Head Toes Knees Shoulders 36.46 27.08 0.07 44.68 27.91 0.06 o
Socioemotional skills
Frustration tolerance 339 095 0.28 3.36 0.97 0.29
Task orientation 317 1.04 0.28 333 1.06 0.29 o
Peer social skills 3.89 0.86 0.28 392 0.88 0.29
Conduct problems 172 0.85 0.28 1.85 0.90 0.29 -
Kindergarten exit outcomes
Academic achievement
WU Letter-Word Identification 103.09 13.53 0.10 103.74 12.48 0.10
WX Picture Vocabulary 86.67 12.22 0.11 89.07 10.18 0.10 o
WX Applied Problems 99.48 13.62 0.11 101.56 12.98 0.10 o
WX Quantitative Concepts 94.60 12.35 0.10 95.70 11.31 0.10
W31 Academic Knowledge 85.65 14.68 0.12 88.56 12.81 0.11 o
Executive functioning
Pencil Tap 0.90 0.20 0.10 093 0.16 0.10 o
Backward Digit Span 2.02 1.08 0.10 221 1.09 0.10 o
Head Toes Knees Shoulders 51.14 27.47 0.10 55.66 26.36 0.10 o
Socioemotional skills
Frustration tolerance 348 098 0.31 3.37 099 0.32 "
Task orientation 3.37 1.09 0.31 340 1.09 0.32
Peer social skills 406 0.84 0.31 398 0487 0.32
Conduct problems 1.70 0.86 0.31 1.85 0.93 0.32 o
Child experiences in kindergarten
Child closeness with teacher 389 092 0.28 403 0.83 0.30 o
Child conflict with teacher 145 0.73 0.28 153 0.79 0.30 "
Child feelings about teacher 256 0.46 0.40 256 0.46 0.42
Child feelings about classmates 251 049 0.40 247 051 0.42
Child enjoyment of school 256 0.52 0.40 246 0.58 0.42 o
Child characteristics
Child age at kindergarten entry 541 0.32 0.00 545 0.29 0.00 -
Child male 0.48 <.01 0.50 0.00
Child White 0.12 0.01 0.10 0.01
Child Hispanic 0.64 0.01 0.60 0.01 *
Child Black 0.08 0.01 0.17 0.01 o
Child Asian/other 0.16 0.01 0.14 0.01
Child home language English 0.15 <.01 0.20 0.01 o
Child home language Spanish 0.61 <.01 0.57 0.01 *
Child home language Other 0.25 <.01 0.23 0.01
Family characteristics
Household income-to-needs ratio 113 0.72 0.20 1.07 0.73 0.30
Household size 507 154 0.03 484 1.42 0.20 o
Household members under 18 259 1.27 0.03 256 118 0.20
Parent married 0.56 0.04 0.50 0.22 o
Parent living with partner 0.15 0.04 0.19 0.22 -
Parent separated or widowed 0.10 0.04 0.13 0.22
Parent never married 0.19 0.04 0.19 0.22
Parent age 3347 7.10 0.13 3415 7.10 0.29 "
Parent years of education 11.78 3.72 0.05 11.74 3.70 0.22
Parent hours of employment 25.87 15.21 0.09 27.10 13.97 0.24
Sample size 1,247 1,334

Note. WJIII = Woodcock Johnson I11; Sig. diff. = significant difference. Proportions may not sum to 1.00
as aresult of rounding.
“p<.05. ™p<.0l "p<.00L
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education and had 15.68 years of teaching experience (Pianta,
Whittaker, Vitiello, Ansari, & Ruzek, 2018).

Then, at the start of the pre-K year, teachers who consented to
participate in the study sent families a consent form and short
demographic survey. Children were eligible to participate if they
were enrolled in the program, turned 4 by the start of the study, and
were not receiving special education services (except for speech).
Roughly 80% of parents had children who were eligible to partic-
ipate and consented, and roughly 90% were successfully followed
through kindergarten.

Recruitment of Non—-Pre-K Attenders

As children entered kindergarten, pre-K nonattenders were re-
cruited. Nonattenders were considered eligible if they (a) did not
attend center-based pre-K at age 4, (b) had a total household
income less than 250% of the federal poverty line, and (c) attended
the same kindergarten classroom or elementary school as the
pre-K attendee sample. Using parent-reported data that was col-
lected by the district at the time of kindergarten enrollment, the
research team determined each kindergarten enrollee’s pre-K en-
rollment status. In elementary schools in which there were pre-K
attendees enrolled in the study, if a parent or guardian indicated
that a child attended family child care or had no other prior
preschool experience, they were deemed eligible for recruitment.
Then, similar to our recruitment of pre-K attenders, we asked
kindergarten teachers to send consent forms and family demo-
graphic surveys to eligible non—pre-K attenders parents or guard-
ians. A total of roughly 2,600 packets were sent to families, and
this process consented approximately 1,600 nonattenders. Using
the income data that parents reported on the family demographic
survey, we confirmed that roughly 80% of the consented children
met eligibility criteria.

It isimportant to note that all kindergarten teachers with at least
one study-enrolled child were eligible to participate in the study.
Recruitment meetings with district leaders took place in June 2017
to maximize principal support and teacher recruitment efforts.
Beginning in August, 2017, district leadership sent memos to
principals and teachers with information about the study. A pri-
mary point of contact at each school assisted in the distribution of
flyers and consent forms. Of the 478 eligible teachers, more than
75% agreed to participate in all study components; an additional
20% agreed only to allow the research team to assess participating
students and did not consent to having their classroom observed or
completing surveys; and the remaining 5% of teachers refused
participation or worked in a school (9) that declined participation.

M easures

Kindergarten outcomes. Children’s kindergarten outcomes
were assessed both in the fall (September—November) and spring
(April-June) of the school year by trained data collectors. Data
collectors completed a 1-day training prior to assessing children.
At both time points, children were assessed in a quiet space,
outside of the classroom when possible. All children were assessed
in English unless they failed the language screener (PreLAS;
Duncan & De Avila, 1998); if this was the case, and if they spoke
Spanish, then they were also assessed with parallel Spanish mea-
sures in the fal (when available). In the spring, however, all

children were assessed in English. The present study utilizes only
the English-language assessment data.

Academic achievement. Children’s academic skills were as-
sessed with five subtests of the Woodcock Johnson I11 (WXL
Woodcock, McGrew, & Mather, 2001). To begin, children’s lit-
eracy skills were assessed with the Letter-Word Identification
subtest of the W31, which required children to identify individ-
ua letters and words (a = .94). Language skills were assessed
with the Picture Vocabulary subtest (« = .81), which asked that
children classify objects that were depicted in a series of pictures.
Next, two subscales of the WJ-I11 were used to measure children’s
math skills: (a) Applied Problems (« = .93), which required that
children perform basic math calculations, and (b) Quantitative
Concepts (« = .91), which required children to identify number
patterns. Finally, children’s general knowledge was assessed with
the Academics Knowledge (« = .90) subscale, which assesses
children’s skills in the areas of science, social studies, and human-
ities. We used the standard scores for each assessment, which were
nationally normed to have a mean of 100 and a standard deviation
of 15 and describe children’s academic performance relative to the
average performance of their same-age peers.

Executive functioning. Children’s executive functioning was
assessed using three separate assessments. Working memory was
measured using the Backward Digit Span subtest (Carlson, 2005),
which asked children to repeat sequences of numbers in reverse
that increase in length. It has amedian reliability coefficient of .88.
Thistask has been widely used as atest of working memory. Next,
the Head-Toes-Knees-Shoulders assessment (McClelland et al.,
2007) was used to examine children’ s inhibitory control, attention,
and working memory. Children’s inhibitory control was aso as-
sessed using an adapted version of a standard peg-tapping task
with pencils rather than pegs (Diamond & Taylor, 1996; Smith-
Donald, Raver, Hayes, & Richardson, 2007). This assessment
required children to tap once when the assessor tapped twice and
vice versa. Percent of correct responses on this assessment has
demonstrated good concurrent and construct validity with other
measures of inhibitory control as well as predictive validity for
school readiness outcomes such as phonemic awareness (Blair &
Razza, 2007, Smith-Donald et al., 2007).

Socioemotional skills.  Teachers rated each child on four gen-
eral competencies using the Teacher-Child Rating Scale (Hight-
ower, 1986). On a 5-point Likert scale (1 = not at all, 3 =
moderately well, 5 = very well), teachers were directed to indicate
how well a given characteristic described the child. The task
orientation subscale comprised five items (e.g., completes work,
well organized, and works well without adult support; fall a = .92;
spring o = .93). The peer socia skills scae (e.g., has many
friends, isfriendly toward peers, and makes friends easily; fall « =
.93; spring o = .94) and frustration tolerance scale (e.g., accepts
things not going his or her way, ignoresteasing, copes with failure;
fall o = .90; spring a = .92) both also comprised of five items
each. Finaly, the conduct problems subscale included six items
(e.g., disruptive in class, defiant, overly aggressive with their
peers; fall « = .89; spring o = .89).

Children’s individual kindergarten classroom experiences.
Two different protocols were used to capture children’sindividual
classroom experiences. First, children’s relationships with their
kindergarten teacher was measured by the Student-Teacher Rela-
tionship Scale (STRS; Pianta, 2001). Although the STRS is based
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on 15 items, asking teachers to report on their perspectives of their
relationships with individual children in the classroom, the current
study used a subset of nine items to minimize teacher burden. Five
items are included in the conflict score (« = .88), where teachers
are asked about the extent to which they perceive negative inter-
actions and emotions with the child. Four items are included in the
closeness score (a = .83), where teachers report on the degree of
warmth and open communication they share with the child. For the
current analyses, items were drawn from the fall of the kindergar-
ten year.

Second, three dimensions of children’s feelings about school
were assessed with child surveys that were created from a combi-
nation of existing surveys and newly developed scales. These
surveys were conducted like an interview with children where they
were asked to indicate their level of agreement by pointing to one
of three increasingly larger circles, corresponding to less or more
agreement (for more details see: Ruzek et a., 2020). As part of
these surveys, children’s feelings about their teacher (« = .58)
was assessed using four items (e.g., “Is your teacher nice to you?’
and “Does your teacher help you?’). Children’s feelings about
their classmates (« = .58) was assessed using four items (e.g., “Do
you have good friends in your class?’ and “Do the kids in your
class play with you?). Children’s school enjoyment (« = .70) was
assessed with four questions (e.g., “Is school fun?’ and “Do you
enjoy school?’). Although these internal consistency values are
just at or below typical cutoffs, these particular measures have
shown factorial and convergent validity and invariance across
child groups in the present sample (Ruzek et al., 2020) and these
types of measures have been used in other research on young
children (e.g., Nurmi & Aunola, 2005; Valeski & Stipek, 2001).

Analytic Strategy

To address our focal research objectives, we estimated a series
of ordinary least-squares linear regression models in Stata (Stata-
Corp, 2009) that accounted for the nesting of children in class-
rooms with clustered standard errors and used the chained equa-
tions method to impute 50 data sets to retain the full sample of
children (missing datarates by pre-K type are provided in Table 1).
Within this general analytic framework, our first set of models
considered the links between children’s participation in pre-K at
age 4 (vs. children who did not attend pre-K) and their academic,
socioemotional, and executive function skills at kindergarten en-
try. These models served as areplication of Ansari and colleagues
(2020) and were necessary because they also served as a baseline
comparison for our subsequent analyses. These same models were
then reestimated with the spring of kindergarten outcomes. Statis-
tically significant coefficients for pre-K (at fall or spring) would
indicate that program graduates performed better (or worse, de-
pending on the outcome) on the assessment of interest as compared
with nonparticipants. We estimated the aforementioned (and be-
low) models for al 12 child outcomes, but to facilitate interpret-
ability, we also created composite measures of academic, socio-
emotional, and executive function skills and estimated outcome
scores for these three composite scores as well.

The above analyses capture whether pre-K graduates perform
better in the fall and spring of kindergarten. Our next set of
analyses consider whether there was convergence in the benefits of
pre-K across the kindergarten year. Put another way, to what

extent do the slopes in student learning differ between pre-K
attenders and nonattenders in the kindergarten year. To test this
possibility, we created a difference score (spring of kindergarten
outcomes — fall of kindergarten outcomes), which captures the
regression slopes of children’s enrollment in pre-K for their kin-
dergarten outcomes (for a similar approach see: Ansari, 2018;
Magnuson et a., 2007). To illustrate the meaning of this variable,
consider the following example. If we found a positive and statis-
tically significant association between pre-K enrollment and aca-
demic achievement in the fall of kindergarten and a negative and
statistically significant association for the fall to spring of kinder-
garten difference score, this would suggest that enrollment in
pre-K is associated with more optimal academic performance at
the start of kindergarten, but these associations diminish by the end
of the year. In contrast, if we found a positive and statistically
significant association between pre-K enrollment and academic
achievement in the fall of kindergarten and a positive and statis-
tically significant association for the difference score, this would
suggest that enrollment in pre-K is associated with more optimal
academic performance at the start of kindergarten, and these ben-
efits increase by the end of the year. It isimportant to note that our
academic measures were externally benchmarked, and thus, this
also alowed us to consider the extent to which convergence was
attributed to fadeout (i.e., pre-K graduates lost ground) as com-
pared with catch-up (i.e., non—pre-K participants made ground).
To partition the convergence estimate in thisway, we estimated the
predicted gains for pre-K graduates and nonattenders from the
regression model above where the difference score was the out-
come while holding all covariates constant at their mean.

Finally, we took several approaches to explore the underlying
reasons for convergence. First, to determine the extent to which
convergence was attributed to classroom-level processes in kin-
dergarten, we added classroom fixed effects (i.e., 0/1 indicators for
each classroom in the study). Doing so allowed us to hold constant
all classroom-wide characteristics (e.g., process quality, structural
quality, classroom composition) that were the same for pre-K
attenders and nonattenders in the same kindergarten classroom.
We considered this to be our first block and explanation for
convergence. We would conclude that convergence was attributed
(at least partially) to the different types of classrooms attended by
pre-K attenders and nonattenders if the magnitude of convergence
diminished after incorporating classroom fixed effects. The next
block of models built on the first block by incorporating children’s
kindergarten entry skills. This block of models alowed us to
consider the extent to which convergence was attributed to the
constraints hypothesis or preexisting differences hypothesis. If the
degree of convergence between pre-K graduates and nonattenders
in the same classroom was completely (or largely) accounted for
after including children's kindergarten entry skills, we would
conclude that there was support for the constraint on student
learning hypothesis because the constraints hypothesis implies that
higher achieving children—regardiess of pre-K experience—will
have fewer opportunities to learn, which explains convergence. If,
however, the inclusion of kindergarten entry skills does not ac-
count for convergence, then this would lend support for the pre-
existing differences hypothesis because if pre-K attenders demon-
strate fewer gains in kindergarten than nonattenders with the
same-level of kindergarten entry scores, that would imply that
pre-K graduates are doing less well on other unobserved factors.
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Finally, our third block built on the second block of modes by
including severa indicators of children’s individua experiences in
kindergarten to isolate the proportion of convergence attributed to the
different waysin which pre-K attenders and nonattenders experienced
the same classroom, net of classroom-wide factors and their school
entry skills. As before, the degree to which our convergence estimate
was accounted for with the inclusion of this block of variables would
either lend support (or refute) this possibility.

It is important to acknowledge that children were not randomly
assigned to attend pre-K and, consequently, there are likely to be
issues of selection. To address these concerns, our models control
for alarge set of theoretically informed child and family factors
(see: Coley et al., 2016; Crosnoe, Purtell, Davis-Kean, Ansari, &
Benner, 2016). Models include controls for: child age, child gen-
der, child race/ethnicity (White, Black, Hispanic, Asian/other),
home language (English, Spanish, other), parent years of educa-
tion, parent work hours, parent marital status (married, living with
partner, separated or widowed, never married), income-to-needs-
ratio, household size, number of children under 18 in the house-
hold, and parent age. Given that children were tested between the
months of September and November and again between April and
June, all models also control for the time between September 1st
and the administration of the fall and spring child assessments.

Results

The Benefits of Pre-K at the Start and End of
Kindergarten

As can be seen in column 1 of Table 2, and similar to Ansari and
colleagues (2020), we found that pre-K graduates entered kinder-
garten demonstrating stronger academic skills upon kindergarten
entry as compared with nonattenders, with an effect size difference
of 0.52 (p < .001; for the specific outcome subscales, see Table 2).
In addition, pre-K graduates demonstrated stronger executive func-
tion skills at the start of the kindergarten year (effect size = 0.34,
p < .001); however, there were no aggregate differences docu-
mented between pre-K attenders and nonattenders in teacher re-
ports of children’s socioemotional skills (effect size = .02, ns).
When assessing these same groups of students at the end of
kindergarten, pre-K graduates continued to demonstrate stronger
academic skills (average effect size = 0.22, p < .001) and exec-
utive function skills (average effect size = 0.20, p < .001) than
their nonattender peers. And even though no consistent differences
emerged in children’s socioemotional skills upon kindergarten
entry, pre-K graduates demonstrated less optimal socioemotional
skills by the end of the year (effect size = .10, p < .05). This
difference was largely attributed to the elevated levels of conduct
problems among pre-K graduates (see column 2 of Table 2).

The Conver ging Benefits of Pre-K

We followed up the above end-of-kindergarten models with a
series of analyses examining convergence. These models con-
firmed that for each of the academic outcomes and for two of the
three executive function outcomes, there was empirical evidence
of convergence (ps < .001; see column 3 of Table 2). That is, the
associations between pre-K enrollment and the child outcomes of
interest were significantly smaller by the end of the kindergarten

year as compared with the start of the school year. On average, the
associations between pre-K enrollment and children’s academic
achievement and executive functioning shrunk by approximately
55-60%. Convergence was largest for children’s letter word iden-
tification skills (roughly 80%) and smallest for children’ s language
and general knowledge skills (roughly 45%). When decomposing
these estimates, we find that convergence in the benefits of pre-K,
at least with regard to differences in performance between attend-
ers and nonattenders, was largely attributable to “catch-up.” All
children (regardless of pre-K participation) demonstrated improve-
ments in their academic and executive function skills in kinder-
garten; however, pre-K graduates made smaller improvements
than their peers who did not attend pre-K.

There was aso evidence to suggest that children’s socioemotional
skills were changing differentidly during the kindergarten year as a
function of pre-K attender status (p < .01). When decomposing these
estimates, we found that although teachers reported that nonattenders
demonstrated improvements along this dimension of development
across the kindergarten year, they did not report similar improvements
in pre-K attenders socioemotional skills.

The Different Sources of Convergence

Having found that the associations between pre-K enrollment
and children’s kindergarten outcomes diminished in magnitude
across the school year, our next set of models attempted to identify
factors associated with convergence. As can be seen in Table 2,
there was little support for the notion that convergence was attrib-
uted to the different types of classrooms attended by pre-K attend-
ers and nonattenders: None of the catch-up effect in any of the
study outcomes of interest, net of child and family covariates, was
attributed to classroom-wide factors in kindergarten (i.e., column 4
vs. column 3). That is, nonattenders largely (but not entirely)
caught-up with their classmates who attended pre-K at the age of
4 to a similar degree across all kindergarten classrooms.

The next set of models included children’s kindergarten entry
achievement (column 5), executive function (column 6), and so-
cioemotional skills (column 7) as possible factors associated with
convergence. Theinclusion of these indicators captures the degree
to which the benefits of pre-K diminish for attenders as compared
with nonattenders who exhibit similar skills in the same kinder-
garten classroom. In general, these results revealed that children’s
kindergarten entry skills explained roughly a quarter to a third of
the convergence in academic achievement and executive function-
ing (but not socioemotional skills). Put another way, the benefits of
pre-K diminished across the kindergarten year, in part, because
pre-K graduates entered kindergarten with stronger skills. Approx-
imately three-quarters of the convergence in children’s academic
achievement and executive function skills remained unexplained,
however. Thus, even when pre-K attenders and nonattenders were
enrolled in the same kindergarten classroom and demonstrated
comparable skills at school entry, nonattenders continued to make
greater gains in achievement and executive functioning, resulting
in convergence.

Our final model built on earlier ones and incorporated children’s
individual experiences in the kindergarten classroom (i.e., teacher-
child relationships, children’s enjoyment of school, and children’s
feelings about their teacher and peers). Notably, the inclusion of
these variables did not meaningfully alter the degree of conver-
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gence (i.e., column 8 vs. column 7). Consequently, there was little
evidence to suggest that the measured indicators of children’s
individual experiences in kindergarten explained why pre-K at-
tenders made fewer gains in kindergarten as compared with their
nonattending classmates.

Supplemental Analyses

Our analyses of children’s individual experiences only consid-
ered their relationships and feelings about their peers and teachers.
This is of note because there are, of course, other markers of
individual experiences that matter. Thus, we estimated additional
models for a subset of children for whom we had other markers of
individual experience. More specifically, for a subset of 975 chil-
dren (483 pre-K attenders and 492 nonattenders), we collected
time-sampled data on individual children’s exposure to academic
instruction and their participation in different types of activity
settings (i.e., teacher-directed instruction, child-selected activities,
and routines) in kindergarten. It isimportant to note that these 975
children were representative of the larger sample and al results
reported above were quantitatively similar when replicated with
this subset of children (see Supplemental Table 1 in the online
supplemental materials). Children’s individua classroom experi-
ences were measured with the Behavioral Coding System, which
was adapted from the NICHD Study of Early Child Care and
Y outh Development Classroom Observation System and Observa-
tional Record of the Caregiving Environment (McCartney, Dear-
ing, Taylor, & Bub, 2007) and informed by work by Ritchie,
Howes, Kraft-Sayre, & Welser, 2001. Scores on the BCS represent
the proportion of intervals that target children were observed
experiencing each setting or behavior and, on average, children
spent roughly 65% of the day in academic instruction, 76% of the
day in teacher-directed instruction, 5% of the day in free play, and
19% of the day in routines. When we included these additional
individual-level classroom experiences in our models, we again,
found no meaningful change in the degree of convergence (see
Supplemental Table 1 in the online supplemental materials).

Discussion

Ensuring that young children enter kindergarten ready to learn
has been of great research and policy interest. By all accounts,
pre-K programs have helped achieve this goal (e.g., Duncan &
Magnuson, 2013; Phillips et al., 2017; Yoshikawa et a., 2013);
however, there have been lingering questions as to whether con-
temporary and scaled-up pre-K programs provide children with
enduring benefits as they progress throughout their educational
careers. To this end, there has been increasing attention to the
impacts of children’s experiences after pre-K. It is with this back-
drop that we sought to (a) assess the persisting benefits of pre-K
for children from low-income and ethnically diverse families as
they transition to elementary school and (b) understand the role of
children’s experiences in kindergarten on their gains in skills
acrosstheyear. In doing so, several important themes emerged that
we discuss in more detail below.

To begin, we found clear evidence indicating that the benefits of
pre-K persist throughout the kindergarten year. On average, pre-K
graduates continued to outperform their nonattending peers by
roughly 20% of a standard deviation through the end of the

kindergarten year. At the same time, however, when looking at the
magnitude of these associations over time, we found that the
associations between pre-K enrollment and improved school read-
iness skills diminished between the fall and spring of kindergarten,
primarily because nonattenders who entered school for the first
time in kindergarten made larger learning gains as compared with
their classmates with pre-K experiences. Such diminishing asso-
ciations aso have been documented in national evaluations of
early childhood education (e.g., Ansari, 2018; Bassok et al., 2019;
Magnuson et a., 2007) in addition to studies from Tennessee
(Lipsey et al., 2018), Head Start (Puma et al., 2012), and other
early childhood interventions (Protzko, 2015, 2016), and are per-
haps to be expected. Of note, however, is that we were able to
examine a broad set of outcomes (as opposed to just math and
literacy), and these associations diminished by roughly a quarter of
a standard deviation between the fall and spring of kindergarten.
Put another way, a little more than half of the original advantage
associated with attending pre-K at the age of 4, relative to not
attending, appeared gone seven to eight months later.

The detected convergence was largest for more constrained
skills (i.e., discrete skills that are likely to be a specific focus of
instruction), such as letter word identification (roughly 80%), and
smallest for unconstrained skills, such as vocabulary and general
knowledge skills (roughly 45%). Accordingly, although the results
clearly indicate that the benefits of pre-K persist at least 12 months
after program completion, these results also support the view that
targeting malleable skills that would develop absent of pre-K (or
other types of early intervention) is insufficient for generating
sizable long-term benefits, in part because many of these skills are
likely to develop rapidly among nonattenders shortly after school
entry (Bailey et al., 2017; Paris, 2005). That is, for the benefits of
pre-K to persist, these benefits must be sizable, the skills children
learnin pre-K must matter in relation to learning subsequent skills,
and these skills should not develop at afast rate among nonattend-
ers upon kindergarten entry.

The results from the present investigation also contribute to the
literature by examining the role of children’s subsequent class-
room experiences in kindergarten in accounting for convergence.
Notably, the addition of classroom fixed effects, which accounts
for all observed and unobserved between-classroom variation (e.g.,
process quality, structural quality, classroom composition), and
children’s individual experiences in kindergarten did not change
the estimated convergence of pre-K for the study outcomes. That
is, the convergence documented in this study, above and beyond
that attributed to children’s skill levels, was not attributed to the
different types of kindergarten classrooms attended by pre-K at-
tenders and nonattenders nor was it attributed to the relationships
children had with their teachers and peers. And in supplemental
analyses, we found that convergence was also not attributed to
individual children’s exposure to different types of instructional
content and groupings.

Finally, only a quarter of the convergence reported in this study
between the fall and spring of kindergarten was attributable to a
ceiling effect of some sort. If the hypothesis regarding constraints
on student learning was more fully supported, then we would
expect that this ceiling or constraint would be present both for
children whose skills were boosted by pre-K as well as nonattend-
erswith similar skills at kindergarten entry; therefore, theinclusion
of classroom fixed effects and children’s post pre-K skills in
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models should have largely (or fully) accounted for the conver-
gence. Instead, we found some greater support for the preexisting
differences hypothesis (Bailey et al., 2016; Bailey, 2019): Nonat-
tenders in the same kindergarten classroom as pre-K graduates
who demonstrated comparable academic, executive function, and
socioemotional skills at kindergarten entry gained more than pre-K
graduates during the kindergarten year, and this difference was
approximately three-quarters of the convergence effect. These
estimates regarding the importance of children’s preexisting dif-
ferences closely mirror the findings and estimates reported by
Bailey and colleagues (2016). Unfortunately, as part of the present
investigation, we could not thoroughly test the preexisting differ-
ences hypotheses and pinpoint what preexisting differences or
processes underlie this convergence because we did not have data
on our sample of nonattenders in the year before kindergarten.
Although we cannot test what these preexisting differences repre-
sent, what these results would appear to suggest isthat even though
children’s skills are susceptible to improvement as a result of
pre-K, their longer-term outcomes are likely impacted by factors
that are outside the scope of early schooling. But when taken
together with the work of Bailey and colleagues (2016), these
findings highlight the importance of collecting both data on pre-K
attenders and nonattenders in the year prior to kindergarten as well
as the types of data necessary (either in pre-K or at kindergarten
entry) to more fully test the different reasons surrounding the
converging benefits of early program participation.

When taken as a whole, the findings reported herein are both
similar to a number of studies that report that classroom processes
do not account for convergence (Bailey et a., 2016; Bassok et al.,
2019; Claessens et al., 2014; Jenkins et al., 2018), but differ from
a number of other studies that suggest that subsequent classroom
and school experiences do matter in accounting for longer-term
benefits of early education (Ansari & Pianta, 2018; Currie &
Thomas, 2000; Swain, Springer, & Hofer, 2015; Johnson & Jack-
son, 2017; Wolf, 2019; Zhai et a., 2012). Although thereisno one
explanation for these discrepancies, it isimportant to acknowledge
that there are only a few studies to date that have examined these
questions and the few studies in this area have defined children’s
subsequent classrooms experiencesin avariety of ways. The above
is of note because it is possible that not any one aspect of chil-
dren’s subsequent experiences matters enough to sustain (or ex-
plain) early program benefits, but that having high quality expe-
riences across multiple domains matters (e.g., attending high
quality schools with high quality teachers; Pearman et al., 2020).
With that said, a recent meta-analysis by Bailey and colleagues
(2020) indicates that studies in this area need large sample sizes
with strong causal identification strategies to reliably test these
possihilities. Consequently, it will be important that future studies
use adequately powered samples to evaluate systematically the
number of potentially relevant classroom processes that may help
sustain (or reduce) early learning gains. In the meantime, however,
our findings that variation both between and within classroom
environments did not greatly influence the diminishment of the
pre-K attendees’ advantage brings into focus the ongoing debates
surrounding fadeout. Although it is intuitive that what happens
after pre-K graduation matters and that the benefits of pre-K are
contingent on subsequent learning environments, our hypotheses
have been far too simplistic regarding the fadeout of pre-K effects
and, in going forward, will require careful attention.

Despite these contributions to the literature, the current inves-
tigation has a number of limitations that should be acknowledged.
Primarily, the design of this study was not experimental and,
consequently, the results reported herein should be interpreted with
caution as they do not imply causation. However, our sampling
design, which required that nonattenders be income-eligible for
pre-K and be enrolled in the same kindergarten classroom (or
school) as pre-K attenders, helps mitigate some of these concerns.
Second, athough the outcome assessments used in the present
study maps onto what prior pre-K evaluations have used (e.g.,
Barnett et al., 2018; Lipsey et al., 2018; Pumaet al., 2012), they do
not map directly onto the curriculain use or the instructional focus
at the classroom level. As such, the use of these assessments may
mask program effects that might be detected if the assessments
used were more proximal to children’s classroom experiences.

The reliability of our survey measures of children’s enjoyment
of school and their feelings about their teachers and peers was also
at the lower bound of acceptability. However, these specific mea-
sures have been put through rigorous psychometric analyses, dem-
onstrating both factorial and convergent validity as well as invari-
ance across diverse groups of children (see Ruzek et a., 2020),
providing greater confidence in their use. In moving forward, it
will also be important to study other student outcomes, such as
placement in special education, school attendance, school reten-
tion, school grades, and disciplinary infractions. Doing so will
allow for amore holistic understanding of the benefits of pre-K. It
will also be critical that studies go beyond testing whether the
benefits of pre-K persist and that studies more carefully consider
why these benefits persist or diminish over time. As part of this
effort, future studies should consider the role of other develop-
mental contexts, including the ways in which time-varying differ-
ences in the home environment contribute to the persistence and
convergence of pre-K outcomes.

In conclusion, the results reported herein appear confirm two
patterns of results detected in a number of studies—the benefits of
pre-K indeed do persist through the end of kindergarten, and a
substantial share of these benefits diminish in the year after pro-
gram exit. In short, the differential benefits converge. Moreover, it
does not appear that children’s experiences in kindergarten con-
tribute to convergence, at least in this study sample. For future
studies to understand why pre-K graduates demonstrate fewer
gains in kindergarten as compared with their peers who are just
entering school for the first time will require closer and more
comprehensive inspection of children’s experiences in the year
after program completion.
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