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Abstract
This study examines whether associations between enrollment in public and non-public PreK and
children’s (N = 508; mean age = 5.60 years in fall of kindergarten) math and language and
literacy outcomes were more likely to be sustained through the spring of kindergarten for
unconstrained.versus constrained skills. Associations between public PreK and language,
literacy, and math outcomes were more strongly sustained through the spring of kindergarten for
unconstrained-skills, relative to constrained skills. Only associations between non-public PreK
and unconstrained language skills were sustained through the spring of kindergarten.
Associations in the fall of kindergarten differed by family income and DLL status but there was
no subgroup yvariation by the spring of kindergarten. Implications for policy and practice are

discussed.
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PREK, CONSTRAINED & UNCONSTRAINED SKILLS 1

IsSkill TypetheKey tothe PreK Fadeout Puzzle?
Differential Associations Between Enrollment in PreK and Constrained and Unconstrained

Skillsacross Kindergarten

Childrerswho enroll in PreK programs typically demonstrate better cognitive ability,
attention, language, executive functioning, and social-emotional skills at the start of kindergarten
than their non-PreK attending peers (Phillips, Johnson, Weiland, & Hutchinson, 2047
studies that_haye followed PreK attenders through elementary school generally show that impacts
on cognitive,and academic skills tend to diminish in early elementary selagahenomenon
commonly known as fadeout (wherein impacts of PreK programs fadeout over time) or
convergence (wherein the children who are not assigned to the PreK program catch up to
their PreK-attending peers over tinMdcCormick, Hsueh, Weiland, & Bangser, 201For
example, findings from rigorous evaluations including the Head Start Impact Study and the
Tennessee-Voluntary Prekindergarten Effectiveness Study (Lipsey, Farran, & Durkin, 2018; Puma
et al., 2010) revealed that PreK participants generally demonstrated higher levels of language,
literacy, and math skills then their non-PreK attending peers prior to or at the start of kindergarten.
However, these differences became much smaller and then ceased to exist as children
moved through.early elementary school. This trend is apparent across studies of PreKsprogram
with a recent meta-analysis finding that about half of the eventual convergence on cognitive
outcomes oceurs during kindergarten and then by about half again by the end of second grade (Li
et al., 2016).

Constrained and Unconstrained Skills

Although there are a number of hypotheses explaining this phenomenon (e.g., Abenavoli,
2019 McCarmick et al., 2017), one understudied theory motivated by work on constrained skill
theory done"by*Paris (2005) is that PreK programs in general may focus more time on teaching
and assessing*¢hildren’s constrained skills compared to unconstrained skills and effects of PreK on
constrained’skills may be less likely to be sustained across time. Constrained skills support
students’ development of instrumental competencies that are directly teachable and can be readily
assessed. These are also skills that most children must master during elementary school in order to
continue moving successfully through schooling (Paris, 2005; Snow & Matthews, 2016). The

concept of constrained skills was originally developed in the domain of literacy and language.
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Teaching the alphabet, writing letters, practicing letter sounds, and spelling one’s name would be
considered constrained literacy activities. In this stuayalso extend and apply concepts of
constrained skill theory to math knowledge and skills. We argue that there are similarities in the
definitions_of rote and procedural math knowledge and constrained skills (Rittle-Johnson &
Schneider, 2015). Number recognition, counting, arithmetic (e.g., addition, subtraction,
multiplicatieny-and-division), and identification of shapes are examples of constrained math
activities.

In contrast, unconstrained skills refer to a broader set of competencies that develop over
time, will continue to develop over the full life course and can never be fully mastered, and are
more complex and difficult to assess (Paris, 2005). Unconstrained language skills would include
vocabulary and reading comprehension (Snow & Matthews, 2016), while unconstrained math
skills would include algebraic thinking, composing shapes, patterning, comparing numbers,
relational thinking, and applying strategic thinking to math problems. Building on work by Rittle-
Johnson and:Schneider (2015), we argue that higher-order conceptual representation of math
knowledge/isaligned with unconstrained skills. The focus here is not necessarily on being able to
achieve a correct answer on an assessment, but rather, being able to use a variety of problem
solving and critical thinking approaches in coming to an answer.

Constrained and unconstrained skills are not necessarily separate and distinct categories
and are not in conflict with one another. For example, reading comprehension can be thought of as
relatively constrained if factual recall is the goal (‘How many apples did the very hungry
caterpillar eat?’ or ‘How did Jay Gatsby meet Daisy?) or more unconstrained if it requires
interpretation and spelation (‘What are some good ways to get over a tummy ache?’ ‘What does
Daisy represent to Gatsby?’). With respect to math, third grade students might be taught or
expected.to be able to recite the times table up to 12 (12*12 = 144). While memorizing
multiplication‘tables is certainly a useful procedural skill that also supports the development of
conceptualskills, it would be considered constrained in this framework because it gives rise to no
capacity orinsight beyond getting the right answer. Building on work examining the development
of procedural and conceptual math skills (e.g., Rittle-Johnson, Schneider, & Star, 2015; Schneider,
Rittle-Johnson, & Star, 2011), we argue that a skill that is more unconstrained in math would be
evaluated by asking students to find three different ways to solve the probleat:is

12*127 Since there are more possibilities than three approaches (drawing a 12*12 square and
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counting cells, adding 12+12+12 four times and then summing the totals, multiplying 10*12 to get
120 then adding 12 + 12 to that sum, multiplying 24 by 6, etc.) this is an unconstrained task that
calls upon student problem solving skills and mathematical thinking.

Work from both language and literacy and math research would suggest that it is important
for PreK pregrams to implement balanced instructional approaches that focus on suppadging skil
that can be‘concCeptualized as both constrained and unconstrained. For example, while an emphasis
in early literacy and math instruction on good practices (teaching phonological awareness,
structured phonics, providing opportunities for reading fluency, developing knowledge of math
facts, learning math procedures) is effective for improving early academic outcomes, success in
early grade‘language and literacy or math does not automatically translate into long-term academic
achievement, as shown by the fact that U.S. students score relatively well in grade 4 international
comparisons but much more poorly in grades 8 and 10 (Provasnik et al., 2012). Second, a key
determinantrofisuccess in post-primary reading comprehension is word knowledge, a capacity
indexed bys(butnot identical to) vocabulary (Kintsch, 1998).

Similarly, while procedural and conceptual knowledge in math are complementary and
intertwined (Rittle-Johnson & Schneider, 2015), later math achievement requires a deep
conceptual understanding of math as an abstract system, a capacity that goes beyond applying
prescribed algorithms. Accordingly, successful math instruction initially prioritizes conceptual (or
unconstrained) understanding over procedural (or constrained) skills (Carpenter, Franke, Jacobs,
Fennema, &Empson, 19p&1oreover, the idea of learning trajectories described by Sarama and
Clements (2009) argues for the importance of students’ mastery of constrained competencies as
necessary for developing the capacity to engage in more unconstrained math activities. At the
same time, associations between oral language in young children (including vocabulary as an
index of word knowledge) and early reading skills (accurate decoding, fluency) are likely
prerequisitésfor profiting from rich, topic-focused discussion and exposure to reading
opportunitiestthat build knowledge and reading comprehension (Beck & McKeown, 2001) as well
as deep math"understanding that goes beyond procedural training (Chapin & O’Connor, 2012).

PreK Instructionito Support Constrained and Unconstrained Skills

Although it may be ideal for PreK programs to use balanced instructional approaches that

supportstudents’ constrained and unconstrained skills, work to date has shown that PreK

programs demonstrate fairly low levels of instructional quality in general (Pianta, Downer, &

This article is protected by copyright. All rights reserved



PREK, CONSTRAINED & UNCONSTRAINED SKILLS 4

Hamre, 2016) and learning opportunities for unconstrained skills may be limited. For example,
evidencefrom The National Center for Early Development and Learning’s (NCEDL) Multi-State
Study of Pre-Kindergarten and the Study of State-Wide Early Education Programs (SWEEP)
documented that PreK classrooms across 11 U.S states spent &i6& oh average, in learning
activities ineluding math, literacy, language, social science, science, art, and fine and gross motor
skills (Early‘et-al.;*2010). The majority of this time was spent completing art projects, followed by
literacy activities that targeted relatively constrained skills.

In contrast, PreK programs exhibiting higher levels of instructional qualitlyich we
define as creating opportunities to acquire content knowledge and the language needed to
conceptualize'it, providing instruction across a range of skill domains (e.g., math, literacy,
science), and using a range of high-quality practices to stimulate cognitive development (e.g.,
asking operended questions to build children’s higher-order thinking skills, facilitating rich
conversationsymay be more likely to also spend time supporting the development of
unconstrainedsskills. Although constrained skills are critical to teach and serve as the foundation
upon which more advanced skills can be developed (Snow & Matthews, 2016), they are often
taught in isolation to support skill development that can be easily assessed and take up most
instructional'time in PreK classrooms (Claessens, Engel, & Curran, 2014; Engel, Claessens,
Watts, &Farkas, 2016). Accordingly, children who do not attend PreK programs may quickly
“catch up” to their peers when those constrained skills are taught in kindergarten (Bailey, Duncan,
Odgers, & Yuy2017).
Effects of PreK Programs on Children’s Constrained and Unconstrained Skills

There is some experimental evidence to suggest that the short-term impacts of PreK
programs may be larger on constrained versus unconstrained skills, perhaps reflecting a greater
instructional focus on teaching constrained skills in early childhood (Lipsey et al., 2018). Wong
and colleagues(2008) used an age-based regression discontinuity design to examine effects of
public PreK®programs across five states and found that program impacts on print awaaeness
constrained’skill- were four times larger than impacts on receptive vocabulary, an unconstrained
skill. Yet, effectsson unconstrained skills may be more likely to be sustained across time. For
example, the National Head Start Impact Study collected the same five language and literacy
assessments and one math assessment across the spring of PreK, kindergarten, and first grade for

the four-year-old cohort of study participants. Results revealed lasting (but small) impacts only on
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the PPVT assessment of receptive vocabuladhe one measure of unconstrained vocabulary
skills the team administeredin the spring of first grade (Puma et al., 2010).

It is also difficult to fully evaluate whether high-quality PreK programs are more likely to
have lasting benefits on unconstrained versus constrained language and literacy and math skills
simply becauseistudies of early learning programs are more likely to assess constrained student
outcomes. Therisa wider variety of established, available measures to assess constrained skills.
In additionthese assessments are generally simple to collect because they can be done quickly
after data collectors participate in a brief training (Snow & Matthews, 2016). For example, the
PPVT assessment of receptive vocabulaaymeasure of unconstrained skillsakes about 15 to
20 minutes‘to/administer (Dunn & Dunn 2007), relative to the Dynamic Indicators of Basic Early
Literacy Skills assessment of constrained skills, which takes about 1 minute per subscale to
administer (Good et al., 2011).

Similarly;the Woodcock Johnson Applied Problems (WJAP) which assgskisn’s
early math skillsstakes about-5L0 minutes to administer to four- and five-year-old children.
Although there is little work that has created separate measures to distinguish constrained from
unconstrained math skills, the WJAP falls closer to the constrained end of this continuum for
young children.as it primarily assesses procedural skills like number recognition, counting,
arithmetie(e.g.,.addition, subtraction, multiplication, and division), and shape recognition (Rittle-
Johnson et al., 2015). For example, the start point item on this assessment for a five-year-old asks
the child to-repert how many dogs there are in a picture. The start point for a six-year-old asks the
child to use a picture of 3 cans to conduct a simple subtraction problem (3 cans minus 1 can) and
the start pointfor a seven-year-old asks the child to look at a picture of 6 lollipops and subtract 1
(6 lollipops'minus 1 lollipop). The assessment does not capture any information about how the
child answered.the question or solved the problem.

In contrast, we argue that the Research-based Early Math Assessment (Clements, Sarama,
& Liu, 2008yis"an example of a math measure that captures both constrained skills and a broader
conceptualtinderstanding of math skilg/hich we argue integrates more unconstrained skills
as the measurerassesses algebraic thinking, composing shapes, patterning, comparing numbers,
sequencing, and relational thinking in samples of young children. In contrast to the WJAP, the test
has two components that assess numeracy and geometry. The starting point item for a five-year-

old on the geometry subtest shows the child an example of an isosceles triangle and asks if a
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picture of an obtuse triangle is also a triangle, following up to ask the child for his or her reasoning
in answering this question. The starting point for a six-year-old asks the child to essentially divide
a pentagon into a trapezoid and triangle, while the starting point for a seven-year-old asks the child
to look at five different pictures of angles and indicate which two angles are the same and explain
why. A keyspart,of this question is the focus on understanding how the child came to the correct
answer and-assessing his or her thought process. This short comparison serves to illustrate both
why one could consider the REMA as a more unconstrained measure and that the REMA is much
more difficult and complex to use in assessing children, requiring a substantial amount of assessor
training and.certification. Given the differences in measures assessing language and literacy and
math, there'is‘a need for intentionally-designed research that explicitly examines the effects of
high-quality PreK programs on both constrained and unconstrained skills in these domains across
time.
The Boston Public Schools (BPS) Prekindergarten and Kindergarten Program

In orderto test whether high-quality PreK has more lasting effects on unconstrained versus
constrained skKills, it is important to study a program that has demonstrated high levels of
instructional quality and is using a curriculum that aims to support both types of skills. The current
study addresses this need by leveraging data collected on students who attended the BPS
prekindergarten. program during the 2018017 academic year. BPS’s prekindergarten model
consists of two evidence-based curricula: an adapted version of Opening the World of Learning
(Schickedanz-&Dickinson, 2004), a language and literacy curriculum that includes a social-
emotional skills component in each unit, and Building Blocks (Clements & Sarama, 2007), an
early mathematics curriculum that also promotes language development by requiring children to
explain their mathematical reasoning verbally. The program is implemented in public schools, co-
located with later elementary school grades, a structural feature that is theorized to be important
for supporting“high levels of program quality (Choi, Elicker, Christ, & Dobbs-Oates, 2016; Rimm-
Kaufman, Cuarby, Grimm, Nathanson, & Brock, 2009). Play-based classroom instruction focuses
on extendingchildren’s learning and deepening their understanding of language, literacy, and
mathematical ¢ancepts through problem solving and peer interaction.

The district provides PreK teachers with some curriculum-specific training and in-class
support from experienced early childhood coaches. Professional development to support model

fidelity and improve teacher practice is the other core part of the model. Teachers who are new to
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the curriculum are expected to attend two days of training prior to the start of the academic year.
They can attend monthly professional development workshops hosted by the Boston Public
Schools Department of Early Childhood (BPS DEC) staff on key topics relevant to implementing
the curriculum. Teachers also have the option to participate in coaching sessions with a BPS DEC
instructional€céach (Weiland, McCormick, Mattera, & Maier, 2018). The model targets a number
of constrained-and-unconstrained language and literacy and math skills, including vocabulary,
early literagy, numeracy, geometry, conceptual thinking, problem solving, executive functioning,
and social-emational skills. The curriculum was designed to promote teaching practices that
enhance students’”agency and thinking and help build communities of learners that are able to talk
about theirwark and learn from one another. Recently collected observational data provide
empirical evidence that the BPS prekindergarten model does balance instruction to support both
constrained and'unconstrained skills (Authors, in preparation). We theorize that this stands in
contrast to thesbroader set of formal PreK programs that prior work suggests focus more time on
constrained tham: unconstrained skills (e.g., Early et al., 2010).

An earlier,study using a regression discontinuity design found moderate to large effects of
the program on constrained and unconstrained skills (language, literacy, and math) in the fall of
kindergarten;=and evidence of some larger subgroup effects (e.g., children from low-income and
Latinx families. Weiland & Yoshikawa, 2013). The study further found that the instructional
guality of BPS prekindergarten classrooms was much higher than the average quality of large-
scale publicprekindergarten programs nationally (Chaudry, Morrissey, Weiland, & Yoshikawa,
2017). However,this paper only assessed impacts at the start of kindergarten and there are
guestions about whether theeR boost was sustained across time.

To address this need, Weiland and colleagues (2019) used an experimental lottery-based
design to_examine the impacts of the BPS prekindergarten program on state test scores, grade
retention, and'special educationthird grade. Importantly, this analysis was limited to the sub-
sample of students who applied to oversubscribed prekindergarten programs from 2007 - 2010, a
group that-was more advantaged than students who did not apply to oversubscribed programs. In
addition, nearlysall students in the control group in this study enrolled in some other type of
center-based cassfour-year-olds, meaning that enroliment in BPS prekindergarten was
compared to other center-based programming rather than to no PreK at all. Findings revealed no

impacts of the BPS prekindergarten program on children’s examined third grade outcomes,
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relative to the highly-served comparison group. A complementary study by Weiland and
colleagues (in press) showed that most of this convergence effect occurred by the end of
kindergarten. However, that study used the DIBELS erdyconstrained measure of literacy skills
—to assessioutcomes and was unable to examine convergence in unconstrained skills.

Weiland'and colleagues’ (2019) examination of long-term effects also considers four
cohorts of students enrolled from 2007 to 2010. Yet, in 2012 BPS began implementing a
kindergarten- 2" grade curriculum called Focus on Early Learning that implements content-rich
curricula and professional development aligned with its prekindergarten model. The Focus on
Early Learning program is designed to ensure that kindergarten teachers build effectively on what
children are taught in PreK. Curricula across first and second grade are similarly aligned to
support continuity in learning across later grades as well. A core part of the Focus on Early
Learning program is the use of thematic units across grades. The thematic units are intended to
help studentssmake connections across content areas and develop their content-specific skills. The
professionaldevelopment supports in kindergarten are designed to look similar to those offered in
prekindergarten.

Both children who do and do not attend the BPS prekindergarten program are thus exposed
to Focus on"Eatly Learning upon beginning formal kindergarten during their five-year-old year
(McCormick.et.al., 2020). Research conducted for a complementary study using the
Individualizing Student Instruction observational measure (Connor et al., 2009) has shown that
children in contemporary BPS prekindergarten and kindergarten classrooms are exposed to
instruction supporting both constrained and unconstrained skills with more language and literacy
instructional time spent on teaching unconstrained skills in prekindergarten (Authors, in
preparation). We know of no other preschool model in the United States that has demonstrated
empirical evidence for balancing instruction to support both constrained and unconstrained skills.
The BPS prekindergarten program (also described in this paper as the public PreK program) may
thus be one"ofithe best models available to study in order to examine the constrained-
unconstrained skills hypothesis for the PreK convergence phenomena. Data from complementary
work suggest that classrooms implementing the public PreK model have higher levels of quality
than community-based PreK options, including those implementing similar sets of curricula
(Yudron, Weiland, & Sachs, 2016). Fidelity of implementation to the BPS prekindergarten model

tends to be fairly high in public PreK programs and lower in community-based programs
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implementing a similar model (Authors, 2020). As discussed in Guerrero-Rosada and colleagues
(2020), the quality of the public PreK program experienced by students during the 2015

year as measured using the instructional support domain on the Classroom Assessment Scoring
System was _generally higher than national averages.

But evemywith these experimental and descriptive data, there continues to be a need for
further researeh that addresses extant gaps in prior work by: examining a representative sample
explicitly comparing students enrolled in BPS prekindergarten, students enrolled in other center-
based care,.and students not enrolled in center-based care at all; considering outcomes that
differentiate,constrained from unconstrained skills prior to third grade; and exammioig
contemporary cohort of students who experienced the BPS prekindergarten program and the
aligned Focus on Early Learning model in elementary school. In addition, given evidence that the
benefits of high-quality PreK tend to be larger for low-income, DLL, and Hispanic students
(Bloom & Weiland, 2015; Lipsey et al., 2018; Gormley, Gayer, Phillips, & Dawson, 2005),
further examination of subgroup effects on constrained versus unconstrained skills over time is
also warranted. Such tests can help reveal whether PreK programs are providing a compensatory
mechanism to help disadvantaged children catch up to their peers on constrained skills in the
short-term, rather than closing gapstle key unconstrained skills that stand to affect students’
long-termracademic trajectories.

To this end, the current study aims to build on prior work by using an exploratory approach
to answer thesfellowing questions:

1. What is/the association betwestending the BPS prekindergarten program and children’s
constrained and unconstrained language and literacy skills in the fall and spring of
kindergarten, relative to attending a non-public PreK program or not attending a formal PreK

progran®
2. What isftle"association between attending the BPS prekindergarten program and children’s
constrained and unconstrained math skills in the fall and spring of kindergarten, relative to

attending a'non-public PreK program or not attending a formal PreK program?

3. How do associations between enrollment in BPS prekindergarten and constrained and

unconstrained skills in the fall and spring of kindergarten vary for lower-income, non-white,
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and DLL students?

Results will provide evidence for or against the unconstrained versus constrained skills hypothesis
and help toibetter understand the PreK convergence puzzle currently challenging the field of early
childhood edtication.

Method
Participants

The sample for the current study consists of 508 students attending the BPS kindergarten
program during.the 2017 - 2018 year. In the fall of 2016, we recruited 388 students from 41 public
prekindergarten classrooms and 10 community-based (CBO) classrooms, nested within 20 public
schools and 10 CBO centers to participate in this study. We were able to locate and collect data on
332 of those students after they transitioned into kindergarten with 14% of the study sample
attriting fromeour:sample. We recruited an additional 176 students in the fall of 2017 from 49
kindergartenselassrooms in 21 public schools (the same kindergarten classrooms attended by our
original prekindergarten sample). These 176 students had experienced a range of settings in the
year prior to kindergarten 41% of them stayed home with a parent, family member or other
adult, or attended a home-based daycare and the remaining 59% enrolled in a non-public PreK
programgAs.discussed in more detail in the measures section below, we categorized the full
sample of 508 kindergarten students into public PreK attenders (N = 290 students who attended
the public BRSsprekindergarten program during their four-year-old year), non-public PreK
attenders (N = 147 students who attended a CBO program, a private childcare center, or a Head
Start center during their four-year-old year), and non-PreK attenders (N = 71 students who
enrolled in'no formal PreK during their four-year-old year).

The/demaographic characteristics of the study sample are presented in Table 1. As
illustrated there; the majority of the sample was eligible for free or reduced price lunch and the
students were“diverse with respect to racial/ethnic background and parental education, among
other characteristics. As described more fully in Supplemental Online Materials Appendix B, the
public schools‘in,the sample are representative of the broader population of BPS elementary
schools. The students in the analytic sample are generally representative of the broader group of
students who enrolled in the study in preK on eligibility for free or reduced price lunch, race

(Black, White, Hispanic, mixed or other race), DLL status, and family or parent characteristics.
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However, the 56 students we could not follow into kindergarten were more likely to have attended
prekindergarten in a CBO (63% of attrited sample attended a CBO versus 37% of attrited students
who attended a public school). The students who originally enrolled in the study and the 176
students who were recruited into the study in Fall 2017 were representative of the broader
population gf'students enrolled in kindergarten in the district.
[INSERT TABLE 1 HERE]

Procedure

School and classroom recruitment. In 2016, before the start of the prekindergarten year,
we randomlyselected 25 public schools to participate in the study from the 76 schools in the
district offering the public prekindergarten program. Twenty-one agreed. We used one school as a
pilot school for developing new measures and the remaining 20 schools made up the public school
sample in the first year of the study. We randomly selected 10 of the 11 CBOs in Boston
implementingthesBPS prekindergarten model to participate in the study and they all agreed. These
CBOs were connected to the BPS Department of Early Childhood and were receiving training and
coaching to implement the BPS curricular model during the 2016 — 2017 year. The experiences of
students in these CBOS are likely qualitatively different from students enrolled in the public PreK
classrooms beeause teachers were only in the early implementation phases of the model during the
2016 — 2017 year.and the centers continued to operate outside the purview of the broader public
school system. Further, the teachers in CBO centers were not subject to the same educational
requirements«(masters degree within 5 years) as public-school-based teachers, nor where they paid
on the same scalk.is important to note that children who attended one of the CBOs
implementing the BPS prekindergarten model are considered non-public PreK attenders in this
study. However, the full group of non-public PreK attenders consists of these students enrolled
from the CBOs,.as well as students who enrolled in the study in the fall of kindergarten and
attended a'private childcare center during their four-year-old year and students who attended a
Head Start'program during their four-year-old y&aius, as discussed in more detail below, we
group students enrolled from CBOs together with children who attended private childcare
programs and Head Start centers during their four-year-old year.

We asked all prekindergarten teachers assigned to general education or inclusion
classrooms in each of the 20 public schools to participate in the study in the fall of 2016. We

randomly selected one classroom serving four-year-old students within each CBO to participate.
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Ninety-six percent (N = 51) of teachers across public schools (N = 20) and CBOs (N = 10) agreed.
We followed sample children into kindergarten across 52 schools and 98 kindergarten classrooms.
We asked children’s kindergarten teachers to participate and 95% agreed.

Student recruitment. We attempted to collect active consent for all prekindergarten
students enrolled in participating classrooReasearch staff sent home backpack mail providing
an overview'ofithesstudy and a consent form for the parent to complete and return. We did regular
sweeps to pick up consents. Eighty-one percent of all children in participating classrooms had
parent consent.to participate in the study. Of the children with parent consent, the team randomly
selected 50% (-6 10 per classroom) to participate in student-level data collection activities. We
repeated this process in the kindergarten classrooms participating in the study in the fall of 2017
and enrolled 78% of students in the participating classrooms who had not attended the public
school BPS prekindergarten program in the 202617 academic year. This group included
children wherattended a CBO implementing the BPS model during their four-year-old year, as
well as childrenswho attended a private childcare center or Head Start center, or did not experience
any formal /center-based PreK during their fgaa+-old year.

Direct assessments. We trained research staff to reliability and then collected direct
assessments+ef academic skills in the fall of 2017 (Septemtgh&igh Decemberj and
spring ofi2018.(April 1 through June 1%, when study students were enrolled in kindergarten.
We collected assessments for 75% of the student sample by Oct&bgvitein the first 5 weeks
of school). Indine with a wealth of studies examining the short-term benefits of PreK (e.qg.,
Gormley et‘al., 2003Hustedt, Barnett, Jung, & Friedman, 2010; Ludwig & Miller, 2007; Weiland
& Yoshikawa, 2013; Wong, 2008), assessing outcomes in the fall of the kindergarterpyiear
to children being expeslto the bulk of kindergarten instructieris a standard practice for
estimating.the effect of PreK enrollment @nldren’s outcomes. We used the Pre-language
Assessment'Seale (preLAS; Duncan & DeAvila, 1998) Simon Says and Art Show tests to
determine theadministration language for a subset of assessments (Barrueco, Lopez, Ong, and
Lozano, 2012). The preLAS assessesljeeacy skills and an individual’s proficiency in English.
Of the 508 children in the study sample, 15 did not pass the preLAS and completed a subset of
assessments in Spanish in the fall and 4 students did not pass the preLAS and completed
assessments in Spanish in the spring.

Administrative data from the school district. We accessed administrative records from
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the BPS district on students’ demographic characteristics, history of enrollment in the BPS
prekindergarten program, classroom and school membership at the end of the kindergarten year,
and teacher-collected assessments of student literacy skills in the fall and spring of kindergarten.
Par ent survey. In the fall of 2016 and 2017, we contacted the consenting parents of all
students who'were selected for the study sample to complete a twenty-minute survey via text
message and-email. Parents received biweekly reminders to complete the survey. We translated
the surveys into Spanish, Viethamese, and Mandarin. Parents provided demographic information
about themselves and their child. Across both survey waves, eighty-six percent of respondents
were mothers and 12% were fathers. All parents received a $25 gift card for completing the
survey. In total, 95% of the parents included in the current study completed a parent survey in
2016 or 2017, allowing for fairly complete parent-reported covariate data.
Measures
Experience in early childhood education. In the fall of 2017, we asked parents to report
where their=child:spent the majority of his or her time during a regular week during the 2016
2017 year./We then coded these responses to describe whether children were primarily enrolled in
the BPS prekindergarten program (described in the methods and results sections as public PreK), a
non-public PreK program (e.g., Head Start, private child care c&@8€& PreK program), or did
not attendformal PreK (e.g., stayed at home with a parent, family member, friend, and/or attended
a home-based childcare). Within the study sample, there are 147 children enrolled in the non-
public Prek greup. Forty-seven percent of the students in this group attended a CBO
implementing the BPS prekindergarten model during their four-year-old year, 24% attended a
private child care center during their four-year-old year, and 29% attended a Head Start program
during their four-year-old year. We confirmed these categorizations through on-line searches of
the reported_ locations coupled with follow-up phone calls to centers. \&ereferenced codes
with district'data and used district data from the end of kindergarten to further clean this variable,
describing a*ehild as being a public PreK attender if he or she had been enrolled for 89 days or
more (at least half the year) in the public PreK program. We then dummy coded these \@riables
assigning a 1 tapublic PreK attender and a O otherwise, and aalntan-public PreK attender
and a 0 otherwise (with non-PreK attender as the reference group). We initially considereyl treatin
students enrolled in CBO PreK programs as a separate group from students in private childcare

and Head Start centers. However, examination of descriptive statistics suggested that the skills of
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these children in the fall and spring of kindergarten were similar and treating them separately
created small samples that might have lacked adequate statistical power to detect group-based
differences. Moreover, as discussed above, the structural characteristics of these PreK contexts
were moressimilar to one another than they were to the public PreK program. Even so, we conduct
a number ofrobustness checks (described in more detail below) to examine how results might
have differedwifwerhad not grouped these students together.

Uncenstrained language skills. We used the Peabody Picture Vocabulary Test IV (PPVT
IV; Dunn & Dunn, 2007) to directly assess children’s receptive language skills in the fall and
spring of kindergarten. We used this assessment as a measure of children’s unconstrained
language skills. The PPVT IV is a nationally normed measure that has been used widely in diverse
samples of young children. The test has excellent split-half andrédsst reliability estimates, as
well as strong qualitative and quantitative validity properties (Dunn & Dunn, 2007). It requires
children to gheese (verbally or nonverbally) which of four pictures best represents a stimulus
word. We used:the PPVT raw score as our outcome measure. We assessed all children on the
PPVT- regardless of whether they passed the PreLAS language screemeder to describe an
equivalent measure of receptive language skills in English across the sample. The proportion of
students whowdid not pass the preLAS was fairly small (< 3% of the sample).

Constrained literacy skills. We used subtests from the teacher-reported Dynamic
Indicators of Basic Literacy SkillsNext (DIBELS; Good et al., 2011) to measure children’s
constained literaey skills. Administered subtests measured children’s letter knowledge (Letter
Naming Fluency; LNF), phonological awareness (First Sound Fluency and Phoneme
Segmentation Fluency; FSF and PSF), and alphabetic principle (e.g., letter-sound correspondence
and the ability to blend letters into words in which letters represent their most common sounds;
Nonsense Word'Letter Sounds and Nonsense Words Whole Word Read: NWLS and NWWWR).
These subteststhave good reliability and good concurrent, predictive, and discriminant validity
properties, ‘are'widely used, and are sensitive to intervention effects (e.g., Biancarosa, Bryk, &
Dexter, 2010). BPS teachers administered the FSF and LNF subtests in the fall of kindergarten and
the LNF, PSF,"NWLS, and NWWWR in the spring of kindergarten spring. It is important to note
that BPS teachers administered different subtests at different time points during the kindergarten
yearas DIBELS is designed to follow children’s developmental progression in literacy (e.g.,

phoneme segmentation is not measured until the end of kindergarten, when it is developmentally
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and instructionally expected for most students; Good et al., 2011). Although the subtests used in
this study do differ across the year, the DIBELS measure as a whole captures the underlying
construct of constrained literacy skills.

Uncenstrained math skills. We used the Research-based Early Mathematics Assessment
(REMA; Clements et al., 20080 assess children’s unconstrained math skills in the fall and spring
of kindergarteniWe recognize that the REMA does include some constrained items but argue that
it falls more,on the unconstrained end of the constraingttonstrained continuum. The REMA
is a hands-an, one-on-one assessment that measures core mathematical abilities of children ages 3
— 8. As described/further in Sarama and colleagues (2012), children’s abilities are assessed on the
REMA according to theoretically and empirically based developmental progressions that underlie
learning trajectories. The assessment captures the following skills within the subdomain of
numerical progressions: verbal counting, object counting, subitizing, number comparison, number
sequencinggreonnection of numerals to quantities, number composition and decomposition, adding
and subtractingyand place value. Geometry progressions include shape recognition, congruence,
construction of shapes, and spatial imagery, as well as geometric measurement and patterning.
Work on the REMA and learning trajectories differentiating procedural and conceptual math skills
(Sarama & Clements, 2009) would conceptualize such competencies as number sequencing,
number gompaosition and decomposition, construction of shapes, spatial imagery, and
measurement and patterning as being more unconstrained while competencies like counting,
addition, subtraction, shape recognition, and congruence would be more constrained. Importantly,
assessors code not only whether the child answered each item correctly or not, but also the
difficulty of the strategy that the child used to respond to the item. Students receive more points on
the assessment if they use more advanced or complex strategies to answer items.-All items
including.the strategy codesare ordered by Rasch item difficulty and children stop the
assessment-after making three consecutive errors. All assessors administering the REMA in the
current study*had to achieve 90% or higher on a mock administration. Staff who worked with the
test develeper certified assessors. The alpha reliabilities for the test total scores (referred to as t
scores in this manuscript) have been shown to range from .92 to .94 (Sarama, Clements, Wolfe, &
Spitler, 2012) with prior studies also demonstrating evidence of construct and concurrent validity
(Clements et al., 2008).

Constrained math skills. We used the Woodcock Johnson Applied Problems Il
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(Woodcock, McGrew, & Mather, 2001) subtest to assess children’s constrained math skills in the

fall and spring of kindergarten. We assessed Spanish-speaking children who did not pass the
PreLAS language screener using the equivalent Spanish language version of the assessment from
the Baterianlll Woodcock Mufioz (Schrank, McGrew, Ruef, & Alvarado, 2005). The WJ/WM
Applied Problems ssessment is a numeracy and early mathematics measure that requires children
to perform caleulations to analyze and solve arithmetic problems. Its estimateetésst

reliability for 2- to 7- year-old children is 0.90 (Woodcock et al., 2001) and it has been used with
diverse populations (Gormley et al., 2005; Wong et al., 2008). We present results using the raw
score of theymeasure. We combined scores from the English and Spanish assessments together.

Child characteristics from administrative data. Using administrative data, we created a
series of indicators to describe children’s race/ethnicity (Black, Hispanic, Asian, or Other
Race/Ethnicity (including mixed race children)), coding 1 if the child fell into the indicated
category and-0-oetherwise (reference group White). We used similar indicators to describe
eligibility forfreesor reduced price lunch (FRPL; 1 if eligible; O if not) and gender (1 = female; 0 =
not female). We set a dummy variable for DLL equal to 1 if the parent reported that there was a
language otherthan English spoken at home and 0 otherwésgsethe child’s birthdate to
calculate childwage on Septembé&r2017. These covariates have been shown to predict children’s
outcomes across studies (Choi, Jeon, & Lippard, 2018; Reardon & Portilla, 2016).

Family characteristics from parent survey. Parents reported on demographic
characteristiessin the fall of the PreK year and we used these indicators as covariates. These
variables indicated whether there was at least one parent in the home working full-time (35
hours/week or more) and whether the parent was married or lived with a partner. We used
continuous variables to describe the age of the child’s mother at her first birth, the number of
people living.in.the household, and the paresjiandent’s age in the fall of the prekindergarten
year. We then'included three dummy variables to describe the reporting parent’s level of education
as a general'proxy for socioeconomic stathggh school diploma or GED or less, some college
or 2-year.degree, and 4-year degree (with graduate work or graduate degree as the reference
group). These covariates have been shown to predict children’s outcomes (Choi et al., 2018;

Powell, Son, File, & San Juan, 2010; Reardon & Portilla, 2016) across studies.
Analytic Approach

Missing data. Overall, there was a relatively low amount of missing data. All students had
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complete data on child-level information provided by the school district. About 13% of students
were missing parent survey covariate data, 10% were missing some outcome data on one of the
assessments our research team collected, and 24% of students were missing information on the
DIBELS outcome that was collected by the district. We used multiple imputation to handle
missing covariate data and then compared results with complete case analysis and imputation of
both predictors/and outcomes. Results were consistent across specifications. See Supplemental
Online Materials Appendix A for more details on our multiple imputation approach and results.

Descriptive analysis. To describe the sample before examining our research questions we
computed descriptive statistics on demographic variables and assessment scores for students who
attended public PreK, non-public PreK, and those who did not attend formal PreK. As part of the
descriptive analysis, we also calculated the zero-order correlations between the binary indicators
for PreK attender groups and each of the outcomes in the fall and spring of kindergarten. Findings
from these eorrelations help demonstrate whether measures of constrained-unconstrained language
and literacy and=math skills were empirically distinct from one another.

Multi-level modeling to examine study resear ch questions. We then used multi-level
modeling to exami@associations between enrollment in public PreK saindents’ skills in
kindergarten;=and enroliment in non-public PreK and skills in kindergarten. Because students in
our sample were nested within classrooms nested within schools in kindergarten, we fit null
models for the spring assessment scores to calculate intraclass correlations (ICCs) and examine the
extent to which-ebservations were non-independent at these levels. The ICCs representing
variation between-classrooms in the outcomes ranged from .03 through .31 while the ICCs
representing variation beegnschools ranged from .03 to .15. Given that the variation at both the
classroom-.and school-level was non-negligible, we used a three-level model with random
intercepts. for classrooms and schools to examine all of our research questions. However, we also
fit these madelsiusing fixed intercepts for schools and classrooms andegseagon adjusted
inverse probability weighting (also known as double robust estimation) as robustness checks to
examine the sensitivity of our results to model specification.

To answer research questions 1 and 2, we regressed each outcome in the fall and spring of
kindergarten on a dummy variable for enrollment in Public PreK (i.e., the BPS prekindergarten
program) and a dummy variable for enrollment in non-public PreK. We then added covariates to

the models in two conceptual blocks (first block = child-level covariates; second block = parent-
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level covariates). We examined the stability of the point estimates for enrollment in public and
non-public PreK across the models to examine how sensitive parameter estimates were to
covariates. The base equation for these models is as follows:

Yijk = Bo &IBsPublicPreK;j, + f,NonpublicPreK;j, + vijk + Wjk + G + €jk, (1)

wherei denotes students andndk represent kindergarten classrooms and schools, respectively,
Y is the child-level outcome measure, PublicPrek is a dichotomous indicator set to one ifistudent
attended the BRS PreK program and 0 otherwise, and NonpublicPreK is a dichotomous indicator
set to one ifistudent i attended PreK in a non-public setting and O othegrwasevector of child-
and family-level covariateg, is the classroonevel random intercept, { is a school-level random
intercept, and.is the child-level error term. The coefficients on PublicPreK and NonpublicPreK
and their associated p-values are the parameters of interest. We then used a Wald test to directly
compare the“coefficients on PublicPreK and NonpublicPreK and determine how these PreK
attender groups compared to one another (Cohen, Cohen, Aiken, & West, 2013). This difference
(and its associated p-value) indicates whether the outcomes for public PreK attenders are
statistically significant different frorthe outcomes for non-public PreK attenders. We calculated
standardized associations by dividing the parameter estimates by the standard deviation of the
outcome!(Shadish, Cook, & Campbell, 2004). We used a similar model to answer research
guestion 3, but also incled interactions between PreK attender groups and subgroups of interest
in the model"See Supplemental Online Materials Appendix C for full model.
Results

Descriptive Analysis

We found substantial differences in the demographic characteristics of children in our
public PreKy=nen-public PreK, and non-PreK attender groups. As illustrated in more detail in
Table 1, public PreK attenders were significantly less likely than the other two groups to be
eligible for free lunch, more likely to be white, more likely to have parents who were married, and
more likely'to have a parent with more than a four-year degree. Relative to public PreK attenders
and non-attenders, non-public PreK attenders were more likely to be Black and more likely to
have a parent with a 2-year degree or technical or vocational certification. Relative to public and
non-public PreK attenders, non-attenders were more likely to be Dual Language Learners and
Hispanic, and more likely to have a parent with only a high school diploma or GED or less. Table
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2 then provides descriptive statistics on students’ constrained and unconstrained language and

literacy and math skills in the fall and spring of the kindergarten year, broken out by PreK attender

group. As illustrated there, public PreK attenders generally outperformed non-public PreK

attenders_ and nen-attenders on assessments of constrained and unconstrained skills in the fall of

the kindergarten, year. Differencesis explored in more detail in our covariate-adjusted models

discussed belowappeared to shrink across the year for constrained literacy skills in particular.
[INSERT TABLE 2 HERE]

Correlational analyses revealed that our measures of constrained and unconstrained
language and literacy in the fall and spring of the kindergarten year were empirically distinct from
one another. However, we did find larger correlations between our measures of constrained and
unconstrained math skills (see Supplemental Online Materials Appendix D for full correlation
matrix). For example, the PPVT and the DIBELs LNF subtest were correlated 28 {p < .01)
and r = .43 (p<=01) in the fall and spring, respectively. The WJAP and REMA were correlated at
r=.76 (p <.0L)in the fall and r = .77 (p < .01) in the spring of kindergarten.

Resear ch Question 1: What isthe association between attending the BPS prekindergarten
program and children’s constrained and unconstrained language and literacy skillsin the
fall and springwef kindergarten, relative to attending a non-public PreK program or not
attendingaformal PreK program?

We found that results were fairly consistent across models, even after adjusting for
conceptual-blecks of covariates. As such, we present the results from the fully-controlled models
throughout/this section (Model 3 in Tables 3 and 4; Model 1 presents results with no controls and
Model 2 presents results with student-level covariates from administrative data). As illustrated in
Table 3, we found that the associations between enroliment in public PreK and unconstrained
language skills weére statistically significant in both the fall (y =15.79, S.E. = 3.06, p < .001; std.
association'="57) and the spring of kindergafy = 12.79, S.E. = 3.06, p < .001; std. association
= .48). Associations between enrollment in non-public PreK and unconstrained language skills
were also stafistically significant in the fall (y =10.07, S.E. = 3.37, p < .01, std. association = .36)
and spring of kindergarten (y = 8.05, S.E. = 3.44, p < .05; std. association = .30). Findings from a
Wald test revealed that the magnitude of these effects was larger for public PreK relative to non-
public PreK in the fall (mean difference =5.72, S.E. = 2.48, p <.05). The magnitude of the effect

for public PreK was also larger than non-public PreK in the spring but the difference was not
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statistically significant (mean difference = 4.74, S.E. = 2.60, p = 0.07).

The associations between public PreK and the DIBELS LNF subtest were statistically
significant in the fall of kindergarten (y = 10.70, S.E. = 2.33, p < .001; std. association = .63; see
Table 3), but weremnot sustained into the spring of kindergarten (y =2.26, S.E. = 2.61, p = .39;
std.= .13; see"Table 3). We found a similar trend for the associations between enrollment in non-
public PreK'and the DIBELS LN#fubtest in the fall (y="7.13, S.E. = 2.64, p < .05; std.
association,= .42) and spring of kindergauity = 4.66, S.E. = 2.90, p = .11, std. association = .26).
The magnitude.of the association in the fall of kindergarten was larger for public PreK attenders
relative to nen-public PreK attenders but wasstistically significant (y = 3.58, S.E. = 1.98,

.07). The difference in these associations between public and non-public PreK attenders was not
statistically significant in the spring =-2.00, S.E. = 2.02, p = .58). Although there was a
statistically significant association between enrollment in public PreK and the DIBELS FSF
subtest in thesfallvof kindergarten (y = 6.95, S.E. = 1.67, p < .001; std.= 0.55), this association was
non-significant-fer non-public PreK attenders. A Wald test revealed that the association was also
larger for public PreK attenders compared to non-public PreK attenders (mean difference = 4.94,
S.E.=1.12, p <.05). There was a statistically significant association between enrollment in public
PreK and the*BIBELS PSF subt@sthe spring of kindergarten (y = 5.30, S.E. = 2.26, p < .05; std.
association.=..29), but no statistically significant associations between public PreK and either of
the DIBELS word fluency outcomes in the spring of kindergarten. There were no associations
between enreliment in non-public PreK and any of the DIBELS outcomes measured in the spring
of kindergarten. Finally, there were no statistically significant differences between public PreK
and non-public PreK attenders on the DIBELS PSF, NWLS, and NWWWS subtests in the spring
of kindergarten. Importantly, as explained earlier, we were able to examine letter fluency in the
fall and spring.of kindergarten, but could only assess first sound fluency in the fall of
kindergarten;"and then phoneme segmentation and word fluency at the end of kindergarten,
following the"developmental continuum for literacy in these years (Good et al., 2011). Although
only one ofithe subtests remained consistent across time, the DIBELS subtests taken together
capture the underlying construct of constrained literacy skills.

[INSERT TABLE 3 HERE]
Resear ch Question 2: What isthe association between attending the BPS prekindergarten

program and children’s constrained and unconstrained math skills in the fall and spring of
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kindergarten, relative to attending a non-public PreK program or not attending a formal
PreK program?

In the next set of models examining math outcomes (see Table 4), we found that the
associations between public PreK and unconstrained math skills scores were statistically
significant in’both the fall (y =2.30, S.E. = 0.67, p < .001; std. association = .40) and the spring of
kindergarten'(y="1:52, S.E. = 0.60, p < .05; std. association = .30). However, the associations
between nan-public PreK and unconstrained math skills were non-significant in the fall and spring
of kindergarten. Results from Wald tests revealed that associations were larger for public PreK
attenders relative to non-public PreK attenders in both the fall (mean difference = 1.60, S.E. = .45,
p < .05) and the spring (mean difference = 1.00, S.E. = .39, p < .05). The association between
public PreK and constrained math skills was statistically signifi@ the fall (y =3.44, S.E. =
0.60, p <.001; std. associatien65) and spring of kindergarten (y = 1.60, S.E. = 0.56, p < .01;
std. association== .31). The association between non-public PreK and constrained math skills was
statisticallyssignificanin the fall of kindergarten (y = 2.60, S.E. = 0.66, p < .01; std. association =
49), and not sustained into the spring of kindergditen49, S.E. = 0.63, p = .65; std.
association = .11). Results from Wald tests revealed that the magnitude of these associations was
larger for public,PreK attenders relative to non-public PreK attenders in both the fall (mean
difference’=..84,. S.E. = .41, p < .05) and the spring (mean difference = 1.11, S.E. = .52, p < .05).

[INSERT TABLE 4 HERE]
Resear ch Question 3: How do associations between enrollment in BPS prekinder garten and
constrained and unconstrained skillsin thefall and spring of kindergarten vary for lower -
income, non-white, and DLL students?

Results from the models examining variation in associations by family income,
race/ethnicity,.and DLL status revealed statistically significant interactions between public PreK
and non-publie'PreK and the dummy for low-income in predicting both the constrained and
unconstrained'math skills in the fall of kindergarten. The association between enrollment in public
PreK and children’s constrained and unconstrained math skills at the start of kindergarten, relative
to not attendingPreK at all, was larger for highgome children (WJAP: y=-2.86, S.E. = 1.24,

p < 05; REMA: y=-3.81, S.E. = 1.41, p < .01). In addition, the association between enroliment in
nonpublic PreK and children’s constrained and unconstrained math skills, relative to not

attending PreK at all, was larger for higheteme children (WJAP: y=-3.03, S.E. =1.44, 9
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.05; REMA: y=-3.66, S.E. = 1.65, p < .05). See Supplemental Online Materials Appendix E
Figures 1 and 2 for an illustration of these interactions. The interactions were not significant at the
end of kindergarten suggesting that these group-based differences were not sustained into the
spring of kindergarten.hk association between enrollment in public PreK and children’s
unconstrainedanguage skills in the fall of kindergarten was larger for DLLs relative to non-DLLs
(y =13.66, SIEEv=6:31, p < .Q5Associations did not vary for children who attended non-public
PreK. See Supplemental Online Materials Appendix E Figure 3 for an illustration.
Robustness Checks

We cenducted a number of robustness checks to examine the sensitivity of our results to
modeling de€isions and potential concerns about the sample and data, including approaches for
handling missing data, alternative model specifications (fixed effects regressions and adjusted
inverse probability of treatment weighting (Guo & Fraser, 2015)), and selection by child
characteristigssinto kindergarten classrooms of varying quality. As a further robustness check, we
refit our models:for the first two research questions by considering different groupings of PreK
attenders to determine whether results varied considerably when the difference between the public
and non-public PreK groups was more clean-cut (using four indicators to represent PreK
attendance — public PreK, CBO PreK implementing BPS model, private childcare, and Head
Start). We'found. that results were robust across these alternative approaches and specifications
(see details in Supplemental Online Materiaksppendix A).

Discussion

Our findings provide evidence that the unconstrained versus constrained skills hypothesis
may help explain the PreK fadeout-convergence phenomenon. We found that associations between
enrollment in the BPS prekindergarten program and students’ outcomes were more strongly
sustained thfough/the spring of kindergarten for unconstrained language and math skills, compared
to constrainéd literacy and math skills. There were sustained benefits of non-public PreK on
unconstrainédlanguage skills through the spring of kindergarten, but not on unconstrained math
skills or either of the constrained outcome domains. This is one of the first efforts to our
knowledge to explicitly test whether there are more likely to be sustained associations between
PreK and unconstrained skills compared to constrained skills. By leveraging data from the BPS
prekindergarten and kindergarten programs, the study was uniquely situated to test this theory.

The public PreK program of interest explicitly focused on supporting both constrained and
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unconstrained skills through a curriculum and professional development model implementing
theme-based, rich content to support student background knowledge and critical thinking; project-
based work; play-based, intentional instruction; small group and student-directed activities (rather
than a predominance of whole-group activities); differentiation of instruction to limit repetition of
content students have already learned; and training, coaching, and monthly curriculum-focused
seminars forteachers. Furthermore, the kindergarten program was designed to build on the skills
acquired in,PreK rather than repeating PreK material.
ExposuretoPreK Instruction Supporting Constrained and Unconstrained Skills

There were small inklings from prior work (e.g., Puma et al., 2010) that the effects of
public PreK'on unconstrained language outcomes might be more lasting than on constrained
literacy skills. Even so, the large majority of studies conducted in the last 15 years have not shown
evidence that effects on unconstrained skills were more likely than constrained skills to be
sustained aeress time (e.g., Hill, Gormley, & Adelstein, 2015; Lipsey et al., 2018). However, there
is also limited-evidence about the extent to which the other PreK models that have been evaluated
have integrated instructional supports for children’s unconstrained and constrained skills and few
other studies have been able to assess both constrained and unconstrained skills as outcomes.
Complementary. data suggest that children in the current study sample were exposed to more
unconstrained.than constrained instruction in both PreK and kindergarten (Authors, in
preparation). For literacy instruction specifically, children in our public PreK sample spent around
8.2 minutes perday in constrained literacy instruction, and 17 minutes in unconstrained language
instruction skills:\As a comparison, evidence from recent work done in Tennessee and North
Carolina demonstrated the opposite trend, with 26.2 minutes spent in constrained instruction and
7.2 minutes in unconstrained instruction per day (Farran, Meador, Norvell, & Nesbitt, 2015).
These findings.suggest that the BPS PreK program may be unique in its instructional approach.
Work examining links between enroliment in other PreK programs and constrained and
unconstrained-skills is needed to determine if this pattern of results extends to models that vary in
their instruetional foci and practices.

We mustiemphasize that our results in no way indicate that unconstrained skills are
superior to constrained skills, or that PreK programs should focus all their attention on supporting
unconstrained versus constrained skills in order to generate lasting benefits for students. In

addition to these skills not being completely distinct from one another, a wide body of work has
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shown that skills that are considered more constrained are also foundational competencies that
support the development of higher-order and more complex skills (Snow & Matthews, 2016).
PreK programs must continue to provide instruction to support these skills, which include key
competencies likeiphonological awareness, letter and word identification, spelling, concepts about
text and print;"counting, and basic addition and subtraction. Findings do suggest, however, that
programs shouldnotrestrict activities to constrained instruction and should instead expand their
focus to strengthen both types of competencies. Considering additional supports to enhance
unconstrained activities, like class discussions, supporting children to share and explain their
thinking, comparing and contrasting, making predictions and inferences, developing concepts of
measures, and summarizing and representing data (among others) may be warranted.
Furthermore, evaluating which of the constrained skills that children have mastered can help
teachers expose children to more challenging content, especially in the kindergarten year.
Links betweensPreK and Constrained and Unconstrained Math Skills

Thererhas also been limited research to date to suggest that one would be likely to observe
more lasting effects of a public PreK program on unconstrained versus constrained math skills.
Recent work by Mattera, Jacob, & Morris (2018) examining the effects of the Building Blocks
math curriculum, relative to business as usual PreK in 69 centers and schools serving primarily
low-income students, demonstrated that the program showed lasting effects on the-REEMA
measure of unconstrained math skills assessed in our-pdperugh the spring of kindergarten.
In that studyyshewever, there were no lasting effects of the program on our constrained math
outcome- theWJ Applied Problems. The BPS prekindergarten uses the Building Blocks math
curriculum. Thus, although the comparison conditions across these studies are different, findings
taken together do suggest that models like these may have more lasting effects on unconstrained
skills, perhaps.less likely to develop in the absence of the program (Bailey et al., 2017).
Comparisonof‘Rublic PreK and Non-public PreK Results

An important contribution of this study was our ability to disaggregate students who
attended_public PreK from students who attended non-public PreK programs and a third group of
students who did not attend a formal PreK program as four-year-olds. Prior studies of the BPS
prekindergarten program (Weiland et al., 2019) and other scaled PreK models (e.g., Lipsey et al.,
2018; Puma et al., 2010) have typically compared students who enrolled in the program of interest

to all other students who did not access the program. The experiences of students in comparison
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conditionscanbe diverse in auspice and quality, making it difficult to understand to what the
program of interest is being compared. By disaggregating conceptually similar groups in the
current study we address this limitation from past work. Findings revealed that enroliment in
public PreK andmon-public PreK was associated with unconstrained language skills at the end of
kindergartem“Effect sizes for both groups in the spring of kindergarten were fairly similar,

although effeects were larger for the public PreK program. This result provides some preliminary
descriptiveevidence that sustained associations between PreK and unconstrained language skills
may not be limited to the BPS public program.

In contrast, when predicting math outcomes, we found more lasting associations between
public PreK'and constrained and unconstrained math skills than for non-public PreK. Indeed, our
finding that there was no lasting effect of non-public PreK on either math outcome in the spring of
kindergarten does suggest that the math experiences of children in the public and non-public
settings weresqualitatively different, giverathhe Building Blocks math curriculum was
implemented-inspublic PreK settings. Complementary work on a subset of the non-public settings
suggests that students in those centers were less likely to be exposed to math instruction in
general, and unconstrained math instruction in particular (Authors, in prep). It may be that the
non-public settings adopted the BPS curriculum in ways that ensured better-than-lasirsesd-
instruction'to.support vocabulary skills. In contrast, the math skills these programs supported were
equally likely to develop for children who enrolled in non-public settings and those who stayed at
home. Findings-may reflect a larger focus in non-public settings on instruction to enhance
language skills. Briptive research from Morris, Mattera, and Maier (2016) found that PreK
classrooms located in community-based organizations had a bigger differential in time spent on
language and literacy versus math than PreK classrooms in public school settings.

Variation in Effects of Public PreK on Students’ Skills

We fita'aumber of models to test whether effects of public and non-public PreK on
constrained andunconstrained skills varied by students’ family income, race/ethnicity, and Dual
Languagescearner status. Taking into account the number of statistical tests we conducted, results
suggest little variation in these associations. The benefits of PreK programs on unconstrained
skills through the spring of kindergarten were similar across levels of family income, white and
non-white students, and monolingual English versus DLL children. This pattern stands in contrast

with prior work suggesting that the benefits of PreK programs may be larger for low-income,
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DLL, and non-white- particularly Hispanie- students (Bloom & Weiland, 2015; Phillips,
Gormley, & Anderson, 2016). Indeed, earlier research has generally found evidence that PreK
may act as a compensatory factor for students from low-income, non-white, and DLL families
(Phillips etal., 2017; Yoshikawa et al., 2013).

Evenrsonthere was evidence that both public and non-public PreK had larger associations
with vocabulary‘inithe fall of kindergarten for DLL students. PreK programs may help these
students strengthen skiligparticularly English language skills and vocabulatiat they would
not otherwise have developed at home. Indeed, quasi-experimental analyses have shown that the
impacts of Head Start were primarily concentrategroups of students who would have stayed at
home, in the absence of Head Start (Feller, Grindal, Miratrix, & Page, 2016). We also found that
the associations between public and non-public PreK and constrained and unconstrained math
skills in the fall of kindergarten were slightly larger for higher-income versus lower-income
students. Seme-extant work suggests that more advantaged students may be more likely to benefit
from PreK models like Building Blocks (Morris, Mattera, & Maier, 2016). A meta-analysis by
Simonsmeier and colleagues (2ph8s shown that less cognitively demanding interventions show
bigger effects for students with lower baseline skills, and more cognitively demanding
interventions*demonstrate larger benefits for students with higher baseline skills. Our finding that
the language.and vocabulary skills supported throughré#egtogram may have provided
compensatory structure for DLLs aligns with their conclusion, as do our findings that advantaged
students reap=more benefits from the cognitively demanding math instruction delivered through
the Building Blocks curriculum. Even so, more work examining these associations in larger
samples with more statistical powsmneeded. As noted, we did not observe variation in any
effects in the spring of kindergarten, suggesting that the evidence for the constrained versus
unconstrained. skills hypothesigldhot differ across particular subgroups of interest.

Strengths and"Limitations

Thereore strengths of this study are its rich measurement of student outcomes, inclusion of
a diverse.sample of students, focus on a school district with a high-quality prekindergarten
program and arange of comparison PreK options for students, ability to examine effects over
time, controlling for a robust set of covariates measured through a range of rich data sources, and
use of numerous robustness checks. Even so, there are some limitations that are important to note.

First, the analysis is non-experimental and results cannot be interpreted causally. Although we
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control for a range of covariates and explored a series of robustness-chextkdinga

propensity score matching approach adjusting for indicators of the quality of the four-year-old
year home learning environmento examine the sensitivity of our findings to various

specifications, we are unable to exclude the possibility of omitted variables that could confound
our findings#Future experimental work that is able to generate similar groups prior to exposure to
PreK (with respectto both demographics and exposure to variation in the home learning
environment) is needed to rigorously estimate effects of PreK on constrained and unconstrained
skills across.time. In addition, we examined associations between enrollment in BPS public PreK
and students®,outeomes in the fall of kindergarten and were unable to more precisely estimate the

effect of public and non-public PreK outcomes assessed in the spring of the PreK year. Second,
although study participants were randomly sampled from the broader BPS population, the results
from the current'study may not be wholly generalizable to this group. Furthermore, aside from the
students enrolled in the CBOs receiving supports from the school district, we lack rich information
on the students:in the comparison conditions and the supports they received during their four-year-
old year. Future work that documents the experiences of students across PreK attender groups
could help fill these gaps.

Fourthypthe group of students who did not attend any formal PreK program during their
four-year=old.year split is fairly small relative to the groups of public and non-public PreK
attenders. The small sample size posed a challenge to our models examining variation in
associationssby-family income, race/ethnicity, and DLL status. For example, we were unable to
examine variation in associations for different subgroups of non-White students. Future work with
more power to examine subgroup effects is need&t, Bur measure of unconstrained math
skills — the REMA t-score- does include some assessed items that could be conceptualized as
constrained.math skills and the correlations between measures of constrained and unconstrained
math skills were larger than the correlations between constrained and unconstrained language and
literacy skills®The field as a whole currently has less conceptual clarity about distinctions in
constrained“and unconstrained skills in the domain of the math. Related, the bulk of students in the
public PreK program (and some students in the non-public PreK program) did experience the
Building Blocks curriculum during the PreK year which may be particularly aligned with the
REMA outcome, as they were developed by the same authors. Future measurement work in this

area will help inform ongoing research to examine constrained versus unconstrained math skills in
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studies of early childhood and K-12 education with a core goal being to reduce the intercorrelation
in the assessments of constrained and unconstrained math skills.

Next, it is impossible for us to disentangle whether the lasting associations are fully
attributed te_the public PreK program or to the effort to align instruction across public PreK and
kindergartem"Although we were able to answer our key question and show that effects were more
likely sustainedfor-unconstrained versus constrained skills, further experimental work
disaggregating the effects of PreK and alignment is warranted. In this study, we were also only
able to examine our hypotheses through the spring of kindergarten. As other studies in the field
have found,it is‘possible that patterns of convergence could emerge in later elementary school
grades. Future research examining later time peiptaticularly third grade will provide
needed information on the extent to which associations between enroliment in public PreK and
skills are sustained across time. Finally, we recognize that the BPS prekindergarten program is
somewhat unigue in the field, given its focus on supporting unconstrained skills and its link to a
kindergartenspregram that is intentionally aligned. As such, our findings may not generalize across
all PreK pragrams. Further research involving a range of scaled PreK models is thus warranted.
Implicationsfor Policy and Practice

Despitesthe descriptive nature of our study findings, results generate important
implications.for. future research, practice, and policy. First, we provide evidence showing that the
effects of PreK on unconstrained skills may be more likely to be sustained than the effects of PreK
on constrained:skills. This underscores a need for future evaluations of PreK programs to continue
to explore both constrained and unconstrained skills across time. Second, our results point to the
need for more robust measures of unconstrained language and literacy and math skills as children
move out of PreK and into elementary school. For example, there is a component of the BPS
prekindergarten/curriculum that involves children writing and telling stories to their peers, and
then actually"acting them out for their class. The documentation collected as part of this
componenteould be reviewed and coded to assess unconstrained skills like complexity of
vocabularysand critical thinking. Further integration of assessments of constrained and
unconstrained-skills into PreK impact studies would be a valuable contribution to the field.

If a key goal of PreK models is to have lasting benefits for student participants, our
findings suggest the importance of implementing rich curricula focused on language and literacy

and math that include instruction supporting both constrained and unconstrained skills. This type
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of program model may stand in opposition to the dominant narrative around preschool curricula as
either academic and focused on constrained skills or play-based and focused on unconstrained
skills (Weiland, 2018). As the Boston example illustrates, instruction targeting both unconstrained
ard constrained skills can co-occur and likely should, given that both types of skills are
foundationalPalicymakers and practitioners interested in implementing PreK models that promise
lasting benefitsforstudents may consider such program models to achieve these goals.
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Table 1
Sample Demographic Characteristics for Full Sample and Subgroups of Interest

Full sample Public PreK Non-public PreK No PreK
Characteristic Meanor % SD Meanor % SD Meanor% SD Meanor% SD
Student demographic characteristics
Child age 5.60 0.30 5.61 0.29 5.57 0.31 5.61 0
Eligible for free/reduced price lunch 0.68 - 0.59 - 0.83 - 0.72
Female 0.51 - 0.49 - 0.54 - 0.50
Dual Language:Learner 0.53 - 0.54 - 0.43 - 0.67
Asian 0.16 - 0.16 - 0.18 - 0.18
Black 0.28 - 0.20 - 0.46 - 0.20
Hispanic 0.32 - 0.32 - 0.25 - 0.46
Other race 0.03 - 0.05 - 0.00 - 0.03
White 0.21 - 0.27 - 0.11 - 0.13
Parent demographic characteristics
Age of motherwhen first child was born 26.19 6.66 27.08 6.81 25.24 6.12 23.7
Total householdssize 4.25 1.36 4.25 1.22 4.04 1.59 4.66 1
At least one-adult works 35 hours or more per week 0.90 - 0.93 - 0.86 - 0.8
Parent married 0.53 - 0.59 - 0.40 - 0.43
Parent age 28.70 8.62 29.11 8.27 28.75 9.10 26.47 ¢
Parent education: high school diploma/GED or less 0.31 - 0.30 - 0.29 - 0.4
Parent education: 2 year degree/technical or vocational certi 0.31 - 0.26 - 0.46 - 0.22
Parent education: 4 year degree 0.17 - 0.19 - 0.12 - 0.17
Parent education: more than a 4 year degree 0.21 - 0.25 - 0.13 - 0.1

Note : Full sample-ef:508 kindergarten students is grouped into: public Prek attéhde90), non-public PreK attenders (N = 147), and non-PreK atteridle
=71).
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Table 2

Descriptive Statistics for Constrained and Unconstrained Language/Literacy and Math Skills in Kind:

Fall of kindergarten

Spring of kindergatrte!

Variable of interest Mean SD Mean SD
PPVT raw score
Full sample 87.57 27.70 101.28 26.81
Public Prek 94.46 26.08 107.24 25.38
Non-public PreK 81.79 24.86 95.79 25.48
No PreK 70.58 30.37 85.50 26.78
Woodcock Johnson Applied Problems raw score
Full sample 15.83 5.27 19.28 4.65
Public PreK 17.15 5.09 20.15 4.68
Non-public PreK 14.82 4.70 18.15 4.12
No PreK 12.43 5.23 17.50 4.49
REMA t score
Full sample 40.03 5.74 43.53 5.11
Public Prek 41.30 5.49 44.46 5.18
Non-public PreK 38.44 5.58 42.36 4.47
No PreK 37.55 5.54 41.55 492
DIBELS letter naming fluency score
Full sample 23.50 17.08 50.38 17.98
Public Prek 27.01 16.80 50.89 18.66
Non-public PreK 20.95 15.87 51.64 16.31
No PreK 13.50 15.79 45.63 17.59
DIBELS first sound fluency score
Full sample 15.24 12.74
Public:PreK 18.60 12.67
Non-public PreK 11.07 11.48
No PreK 8.81 10.46
DIBELS phoneme segmentation fluency score
Full sample 41.01 18.22
Public PreK 43.29 17.16
Non-publictPreK - 39.65 19.54
No PreK - 33.48 18.14
DIBELS nonsense word fluency correct letter sounds score
Full sample 38.57 26.15
Public PreK 40.41 28.09
Non-public PreK 37.72 23.82
No PreK - 32.05 20.09
DIBELS nonsense word fluency whole word read score
Full sample 6.91 10.92
Public PreK 8.36 11.52
Non-public PreK 5.34 10.34
No PreK 3.54 7.80

Note : Full sample of 508 kindergarten students is grouped into: public Prek attenders (N = 290), non-public F

attenders (N = 147), and non-PreK attenders (N = 71).
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Table 3
Multi-level Models Examining Associations between Enrollment in PreK and Language/Literacy Skills with Mulgptation of Covariates

Fall of Kindergarten Spring of Kindergarten
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Std. Std.

Fixed effect y SE y SE y SE associatio y SE y SE y SE associatio
PPVT raw score

Intercept 7493 3.63 ** 498 18.57 -9.19 20.31 - 90.30 3.56 *** 30.44 19.38 19.32 20.90

Public PreK 17.61 3.47 ** 17.43 3.03 *** 1579 3.06 *** 0.57 1489 3.42 *** 1491 3.03 *** 12.79 3.06 *** 0.

Non-public PreK 955 376 * 1138 3.35 *** 10.07 3.37 ** 0.36 866 379 * 961 343 * 805 344 *
DIBELS letter naming.fluency score

Intercept 14.07 2.32 *** -34.04 1420 * -43.71 1547 ** - 46.57 2.69 *** 16.39 15.45 6.07 16.86

Public PreK 1282 2.46 *** 11.80 2.31 ** 10.70 2.33 *** 0.63 4,28 2.65 3.63 258 226 261

Non-public Prek 651 271 * 801 260 * 713 264 ** 0.42 3.95 2091 554 2.86 466 2.90
DIBELS first sound.fluency score

Intercept 10.26 1.75 *** -14.66 10.17 -22.81 1091 = - - - - - - - - - -

Public PreK 758 1.78 *** 772 169 ** 6.95 1.67 *** 0.55 - - - - - - - - -

Non-public Prek 1.37 1.95 2.88 1.89 201 1.88 0.16 - - - - - - - - -
DIBELS phoneme segmentation fluency score

Intercept - - - - - - - - - - 3786 2.62 ** 3298 13.16 * 24.49 14.35

Public PreK - - - - - - - - - - 6.56 224 **~ 647 223 ** 530 226 * 0.

Non-public PreK - - - - - - - - - - 432 2.45 541 247 * 457 2.50 0
DIBELS nonsense word fluency correct letter sounds score

Intercept - - - - - - - - - - 3299 3.79 ** -27.46 22.51 -42.38 24.20

Public PreK - - - - - - - - - - 6.61 3.90 488 3.73 259 3.76

Non-public PreK - - - - - - - - - - 448 4.29 6.25 4.16 492 4.18 (
DIBELS nonsense word fluency whole word read score

Intercept - - - - - - - - - - 4,13 1.55 *** -1540 9.40 -20.29 10.35

Public PreK - - - - - - - - - - 388 162 * 307 156 * 225 1.58 0

Non-public PreK - - - - - - - - - - 1.50 1.77 237 1.73 194 1.75 (
Covariates

Child level covariates X X X X

Family level covariates X X

Note : *** p <.001, * p*<,.01, *p < .05
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Table 4
Multi-level Models Examining Associations between Enrollment in PreK and Math Skills with Multiple Imputation of Cevariat

Fall of Kindergarten Spring of Kindergarten
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
Std. Std.
Fixed effect y SE y SE y SE associatiol y SE y SE y SE associatiol
REMA t score
Intercept 37.69 0.74** 1460 433 *** 1152 465 * - 4158 0.70 *** 28.27 3.86 *** 2405 4.12 ***
Public PreK 3.33 0.73** 285 0.68 ** 230 0.67 *** 0.40 245 0.66 *** 204 0.60 ** 152 060 * 0.
Non-public PreK 0.73 0.82 0.99 0.76 0.70 0.76 0.12 0.55 0.75 0.80 0.69 0.52 0.68
Woodcock Johnson Applied Problems raw score
Intercept 12.59 0.69** -4.12 3.69 -6.49 4.02 - 17.39 0.61 *** 290 3.58 0.01 3.87
Public PreK 4,07 0.67** 3.65 0.60 *** 344 0.60 *** 0.65 243 0.61 ** 191 055 * 160 056 ** 0.
Non-public PreK 220 0.73 * 267 0.66 ** 260 0.66 *** 0.49 0.50 0.69 0.65 0.63 0.49 0.63
Covariates
Child level covariates X X X X
Family level covariates X X

Note: **p <.001,**p <.01,*p <.05
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