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Abstract: An accepted conclusion is that children at risk for educational failure who participate
in high-quality early care and education (ECE) enter kindergarten “more ready,” possessing skills
comparable to their more advantaged peers. There is less consensus about longer-term outcomes with
some studies finding continuation of early gains, while others report “fade out” by elementary school.
This study investigated child outcomes, kindergarten through Grade 3, of 75 children randomly
assigned as infants to either participate or not in an enhanced Early Head Start/Head Start program.
It was hypothesized that the children who experienced this high-quality ECE would perform better
than their control group peers across a range of measures. From kindergarten to Grade 3, children in
the treatment group demonstrated higher skills in letter and word identification, vocabulary, oral
comprehension, and math than control group children after controlling for child/family charac-
teristics and classroom quality. Results for executive functioning were mixed with children in the
treatment group showing higher skills on one of the two measures of executive function. No group
differences were found for social-emotional skills. This study contributes to the scant literature of
longitudinal studies spanning infancy through to Grade 3. In addition to the findings of a general
pattern of continuation of positive child outcomes in early academic skills associated with earlier
high-quality ECE attendance, this study also contributes information about the potential size of
impacts of contemporary ECE programs starting in infancy.

Keywords: sustained effects of ECE; RCT follow-up of ECE; Educare

1. Introduction

A growing body of literature documents the potential of high-quality early care
and education (ECE) to support positive developmental outcomes for all children [1–3],
especially those growing up in contexts known to present risks to optimal development,
such as poverty with the associated challenges of lack of access to educational and health
services [4]. Classic studies launched in the 1960s and 1970s, including the Perry Preschool
Project [5] and the Abecedarian Study [6,7] demonstrated that high-quality ECE increases
kindergarten (K) readiness, improves academic achievement in K-Grade 12, makes it less
likely that a child will repeat a grade or be placed in special education, and contributes
to positive social and emotional development. More recent research indicates that the
positive impacts extend into adulthood enhancing a range of outcomes associated with life
success [8]. This accumulating research base showing both short- and longer-term impacts
of ECE has prompted federal, state, and local governments and organizations to implement
a variety of ECE programs for children birth through age five [9].

However, critiques noting the limitations of past research, including the classic studies,
combined with recent research findings have introduced some doubt into the conclusions
drawn from earlier research. It has been noted that the Perry Preschool and Abecedarian
programs were intensive model interventions delivered to a uniform sample during a
time when few other ECE options were available raising questions about the applicability
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of the findings to current contexts [4]. Some recent high-visibility studies have found
that the early gains associated with ECE attendance did not continue or sustain into later
developmental phases. Instead, these studies report fade out [2], with the performance
of children who did and did not attend ECE converging by early elementary grades. The
present study contributes information to this current controversy focused on continuation
versus fade out of gains associated with early ECE participation in a contemporary ECE
program starting in infancy.

1.1. Sustained Effects versus Fade out of ECE Impacts

As noted above, a current controversy focuses on the longer-term outcomes associated
with participation in ECE. Many studies have reported concurrent impacts demonstrating
that young children enrolled in high-quality ECE perform better than their peers who expe-
rience lower-quality or no ECE [9]. Additionally, a commonly accepted conclusion is that
children at risk for educational failure who participate in high-quality ECE enter kinder-
garten “more ready”, possessing skills comparable to their more advantaged peers [1,10].
There is less agreement about longer-term benefits with some studies documenting the
continuation of early gains while other studies report the leveling off or fade out of initial
gains (e.g., [2,11,12]).

For example, the Head Start Impact Study [12] and the Tennessee Pre-K Program [2,13]
have recently reported mixed or negative longer-term results. The Head Start Impact study
showed positive concurrent impacts on preschool children’s early academic development
and school readiness while the children were enrolled in the preschool program, finding
statistically significant differences between the Head Start group and the control group on
every aspect of children’s preschool experiences measured. However, these early gains
were not sustained for the whole sample by the end of Grade 1 [12]. Instead, by the end of
Grade 1, only a single significant cognitive impact was found in the area of literacy.

The initial findings of the evaluation of the Tennessee Pre-K Program also reported
short-term impacts associated with public pre-K attendance. As reported by Lipsey et al. [2],
at the end of pre-K, pre-K participants performed better than control children on a battery of
achievement tests, with non-native English speakers and children scoring lowest at baseline
benefitting the most. However, during kindergarten and primary grades, the control
children caught up to the pre-K participants and generally surpassed them. Similar results
were found with 3rd Grade state achievement tests with pre-K participants demonstrating
lower performance than the control children. Additionally, teacher ratings of classroom
behavior did not favor either group overall, with some negative treatment effects reported
in 1st and 2nd Grades. Pre-K participants did have lower retention rates in kindergarten,
but those lower rates did not persist through later grades. Many pre-K participants received
special education designations that remained through later years, creating higher rates
than for control children. The Tennessee Pre-K evaluation followed the children through
middle school and, based on data from state education records, found that the children
randomly assigned to attend pre-K had lower state achievement test scores in 3rd through
6th Grades than control children, with the strongest negative effects demonstrated in 6th
Grade. Negative effects were also found for disciplinary infractions, attendance, and receipt
of special education services, with null effects on retention [13].

These two high-visibility recent studies have generated much discussion, in part be-
cause they stand in contrast to a body of literature on contemporary preschool programs
reporting benefits for children’s school readiness and later outcomes. This body of liter-
ature is reviewed in two recently published meta-analyses. The first, a meta-analysis of
22 rigorous experimental and quasi-experimental studies conducted between 1960 and
2016 on medium- and long-term outcomes associated with earlier participation in birth
to age five ECE, was published by McCoy and colleagues in 2017 [14]. These authors
focus on special education placement, grade retention, and high school graduation rates
and conclude that their analyses support ECE’s utility for promoting child wellbeing and
reducing education-related costs. The second, published by Meloy and colleagues in
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2019 [9], presents a comprehensive review of rigorous evaluations of 21 large-scale public
preschool programs and concludes that well-implemented programs produce substantial
early-learning gains and can have lasting impacts throughout later schooling. These au-
thors, similar to McCoy et al. [14], stress the importance of sound methodologies to clarify
seemly contradictory results and to inform practice and policy. Meloy et al. [9] further
note that the quality of both preschool programs and primary school affect the reported
outcomes of preschool before and during elementary school.

In addition to study rigor and program quality, another potentially important variable
to consider is ECE dosage. ECE dosage, defined as the amount or timing of either current
or cumulative ECE participation, has been found to relate to children’s developmental
outcomes [15]. For example, Li et al. [16] found that children living in low-income contexts
demonstrated the highest levels of school readiness when they had received high-quality
ECE during both their infancy and preschool years. Similarly, Yazejian et al. [17] found both
age of entry and duration of enrollment were positively associated with receptive language
at age five, with stronger effect sizes for dual language learners. These findings imply
that children, especially children considered educationally at-risk, should benefit the most
when they experience a large dose of ECE by enrolling in high-quality programs at younger
ages and remaining in high-quality ECE for longer periods of time. However, despite the
findings that the ECE program starting in infancy have demonstrated some of the largest
and longest impacts [18], early dosage has received little attention in discussions of fade
out. Few studies have been able to document the extent to which children experience
high-quality ECE longitudinally [17] and few studies span the scope of ECE, defined as
birth through age eight [19], and follow children longitudinally from infancy through the
elementary grades [9]. As observed by Yazejian et al. [17] (p. 24), “such research is needed
in order to determine the extent to which ECE might prevent, reduce, or eliminate the
achievement gap between children from low- and middle-income families”.

The current study fills this void. The purpose of this study was to investigate, using
a rigorous RCT approach and longitudinal design, short- and medium-term outcomes of
participation in one contemporary model of high-quality ECE-Tulsa Educare. The focus of
this report is on child outcomes, kindergarten through Grade 3, for a group of children who
were randomly assigned to participate or not in Tulsa Educare as infants and experienced
this high-quality ECE through their preschool years.

1.2. Educare

Educare is a comprehensive early childhood program designed to facilitate devel-
opment and learning of infants, toddlers, and preschool children who are growing up
in poverty. Educare started as one school in Chicago in 2000 and has, as of 2022, grown
to a network of 25 birth-through-age five schools in diverse communities across the US
including Omaha, Tulsa, Seattle, Central Maine, Miami, Phoenix, and Washington, DC [20].
These school currently serve approximately 4000 young children and their families.

The Educare logic model identifies four core program features, including data utiliza-
tion, embedded professional development, high-quality teaching practices, and intensive
family engagement. The implementation of these core features is predicted to prepare
children for kindergarten, as well as longer-term academic and life success and improve
family outcomes [20]. Relative to the program, Educare schools meet the Head Start and
Early Head Start performance standards and go beyond them by including a variety of
enhancements including: year-round, full-day services; lead teachers with Bachelor’s de-
grees; intensive, ongoing embedded professional development; family support staff with
limited caseloads and Bachelor’s-level training; a research-program partnership with local
program evaluators partnering with each site’s Educare program staff to use data to tailor
continuous improvement planning; and contribution of local data to an ongoing large
cross-site Educare Network national evaluation.

In each Educare location, public-private partnerships develop and implement the
program which is offered at no cost to families who meet eligibility criteria, including



Educ. Sci. 2022, 12, 908 4 of 22

incomes at or below the federally defined poverty level. Federal funds from Early Head
Start and Head Start form the base for programming and funding, with local, state, and phil-
anthropic sources augmenting funding [20] to support the program components described
above. In addition to this unique funding model, the partnership with researchers and
focus on use of data to drive program improvement are distinguishing features of Educare.
Researchers track program quality and child outcomes at each Educare site. Relative to
classroom quality, Educare classrooms demonstrate good to high overall quality [17,21],
and a growing body of research documents enhanced child outcomes associated with
Educare enrollment [20,21]. A thorough description of the Educare program is available
in Yazejian et al. [21]. The Educare website [20] also offers additional information about
Educare, including its history and current program, research, and policy initiatives.

1.3. The Educare RCT

After demonstrating initial promising results showing that early enrollment as infants
or toddlers and more time enrolled in Educare (3 years was optimal) were related to better
receptive language skills in children at program exit at age five [17], the Educare Network
implemented a randomized control trial (RCT) of Educare (hereafter referred to as the
Educare Cross-site RCT). In 2010, five collaborating Educare schools [Chicago, Milwaukee,
Omaha (two schools), and Tulsa] agreed to participate in the RCT with coordination and
oversight by researchers at the Frank Porter Graham Child Development Institute (FPG).
A total of 239 infants 19 months of age or younger, eligible for Early Head Start, were
randomly assigned to receive Educare or not across the five participating schools. All
239 families, recruited following typical strategies used by each Educare school, wanted
their child to attend Educare and provided informed consent to participate in a study that
involved random assignment. Based on random assignment, half of the children were
enrolled in their local Educare school and the other half were not enrolled in Educare but
were provided information about other ECE programs, many at no or low cost, in their
surrounding area. As noted, recruitment occurred locally at each Educare school, but
random assignment of children into treatment or control groups was completed by FPG to
ensure rigor and consistency across the participating Educare schools.

At the pre-randomization visit, trained research staff conducted parent interviews to
collect family demographics and administered baseline assessments of children’s auditory
language skills. Analyses conducted for the Cross-site Educare RCT Study confirmed that
the treatment and control groups did not differ on the five child characteristics, eight family
characteristics, and five prior childcare characteristics assessed, nor on their scores on the
auditory comprehension measure administered prior to randomization [22].

The results of the Educare Cross-site RCT have been reported in two publications.
The Year 1 results showed that compared to the control group children who did not
attend Educare, after one year of treatment the Educare treatment children had higher
English language skills, more positive parent-child interactions, and fewer parent reports
of problem behaviors [22]. The age three results showed that Educare children had better
language, math, and behavior skills than the control group children who did not attend
Educare. For English language and math skills, dual language learners benefited more
than children whose primary language was English. No treatment effects were found for
parent-child interactions at age three [23]. Thus, the Educare Cross-site RCT documented
concurrent benefits associated with attending a high-quality ECE program with the children
randomly assigned to the treatment group scoring higher on measures of early academics
and social-emotional development.

1.4. Current Study

The purpose of the current study was to investigate if the concurrent benefits associ-
ated with attending a high-quality ECE program demonstrated by the Educare Cross-site
RCT persisted through kindergarten and early elementary school. Thus, the research
question was focused on investigating if the early enhanced child outcomes found for the
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Educare toddlers and preschoolers were sustained versus fading out through Grade 3. The
availability of local funding enabled the Tulsa-based research team to continue to follow the
children in Tulsa who participated in the larger Educare Cross-site RCT through Grade 3.
The primary objective was to inform local partners, including funders, and the field at
large about the short- and medium-term child outcomes through Grade 3, associated with
participation in a high-quality early childhood program initiated during infancy.

Given that the sample for this current study involves only graduates of the Tulsa site
of Educare, a few additional details are provided about its history and program. Although
Tulsa Educare currently consists of four schools serving a racially and ethnically diverse
group of 656 children ranging in age from six weeks to age five, the sample of this study
were all enrolled in the first site that opened in 2006. Thus, it met the RCT’s criteria of
being a “mature” school because it had been in operation for 4 years prior to the start
of the Educare Cross-site RCT in 2010. At that time, this Tulsa Educare school enrolled
200 children and offered 8 multiage infant/toddler rooms, each serving 8 infants/toddlers
(total of 64 infants/toddlers), and 8 multiage preschool rooms serving 17 3- and 4-year-olds
each (total of 136 children). Each classroom was staffed with two adults including a lead
teacher with a Bachelor’s degree in ECE and an assistant teacher with specialized ECE
training. Additionally, an aid who “floated” across every two adjacent classrooms on both
the infant/toddler and preschool wings of the building was available. Thus, for every two
classrooms, a total of five adults served as consistent staff. In addition to the classroom staff,
dedicated family support staff were assigned a consistent caseload of families. The daily
classroom practices and curriculum were designed to meet the standards of Educare [20,21],
which are based in developmentally appropriate practices [19] as defined by the larger
ECE field.

2. Materials and Methods
2.1. Participants

This longitudinal study built upon the Educare Cross-site RCT described above. Tulsa
Educare contributed 75 RCT participants, 31% of the total Educare Cross-site RCT sample,
at the beginning of the study in 2010. Based on the random assignment completed by
FPG in 2010, the Tulsa subsample consisted of 37 treatment children who enrolled in Tulsa
Educare at 19 months of age or younger and 38 control children. Information about initial
recruitment and randomization of study participants was summarized in Section 1.3 above
and more details can be found in Yazejian et al. [22].

2.1.1. Child and Family Characteristics

The Tulsa subsample consisted of 38 girls and 37 boys who were equally distributed
across treatment and control groups. When group assignment was considered, the treat-
ment group had 16 girls (43%) and 21 boys (57%); the control group had 22 girls (58%)
and 16 boys (42%). Additional demographics are displayed on Table 1 and show that the
Tulsa sample was diverse in race and home language, with the largest percentage of both
treatment and control groups classified as Hispanic (74% treatment, 90% control) with a
home language reported as Spanish (70% treatment, 71% control). Most children lived
with both parents or only with mothers in families classified as economically disadvan-
taged and eligible for Early Head Start/Head Start services. Preliminary analysis showed
that children in the treatment and control groups did not differ on these child and family
characteristics.

2.1.2. Prior Early Childhood Experience

The children randomly assigned to the treatment group in 2010 enrolled in and
attended Tulsa Educare as infants, toddlers, and preschoolers. The average length of
enrollment in Tulsa Educare for the treatment group children was 37 months. The children
randomly assigned to the control group did not enroll in Tulsa Educare and participated
in other family-selected care arrangements available in Tulsa at the time. Children in
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the control group often had multiple care arrangements, simultaneously and over time.
Of the 38 control group children, 22 received care by a relative or family friend, five
attended a public-school preschool program, five attended a local Head Start program,
three a community-based childcare center, two experienced family-based childcare, and
one reported use of a babysitter.

Table 1. Child and family characteristics of treatment and control groups at randomization.

Child/Family Characteristics Educare/Treatment
(n = 37)

Control
(n = 38)

Gender: Boy 56.76% 42.11%
Race/Ethnicity: White 8.57% 3.33%
Race/Ethnicity: Black 2.86% 3.33%
Race/Ethnicity: Hispanic 74.29% 90.00%
Race/Ethnicity: Multiracial 14.29% 3.34%
Home language: English 27.03% 23.32%
Home language: Spanish 70.27% 71.05%
Home language: Both English and Spanish 2.70% 2.00%
Family Structure: Both parents 51.43% 50.00%
Family structure: Only mother 45.71% 50.00%
Family structure: Others 2.86% 0.00%
Mother age (years) 25.97 26.58
Parent education (years) 10.70 10.63
Economic disadvantage (1 = yes) 91.43% 86.67%

Children in the Tulsa Educare treatment group were reported to have also experienced
other forms of early care in addition to their Tulsa Educare enrollment. Based on parent
report, 26 children were cared for by a relative or friend in addition to attending Tulsa
Educare. A few children experienced family-based childcare (1), a babysitter (1), or a
community-based childcare center (2) at the same time they attended Tulsa Educare. Parents
reported that several children had also enrolled in another Head Start program (2) and
public pre-K (5).

2.2. Procedure

All study procedures and collaboration agreements were reviewed and approved by
the Institutional Review Board of the University of Oklahoma (#0709/12975). As reported
by Yazejian et al. [23], at the initiation of the Educare Cross-site RCT, each participating
Educare school’s Policy Council and each affiliated research team’s Institutional Review
Board reviewed and approved all procedures, including Tulsa’s; regional and national
Head Start offices were also briefed on the study.

A wide variety of data sources and perspectives were included in this longitudinal
follow-up study with data collected from children, parents, and teachers. The data included
information about children’s early academic skills in literacy, language, and math and
executive function collected through one-on-one administration of standardized tests.
Direct child assessments occurred twice per year, every fall and spring, kindergarten
through Grade 3. Parents were surveyed each spring, kindergarten through Grade 3, to
collect information about the home, children’s activities, relationships between children and
parents, and parental stress. Teachers completed surveys in the fall and spring each year
to provide information about the children’s social-emotional development, behavior, and
relationships at school. Classroom quality was observed and rated annually in the winter
from kindergarten through Grade 3 for both the treatment and control group children. The
specific measures are described below.

Assessors were employees of a university-based early childhood research group and
were trained on the ethical conduct of research with children and on the specific measures
used in this study. Relative to training for the standardized child assessments, assessors
first reviewed the test manuals and practiced administration with a co-worker. Next, they
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administered the test to a child during a practice session while being observed by a member
of the research group’s training team who rated the assessor using a checklist. Based on this
observation and each assessor’s performance on the checklist, the training team followed up
with any required coaching to ensure proper standard administration. Classroom observers
were deemed reliable using the protocols and standards outlined by the observational tool’s
authors. Observers viewed five online videos and submitted their scores. To be considered
reliable, observers needed to score 80% of all coded items within one point of the master
codes, and to code at least 2 out of 5 items within each dimension within one point of the
master codes. All observers met or exceeded this criterion. Following standard protocol for
RCTs, assessors were kept blind to the group assignment of the children throughout the
duration of the study.

2.3. Measures
2.3.1. Early Academics

Each fall and spring, kindergarten through Grade 3, children were administered
standardized measures of early academics in their school setting. Specifically, measures
of early language, literacy, and math were administered. Standard scores from these
assessments of early academic skills were used in the analyses.

The Peabody Picture Vocabulary Test, Fourth Edition (PPVT-4; [24]) was used as a
measure of receptive vocabulary. The PPVT-4 is widely used in research and assesses
receptive vocabulary from ages 2 years 6 months to late adulthood. It is administered
individually using a multiple-choice format with four pictures presented on one page and
the task is to select the one picture that best illustrates the definition of a word presented
by the assessor. The items include up to 20 content areas (e.g., actions, vegetables, tools)
and parts of speech (nouns, verbs), spanning a broad range of difficulty. The PPVT-4
has been documented to have strong psychometric properties. Test-retest reliability has
been reported between 0.92 and 0.96, and internal consistency estimates consistently at
0.95 or above [25]. Construct and convergent validity have been assessed by comparing
the PPVT–4 to the Expressive Vocabulary Test, Second Edition (EVT–2; [26]). Correlations
between the two were high (r = 0.80–0.84) for all ages [25].

Several subtests of the Woodcock-Johnson III Tests of Achievement (WJ-III; [27]) were
used to assess children’s academic outcomes. Widely used in research, the WJ-III includes
22 tests measuring skills in reading, mathematics, and writing, as well as important oral
language abilities and academic knowledge [28]. For this study, the following subtests were
individually administered to assess children’s academic skills: Letter-Word Identification
(Test 1) to assess recognition of letters and words and reading decoding; Applied Problems
(Test 10) to assess quantitative reasoning and math knowledge and achievement; Picture
Vocabulary (Test 14) to assess oral expression and language development, specifically
lexical access and retrieval; and Oral Comprehension (Test 15) to assess listening ability and
comprehension. The WJ-III is accepted as a valid and reliable assessment tool of both cogni-
tive abilities and achievement among children and adults [29]. McGrew and Woodcock [30]
presented comprehensive evidence of strong psychometric properties in the WJ-III Tech-
nical Manual. Content validity evidence, convergent and discriminant validity evidence,
and evidence based on relations to other variables have also been published [31–33] with
coefficients meeting professional standards.

2.3.2. Executive Function/Behavior Regulation

Each fall and spring, kindergarten through Grade 3, children were also administered
two measures of executive function (EF) in their school setting. These two measures are
described below.

The Head-Toes-Knees-Shoulders (HTKS; [34–36]), is a game-like behavioral assess-
ment of self-regulation. The HTKS consists of three parts. First, children are taught to
follow simple instructions (e.g., “Touch your head”) and then asked to do the opposite
of the assessor’s instructions (e.g., touch their head when asked to touch their toes) with
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one pair of two body parts (head/toes). During part two, two more body parts are added
(knees/shoulders) and the assessor asks the child to do the opposite on both pairs or all
four body parts. In the third part, additional rules are added to increase cognitive complex-
ity. Specifically, the instructions are switched to mix the prior pairs from head/toes and
knees/shoulders to head/knees and shoulders/toes. As conceptualized by the authors,
this assessment involves inhibitory control (a child must inhibit the dominant response of
imitating the examiner), working memory (a child must remember the rules), and focused
attention (must focus on the directions presented by the examiner).

HTKS was designed for research with children between the ages of 4 to 8 and is brief,
taking about 5 min to administer. It consists of 30 items, with a range from 0 to 60. Children
receive a score of 0 for an incorrect response, 1 for a self-corrected response, and 2 for
a correct response [37]. For the current study, raw scores were used in the analyses. As
reported by Schmitt et al. [37], the HTKS has been found to have high interrater reliability
(κ > 0.90) and documented validity in assessing children’s behavioral self-regulation in
culturally diverse samples [36], and has been positively and significantly correlated with
teacher ratings [35,36]. Prior research has also documented other strong psychometric
properties, including predictive validity for achievement outcomes [36,38] and evidence
suggesting that the HTKS may be a stronger predictor of early academics than teacher
report on other widely used measures [38,39].

The Digit Span Forward (DSF) and Backward (DSB) subtests of the Wechsler Intelli-
gence Scale for Children-Fourth Edition [40] were used in this study as objective measures
of different aspects of verbal working memory. DSF is a measure of the verbal storage-only
component of working memory; DSB is a measure of the storage and processing com-
ponents of verbal working memory [41]. The author [40] and others [41] have provided
evidence of excellent psychometric properties, including high internal consistency relia-
bility and construct validity. As the name suggests, with DSF a sequence of digits was
presented to each child at a rate of one per second by the assessor and the child was asked
to immediately repeat the digits in the exact order presented. The DSF subtest starts with
2 digits and becomes more difficult as the sequence of digits is lengthened to a maximum
of 9 digits. The raw score for DSF is the number of correct trials with a maximum raw score
of 16. With DSB, each child was asked to repeat sequences of digits in reverse order. The
raw score of DSB is the number of correct trials with a maximum raw score of 14. Raw
scores were used in the analyses conducted in the current study.

2.3.3. Social Emotional (SE) Development

Teachers completed the Devereux Student Strengths Assessment-Mini (DESSA-Mini; [42])
each fall and spring kindergarten through Grade 3. The DESSA-Mini was designed to be a
brief 8-item, strengths-based, teacher-completed screening tool of student social-emotional
competence [43]. The DESSA-Mini yields a single score: the Social-Emotional Total (SET).
DESSA-Mini results are provided as T-scores, with high scores indicating strengths. The
authors have presented evidence of strong reliability (internal, test-retest, inter-rater) and
validity (criterion, both concurrent and predictive, and construct). More information about
the development and psychometrics of the tool can be found in Naglieri et al. [42] and
LeBuffe et al. [43]. The internal consistency reliability of social-emotional skill was 0.93 for
the current study sample. T-scores were used in the analyses completed for this study.

2.3.4. Classroom Quality

The Classroom Assessment Scoring System (CLASS K–3; [44]) was used to observe
classroom interactions among teachers and children each winter from kindergarten through
Grade 3. Like other versions of the CLASS developed for various age groups, the CLASS K-3
measures three domains: Emotional Support, Classroom Organization, and Instructional
Support. Each of these three domains consists of several dimensions. Specifically, Emo-
tional Support comprises the following dimensions: positive climate, negative climate,
teacher sensitivity, and regard for student perspective. Classroom Organization consists of
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behavior management, productivity, and instructional learning formats. The Instructional
Support domain has concept development, quality of feedback, and language modeling.
Each dimension is rated on a 7-point scale ranging from low (1–2) to middle (3–5) to
high (6–7) based on observations occurring for 20-min over repeated cycles (see [44] for
additional administration details). This study used four observation cycles.

CLASS dimension scores are calculated by averaging scores across cycles within an
observation. Domain scores are calculated as the mean across the dimensions within a
given domain. A total score is calculated across the three domains [44]. In this study, the
average of total scores from kindergarten to Grade 3 was used for the statistical analyses.

The CLASS has been used extensively in evaluation and research in ECE [45]. The Of-
fice of Head Start uses CLASS scores to determine the accreditation of new pre-kindergarten
centers around the nation [46]. The growing use and acceptance of the CLASS framework
in research and practice has prompted studies of the psychometric properties of the CLASS,
as well as evaluation of the relationship between CLASS scores and a variety of academic
and behavioral outcomes [44]. Current psychometric evidence provides support for con-
tinued use of the CLASS to guide intervention, instruction, professional development [47]
and research.

2.3.5. Demographics and Home Environment

Information about child and family characteristics and the home environment were
obtained through two sources: an annual parent survey and school administrative records.
Each spring parents completed a survey that collected basic demographic information,
including family employment status, family structure, education level of primary caregiver,
and home language. This survey also included items adapted from existing scales to
gather information about home activities the parent engaged in with the child (adapted
from the National Household Education Survey [48]) and parent stress (adapted with
permission from the Parenting Stress Index Short Form [49]. School administrative records
were accessed annually to collect and confirm variables, including child language status (if
the child was a dual language learner or DLL), economic disadvantage, and child sex.

Specifically, this study included child sex (0 = girl, 1 = boy), DLL status (0 = English
monolingual, 1 = dual language learner) and economic disadvantage (0 = no, 1 = yes)
collected in kindergarten as time-invariant variables. As time-variant controls, this study
includes primary caregiver education level (1 = 8th Grade or less, 2 = some high school,
no diploma, 3 = high school diploma or GED, 4 = some college, no degree, 5 = high
school/GED and tech training certification, 6 = AA, AS, or 2-year degree, 7 = Bachelor’s
degree, 8 = Master’s degree, 9 = Doctoral degree), home activities (e.g., reading to child,
teaching letters, sounds, or words to child, working on writing; 1 = 1–2 times a week,
2 = 3–5 times a week, 3 = 6–7 times a week), parent stress levels (e.g., feeling cannot handle
things well, feel trapped, feeling alone; 1 = strongly disagree to 5 strongly agree), and
parent expectation (parent prediction of how far child will go in education; 1 = some high
school, 2 = finish high school or obtain GED, 3 = tech school or college, 4 = college, AA
degree, 5 = college, BA degree, 6 = graduate or professional school). Multiple scores for the
time-variant controls were aggregated for each child and the aggregated scores were used
in the final analysis.

2.4. Analytical Process

Recognizing that attrition is a significant challenge in longitudinal research, we con-
ducted additional analyses to explore if differential attrition occurred and, thus, compro-
mised the assumptions of randomization. We found that 11 children did not have any data
from K to G3 indicating that they permanently dropped out of the data collection for this
project. Although this local evaluation project was successful in retaining 82% of the sample
through fall of Grade 2, after COVID-19 stuck in March of 2020, many children in both the
treatment and control groups were lost. We explored if children who participated in this
study after 2020 differed in their group assignment and earlier developmental outcomes
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from the children who did not participate in this study after COVID-19. We confirmed
regardless of their group assignment (i.e., treatment and control groups), participants and
non-participants in this study after spring 2020 were not different in earlier developmental
outcomes and demographics.

Descriptive statistics, including means and standard deviations for the developmental
outcomes were computed for the two groups, Tulsa Educare treatment and control groups,
using IBM SPSS Statistics (version 27). In the descriptive data-checking process, two outliers
showing extremely low scores (2 SD below mean) across all assessments consistently from
K to Grade 3 were identified. The research team consulted with the assessors, who had
been with this study for its duration, and confirmed that these two children were often
unable to be assessed due to significant disabilities. Thus, to increase the validity of the
results, the data of these two children (one from treatment group and one from the control
group) were excluded from the analyses.

We do not have any available data for inputting the missing scores of the 11 children
who dropped out of this study before K and, with the two extreme outliers we confirmed
and excluded, a total of 13 children were not included in the final analyses. In addition,
although the final sample includes 62 children (treatment = 31 and control = 31), at each
time point different numbers of children participated due to a variety of reasons, including
their absence from school during data collection. Table 2 shows the number of treatment
and control group children who participated in data collection at each grade. We further
examined how many times each child participated in the direct child assessments from
K to Grade 3. Most of the children (n = 55) participated in data collection for more than
5 of the 8 possible time points (6 times: 20, 7 times: 24, and 8 times: 11), with 7 children
participating less than 6 time points (5 times: 5 and 4 times: 2). Given the available scores
for each child, we confirmed that their missingness occurred randomly.

Table 2. Sample size by grade and group.

K Fall K Spring G1 Fall G1 Spring G2 Fall G2 Spring G3 Fall G3 Spring

Treatment 19 22 30 30 30 29 30 18
Control 21 23 30 31 31 23 23 19

After making this decision resulting in the final analytic sample, we conducted de-
scriptive statistics and t-tests to identify potential differences in developmental outcomes
from kindergarten through Grade 3 between the two groups. The results are presented
in Table 3.

Table 3. Average scores of developmental outcomes at the spring of each grade for the two groups
(n = 62, E/T = 31, C = 31).

Grade K Grade 1 Grade 2 Grade 3

Educare/
Treatment Control Educare/

Treatment Control Educare/
Treatment Control Educare/

Treatment Control

Language PPVT_Receptive Vocabulary 93.45 85.26 96.57 + 90.61 + 107.38 98.04 117.21 + 100.94 +
Language WJ_Letter Word 102.23 + 93.78 + 102.6 + 92.81 + 99.45 99.61 98.32 + 87.89 +
Language WJ_ Picture Vocabulary 90.14 82.04 91.47 * 82.71 * 92.17 86.39 97.37 ** 86.06 **
Language WJ_Oral Comprehension 93.59 87.65 101.63 ** 91.23 ** 93.55 91.57 103.37 ** 87.17 **
Math WJ_Applied Problems 101.41 ** 90.48 ** 96.2 90.65 95.17 90.57 95.16 ** 83.72 **
Excutive function_HTKS 27.86 24.65 44.03 38.84 46.55 47.87 54.21 51.41
Excutive function_Digit Span 7.45 6.27 9.27 8.19 10.41 10.26 11.95 11.39
Social emotional- DESSA 54.32 56.22 52.03 52.06 52.93 54.48 49.28 50.58

Note: + p < 0.10, * p < 0.05, ** p < 0.01.

Before conducting longitudinal latent growth curve (LGC) models, we imputed miss-
ing data based on the assumption of missing at random in this study sample [50]. All
the study variables were included in the multiple imputation model and 20 imputed data
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sets were generated. The 20 datasets were used for the final LGC models. To answer the
research questions, LGC models were conducted using Mplus [51]. In the LGC models,
the intercept and slope were set to identify potential group differences in each outcome
from kindergarten through Grade 3. In the models, we created two latent constructs for the
intercept and slope. The latent constructs include children’s scores of each outcome across
8 time points as indicators. The indicators were loaded with time specifications. Specifically,
time was constrained as 1 through 8 (kindergarten fall (1) and spring (2) through 3rd Grade
fall (7) and spring (8)) to represent the time points from kindergarten to Grade 3 with
a linear developmental concept. Thus, the intercept reflects the overall differences (an
average from K to G3) between two groups in each child outcome, and the slope reflects the
linear growth pattern from kindergarten to Grade 3 for each developmental outcome. As
the main predictor, a binary variable indicating whether children participated in Educare
or not (0 or 1) regressed on the intercept and slope. In addition, child/family characteristics
and classroom quality scores were used as control variables for both intercept and slope in
the analytical models. The conceptual model is displayed in Figure 1.
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Figure 1. Conceptual model. Note. Time indicators for the linear slope reflect 6-month intervals
between fall and spring. The intercept was loaded 1 by 8 indicators which indicate the mean of scores
across 8-time points. The slope was loaded 1 through 8 (kindergarten fall (1) and spring (2) through
Grade 3 fall (7) and spring (8)) to represent the time points from kindergarten to Grade 3 with a linear
developmental concept.

As noted in the Measures section, standard scores were used for the early academic
measures (WJ-III and PPVT-4), while raw scores were used for both executive function
measures (HTKS and Digit Span). For the social-emotional measure (DESSA-Mini), T-scores
were used in the LGC model. The linear growth of HTKS and Digit Span reflects whether
children have shown more correct answers from kindergarten to Grade 3, while the linear
growth of other measures reflects whether children showed developmental growth relative
to same-age peers.

3. Results
3.1. Descriptive

As displayed on Table 3, descriptive results showed, overall, that Tulsa Educare
children scored higher on academic outcomes at most time points from kindergarten
through Grade 3. In fact, for 19/20 contrasts the Tulsa Educare children scored higher on
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the measures of early academics, with several significant differences emerging between the
Educare treatment and control children. Although Tulsa Educare children scored higher
on the two measures of EF from kindergarten through Grade 3, with 7/8 of the contrasts
favoring the Tulsa Educare children, no differences were statistically significant. The two
groups of children were rated similarly in their SE skills over time with no significant
differences evident in the average teacher ratings. These results are described in more
detail below.

As noted, in early academics, Educare attendees generally scored higher on the five
measures of early academic achievement than their control group peers across K through
Grade 3. Specifically, language scores (receptive vocabulary, letter word identification,
picture vocabulary, and oral comprehension,) were higher for the Tulsa Educare group than
those attained by the control group at the end of K through Grade 3. Four comparisons
were statically significant: picture vocabulary at both Grade 1 (MT = 91.47, MC = 82.71,
p < 0.05, d = 0.60) and Grade 3 (MT = 97.37, MC = 86.06, p < 0.01, d = 1.04) and oral
comprehension at both Grade 1 (MT = 101.63, MC = 91.23, p < 0.01, d = 0.75) and Grade 3
(MT = 103.37, MC = 87.17, p < 0.01, d = 1.20), with the children who attended Tulsa Educare
achieving statistically significantly higher scores that were near national averages. Math
scores (applied problems) for the Tulsa Educare treatment group were higher than the
control group across K to Grade 3. Two timepoints were statistically significant–the Tulsa
Educare group scored significantly higher than their control group peers in math at the
end of K and Grade 3 (K: MT = 101.41, MC = 90.48, p < 0.01, d = 0.85; G3: MT = 95.16,
MC = 83.72, p < 0.05, d = 0.68).

Relative to EF, although children who attended Tulsa Educare generally performed
slightly better across kindergarten through Grade 3 on both measures of EF, no statistically
significant differences were attained. Raw scores were used for both HTKS and Digit Span,
so interpretation is challenging. However, the HTKS scores attained by the kindergarten
age children in this study are similar to the means reported by other authors [52,53] for
kindergarteners drawn from mixed-income samples. The Digit Span means reported for
children in this study are higher than those reported for 6- and 7-year-olds in a 2000 study
conducted with children eligible for free lunches, a proxy for low-income status [54].
Teachers rated children in the control group either equal to or slightly higher in social-
emotional development than children in the Tulsa Educare treatment group each spring
kindergarten through Grade 3. This is the one developmental domain where the control
group was rated higher in K through Grade 3 than the treatment group. However, these
group differences did not reach the level of statistical significance and were minimal
in magnitude.

3.2. Development of Children in Treatment and Control Groups

Table 4 presents results from LGC models, including intercept (the average score of
each outcome K through G3) and slope (the linear growth of each outcome from K to G3) as
outcomes with the group assignment (1 = Educare/Treatment group, 0 = control group) as
the main predictor, and child and family characteristics and classroom quality as controls.
For academic skills, Educare children’s average receptive vocabulary, letter word, picture
vocabulary, oral comprehension, and math skills from kindergarten through Grade 3 were
higher than children in the control group. However, the linear growth in these academic
skills was not significantly different between the two groups. That is, the two groups were
not significantly different in the growth rates of academic skills over time.

Inconsistent findings occurred for the two EF measures. We found Tulsa Educare
children’s average EF skills measured by Digit Span from K through G3 were significantly
higher than children in the control group, while we did not find a significant difference
in EF skills measured by HTKS between the two groups. In addition, the linear growth
of the EF skills was not significantly different between the two groups. There was not a
significant difference in the average and development of social skills from K to G3 between
the two groups.
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Table 4. Results from growth curve models (n = 62, E/T = 31, C = 31).

Language PPVT
Receptive

Vocabulary

Language WJ
Letter Word

Language WJ
Picture

Vocabulary

Language WJ
Oral

Comprehension

Math WJ
Applied Problems

Executive Function
HTKS

Executive
Function

Digit Span

Social
Emotional

DESSA

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Group
Control (0)

vs.
Treatment

(1)

0.28 *
(0.13)

0.04
(0.20)

0.45 ***
(0.13)

−0.23
(0.12)

0.35 **
(0.11)

−0.19
(0.17)

0.34 *
(0.13)

−0.15
(0.25)

0.45 **
(0.12)

−0.18
(0.16)

0.07
(0.15)

0.05
(0.16)

0.34 *
(0.14)

−0.15
(0.20)

0.25
(0.14)

−0.28
(0.18)

CLASS
average

−0.03
(0.14)

0.01
(0.17)

−0.30 *
(0.13)

0.15
(0.14)

−0.19
(0.13)

0.20
(0.16)

−0.12
(0.15)

−0.01
(0.26)

−0.17
(0.16)

0.14
(0.15)

−0.07
(0.14)

0.19
(0.18)

0.19
(0.15)

−0.27
(0.20)

0.05
(0.18)

−0.14
(0.22)

Note: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Results for the control variables from growth curve models are presented in Appendix A.

4. Discussion

This longitudinal study investigated child outcomes, kindergarten through Grade 3,
of 75 children randomly assigned as infants to either participate or not in Tulsa Educare, an
enhanced Early Head Start/Head Start program. It was hypothesized that the children who
experienced this high-quality ECE program as infants, toddlers, and preschoolers would
perform better than their control group peers across a range of measures from kindergarten
through Grade 3. Specifically, we investigated two research questions–if any differences
persisted from K through Grade 3, and if rates of growth differed for the two randomly
assigned groups from kindergarten through Grade 3.

Relative to the first research question, random intercept models computed to inves-
tigate group differences in each outcome from kindergarten through Grade 3 showed
children in the treatment group demonstrated significantly higher skills in vocabulary
(WJ-III Picture Vocabulary, PPVT-4 Receptive Vocabulary), oral comprehension (WJ-III
Oral Comprehension), and math (WJ-III Applied Problems) than children in the control
group. Mixed results were found for EF with one measure (Digit Span) showing significant
differences in favor of the Educare treatment group, while the second measure (HTKS)
was not different between the two groups. No significant differences were found for
social-emotional development. To address the second research question, linear slopes
were added to the models to identify potential group differences in the growth (slope) of
each outcome from kindergarten through Grade 3. There was not a group difference in
the growth of developmental skills. Thus, children’s rate of growth for language, math,
EF and social-emotional skills were not different between control and treatment groups
from kindergarten to Grade 3. Taken together, these results suggest the high-quality ECE
prompted early academic gains that persisted through Grade 3. The two groups did not
demonstrate differential growth from K to Grade 3—the treatment children’s growth did
not slow, or fade and the control group did not catch up. Instead, the Educare treatment
children entered K better positioned in academic skills and that boost maintained over the
elementary grades.

Our discussion will focus on how these findings align with the results reported for
the larger Cross-Site Educare RCT Study [22,23] and the broader contemporary early
childhood literature. However, to adequately demonstrate continuation versus fade out
of ECE impacts for this Tulsa Educare sample, additional details about how the Tulsa
subsample performed in the Educare Cross-site RCT are needed. Overall, results obtained
for the Tulsa subsample mirror those reported for the larger Cross-site Study. As reported
by Horm et al. [55], after 1 year of Tulsa Educare, the toddlers randomly assigned to
the treatment group demonstrated significantly higher auditory comprehension skills
in English (T = 90.35, C = 79.48, p < 0.05, d = 0.66) and Spanish (T = 95.03, C = 82.29,
p < 0.01, d = 0.79) and fewer parent-reported behavior problems (T = 10.71, C = 16.23,
p < 0.01, d = −0.81). At age three, the significantly better English auditory comprehension
(T = 87.39, C = 74.40, p < 0.01 d = 0.70) and significantly fewer parent-reported problem
behaviors continued for the Tulsa Educare treatment children versus their control group
peers (T = 9.82, C = 14.10, p < 0.05, d = −0.66). At age five and kindergarten entry, the
Tulsa-only RCT findings showed that the Tulsa Educare treatment children showed better
K readiness overall with significantly better performance in math (math at age 5: T = 100.32,
C = 91.20, p < 0.01, d = 0.80; at K entry: T = 101.74, C = 92.71, p < 0.01, d = 0.99) with scores at
the national average. These results combined with the results of the current study make the
case for continuation of ECE gains through Grade 3 in early academics. Each disciplinary
area will be discussed in more detail below.

As reported by Yazejian et al. [22] for the Educare Cross-site RCT Study, after one
year of Educare the children who attended Educare demonstrated significantly higher
English language skills in both expressive (PLS-4 Expressive Communication; d = 0.35) and
receptive (PLS-4 Auditory Comprehension; d = 0.56) domains compared to their control
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group peers. These authors note this magnitude of effects, as indicated by effect sizes, for
receptive and expressive language were larger than effects reported for investigations of
other early interventions designed for infants and toddlers, including Early Head Start,
Baby FACES, and NICHD ECCRN [22]. The age three results of the Educare Cross-site RCT
study [23] found that compared to children in the control group, children who received the
expected dose of Educare scored significantly higher on receptive language (PLS-4 Auditory
Comprehension; d = 0.25). Thus, the effect on language was shown to continue through age
three, although not as strong as indicated by effect sizes as the previously reported RCT
findings for the younger children after just one year of Educare [23]. This same pattern of
significantly better language outcomes for the Educare treatment children was also evident
in the Tulsa-only sample of the Educare RCT study after one year of Tulsa Educare and
at age three (PLS-4 English Auditory Comprehension; d = 0.70). Thus, the results of this
study showing significantly enhanced language outcomes for Tulsa Educare children over
their control peers through Grade 3 are consistent with earlier findings and support the
view that high-quality early care and education experiences provide an initial and ongoing
boost, through Grade 3, for language outcomes. As noted by Meloy et al. [9], persisting
gains in language and literacy are commonly reported in the studies investigating effects
through elementary school. Again, the effect sizes at the end of Grade 3 found for our Tulsa
sample (d = 1.04 for Picture Vocabulary; d = 1.20 for Oral Comprehension) indicate strong
sustained effects.

Relative to math, the Educare treatment children showed significantly better perfor-
mance compared to their control group peers at age three in the Educare Cross-site RCT
Study ([23]; d = 0.28) and at age five (d = 0.80) and kindergarten entry (d = 0.99) in our
Tulsa-only sample [55]. This finding is consistent with the published literature on continu-
ing math gains associated with preschool attendance. As noted by Meloy et al. [9], several
robust studies have reported continuing gains in math through elementary school. The
effect sizes demonstrated by our Tulsa-only sample at age five (d = 0.80), k entry (d = 0.99),
and at the end of kindergarten (d = 0.85), and Grade 3 (d = 0.68) demonstrate moderate to
strong persisting effects.

Although investigated, no differences were found in rated social-emotional devel-
opment of the Tulsa-only sample from kindergarten through Grade 3. This finding is
inconsistent with results found at younger ages with this Tulsa sample and with differences
found in the larger Educare Cross-site RCT Study when the children were younger. For the
Tulsa-only sample, results showed differences between the Tulsa Educare treatment and
control groups on behavior problems reported by parents. At both the toddler period and at
age three, parents of children enrolled in Tulsa Educare reported fewer behavior problems
than parents of control group children [55]. In the larger Cross-site Educare RCT, Yazejian
et al. [22] found that compared to the control group the Educare infants and toddlers had
significantly fewer parent reports of problem behaviors (BITSEA Problems, d = 0.28) and
more positive parent-child interactions (d = 0.42). Similarly, at age three, Yazejian et al. [23]
reported that compared to children in the control group, children who received the expected
dose of Educare continued to show significantly fewer parent-reported behavior problems
(BITSEA Problems, d = 0.28). Relative to the lack of consistency with no continuation
of the earlier group differences found with the Tulsa sample, it is challenging to draw
conclusions. However, it is important to consider the measurement of social-emotional
development at the various timepoints. As with most research, we did not have direct
assessments of children’s social-emotional behavior and relied instead on ratings provided
by others who have extended contact with the children and are, thus, better positioned to
rate their behavior. The raters differed as the children grew older with parents rating their
infant, toddler, and preschooler, and teachers rating the children from kindergarten through
Grade 3. While this is one possible explanation for the lack of consistent findings over
time, the ratings provided by teachers suggest no differences between the Tulsa Educare
treatment and control groups in negative or positive social-emotional development over
the kindergarten-to-Grade-3 period.
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Relatively few studies have evaluated social-emotional skills and EF in elementary
years and the findings have been mixed [9]. Meloy and her colleagues [9] note that the
mixed results are not surprising for at least three reasons. One challenge they identify is
the issue described above–studies vary in their approaches and measures used to capture
social-emotional skills and executive function. As noted above, the Educare Cross-site
RCT findings are based on parent ratings and observed parent-child interactions, while the
Tulsa Educare Follow-Up Study relied on teacher ratings of behavior when the children
were older. Second, they [9] note that measures of social-emotional development are less
developed than measures of language or early academics. Last, there is “limited research
on the specific dimensions of social-emotional learning that are most important for later
well-being or the ways in which elementary experiences may influence the social-emotional
skills and executive function of children who previously participated in preschool” ([9],
p. 21). In essence, existing measures may not assess the critical variables or capture them
accurately at different ages.

This study also examined classroom quality because children’s early learning and
developmental trajectories are assumed to depend on the quality of their experiences not
only before and during preschool, but also following [56]. Overall classroom quality as
measured by the CLASS was in the mid-range (overall CLASS scores of 3.9–4.6) for both
the Educare treatment and control groups across all years from K through Grade 3. Relative
to the CLASS domains, emotional support and classroom organization scores were in the
mid-range and instructional support scores in the low range across all years. This level
and pattern of observed quality is consistent with other published research documenting
classroom quality in primary grades using the CLASS K-3. Sandilos et al. [47] examined
CLASS K-3 data from 141 Grade 1 and 2 classrooms from both urban and rural districts and
reported that average emotional support and classroom organization scores were within the
middle-to-high ranges, while instructional support scores fell in the low range. Although
typical of primary school classrooms, this level of observed quality is lower than that
experienced by the Tulsa treatment group children when they were younger. Classroom
observations conducted when the treatment group children participating in this follow-up
study attended Tulsa Educare documented higher quality in the Tulsa Educare classrooms
than that evident in the elementary classrooms these children later experienced. When the
Educare treatment children were enrolled in infant-toddler classrooms at Tulsa Educare, the
observed quality, reported as part of another ongoing evaluation study [55], was recorded
to be in the good-to-high range. Specifically, average ITERS-R scores ranged from 5.3 to 5.8,
CLASS Toddler scores averaged 6.0 to 6.3 for emotional support, and 4.6 to 5.0 for engaged
support for learning. The Tulsa Educare treatment children also experienced good-to-high
quality in the Tulsa Educare preschool classrooms they attended. The measured quality
for these preschool classrooms during the years of their enrollment averaged 6.0 on the
ECERS-R, with average CLASS Pre-K scores recorded as 6.7 for emotional support, 6.2 for
classroom organization, and 4.3 for instructional support.

The levels of classroom quality observed K though Grade 3 in concert with the EF and
academic child outcomes do not support the common assumption that later classroom qual-
ity was responsible for the continuation of the preschool gains—known as the sustaining
environments hypothesis [57]. As discussed above, overall classroom quality as measured
by the CLASS was in the mid-range across all years, K through Grade 3, for classrooms serv-
ing both Tulsa Educare treatment and control group children. The classrooms experienced
by both groups did not differ on the CLASS domains of emotional support or classroom
organization, which were both classified as the middle range of quality, or in instructional
support, which was observed to be classified as low quality across years. Thus, the findings
of this study do not align with the sustaining environments hypothesis [57] that has been
commonly accepted [56] as a potential explanation for the continuation or fade out of early
childhood gains. Instead, an argument can be made, based on these findings, that it is likely
that the classroom quality the children experienced prior to K and prolonged exposure to
the high-quality infant/toddler and preschool environments through continued enrollment
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in the Tulsa Educare program are responsible for the documented earlier gains being sus-
tained through Grade 3. As reported, the children in the Tulsa Educare treatment group had
an average of 37 months of enrollment spanning infant/toddler and preschool classroom
participation [55]. This is consistent with other studies finding that ECE dosage is important.
As mentioned in the Introduction, past research has found that kindergarten readiness is
enhanced for children living in low-income contexts when they enroll in high-quality ECE
early and stay enrolled during their infant, toddler, and preschool years [16,17]. The current
study reinforces this small body of literature by adding evidence that children, especially
children considered educationally at-risk, benefit when they experience a large dose of
ECE by starting early. Importantly, the findings of this study extend the current literature
by showing that the impact of the early high-quality ECE dose extends through Grade 3
in the important areas of early academic skills of literacy, math, and perhaps EF. It has
been noted that few studies follow children longitudinally through elementary school [9],
especially studies that start in infancy and document program quality [17]. This study adds
to the small but growing literature documenting that ECE programs starting in infancy
have some of the largest and longest impacts (e.g., [18]).

It is important to acknowledge the limitations of this study including a small sample
size and attrition, especially that related to COVID-19. Another threat to the study was the
documented fact that approximately a third of the control group took advantage of the rich
ECE options available in Tulsa at the time by enrolling in other group ECE programs [55].
These threats should have attenuated the results. However, as reported above, this study
found a consistent pattern of significant academic outcomes, with medium-to-large effect
sizes, favoring the children who had been randomly assigned to the high-quality ECE Edu-
care treatment group. The pattern of results was also consistent across time, starting with
our earliest assessment of skills when the children were infants, toddlers, and preschoolers
and persisting through Grade 3.

Despite the limitations, this study offers unique contributions to the literature. Al-
though many studies examine concurrent impacts of early childhood programs or focus on
impacts at kindergarten entry, fewer studies follow early childhood program participants
into the early elementary grades [9]. Another unique feature of this study is its RCT design
and the age at which it started with random assignment to attend Tulsa Educare or not
at 19 months of age or younger. Thus, although locally focused, this follow-up study
contributes to the relatively scant literature of robust longitudinal studies spanning infancy
through Grade 3 to examine longer-term impacts of high-quality ECE. In addition to the
findings through Grade 3 of a general pattern of continuation of positive child outcomes
in early academic skills associated with earlier high-quality ECE attendance, this study
also contributes information about the expected size of impacts current ECE programs
that start in infancy can have. Our findings align with contemporary expectations [56]
showing consistent and continuing advantages in early academic skills for the group of
children randomly assigned to attend the Tulsa Educare program over similar children who
experienced a range of early care and education services available at the time. However,
our findings are much stronger and enduring than what some have suggested as reasonable
estimates or expectations for longer-term impacts of ECE programs. For example, Brookes-
Gunn and Lazzeroni [56] suggest reasonable estimates of effectiveness should be expected
to fall in the small-to-medium range, not large. Specifically, they suggest a reasonable
expectation is one-third of a standard deviation or more based on their review of current
ECE evaluation results. They [56] also note that preschool impacts are expected to diminish
over time, especially if high-quality educational services offered at sufficient intensity (i.e.,
full-day programs, wrap-around services) are not continued through elementary and later
levels of education. Specifically, they predict a preschool effect size of one-half will become
one-quarter, and a preschool effect size of one-third will become one-sixth over time. Our
results do not align with these predictions and expectations. Instead, our study demon-
strated medium-to-large effect sizes that persisted over the preschool-to-Grade-3 period.
An open question in the current literature is how past results obtained with small-scale
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model programs, such as the Perry Preschool and Abecedarian studies translate to today’s
contexts. This study contributes information to this discussion. In essence, medium-to-large
effects that are not only positive, but consistent and enduring, are possible in contemporary
high-quality programs.

Relative to policy and practice, the implications of these results suggest that high-
quality center-based ECE starting prior to age two can produce robust, sustained academic
benefits through Grade 3. Although our results were obtained in one city, Tulsa, the
program model enacted, Educare, is currently operational in 25 sites across the country
(see [20]). Given that these Educare schools operate as a network with common goals,
adopt the same logic model, and share professional development and practices, it is
expected that these results could be replicated across these programs and similar group
programs implementing a contemporary research-based approach. In this context, it is
worth repeating that Educare schools use Early Head Start and Head Start standards and
funding as their foundations [58].

Although our findings document the power of starting early with a substantial dose
of high-quality ECE to boost children’s academic performance in the short- and longer-
term, this study does not offer insights into what mechanisms or processes occurring in
classrooms or programs might explain the results, beyond the global explanation of “high-
quality early care and education”. This study reinforces the need identified in the larger ECE
literature to study the mechanisms supporting the continuation of earlier gains or fade out
that has been inconsistently reported in the extant literature. The implication for research is
that future studies should examine the dynamics and processes enacted in classrooms to
better understand and explain the inconsistent findings of continuation of earlier gains in
some studies and fade out in other studies [1,9]. Such research would shed light on this
current controversy, but more importantly, would offer programs information on how to
design and implement programs that support children in reaching their developmental
potentials, and deliver on the promise of ECE.
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Appendix A

Table A1. Results for control variables from growth curve models (n = 62, E/T = 31, C = 31).

Language PPVT
Receptive

Vocabulary

Language WJ
Letter Word

Language WJ
Picture

Vocabulary

Language WJ
Oral

Comprehension

Math WJ
Applied

Problems

Executive Function
HTKS

Executive
Function

Digit Span

Social Emotional
DESSA

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Intercept
β (SE)

Slope
β (SE)

Sex (Boy) 0.36 **
(0.13)

−0.03
(0.18)

0.17
(0.16)

0.37 *
(0.15)

0.29 **
(0.10)

−0.02
(0.13)

0.36 *
(0.14)

−0.05
(0.27)

0.13
(0.17)

0.28
(0.16)

0.13
(0.17)

−0.15
(0.19)

0.23
(0.17)

0.15
(0.21)

−0.28
(0.15)

0.10
(0.21)

DLL status −0.47 **
(0.18)

0.27
(0.24)

−0.39 **
(0.14)

0.37 *
(0.17)

−0.38
(0.23)

0.39
(0.23)

−0.29
(0.20)

0.53
(0.33)

−0.29
(0.20)

0.28
(0.16)

−0.71 ***
(0.15)

0.69 **
(0.22)

−0.48 *
(0.19)

0.57 *
(0.23)

−0.29
(0.17)

0.52 **
(0.19)

Economic
disadvantage

−0.12
(0.15)

0.16
(0.17)

0.15
(0.14)

0.01
(0.12)

−0.03
(0.15)

0.07
(0.17)

0.14
(0.15)

−0.03
(0.24)

−0.12
(0.15)

0.17
(0.14)

−0.17
(0.14)

0.23
(0.15)

0.10
(0.14)

0.13
(0.20)

0.27
(0.16)

−0.19
(0.20)

Parent
education

−0.31
(0.27)

0.56 *
(0.26)

−0.40
(0.21)

0.07
(0.23)

−0.35
(0.33)

0.54
(0.31)

−0.37
(0.26)

0.92
(0.47)

−0.22
(0.27)

0.16
(0.17)

−0.24
(0.23)

0.31
(0.26)

−0.33
(0.23)

0.27
(0.27)

−0.19
(0.30)

0.04
(0.31)

Family
structure

−0.11
(0.17)

−0.08
(0.17)

0.04
(0.15)

−0.07
(0.13)

−0.18
(0.17)

−0.04
(0.22)

−0.25
(0.18)

0.21
(0.32)

0.21
(0.19)

−0.02
(0.16)

0.12
(0.16)

−0.02
(0.18)

−0.34 *
(0.14)

0.06
(0.22)

0.54 **
(0.18)

−0.22
(0.25)

Home
activities

0.00
(0.14)

−0.21
(0.21)

0.10
(0.14)

0.14
(0.15)

0.04
(0.13)

−0.07
(0.14)

0.16
(0.12)

−0.41
(0.25)

0.06
(0.14)

0.04
(0.17)

−0.10
(0.14)

0.16
(0.17)

0.12
(0.13)

−0.11
(0.18)

0.40 **
(0.14)

−0.19
(0.21)

Parent stress 0.09
(0.10)

0.11
(0.15)

0.28 *
(0.13)

−0.14
(0.14)

0.25 *
(0.11)

0.04
(0.16)

0.34 **
(0.12)

−0.28
(0.25)

0.16
(0.09)

0.12
(0.13)

0.05
(0.14)

−0.07
(0.16)

0.13
(0.15)

0.15
(0.15)

−0.17
(0.14)

0.18
(0.21)

Parent
expectation

−0.19
(0.13)

0.23
(0.22)

0.06
(0.15)

0.21
(0.15)

−0.07
(0.12)

0.11
(0.19)

−0.11
(0.13)

0.63
(0.33)

−0.04
(0.15)

0.26
(0.15)

−0.18
(0.14)

0.16
(0.17)

−0.07
(0.16)

0.36
(0.24)

−0.28
(0.16)

0.51 **
(0.17)

Note: * p < 0.05, ** p < 0.01, *** p < 0.001.
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