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As state-funded pre-kindergarten (pre-K) programs expand, it is critical to investigate their short- and long-
term effects. This article presents the results through sixth grade of a longitudinal randomized control study
of the effects of a scaled-up, state-supported pre-K program. The analytic sample includes 2,990 children
from low-income families who applied to oversubscribed pre-K program sites across the state and were ran-
domly assigned to offers of admission or a wait list control. Data through sixth grade from state education
records showed that the children randomly assigned to attend pre-K had lower state achievement test scores
in third through sixth grades than control children, with the strongest negative effects in sixth grade. A nega-
tive effect was also found for disciplinary infractions, attendance, and receipt of special education services,
with null effects on retention. The implications of these findings for pre-K policies and practices are
discussed.
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Prior to 1980, only two states funded pre-K programs; currently
43 states fund such programs. There has been a corresponding
increase in the enrollment of 4-year-old children with about 1.5
million currently enrolled in state-funded pre-K programs—nearly
one third of all 4-year-old children in the U.S. (Friedman-Krauss
et al., 2018) and a larger enrollment than the federal Head Start
program (Administration for Children and Families, 2019). The

objectives of the advocacy groups and state legislatures promoting
this expansion vary, but one common theme is enhancing the
school readiness of children prior to kindergarten entry, especially
children from economically disadvantaged families. Alongside
that short-term goal, however, is an expectation that pre-K will
have longer-term effects on academic and behavioral outcomes
and help close the achievement gap (Phillips et al., 2017).

The expectations for long-term pre-K effects are largely based
on the results of the now classic early longitudinal studies—the
Perry Preschool and Abecedarian demonstration projects (Bailey
et al., 2017). Both projects not only showed positive effects on
later academic performance but, after high school, on such life
outcomes as employment and income, further education, criminal
behavior, and health. However, these were small demonstration
projects that involved intensive programs for highly disadvantaged
African American children in contexts that provided few intel-
lectually stimulating alternatives. Whether similar results can be
produced by less intensive scaled-up contemporary statewide
programs for more diverse populations is a critical question for
both policy and practice.

Unfortunately, questions about both short-term and, especially,
long-term state pre-K effects are difficult to address in a methodo-
logically rigorous way. A randomized study akin to those used in
the Perry Preschool and Abecedarian projects would require
assembling a sample of pre-K eligible children prior to the begin-
ning of the pre-K school year whose parents consented to having
them randomly assigned to attend or not attend the state program.
Few parents can be expected to allow the equivalent of a coin flip
to make such an important decision for their child. Absent random
assignment, the inherent parental discretion involved in choosing

Kelley Durkin https://orcid.org/0000-0002-9439-5386
Study materials are available at https://my.vanderbilt.edu/tnprekevaluation/

(Evaluating the Effectiveness of Tennessee’s Voluntary Pre-K Program, n.d.)
and deidentified datasets are available by request from Kelley Durkin.
This study was not preregistered. This research was supported by the
U.S. Department of Education Institute of Education Sciences Grants
R305E090009 and R305A210130 and the U.S. Department of Health
and Human Services National Institute of Child Health and Human
Development Grant R01HD079461-01. The opinions expressed are
those of the authors and do not represent the views of the Institute of
Education Sciences, the U.S. Department of Education, or the National
Institute of Child Health and Human Development. This work would not
have been possible without the assistance of the Tennessee Department
of Education and Tennessee Education Research Alliance. Special
thanks to Stone Dawson, Jane Hughart, and Ilknur Sekmen, for their
hard work collecting, cleaning, and analyzing data for this project. We
are also grateful for the support of multiple school districts and school
administrators throughout Tennessee.
Correspondence concerning this article should be addressed to Kelley

Durkin, Department of Teaching and Learning, Vanderbilt University, 230
Appleton Place, PMB 181, Nashville, TN 37203, United States. Email:
kelley.durkin@vanderbilt.edu

1

Developmental Psychology

© 2021 American Psychological Association
ISSN: 0012-1649 https://doi.org/10.1037/dev0001301

T
hi
s
do
cu
m
en
ti
s
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

Ps
yc
ho
lo
gi
ca
lA

ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le
is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al
us
e
of

th
e
in
di
vi
du
al
us
er

an
d
is
no
tt
o
be

di
ss
em

in
at
ed

br
oa
dl
y.



between options creates considerable potential for selection bias in
any comparison of outcomes for state pre-K versus any or all of
the available alternatives. Similar concerns apply to evaluations of
other publicly funded pre-K programs such as place-based locally
funded programs (e.g., Tulsa and Boston) and the federally funded
Head Start program.
One credible approach to evaluating the immediate effects of

state pre-K programs under these circumstances is the age-cutoff
regression-discontinuity (RD) design developed by Gormley and
colleagues in their study of the Tulsa pre-K program (Gormley et
al., 2005). This design capitalizes on a strict age cutoff for pre-K
eligibility and compares age-adjusted outcomes at the beginning
of kindergarten for children who attended pre-K the prior year
with those for younger children just beginning the pre-K program
and thus had no pre-K exposure that prior year. These evaluations
have focused on early literacy, language, and math and, almost
without exception, have found positive effects at kindergarten
entry (e.g., Pion & Lipsey, 2021; Hustedt et al., 2021; Montrosse-
Moorhead et al., 2019; Wong et al., 2008). A limitation of this
design is that it cannot be used for longer-term follow-up—by the
end of kindergarten both the treatment and control groups have
experienced pre-K.
Because of the practical difficulties of implementing random

assignment, studies of the sustained effects of state pre-K past the
beginning of kindergarten almost universally use nonrandomized
designs. One approach to avoiding selection bias associated with
parental decisions about attending pre-K has been to use aggregate
data that includes all the children in different cohorts whether they
attended state pre-K or not. Longer-term outcomes are then com-
pared for cohorts that vary in their exposure to state pre-K. For
example, Ladd et al. (2014) examined third grade test scores as a
function of differences across counties in the onset and magnitude
of state financial investments in the North Carolina pre-K pro-
gram. They found positive effects in reading and math with espe-
cially large estimates if the aggregate effects were assumed to
come entirely from the children in each county who actually
attended pre-K. Similarly, other studies (e.g., Bartik & Hershbein,
2018; Cascio & Schanzenbach, 2013; Rosinsky, 2014) have ana-
lyzed fourth grade NAEP test scores in relation to variation in pre-
K enrollment across time and, in some instances, across states.
The results of these studies have been mixed and generally show
sensitivity to differences in the statistical models used.
Attributing such aggregate effects to the influence of pre-K,

however, assumes that the aggregate units most successful in
increasing exposure to pre-K were not also more likely to imple-
ment or experience any other developments that affected educa-
tional performance co-occurring with the pre-K expansion or in
any year between then and the time at which the longer-term out-
comes were measured. This assumption that pre-K variation is in-
dependent of other educational influences is difficult to confirm
and not entirely plausible in the context of interconnected educa-
tional innovations and policy.
The most common approach to investigating longer-term effects

of locally funded and statewide pre-K programs is a post hoc com-
parison of later outcomes for children who did versus did not
attend the pre-K program years earlier (e.g., Hill et al., 2015; Pre-
skitt et al., 2020). These studies generally attempt to address the
inherent potential for selection bias by matching the children in
each group on a set of variables available at the time of outcome

measurement. A recent example is an investigation of the long-
term effects of Georgia’s universal pre-K program (Early et al.,
2019). Using demographic data from the state database, kindergar-
ten eligibility for free or reduced-price lunch, and kindergarten
school attended, Early et al. (2019) created propensity score
matches for pre-K attenders and nonattenders. The results showed
positive pre-K effects on third grade reading and math scores for
children from low-income families, but negative effects for pre-K
participants from higher income families. Notably, however, no
pretest measures taken before the beginning of the pre-K year for
early reading and math skills or for family circumstances that
might influence pre-K enrollment were available to ensure initial
equivalence between those groups. Indeed, the authors caution that
variables such as these might have accounted for the differences
found. The child and family characteristics associated with enroll-
ment in pre-K generally favor enrollees (Ansari & Crosnoe, 2015;
Coley et al., 2016) in ways that undermine the validity of such
post hoc comparisons.

Despite the challenges that have motivated the large body of
nonrandomized studies of the longer-term effects of state and
locally funded pre-K, there are circumstances amenable to
randomized designs. For example, when a sizable number of pre-
K sites receive more applicants than they have capacity to serve,
some applicants must of necessity be turned away. Randomization
provides an equitable and transparent way to allocate the available
seats at the respective sites. One of the two studies of state or
locally funded pre-K that has randomized in such a situation capi-
talized on the lottery procedure used to select applicants for popu-
lar pre-K program sites in Boston (Weiland et al., 2020). This
naturally occurring lottery allowed Weiland and colleagues to
compare children randomly selected to attend their first choice
program with a control group not selected for that first choice.
This contrast was diminished, however, by the ultimate attendance
of 72% of the control group in another Boston pre-K program,
24% in a center-based preschool other than a Boston pre-K, and
only about 3% who did not attend any preschool. The direct
intent-to-treat comparison between the overall treatment and con-
trol groups found no differences on third grade English language
arts and math tests nor on retention in grade and special education
placements through third grade. An instrumental variable analysis
that compared children attending any Boston pre-K program with
those attending other preschools or none similarly found no differ-
ence on any of these outcomes. It is notable, however, that the
effect estimates for the third grade math scores and kindergarten
special education placements were negative, though short of statis-
tical significance.

While a state pre-K program is the focus of this article, a large
body of research has focused on the Head Start program. How-
ever, there is only one randomized study of longer-term Head Start
effects (Puma et al., 2012), one that also randomized applicants to
oversubscribed programs. Head Start children had larger gains
than controls on literacy and language measures (but not math)
prior to kindergarten entry, but these effects disappeared by the
end of kindergarten. Focusing on earlier Head Start programs,
Deming (2009) conducted a study comparing siblings within the
same family born between 1976 and 1986 who did or did not
attend Head Start, and found long-term positive Head Start effects
on adult outcomes even though test score differences faded. In a
similar analysis, Pages et al. (2020) found that using the Deming
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sample but extending the measurement period decreased the adult
effects, and data for children attending more recent Head Start pro-
grams showed mostly negative effects. Siblings who attended
Head Start were less likely to be employed or enrolled in school
compared to their siblings who mostly received home care. These
later Head Start programs occurred within the same time window
as the implementation of the Tennessee Voluntary Pre-K (TN-
VPK) program that is the topic of the current article.
This paper reports results from a randomized longitudinal study

of TN-VPK that began with the 2009 and 2010 pre-K cohorts. As
in the Head Start Impact Study, the Tennessee research team
implemented randomization at oversubscribed program sites and
followed the resulting sample afterward to investigate how well
the pre-K effects were sustained. The results through sixth grade
are reported here and those for earlier periods are summarized.

TN-VPK and Effects Through Third Grade

While state pre-K programs vary, the Tennessee program is
relatively typical. Pilot programs began in 1996 with full state-
wide implementation in 2005. TN-VPK is organized and over-
seen by the state department of education and serves more than
18,000 4-year-old children from low-income families statewide
with local program sites in all but a few of the school districts in
the state. The state requires a minimum instructional time of 5.5
hr per day, 5 days a week during the school year, classes of no
more than 20 students staffed by a state-licensed teacher
endorsed for early childhood education and paid at public school
teacher rates, an educational assistant in each room, and a curric-
ulum selected from a state-approved list (Tennessee Department
of Education, 2019).
When the TN-VPK program began, it met nine of the 10

standards advocated until recently revised by the National Insti-
tute of Early Education Research (NIEER; Barnett et al., 2009).
The current study began with the 2009 and 2010 pre-K cohorts.
In 2015 (Farran & Lipsey, 2015) we reported a separate related
study of a representative sample of TN-VPK programs in the
state that found that quality as measured by the Early Child-
hood Environment Rating Scale (Harms & Clifford, 1980)
matched or exceeded that reported in evaluations of other state
pre-K programs. More recently, Pion and Lipsey (2021) used a
regression-discontinuity design with that statewide sample to
investigate end-of-pre-K effects on a battery of commonly used
cognitive measures. The TN-VPK results compared favorably
with those found in similar designs for more than a dozen other
statewide pre-K programs.
The findings of the TN-VPK study through third grade were

described in prior research reports (Lipsey et al., 2013a, 2013b) and
a published summary article (Lipsey et al., 2018). The design
involves oversubscribed program sites across Tennessee in which
applicants were randomized to offers of admission or waitlist status
(N = 2,990 children; referred to as the randomized control trial

[RCT] analytic sample). In addition, parental consent was obtained
for 1,076 children to allow the research team to collect additional
data from the children and their teachers at the beginning and end of
the pre-K year and annually through third grade (referred to as the
intensive substudy [ISS] sample). We attempted to obtain parental
consent for all children in the RCT full sample, but different proce-
dures for obtaining consent were used with the two cohorts of

students due to logistical reasons. For the 2009 cohort, the Tennes-
see Department of Education officials interpreted the confidentiality
requirement for FRPL eligible children in a way that only allowed
parents to be contacted via a mailing sent from their central office.
Almost all parents who responded consented, but many did not
respond (consent rate of 24.4%). For the 2010 cohort, arrangements
were negotiated to allow parents to be approached about consent as
part of the VPK application paperwork, and a member of the
research team was available to respond to questions (consent rate of
67.8%). Again, most of the remainder did not respond and very few
actively declined to consent. The interaction between cohort and
condition was included in the ISS analyses, and the interaction was
not ever significant. The ISS sample also showed strong baseline
equivalence on achievement pretests and a wide range of family
characteristics. A battery of Woodcock-Johnson achievement out-
come measures showed significant positive immediate effects of
TN-VPK at the end of pre-K. Those effects were especially pro-
nounced for children who entered pre-K with lower baseline scores
on the achievement measures and those for whom English was not
their native language.

By the end of kindergarten, most of the effects on achievement
were no longer statistically significant and, in later years, nearly
all had turned at least slightly negative, although generally short of
statistical significance (Lipsey et al., 2018). By the end of third
grade, state achievement test scores for the RCT analytic sample
echoed the achievement results from the ISS subsample with TN-
VPK participants scoring lower than nonparticipants, significantly
so in math and science. No effects were found on either attendance
or grade retention rates through third grade. However, children
who attended TN-VPK had marginally significant higher rates of
school rule violations and a significantly greater proportion of TN-
VPK participants had special education placements (Lipsey et al.,
2018). There were no significant effects on the quality of the
schools the students subsequently attended or their exposure to
higher quality teachers in those schools (Pearman et al., 2020).
However, positive TN-VPK effects were found on the third grade
state achievement tests for the small proportion (12%) of children
who attended higher quality schools and were exposed to higher
quality teachers.

TN-VPK Effects Through Sixth Grade

The current article reports the next phase of this study, which
extended the investigation of longer-term TN-VPK effects through
sixth grade. Several issues were of interest for this follow-up period.
Paramount was the question of whether the negative effects found
on the third grade state achievement tests diminished or continued in
the later grades. Similar questions apply to the further development
of the null or negative findings on later attendance, retention, disci-
plinary infractions, and special education placements.

Method

RCT Sample

This study involves 79 oversubscribed TN-VPK program sites
with two cohorts of pre-K applicants randomized to offers of
admission or a waitlist, one cohort entering pre-K in 2009–10, the
other in 2010–11. This resulted in randomization of 111 site-level
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applicant lists (R-Lists). To be included in the RCT analytic sam-
ple, students had to: (1) be eligible for free or reduced price lunch,
(2) be 4 years old by September 30 of their pre-K year, (3) be
applicants to an oversubscribed TN-VPK program site that suc-
cessfully randomized admission decisions, (4) not have applied for
out-of-classroom special education services prior to pre-K enroll-
ment, and (5) have a record in the state education database for at
least one year of attendance in a Tennessee public school between
pre-K and third grade. Of the students who met Criterion 1 through
4, there were 141 students who did not have subsequent state data
in any year from kindergarten through third grade (Criterion 5).
Omitting those students left a total of 2,990 eligible children in
the sample used for analysis. Criterion 5 kept the RCT analytic
sample the same as in previous reports; extending that criterion to
include students with data from fourth through sixth grade would
have added only one student to the sample.
We report all results using two definitions of treatment and con-

trol conditions: intent-to-treat (ITT) and treatment-on-treated
(TOT). ITT differentiates students according to whether they were
randomly assigned to receive offers of admission. TOT differenti-
ates students according to whether they actually attended TN-VPK
or not. Figure 1 provides a visual representation of the ITT and
TOT conditions and the number of children in each. The children
enrolled in TN-VPK attended an average of 143.8 days (SD =
31.6) during the school year. All participants were treated ethi-
cally, and the Vanderbilt University Institutional Review Board
(IRB #090666, “Evaluating the Effectiveness of Tennessee Volun-
tary Pre-K Program”) approved this study.

Counterfactual Conditions

While we do not have information on the alternative care
arrangements for students in the RCT analytic sample who did not
attend TN-VPK, we do have that information via parent interviews
for the 306 nonattending children in the ISS sample described ear-
lier. Overall, 63% received home-based care by a parent, relative,
or other person; 13% attended Head Start; 16% were in private
center-based childcare; 5% had some combination of Head Start
and private childcare; and childcare for 3% was not reported.
Characteristics of the programs and students contributing to the
ISS were very similar to those in the RCT analytic sample (Lipsey
et al., 2018).

Representativeness of the RCT Analytic Sample

Another component of the Tennessee Pre-K study not otherwise
discussed here involved a statewide probability sample of the 942
TN-VPK classrooms operating at the time the study began (Pion
& Lipsey, 2021). That sample included 155 TN-VPK classrooms
purposely selected to be representative of the state program and
2,093 children in those classrooms with data on the same demo-
graphic characteristics available for the RCT analytic sample. To
allow estimation of TN-VPK effects for students with the state-
wide demographic profile, children in the RCT analytic sample
were identified with exact or very similar demographic profile
matches to children in the statewide sample. Weighting functions
were then created to up-weight or down-weight the children in the
analytic sample to match the proportions with corresponding

Figure 1

Composition of the Intent-to-Treat (ITT) and Treatment-on-Treated (TOT) Groups

in the Randomized Control Trial (RCT) Analytic Sample

389 (13.0%)

a�ended 

(crossovers)

993 (33.2%)

TN-VPK nonpar�cipants

1,608 (53.8%)

a�ended

1,997 (66.8%)

TN-VPK par�cipants

244 (8.2%)

did not a�end 

(no shows)

749 (25.1%)

did not a�end

RCT Analy�c Sample

111 R-Lists from 79 programs

(2,990 students)

1,852 (61.9%)

assigned 

to TN-VPK

1,138 (38.1%)

assigned 

to control

Note. Percentages read across each row.
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profiles in the statewide probability sample (see Lipsey et al.,
2018 for details about the statewide probability sample demo-
graphics). This procedure allowed us to generalize the findings
from oversubscribed programs in the RCT analytic sample to the
statewide program as a whole.

RCT Analytic Sample OutcomeMeasures

Data providing outcome variables for the RCT analytic sample
were drawn from the state database each year through sixth grade
and included the following:

• Tennessee Comprehensive Assessment Program (TCAP):
State achievement test during students’ third grade year;
scaled scores for reading, math, and science.

• TNReady: TNReady replaced TCAP in 2015–16 as the
state standardized achievement test. A major breakdown
in the testing program when switching to TNReady
resulted in a loss of fourth grade test scores for Cohort 2
and fifth grade scores for Cohort 1. We analyzed the sixth
grade scaled scores for both cohorts in English language
arts, math, and science.

• Violation of school rules: Any recorded violations of
school policy such as attendance-related issues, dress code
violations, cheating, and the like.

• Major disciplinary infractions: Possession of drugs, alcohol,
or weapons, theft, vandalism, violence or threats of vio-
lence, bullying, fighting, assault, and sexual harassment.

• Individualized Education Program (IEP) other than for
gifted or physical disability: Children with special educa-
tion programming for a specific learning disability, intellec-
tual disability, speech or language impairment, emotional
disturbance, autism, functional delay, or developmental
delay.

• Attendance rate: The number of days attended divided by
the number of days enrolled.

• Grade level: Enrollment below versus at or above
expected grade indicating retention in grade.

Some children were not enrolled in a TN public school in some
years and did not have state records those years. In kindergarten,
98.5% had state data, 96.5% in first grade, 95.0% in second grade,
93.7% in third grade, 92.5% in fourth grade, 91.3% in fifth grade,
and 90.3% in sixth grade.

Analysis

Missing Data

Missing values on the variables used in analysis fell into two
categories. First, 141 children in the initial randomization did
not enroll in TN public schools after the pre-K year (with one
late exception) and only 40 of those enrolled in TN-VPK during
the pre-K year. Most of these children had no baseline data,
none had outcome data, and they were dropped from the analytic
sample. Second, there was missing outcome data in the analytic
sample (ranging from 9.7% to 13.3%), though none on baseline
variables.
The potential for differential attrition to bias treatment effect

estimates was explored for the N = 2,990 analytic sample and the
N = 3,131 initial sample that included the 141 cases without

outcome data. First, missing data rates for outcome variables were
compared for the ITT treatment versus control conditions. The dif-
ferences for the analytic sample were all less than 2 percentage
points; for the initial sample, all were less than 3 percentage
points. None of these differences were statistically significant at
a = .05, but significance at p , .10 was found for major discipli-
nary infractions and the combined measure of major infractions
and school rule violations in the analytic sample and for all three
disciplinary measures in the initial sample.

Although missing data rates for the treatment and control condi-
tions were generally comparable, consideration was also given to
the possibility that the missing outcome data were different for
each condition, which also could bias effect estimates. For this
purpose, we imputed estimates of the missing values and com-
pared effect estimates with and without the imputed data. Twenty-
five imputed data sets were generated separately for the ITT
treatment and control conditions and combined for analysis. The
analysis models described in the next section were then used to
estimate treatment effects for each outcome variable with the
observed and imputed values for the analytic and initial samples.

With two exceptions, the effect estimates for the observed
and imputed data from the analytic sample were closely compa-
rable for direction, magnitude, and statistical significance. The
exceptions were the proportion of children with an IEP in sixth
grade and the proportion with any major disciplinary offense
over the K–sixth grades. In both cases, the estimates with
imputed values were smaller and nonsignificant compared to
larger significant ones with observed values. However, these
effect estimates were very small, ranging from .014 to .033. For
the initial sample, the direction, magnitude, and statistical sig-
nificance of the effect estimates for the observed and imputed
data were also comparable across outcomes with the exception
of IEP and major disciplinary offenses, but also for attendance.
Again, the estimates were very small, ranging from .001 to
.033, and of dubious practical significance. Notably, the critical
achievement test effect estimates were quite comparable across
these various comparisons.

Details about these analyses and their results are in Supplemental
Materials 1. Given how little evidence was found of consequential dif-
ferentials in the proportions of missing values or the effects found with
and without imputation, we have chosen to focus this report on the
results found with the observed data in the analytic sample.

Analysis Models

Analysis of TN-VPK effects used hierarchical linear models
(HLM) with students nested in the R-List program sites from
which applicants were randomized and those nested in their re-
spective school districts. Equations for the HLM models and the
corresponding SPSS syntax are in Supplemental Materials 2. A
reanalysis of TN-VPK effects through third grade using block
fixed effects models as an alternative approach resulted in findings
comparable to those with HLM (Watts et al., 2019). Many of the
outcome variables of interest are binary (e.g., whether a student is
on grade level). For consistency, the HLM results are presented
here. Confirmation that they are substantially similar to the results
of more technically appropriate multilevel logistic regression anal-
yses are in Supplemental Table S1.
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All the analyses of TN-VPK effects (unless otherwise indicated)
incorporated what we will refer to as the “standard set” of covariates
to adjust for baseline differences, improve statistical power, and pro-
vide a basis for moderator analysis. These included age at the begin-
ning of the pre-K year, gender (male), race/ethnicity (White, Black,
Hispanic), and native language other than English. At Level 2, to aid
statistical power, we included TN-VPK program site characteristics
identified by representatives of the Tennessee Department of Educa-
tion as relevant to program performance: urbanicity (urban vs. rural),
partner programs (operated by community organizations vs. schools),
priority schools (operated in the lowest performing schools), pilot pro-
grams (funded in 1996 as pilot pre-K programs), and region (west,
central west, central east, and east parts of the state).1 Further analyses
tested interactions between treatment condition and the student demo-
graphic variables to determine whether any of those variables moder-
ated the effects of TN-VPK. These analyses involved a large number
of statistical tests and Benjamini-Hochberg corrections for false posi-
tive rates were applied.
The primary analyses involved ITT comparisons with the origi-

nal observed data and repeated with the weighting functions
derived from the statewide probability sample described earlier. A
principal stratification strategy modeled on that used in the Head
Start Impact Study (Puma et al., 2010) was used to generate com-
plier average causal effect (CACE) estimates from the ITT esti-
mates. This procedure recognizes that the ITT treatment and
control groups include four distinct subgroups differentiated by
how they react to the randomization: compliers who accept the
condition to which they are randomized; always takers who obtain
treatment whether randomized to it or not; never takers who do
not participate in treatment whether randomized to it or not; and
defiers who choose the opposite of their assigned condition.
Some reasonable assumptions are that there are no or trivially few

defiers (unlikely that parents who apply for TN-VPK will reject
admission if offered but obtain it if not offered), and that the expecta-
tion from randomization will yield the same proportion and charac-
teristics for always takers in both the ITT treatment and control
groups (latter called crossovers). Along with a few technical assump-
tions, these allow derivation of a multiplier that scales the ITT effect
estimates into CACE estimates (Gennetian et al., 2005; Puma et al.,
2010, pp. 5–53). This procedure also rescales the standard errors of
the ITT estimates with the same multiplier so the statistical signifi-
cance of the CACE estimates is the same as for the corresponding
ITT estimates. These scaled up estimates have been shown to be
equivalent to the CACE estimates derived by an alternative approach
using two-stage least-squares instrumental variable analysis with ran-
dom assignment as the instrument (Angrist et al., 1996).
As effect estimates for Compliers, the CACE estimates omit the

always taker subgroups that also participated in TN-VPK and
would thus need to be included in full TOT estimates. While effects
for always takers cannot be estimated directly, their outcomes on
the state achievement tests were compared with those for control
condition compliers and for treatment condition no shows to pro-
vide some general indication of their potential magnitude. Those
estimates fell well within the confidence intervals for the CACE
estimates. On that basis, we assume the effects for the always takers
are comparable to the CACE estimates and have interpreted the
CACE estimates as TOT estimates. Details for the CACE and TOT
derivations are provided in Supplemental Materials 3.

Baseline Equivalence Between Conditions

The state administrative data system does not collect data on
TN-VPK applicants at the beginning of the pre-K year. Descrip-
tive baseline variables for the RCT analytic sample were thus lim-
ited to demographic and program site characteristics. Baseline
equivalence comparisons for the ITT treatment and control groups
on student demographic characteristics in the observed data are
presented in Table 1 (this comparison does not apply to program
sites, only within sites). There were no statistically significant dif-
ferences on any of the demographic variables and the effect sizes
were small, indicating substantial similarity between the respective
treatment and control groups. These analyses were repeated with
the weighting function applied and with multilevel logistic regres-
sion, which also revealed no significant baseline differences
(Supplemental Tables S2 and S3). As a further check, baseline dif-
ferences on student demographics were examined for the data con-
tributing to each outcome taking attrition into account. None of
these differences were significant (Supplemental Table S4).

Study materials are available at https://my.vanderbilt.edu/
tnprekevaluation/ and deidentified data sets are available by
request from the first author. This study was not preregistered.

Results: RCT Analytic Sample

Academic Performance

State Achievement Tests

Most students in the RCT analytic sample had scores on the
state achievement tests first administered in third grade. TN-VPK
effects on those scores were reported previously (Lipsey et al.,
2018), but we include them here to allow comparison with the
later sixth grade scores and because the weighting function and
covariates were updated from previous reports. The first two pan-
els of Table 2 present ITT and TOT results for third and sixth
grade; the second two panels present analogous results with the
observed values weighted to match the demographic profile of the
statewide TN-VPK population. The third grade results show that
control children outperformed TN-VPK children across the three
subject areas, with those differences statistically significant for
mathematics and science in the unweighted analyses and for all
three tests in the weighted analyses. On the sixth grade TNReady
tests, control children continued to outperform the TN-VPK chil-
dren in reading, mathematics, and science with statistically signifi-
cant differences larger than those observed in third grade. These
effects were similar when examining only the ISS sample (Table
3, see analysis details in Supplemental Table S5).

The loss of fourth grade state achievement test scores for Cohort
2 and fifth grade scores for Cohort 1 resulting from the lapse in
testing when the TCAP was replaced by the TNReady tests pre-
cluded year-to-year comparisons for the analytic sample. Figure 2
charts the available reading and math scores for the cohorts with

1 This set of covariates is more extensive than those used in analyses
reported earlier (Lipsey et al., 2018) and, by using more information,
resulted in somewhat better fitting models. As a consequence of this
change, third grade results reported here do not agree exactly with those
reported earlier, although the patterns remain the same.
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state data at each grade level. Supplemental Table S6 provides
more detail for these estimates. These findings do not change
when students who were retained or promoted a grade level are
excluded (Supplemental Table S7).
Exploration of differential effects on the state achievement tests in

third and sixth grade found no statistically significant interactions of
ITT treatment condition with age, gender, White, Black, or non-native

English language. However, there were significant interactions for
Hispanic children in third grade for the weighted analysis for reading
(B = 14.63, SE = 4.57, t = 3.20, p = .020) and marginally for mathe-
matics and science after Benjamini-Hochberg adjustments (B = 13.26,
SE = 4.74, t = 2.79, p = .098 and B = 12.50, SE = 4.74,
t = 2.64, p = .125, respectively). Results for the unweighted models
were similar. In third grade, Hispanic students who did not participate

Table 1

Intent-to-Treat (ITT) Treatment and Control Comparisons on Baseline Variables (RCT Analytic Sample, Observed Data)

Variable Treatment group meana Control group meana Pooled SDb Coefficient for T-C Differencec Effect sized p-value

Age (months) 53.21 53.30 3.47 �.087 �.025 .507
Gender (male) .50 .49 .50 .006 .012 .752
White .67 .68 .50 �.010 �.019 .578
Black .20 .20 .45 .001 .003 .941
Hispanic .14 .13 .41 .007 .018 .639
Non-native English .14 .13 .41 .008 .019 .617

N = 1,852 N = 1,138

Note. RCT = randomized control trial.
a Estimated marginal means from multilevel analysis models.
b Pooled treatment and control group standard deviations.
c Coefficients for the treatment-control differences from multilevel models predicting each baseline variable with ITT condition as the only predictor.
d Effect size: Coefficient for the treatment-control difference divided by the pooled standard deviation.

Table 2

Intent-to-Treat (ITT) and Treatment-on-Treated (TOT) Effect Estimates for Third and Sixth Grade State Achievement Tests (RCT

Analytic Sample)

ITT TOT

Subject Treatment group meana Control group meana Pooled SDb
Coefficient for T-C

Differencec Effect sized p -valuee
Coefficient for
T-C Differencec Effect sized

Third grade TCAP (observed values)
Reading 746.1 748.2 34.34 �2.13 �.062 .146 �4.05 �.118
Math 755.9 760.2 35.56 �4.22* �.119 .006 �8.02* �.225
Science 748.6 752.2 35.33 �3.58* �.101 .016 �6.80* �.192

N = 1,505-1,506 N = 935�936 N = 2,440-2,442

Sixth grade TNReady (observed values)
ELA 321.2 325.0 29.86 �3.83* �.128 .002 �7.18* �.240
Math 317.1 323.6 36.31 �6.46* �.178 .000 �12.12* �.333
Science 750.4 755.6 39.37 �5.18* �.132 .002 �9.83* �.249

N = 1,615-1,630 N = 976�996 N = 2,591-2,626

Third grade TCAP (weighted observed values)
Reading 746.9 750.1 33.59 �3.26* �.097 .027 �6.19* �.184
Math 755.6 761.0 34.84 �5.40* �.155 .000 �10.24* �.293
Science 750.0 754.1 35.48 �4.03* �.114 .008 �7.64* �.215

N = 1,505-1,506 N = 935�936 N = 2,440-2,442

Sixth grade TNReady (weighted observed values)
ELA 320.5 325.1 30.26 �4.56* �.151 .000 �8.56* �.282
Math 316.8 324.5 36.14 �7.70* �.213 .000 �14.44* �.399
Science 750.0 756.4 39.09 �6.35* �.163 .000 �12.06* �.308

N = 1,615-1,630 N = 976�996 N = 2,591-2,626

Note. RCT = randomized control trial.
a Covariate-adjusted means generated by multilevel analysis models.
b Pooled treatment and control group standard deviations. There are minor variations between the pooled SDs for ITT and TOT; the mean is presented
here but effect sizes are computed on the exact values.
c Coefficients for treatment-control differences from multilevel models with children nested in R-Lists and R-Lists nested in districts and the standard set
of covariates (see text). The multipliers for the ITT coefficients that estimate the TOT coefficients are between 1.8965–1.8990 with third grade and
1.8751–1.8972 for sixth grade.
d Effect size: coefficient for the treatment-control difference divided by the pooled standard deviation. Negative signs indicate a less favorable outcome for
the treatment group.
e The p values for statistical significance that are the same for the ITT and TOT coefficients.
* p , .05.
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in TN-VPK performed better than those who did participate; non-His-
panic students who did not participate in TN-VPK performed the
same as those who did participate. In sixth grade, there were no signif-
icant interactions for any of the achievement tests.

Retention in Grade and Special Education

Whether students were in the expected grade level in sixth grade
(had not been retained) was represented with a binary variable, 0 for
below the expected level and 1 if at that level or (rarely) above. As
Table 4 reports, 87.2% of the TN-VPK participants in the analytic
sample and 88.1% of the nonparticipants were at grade level. There
were no significant differences between these groups in retention
with either the weighted or unweighted analysis, a finding confirmed
with multilevel logistic regression (Supplemental Table S1).

Students were coded as 1 if they had any IEP except for gifted
or physical disabilities in a given year, and 0 if they did not. As
Table 4 reports, more TN-VPK participants (11.7%) had an IEP
compared with nonparticipants (8.4%) in sixth grade. These differ-
ences were significant in both the weighted and unweighted analy-
sis, and in parallel multilevel logistic regression (Supplemental
Table S1). These effects were similar when examining the ISS
sample compared with the RCT analytic sample (Table 3, see anal-
ysis details in Supplemental Table S8).

Although our focus is on sixth grade outcome data, trends across
the years are also informative. From kindergarten through sixth
grade, the treatment and control groups in the analytic sample had
similar retention rates (Supplemental Table S9 and Supplemental
Figure S1). One exception was first grade when more TN-VPK

Table 3

Effect Sizes for the RCT and ISS Samples for Sixth Grade Outcomes

Outcome

RCT (N = 2,591–2,700) ISS (N = 914�965)

ITT TOT ITT TOT

Achievement tests
English �.128 �.240 �.091 �.185
Math �.178 �.333 �.113 �.227
Science �.132 �.249 �.075 �.156

On grade �.025 �.047 .063 .125
IEP �.107 �.203 �.135 �.270
School rules �.119 �.222 �.158 �.316
Major offenses �.083 �.157 �.073 �.146
Any offenses �.090 �.170 �.140 �.278

Note. Effect sizes are the coefficient for the treatment-control difference divided by the pooled standard
deviation. Negative signs indicate a less favorable outcome for the treatment group. RCT = randomized con-
trol trial; ISS = intensive substudy; ITT = intent-to-treat; TOT = treatment-on-treated; IEP = Individualized
Education Program.

Figure 2

Standardized Tests TOT Weighted Covariate-Adjusted Means in Third through Sixth Grades (RCT Analytic Sample)
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Note. TOT = treatment-on-treated; RCT = randomized control trial; ITT = intent-to-treat. Asterisks indicate significant differences (p , .05). These
graphs include students who have been promoted or retained. The grades noted above refer to students’ expected grade levels. More detailed ITT and
TOT results for each grade with observed and weighted data are provided in Supplemental Table S6. Analyses were also performed including only stu-
dents who were at or above expected grade level with similar results (Supplemental Table S7).
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participants were at expected grade level (fewer retained in kinder-
garten). However, by second grade the conditions were similar
again.
Because the state department of education administers TN-VPK

and most of the classrooms are in elementary schools, TN-VPK par-
ticipants have an early extra year in which to be screened and identi-
fied for special education services, and once identified, generally
maintain that status for several years. More TN-VPK participants
than nonparticipants had an IEP in kindergarten, continuing into
sixth grade (Supplemental Table S10 and Supplemental Figure S2).
Moreover, the proportion of students in the control group with IEPs
began trending down in second grade while that for TN-VPK par-
ticipants was more stable over time.

Behavioral Outcomes

Attendance and Attendance Trends

Attendance rates in sixth grade (proportion of instructional days
without a recorded absence) were high for both TN-VPK participants
and nonparticipants. Nonetheless, the difference between groups was
statistically significant with a slightly higher rate for nonparticipants
(97.5% vs. 97.1%, p = .013 for the ITT analysis with observed val-
ues). Supplemental Table S11 provides model details for each year
(see also Supplemental Figure S3). Sixth grade was the first academic
year with a significant attendance difference between conditions,
although there were marginally significant effects in kindergarten
and first grade.

Disciplinary Infractions

The frequency of expulsions, in-school suspensions, and out-of-
school suspensions increased across the school years but was rela-
tively low in any one school year. To summarize, we created out-
come variables that indicated whether any such events were
recorded across the kindergarten to sixth grade years (1 if any

offenses, 0 in none). We also differentiated events classified as
minor or major offenses. All analyses revealed higher rates of
recorded disciplinary events for TN-VPK participants than non-
participants, and these differences were statistically significant
except for the weighted analysis for major offenses (Table 5; mul-
tilevel logistic results in Supplemental Table S1). These effects
were also similar when examining the ISS sample (Table 3, see
analysis details in Supplemental Table S12). There were no signif-
icant interactions between ITT condition and demographics for
these outcomes. The offense rates are graphed across grades in
Figure 3 (detail in Supplemental Table S13). The differences
between conditions grew larger each year, particularly for school
rule violations.

Discussion

We have presented the results through sixth grade of the effects
of a scaled-up, state-funded pre-Kindergarten program, the only
randomized control study of a statewide pre-K program to date.
As reported in prior papers (Lipsey et al., 2018; Pion & Lipsey,
2021), the effects of TN-VPK on individually assessed early
achievement measures at the end of the pre-K school year were
strong, especially on literacy measures. Those results are thus sim-
ilar to the findings of multiple age-cutoff regression-discontinuity
studies that have become the most common research model for
assessing end of pre-K effects (e.g., Hustedt et al., 2021; Mon-
trosse-Moorhead et al., 2019; Wong et al., 2008).

Followed over time, however, the TN-VPK effects disappeared
by the end of kindergarten and turned negative by the end of third
grade (Lipsey et al., 2018). Subsequently the achievement effects
have increased in negative magnitude across the years and been
moderate to strong. We found the same increasingly negative trend
for disciplinary infractions and, by sixth grade, for attendance. For

Table 4

Intent-to-Treat (ITT) and Treatment-on-Treated (TOT) Effect Estimates for Grade Level and Special Education Status at the End of

Sixth Grade (RCT Analytic Sample)

ITT TOT

Outcome
Treatment group

meana Control group meana Pooled SDb
Coefficient for T-C

differencec Effect sized p-valuee
Coefficient for
T-C differencec Effect sized

Observed values
On grade .872 .881 .329 �.008 �.025 .531 �.016 �.047
IEP .117 .084 .304 .033* �.107 .010 .062* �.203

Weighted observed values
On grade .851 .860 .354 �.009 �.026 .528 �.017 �.049
IEP .126 .081 .310 .045* �.144 .001 .085* �.272

N = 1,678–1,679 N = 1,021 N = 2,699–2,700

Note. On grade is a binary variable: 1 = at or above expected grade level, 0 = below expected grade level. RCT = randomized control trial; IEP =
Individualized Educational Program as the formal special education designation coded 1 as yes and 0 as no.
a Covariate-adjusted means generated by the multilevel analysis models.
b Pooled treatment and control group standard deviations. There are minor variations between the pooled SDs for the ITT and TOT; the mean is presented
here but effect sizes are computed on the exact values.
c Coefficients for the treatment-control differences from multilevel multiple models with children nested in R-Lists and R-Lists nested in districts and the
standard set of covariates (see text). The multipliers for ITT coefficients that estimate TOT coefficients are 1.8907 for expected grade level and 1.8904 for
IEP.
d Effect size: coefficient for the treatment-control difference divided by the pooled standard deviation.
e The p values for statistical significance are the same for the ITT and TOT coefficients.
* p , .05.
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retention in grade we found no effect, and for the need for special
education services we found a negative effect.

Quality of the TN-VPK Program

If TN-VPK is quite different from those implemented in other
states, it could mean our results are limited to Tennessee. As we
report, the statewide scale up of TN-VPK began in 2005 after
nearly 10 years of pilot testing and met nine of the 10 NIEER
benchmarks (Barnett et al., 2009). A recent review of statewide
programs by the NIEER group (Friedman-Krauss et al., 2019)
praised the program in Tennessee for being among those in 27
states that paid its pre-K teachers at parity with elementary teach-
ers, one of only 26 states to offer pre-K teachers retirement bene-
fits, health care and paid time off, and one of only 25 to require its

teachers to have a bachelor's degree plus certification. Among
state-funded pre-K programs, the TN program is above average
and arguably in the top tier on characteristics many believe mark
high quality (Sharpe et al., 2017).

However, as Bassok and Engel (2019) noted, “there is surpris-
ingly little consensus on the specific characteristics or combination
of programmatic features that are most essential for ensuring the
effectiveness of ECE programs” (p. 4). Judged alternatively by its
performance in producing student gains on commonly measured
cognitive outcomes, an age-cutoff regression-discontinuity sub-
study has also found that TN-VPK ranks as a top tier program
when compared to the results of similar studies in other states
(Pion & Lipsey, 2021). While it is an open question whether
results similar to those found for TN-VPK would be found with a

Figure 3

Disciplinary Offenses in Kindergarten Through Sixth Grade (RCT Analytic Sample)
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plinary offenses, and (C) any type of disciplinary offense across grades. Asterisks indicate
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Supplemental Table S13.
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similarly rigorous long-term evaluation of any other state program,
no distinctive characteristics of the Tennessee program have yet
been identified that are a likely explanation for the disappointing
findings. It is important therefore to explore other potential explan-
ations of a more general sort.

Reversal of Initial Positive Pre-K Effects

Our results are stronger than, but not dissimilar to, those from
the Head Start Impact study (Puma et al.,2010) and other long-
term follow up assessments without random assignment (see Bai-
ley et al., 2017; Bailey et al., 2020 for reviews). Almost all early
childhood interventions show initial positive effects and almost all
show substantial fade out of effects, some immediate as for TN-
VPK, others taking somewhat longer to emerge. As the only longi-
tudinal evaluation of a statewide program with random assign-
ment, this TN-VPK study is also the only one to date to show
long-term negative effects. When we reported the third grade
results, there was concern about this unexpected finding. We
anticipate that these results through sixth grade will heighten those
concerns. While it is always speculative to explain unanticipated
findings, it is important to offer some possible avenues for consid-
eration. As mentioned earlier, there were no significant differences
in the quality of the schools and teachers that VPK and control stu-
dents subsequently experienced after pre-K (Pearman, 2020), so
differences in the quality of schools treatment and control children
attended is not a possible explanation for these findings.

Constrained Versus Unconstrained Academic Skills

One contributor to the fade out of pre-K effects may involve the
content focus of the instruction children receive, an idea recently

gaining traction. Evaluating eight statewide pre-K programs, Bar-
nett et al. (2018) found, as we did, that the largest immediate effect
was in concrete literacy skills, with much smaller effects on lan-
guage and math skills. They urge pre-K programs to broaden their
scope of instruction. These early concrete literacy skills include
directly teachable skills in a finite domain (e.g., 26 letters of the
alphabet): “constrained skills have a ceiling; the learner can
achieve perfect performance” (Snow & Matthews, 2016, p. 58).

Unconstrained skills in literacy (vocabulary, listening comprehen-
sion, and background knowledge) and in numeracy (problem solving
and mathematical reasoning) are not typically the focus of instruction
in early childhood classrooms (Montrosse-Moorhead et al., 2019; Val-
entino, 2017), perhaps because they are not the usual content of
assessments amid the increasing emphasis on “school readiness.”
Over time, these skills become increasingly important in school, but
they are more difficult to teach and assess (Snow &Matthews, 2016).

A consistent finding across recent studies is that children who
attend pre-K enter kindergarten scoring higher on concrete school
readiness skills, skills that are then mastered by nonattenders over
the course of the kindergarten year or shortly thereafter. The early
childhood field has not been successful so far in identifying class-
room characteristics and interactions linked to improvements in
unconstrained skills (e.g., Guerrero-Rosada et al., 2021) although
practices linked to gains in school readiness skills have been iden-
tified (e.g., Farran et al., 2017). In 2020, Bailey and colleagues
addressed this perplexing finding by stressing the importance of
targeting “trifecta” skills—“ones that are malleable, fundamental,
and would not have developed in the absence of intervention”
(Bailey et al., 2020, pp. 66–67). They argue that the early child-
hood field must first answer the question about which fundamental
and malleable outcomes pre-K should aim to improve if longer-
term effects are to be attained.

Table 5

Intent-to-Treat (ITT) and Treatment-on-Treated (TOT) Effect Estimates for Cumulative Disciplinary Events Through Sixth Grade (RCT

Analytic Sample)

ITT TOT

Offense type
Treatment group

meana
Control

group meana Pooled SDb
Coefficient for T-C

Differencec Effect sized p - valuee
Coefficient for
T-C differencec Effect sized

Observed values
School rules .231 .185 .396 .047* �.119 .004 .088* �.222
Major offenses .137 .109 .331 .028* �.083 .043 .052* �.157
All offenses .273 .234 .429 .039* �.090 .025 .073* �.170

Weighted observed values
School rules .249 .194 .409 .055* �.135 .001 .103* �.253
Major offense .139 .117 .339 .022 �.066 .121 .042 �.123
All offenses .287 .250 .440 .037* �.084 .041 .070* �.159

N = 1,618-1,626 N = 974�980 N = 2,592-2,606

Note. School rules: violations of school rules or other administrative issues; major offenses: fighting, bullying, weapon in school, and the like; all
offenses: total across school rule and major offenses categories. These are coded for whether there is any infraction recorded in school records cumula-
tively from K through the sixth-grade year (1 = yes, 0 = no). RCT = randomized control trial.
a Covariate-adjusted means generated by the multilevel analysis models.
b Pooled treatment and control group standard deviations. There were minor variations between the pooled SDs for the ITT and TOT; the mean is presented
here but effect sizes were computed on the exact values.
c Coefficients for the treatment-control differences from multilevel models with children nested in R-Lists and R-Lists nested in districts and the standard
set of covariates (see text). The multiplier for ITT coefficients that estimates TOT coefficients is 1.8790 for school rule violations, 1.8811 for major
offenses, and 1.8847 for all offenses.
d Effect size: coefficient for the treatment-control difference divided by the pooled standard deviation.
e The p values for statistical significance that are the same for the ITT and TOT coefficients.
*p , .05 for coefficients.
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Attention andWorking Memory—Two Important

Unconstrained Skills

The interest in unconstrained skills has thus far focused almost
exclusively on specific academic outcomes like vocabulary and
certain math skills; other more fundamental skills may be equally
or more important. Many statewide programs target children of
low-income families. Studies over the last 20 years or so have
demonstrated the devastating effects of poverty on the developing
brain (Brito & Noble, 2014; Yaple & Yu, 2020), particularly in
the areas of language and executive function. Among the execu-
tive function skills that appear most affected are working memory
and attention (Lipina & Posner, 2012). Moreover, differences in
working memory continue to be associated with socioeconomic
status (SES) well into adolescence (Judd et al., 2020). Despite the
focus of targeted pre-K programs on children from high poverty
families, with rare exceptions the early childhood field has not
taken these neuroscience findings into account. Even a pre-K cur-
riculum focused on the development of executive function skills
failed to show short- or long-term effects on any of those skills
that were measured (Nesbitt & Farran, 2021).
The possible benefits from developing good strategies for

affecting children’s development in working memory and atten-
tion are illustrated in recent research. For example, improvements
in working memory have been identified as a critical factor in chil-
dren moving from a reliance on “reactive” to one of “proactive”
cognitive control (Troller-Renfree et al., 2020), the latter associ-
ated with more planful learning strategies. Further, in a longitudi-
nal study of mathematics achievement, Geary et al. (2017)
demonstrated that working memory in early childhood emerged as
the most important domain-general ability associated with per-
formance in later grades.
In addition to working memory, early attention skills are related

to SES and important for long-term development. A review by
Duncan et al. (2007) of five major longitudinal studies identified
early measures of attention as one of three key predictors of long-
term outcomes. More recent research has shown that attention
skills in early childhood appear to be composed of two factors:
selective-sustained attention and an executive factor. Only sus-
tained-selective attention related to gains in preliteracy and math
skills (Shannon et al., 2021; Steele et al., 2012). “The current find-
ings therefore provide a direct demonstration that cognitive build-
ing blocks to early numeracy and literacy depend on effortful
control in early childhood” (Steele et al., 2012, p. 2039).
Working memory and attention may indeed be the relevant

building blocks among the unconstrained skills that underlie de-
velopment of more academic outcomes. However, little is known
about how to facilitate their development in a classroom context.
This issue of which skills are foundational and thus the most im-
portant focus for instruction is a critical one as we examine long-
term effects from pre-K attendance (Green, 2020). State legisla-
tures believe pre-K will positively affect third grade reading scores
and thus long-term school achievement, closing the gap. If those
are indeed the desired outcomes, the early childhood field must
identify the fundamental skills that relate to these outcomes and
determine when and how those skills can be positively affected.
The rush to implement statewide programs and the focus on initial
school readiness concrete skills have meant that these important
steps were not carried out.

Negative Behavioral Outcomes AssociatedWith

Attending Pre-K

Apart from the lack of positive effects on achievement, an unex-
pected finding important to explore further is the negative behav-
ioral outcomes. Here also the results for TN-VPK are not at odds
with findings from other studies of children who experience group
care in early childhood. One outcome reported for the Abecedarian
program was more aggressive behavior for program participants in
the early grades (Haskins, 1985). Similar findings have emerged in
the two ECLS-K samples where both cohorts were found to ex-
hibit more externalizing behaviors and less self-control if they had
any type of formal care before kindergarten (Bassok et al., 2015).
These findings were replicated and extended through age 15 in the
NICHD study of Early Childcare and Youth Development where
children who experienced more care outside the family prior to
school entry were greater risk takers and more impulsive (Vandell
et al., 2010). Lest we think that these negative outcomes are a
function of earlier outdated versions of pre-K, a study from the
current IES Early Learning Network reported that children who
attended pre-K had higher rates of kindergarten teacher-reported
conflict and lower rates of task orientation (Ansari et al., 2021).
Our findings of higher rates of school disciplinary infractions for
pre-K participants provide further support for this as an issue that
warrants serious attention.

Searching for possible explanations of this common outcome,
however, has not been immediately fruitful. Moffitt et al. (2011)
found that early measures of self-control were predictive of health
and financial outcomes when individuals were in their 30s. The
finding was robust after controlling for social class and early
measures of IQ. Some children developed more self-control in
early childhood with subsequent better outcomes via what Moffitt
calls a “natural history change.” Whether an intervention-induced
change would yield the same positive outcomes is an open
question.

One possibility is that center-based care (the common denomi-
nator for studies with negative behavioral outcomes) could be pre-
venting children from developing the internal self-control
necessary for long-term development. In particular, classrooms of
20 4-year-olds require behavioral control exerted by adults. Stud-
ies demonstrate that teachers in these circumstances often display
a flat to negative affect (Coelho et al., 2021; Farran et al., 2017),
one that could lead to children developing negative attentional
biases. Negative attentional biases have been associated with
increased reactivity to later stressors (Todd et al., 2012).

The long-term negative outcomes on behavior for children in
group care have been found in both small experimental studies and
broad-based population studies. Determining their etiology and
creating classroom practices that yield different outcomes is criti-
cal for programs that serve children from low-income families, but
efforts so far have proven unsuccessful (Morris et al., 2014). Sev-
eral large-scale studies and a meta-analysis have demonstrated the
long-term negative effects from the early school suspensions we
found in TN-VPK (Mendez, 2003; Mowen et al., 2020; Nolte-
meyer et al., 2015). School suspensions, even though most are for
nonviolent infractions, are associated with lower academic
achievement in later grades and eventually dropping out of school.
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Conclusion

The randomized control study of the effects of a scaled-up state-
wide pre-K program reported here provides results through the
end of sixth grade that should lead, at minimum, to questions
about the content and pedagogical strategies currently employed in
pre-K classrooms nationally. Kindergarten readiness on con-
strained skills was demonstrated in this pre-K program as it has
been in many others. Longer-term effects are not so sanguine. Our
results are robust and contrary to the claims made by many advo-
cates for the universally positive effects of pre-K participation.
Children from poor families who attended a state pre-K program
did not, for the most part, become proficient readers in third grade.
On the contrary, their performance on all measures of achievement
through sixth grade was significantly below that of comparable
children who did not attend. Children who attended pre-K were
not less likely to be retained and had a greater likelihood of being
referred for special education services from pre-K through sixth
grade—both of these in opposition to savings promised to states
(Council of Economic Advisers, 2015). Given prior research, our
findings of more disciplinary infractions for children in sixth grade
who attended pre-K should not have been so unexpected but are
nonetheless worrisome.
The whole package of outcomes we have found is disconcert-

ing. The intent of everyone who has advocated for expansion of
state pre-K programs is well meaning and reflects a commitment
to improving the life outcomes for children from impoverished cir-
cumstances. If the programs we have created do not produce the
desired effects, the findings themselves should not be dismissed
simply because they were unanticipated and unwelcome. Rather,
they should stimulate creative research into both policies and prac-
tices with potential to have the desired effects. The goal remains
the same. If we are serious about the goal, the means to attain it
may have to change.
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