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The Tennessee Voluntary Pre-K Program (TN-VPK) is statewide full-day program that gives priority to children from low-
income families. A regression-discontinuity design with a statewide probability sample of 155 TN-VPK classrooms and 5,189
children participating across two pre-K cohorts found positive effects at kindergarten entry with the largest effects for literacy
skills and the smallest for language skills. The results contribute to the growing body of regression-discontinuity studies of
state and local pre-K programs and affirm the statewide generalizability of analogous prior findings from a more specialized
subsample in the parent Tennessee Pre-K Study. Furthermore, the respective effect sizes compared favorably with those found
in other regression-discontinuity studies of public pre-K on the same outcome measures, providing one index of the quality of

the TN-VPK program.
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Prior to 1980, only two states funded pre-K programs; cur-
rently 44 states and the District of Columbia do so (Friedman-
Krauss et al., 2020). The objectives of the advocacy groups
and state legislatures promoting this expansion vary, but a
common theme is enhancing the school readiness of children
prior to kindergarten entry, especially children from eco-
nomically disadvantaged families. Alongside that short-term
goal, however, is an expectation that pre-K will have longer
term effects on cognitive and academic skills that will help
close the achievement gap between children from low-
income families and their more advantaged counterparts
(Phillips et al., 2017).

Unfortunately, questions about both short- and long-term
educational effects are difficult to address in a methodologi-
cally rigorous way for contemporary state-funded pre-K
programs. A randomized study would require assembling a
sample of pre-K eligible children before the beginning of the
school year whose parents consented to having them ran-
domly assigned to attend the state pre-K or not. Few families
would allow researchers to make that decision for their chil-
dren as they consider the available range of options, for
example, Head Start, private preschool, and home-based
care in addition to state pre-K. As a result, most studies of
the immediate effects of state pre-K programs, and all but
one study of their longer term effects, have used nonrandom-
ized designs despite the inherent parental discretion involved
and the associated potential for selection bias (Farran &
Lipsey, 2016).

One notable circumstance amenable to a randomized
design, however, is when a number of pre-K sites receive
more applicants than they are able to serve, and thus of
necessity must turn some away. Randomization in this situa-
tion provides an equitable and transparent way to allocate
the available seats. This approach was used in the Head Start
Impact Study (Puma et al., 2012) and in the Tennessee Pre-K
Study that is the topic of this article.

The Tennessee Pre-K Study

The Tennessee Pre-K Study is an evaluation of the
Tennessee Voluntary Prekindergarten Program (TN-VPK)
designed to assess effects on cognitive skills and academic
performance at the end of the pre-K year, and the extent to
which those effects are sustained after the pre-K year. This
study had several components, the primary one being a ran-
domized control trial (RCT) in which nearly 3,000 appli-
cants to oversubscribed program sites were randomized to
offers of admission or a wait list control. A second compo-
nent (the intensive substudy [ISS]) used a subsample of
consented children to compare pre-K participants and non-
participants on a battery of researcher-collected outcome
measures to track achievement indicators in the years before
scores on the third-grade state achievement tests became
available.

These two components of the study produced two espe-
cially noteworthy findings relevant to the present article
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(Lipsey et al., 2018). First, the ISS showed moderately large
positive effects at the end of the pre-K year on Woodcock—
Johnson literacy, language, and math measures and on
kindergarten teachers’ ratings at the beginning of the kin-
dergarten year for various school readiness skills and
behaviors. In this regard, the results of the Tennessee study
mirrored the finding of other studies of state pre-K programs
that, almost without exception, have shown positive effects
on cognitive and early achievement measures at the end of
the pre-K year (Duncan & Magnuson, 2013).

Second, the positive effects favoring pre-K participants
diminished after the pre-K year and, by the end of kindergar-
ten, there were no significant differences on any of the out-
comes measured for the ISS sample. The full RCT sample,
in turn, showed that there was also no advantage for pre-K
participants on the state achievement tests administered in
third grade. This “fadeout” of sustained effects on cognitive
and academic performance outcomes after positive pre-K
impact is well known as a typical finding of pre-K studies
with longer term follow-up (Bailey et al., 2017).

A striking and unexpected finding of the Tennessee study,
however, was a negative effect on the follow-up cognitive
and achievement outcomes. Through third grade this pattern
was seen in the direction of effects on the measures used in
the ISS and in the state achievement test scores analyzed for
the full RCT, where they were large enough to reach statisti-
cal significance for math and science. Further follow-up has
revealed that this pattern has continued through sixth grade
with scores on the reading achievement test now also show-
ing statistically significant negative effects.

The Regression-Discontinuity Study Component

The component of the Tennessee study that is the focus of
this report used the pre-K age-cutoff version of the regres-
sion-discontinuity (RD) design first described by Gormley
et al. (2005) in their evaluation of the pre-K program in
Tulsa. This design compares outcomes for two cohorts of
pre-K participants differentiated by an age cutoff for eligi-
bility to enroll during a given school year. Children in the
first cohort are old enough to enroll in the program during
that school year and, as the treatment group, have their
outcomes measured at the beginning of the next school
year shortly after they enter kindergarten. Children in the
second cohort are too young by a year or less and are not
enrolled in the pre-K program during that given school year.
They constitute the control group and their outcomes are
measured at the beginning of the next year shortly after they
enter the pre-K program for which they are then eligible.
These two cohorts, of course, differ on age, but at the age
cutoff that difference is negligibly small. The comparison
of outcomes can be extended to children whose age is fur-
ther away from the cutoff by using age as a statistical con-
trol on the assumption that only age has differentiated the

two cohorts. To further match the children, statistical con-
trols with demographic and other relevant variables are often
used. Of importance in this context, well-executed RD
designs generally yield intervention effect estimates with
relatively high internal validity (Cook & Wong, 2008).

The results of the RD component augment the findings of
the ISS and full RCT components of the Tennessee study in
three ways that motivate the analyses and interpretations
reported here.

First, the RD results contribute estimates of school readi-
ness effects on widely used measures for another state with
a state-funded pre-K program. State programs vary on many
dimensions and characterizing their effectiveness requires,
at minimum, a body of research in which many state pro-
grams are represented. The age-cutoff RD design is uniquely
appropriate for building that body of research. It is widely
applicable to state programs, virtually all of which have an
age eligibility cutoff, and has in fact already been used in
quite a number of studies of such programs (citations and a
summary of findings are in online Supplemental Appendices
G1 and G2). These studies not only have a common design,
but most use the same or very similar literacy, language, and
math outcome measures. The present report adds Tennessee
results to this growing body of RD evidence about the school
readiness effects of state pre-K programs.

Second, recall that the ISS found positive effects on cog-
nitive and achievement outcomes at the end of pre-K. Those
are important findings both in the context of research on the
immediate effects of state pre-K programs and the objective
of such programs to enhance school readiness for kindergar-
ten. But the ISS sample was limited to children whose par-
ents consented to their participation and, further, as a
subsample of the RCT, to applicants to oversubscribed pro-
gram sites. These limitations raise questions about external
validity—the extent to which the findings of the ISS for
immediate pre-K effects generalize to the statewide popula-
tion of TN-VPK program sites. The RD component of the
Tennessee study addresses this issue by using a statewide
probability sample of that population.

Third, by virtue of the comparability of the pre-K effects
across states found in age-cutoff RD studies, the Tennessee
RD results bear on the null and unexpectedly negative effects
found on the achievement outcomes in the years after par-
ticipation in TN-VPK. Among the attempts to explain those
effects by pre-K advocates is the claim that the Tennessee
program is of distinctly poorer quality than those of states
that have shown longer term positive results in their studies
(e.g., Meloy et al., 2019). There is no universally recognized
measure of pre-K quality, and none that has been widely
applied across state pre-K programs in a way that allows
meaningful comparison. Arguably, however, a direct mea-
sure of quality is the magnitude of the program’s effects on
representative school readiness outcomes. The general com-
parability of effects found in age-cutoff RD studies on such



outcomes across state programs provides an opportunity for
a comparative assessment of the Tennessee program on at
least this one indicator of program quality.

The Tennessee Prekindergarten Program

Launched in 2005, TN-VPK is a relatively typical state-
funded full-day program that operates on the same calendar
as the public schools. By statute, it gives priority to 4-year-
old children eligible for the federal free or reduced-price
lunch (FRPL) programs. Second priority goes to other at-
risk children, for example, English language learners, those
in state custody, or at risk due to circumstances of neglect or
abuse.

The program requires a licensed teacher and an aide in
every classroom, a maximum of 20 children per class, and a
curriculum chosen from a state-approved list. Contracts from
the state support VPK classrooms in the participating school
districts. Some districts choose to partner with community
agencies and/or Head Start, but the majority of classes are
housed in public schools. In 2008-2009, when the evaluation
reported here first began, nearly every school district in
Tennessee offered at least one full-day VPK classroom with
a total enrollment statewide of about 18,000 children.

Method

In the age-cutoff RD design, a prespecified age deter-
mines which children are eligible to enroll for the coming
school year. For TN-VPK, children had to be 4 years old by
September 30 of a given year and eligible for kindergarten
the following year to enroll. The outcome variables on which
VPK participating and nonparticipating children were com-
pared included six tests from the Woodcock—Johnson III
Achievement Battery (Woodcock et al., 2001). Children in
the treatment cohort who had participated in TN-VPK the
prior year were assessed shortly after they entered kinder-
garten. Their counterparts in the control cohort who were not
yet four years old by the cutoff date were also assessed at the
beginning of the next year, which for them was shortly after
they entered TN-VPK and thus before much exposure to the
program.

Sample

Children in the treatment and control cohorts came from
classrooms chosen via two-stage probability sampling to
represent TN-VPK classrooms across the state. With assis-
tance from Tennessee Department of Education (TN-DOE)
staff, four geographic regions (West, Central West, Central
East, and East) were designated with the school districts
and VPK programs within each identified. To be eligible
for selection into the sample, a classroom had to have been
in place for two successive school years and staffed by the
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same teacher both years. These criteria were imposed to
increase the likelihood that the children in the treatment
and control cohorts would be comparable with regard to
their community or neighborhood locations and school
preferences.

Within each region, VPK classrooms were differentiated
by their profiles on four variables related to program admin-
istration that were identified by TN-DOE staff as important
distinctions between program sites: (1) urban versus nonur-
ban location, (2) operated in a school or partner community
agency, (3) an original pilot program or one added when
TN-VPK went to scale, and (4) whether in a high-priority
school designated as among the lowest performing in the
state. Based on these characteristics, the 942 TN-VPK class-
rooms found statewide were assigned to a specific stratum
consisting of some combination of these four program
characteristics.

Disproportionate random sampling from these regions
and strata was then conducted with sampling fractions cre-
ated to sample larger proportions of classrooms from smaller
strata to ensure that those strata contributed sufficient num-
bers of classrooms to allow adequate representation in the
analysis. Across the four regions, this sampling strategy
resulted in a total of 155 classrooms located in 154 schools
(one school had two classrooms) spread across 73 school
districts and 62 counties. Sampling weights were assigned
that allow the data from the sampled classrooms to be
weighted back to the proportions of the full statewide popu-
lation of classrooms (online Supplemental Appendix A pro-
vides more detail about the sampling procedure). As a
practical matter, it was not possible to collect the child- and
classroom-level data required by the design for all the sam-
pled classrooms within the same school year. The data col-
lection therefore was spread over 4 school years with the
sampled classrooms within one of the four regions partici-
pating in that process each year (Figure 1 is a schematic of
the design).

Once the sample of classrooms was chosen, the children
enrolled in those classrooms were identified. The region
chosen for the first wave of data collection was Central
West. The TN-VPK (treatment) cohort in this region began
pre-K in the fall of 2009. After they completed that pre-K
year, they were then assessed within the first 6 weeks of kin-
dergarten the next fall (2010) as long as they were still in the
Tennessee public school system (see Figure 1). The corre-
sponding entry years for treatment group pre-K participation
in the other regions were fall 2010 (West), fall 2011 (Central
East), and fall 2012 (East). The control cohorts of children
entered those same pre-K classrooms in the fall of the fol-
lowing year—2010 for Central West, 2011 for West, 2012
for Central East, and 2013 for East. Those children were
assessed within the first 6 weeks after they began pre-K, thus
during the same school year as the treatment cohort.
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Note. AY refers to academic year. The blue outlined and shaded boxes represent the TN-VPK or treatment cohort; the red outlined and unshaded boxes refer
to the No Pre-K control cohort. TN-VPK = Tennessee Voluntary Prekindergarten Program.

To make the two cohorts as comparable as possible, iden-
tical eligibility criteria for the treatment and control cohorts
were applied to select the children to be included in the anal-
ysis. Those criteria require that children be:

e VPK age-eligible; that is, 4 years old by September
30 of the respective school year.

e Enrolled in a participating VPK classroom within the
first 6 weeks of the system-specific school start date
for the respective pre-K year and remain in that class-
room until at least the last 6 weeks of the system-spe-
cific school end date.'

e Enrolled in a Tennessee public school kindergarten
the year following pre-K within the first 6 weeks of
the system-specific school start date.

These criteria resulted in some children being excluded from
the analysis sample because they withdrew from pre-K early,
enrolled too late, or moved to a classroom that was not in the
sample. Five classrooms in the original sample were
dropped: one changed from 4-year-old to 3-year-old over the
two study years; one was discontinued after the end of the
first study year; one was moved to a nonparticipating school;
and the teachers in two classrooms moved to a school that
served a different population of children in the second study
year. Overall, 16% of the children in the originally sampled
classrooms became ineligible, including 17% of the treat-
ment and 15% of the control children. Figure 2 diagrams the
flow of children through the study.

The final sample consisted of 5,189 children from succes-
sive cohorts attending 155 classrooms—2,622 in the treat-
ment cohort and 2,567 in the control cohort. On average,
these samples included 17 children from the treatment cohort

and 17 children from the control cohort moving through
each selected classroom in successive years.

Outcome Measures and Data Collection

A selection of measures from the Woodcock-Johnson III
Achievement Battery (McGrew et al., 2007; Woodcock
et al., 2001) was used to estimate the effects of TN-VPK on
cognitive and achievement skills, which are as follows:

e Early literacy
o Letter-word Identification: Ability to identify and
pronounce alphabet letters and read words by
sight.
o Spelling: Ability to trace letter shapes and write
orally presented letters and words.
e Language
o Oral comprehension: Ability to listen to an oral
passage and provide a missing key word.
o Picture vocabulary: Extent of expressive vocabu-
lary in response to pictures of objects and actions.
e Early mathematics
o Applied problems: Ability to apply an appropriate
strategy to solve numerical and spatial problems.
o Quantitative concepts: Ability to understand num-
ber identification and sequencing, shapes, and
symbols.

An overall index of achievement (WJ Composite) also
was constructed by averaging scores across these six scales.
All analyses used the Woodcock-Johnson W scores, which
are equal-interval scores constructed using Rasch modeling
to represents both a child’s ability and the difficulty of the
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FIGURE 2. Consort chart for the achieved sample of children.

items. The W scores are viewed by the test authors as those
most suitable for statistical calculations (Jaffe, 2009).

These measures were administered to the children in the
VPK treatment cohort within the first 6 weeks of kindergar-
ten and, during that same fall, to the children in the control
cohort within the first 6 weeks of pre-K. Trained assessors
administered the measures individually to students at their

classroom sites in English, the language of instruction for
VPK. In addition, demographic information obtained from
TN-DOE records included birthday, gender, race/ethnicity,
native language, eligibility for FRPL, and whether the child
had an Individual Educational Plan (IEP) during the pre-K
year. There were no missing data in the analytic sample
except for FRPL eligibility for one child, which was imputed
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as eligible in alignment with the status of a large majority of
the other children in the sample.

Final Analytic Sample

Of the 5,189 children who met the original sample crite-
ria, 4,144 (79.9%) were FRPL eligible—2,078 in the treat-
ment cohort and 2,066 in the control cohort. The primary
analytic sample was restricted to these children for two rea-
sons. First, these economically disadvantaged children con-
stituted the priority target population for TN-VPK. Second,
the analytic sample for the RCT component of the overall
Tennessee study included only FRPL-eligible children, so
this selection facilitated comparison of the results from the
RD with those from the RCT. Four classrooms had no FRPL-
eligible children, reducing the number of classrooms in the
sample from 155 to 151.

Data Analysis

For the RD design to produce valid estimates of treat-
ment effects, at least three conditions must be satisfied
(Jacob et al., 2012). First, there must be a clear cut point
on the assignment variable, that is, a distinct value that
determines whether a child is in the treatment or control
group. Second, there should be no categorical differences
between the treatment and control groups across the cut
point on any characteristics other than treatment versus
control status that might be related to the outcomes.
Finally, the functional relationship between the assign-
ment variable and the outcome variable must be correctly
specified. Each of these is examined below for the
TN-VPK data.

A Clear Assignment Variable. The exogenous determinant
of eligibility for TN-VPK was age—whether a child was 4
years old by September 30. Even 1 day on either side of that
cutoff was defined by TN-DOE as sufficient to differentiate
eligible from ineligible children at the beginning of the
school year. No violations of this requirement were found in
the sample data.

Equivalence Between Treatment and Control Groups. Our
application of the age-cutoff RD design required that chil-
dren in each of the two cohorts enroll in the same pre-K
classrooms with the same teacher in the same schools, as
well as in a Tennessee public school kindergarten the next
year. This was to increase the probability that children in the
two age cohorts would be comparable on characteristics
related to the local context of the respective VPK programs.
This requirement was adhered to when constructing the ana-
lytic sample with one exception—the teacher changed
between cohorts prior to outcome measurement in 25
(16.6%) of the 151 classrooms in the analytic sample. There

were no other changes in the location and student population
and these classrooms were kept in the sample.

To compare the cohorts on their baseline characteristics,
each of the available baseline variables was used as the sole
dependent variable in multilevel models with different band-
widths (=months around the cut point) and with children
nested within classrooms and cohort. As Table 1 reports, for
the 12-month and 6-month bandwidths, the two cohorts
were similar with regard to gender, race/ethnicity, language
spoken at home, and IEP placement, but the control cohort
did have a slightly larger and marginally significant propor-
tion of Hispanic children in the 12-month bandwidth (0.054
vs. 0.044).> Age, of course, differed as an intrinsic feature of
the RD design. The cohorts also differed on the timing of the
outcome assessments, with the time between the start of
school and administration of the WJ tests averaging a few
days longer for the treatment cohort. Children in the control
cohort were all located in their known pre-K classrooms
while the kindergarten classrooms the treatment cohort chil-
dren attended after pre-K had to be located via information
from teachers and TN-DOE records.

The 3-month bandwidth sample differed not only on test
lag but also on race/ethnicity and primary language spoken at
home. The proportion of Black children was larger in the
treatment cohort whereas the proportions of Hispanic children
and those from non-English speaking households were larger
in the control cohort. All the variables shown in Table 1 were
included as covariates in the analyses of VPK effects to adjust
for any differences between the cohorts on these variables.

Specification of the Relationship Between Age and Outcome.
To determine the appropriate functional form, the approach
outlined by Jacob et al. (2012) was used. First, graphs of the
relationship between scores on each outcome measure and
age (days before and after the cutoff date) were examined
for discontinuity at the cut point and any other place (Lee
& Lemieux, 2010). Second, a variety of functional forms
(e.g., linear, cubic, linear interactions) for the relationships
between the assignment variable (age) and the outcome
variables were tested. Following Lee and Lemieux (2010)
and Jacob et al. (2012), two regressions were run for each
outcome. The first regressed the outcome on treatment con-
dition, the assignment variable, and the respective term(s)
for the functional form being tested. The second used these
variables plus indicator variables for the intervals used in the
graphical displays. The F-test procedure from Jacob et al.
(2012) was used to compare the two models with results that
were not statistically significant, indicating no unexplained
variability in the simple model that was captured by the
more complex model. These explorations established that
simple linear models for the age assignment variable pre-
dicting each of the outcome measures were adequate to
account for their relationships.



TABLE 1

Comparison of TN-VPK and No Pre-K Cohorts on Baseline Characteristics: 12-, 6-, and 3-Month Bandwidth Samples

Means”
Odds TN-VPK vs. No Pre-K Effect
Variable and bandwidth TN-VPK No pre-K ratio difference (pooled SD) p value size®
12-month bandwidth (N=12,078) (N =2,066)
Gender (male) 0.495 0.494 1.01 915 0.004
White 0.788 0.809 0.88 220 —-0.073
Black 0.216 0.201 1.10 368 0.052
Hispanic 0.044 0.054 0.80 .063 -0.127
Native language not English 0.032 0.027 1.19 221 0.095
Has an IEP 0.090 0.084 1.07 512 0.039
Age at testing (months) 65.5 534 12.08 (6.93) .001 1.743
Test lag (days) 352 32.8 2.41(5.72) .001 0.421
6-month bandwidth (N = 1,099) (N =1,058)
Gender (male) 0.493 0.477 1.07 462 0.037
White 0.782 0.810 0.84 262 —-0.096
Black 0.236 0.196 1.27 .110 0.132
Hispanic 0.047 0.056 0.83 326 —0.103
Native language not English 0.038 0.043 0.89 .560 —0.064
Has an IEP 0.096 0.078 1.26 144 0.128
Age at testing (months) 62.4 56.4 5.97 (3.42) .001 1.747
Test lag (days) 352 33.1 2.12(5.48) .001 0.387
3-month bandwidth (N =519) (N =531)
Gender (male) 0.484 0.496 0.95 .695 —0.028
White 0.726 0.783 0.73 114 -0.174
Black 0.292 0.216 1.50 .037 0.224
Hispanic 0.037 0.074 0.49 .010 —0.394
Native language not English 0.032 0.060 0.51 .024 —-0.372
Has an IEP 0.091 0.089 1.03 .882 0.016
Age at testing (months) 60.9 57.8 3.10 (1.75) .001 1.771
Test lag (days) 36.2 323 3.97 (5.32) .001 0.746

Note. Only children identified as eligible for free or reduced lunch were included in the analysis. Analyses were weighted to project the estimates to the
statewide population of VPK classrooms. The race/ethnicity categories are not mutually exclusive; mixed race children are coded in all the categories for
their respective mix. IEP indicates special education placement; test lag is time between start of school and testing. TN-VPK = Tennessee Voluntary Prekin-

dergarten Program; IEP = Individual Educational Plan.

“Estimated means from the multilevel models with children nested within classrooms; membership in the treatment group as the only predictor with the
respective baseline variable as the dependent variable. °For binary variables, odds ratios were converted into effect sizes, using Chin’s (2000) method. For
continuous variables effect sizes were calculated by dividing the TN-VPK versus No pre-K difference by the pooled standard deviation of the two groups.

Estimation of TN-VPK Effects. Analyses were conducted
via SAS Proc Mixed with weighted multilevel regression
models that had children nested in classrooms. The weight-
ing function was based on the sampling fractions from the
stratified sample and adjusted the classroom representation
to the statewide proportions. The formal representation of
the analytic model is

¥y = Bo+Pidy +BoTy + X PuXi +us +13,

where Yl_j is an outcome variable measured for child  in
classroom j; Al_j is age at the cutoff date in days before
(minus) and after (plus); T i is the treatment variable
(Cohort 1 vs. Cohort 2); X i e covariates, u is the Level 2

(classroom) residual, and r_is the Level 1 (child) residual.
The covariates are shown in Table 1 (online Supplemental
Appendix B describes how these variables were coded).
These analyses were run for *12-month, *=6-month, and
*3-month bandwidths around the cutoff date. As a robust-
ness check, the effects were reestimated after excluding the
outermost 1%, 5%, and 10% of the data points with the high-
est and lowest age values. If the functional form was not
misspecified, the impact estimates should not markedly
change with these outermost data points dropped (Jacob
etal., 2012).

Effects for Subgroups. Of particular interest were differ-
ences in the effects on any outcome measures related to
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Note. FRPL sample, N = 4144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
The size of each dot reflects the number of observations in that data point. FRPL = free or reduced-price lunch.

gender, race/ethnicity, or primary language. To investigate
such differential effects, the multilevel models were repeated
for the Woodcock—Johnson composite measure while includ-
ing the respective subgroup membership variable and the
term for its interaction with the treatment condition.

Results
Effects on Literacy, Language, and Math Skills

Figures 3 to 9 show graphs of the relationships between the
observed outcome measures and the age span before and after
the pre-K eligibility cut point for the FRPL analytic sample.
These data are not adjusted for covariate influence nor
weighted to represent the statewide population of VPK class-
rooms. For each outcome variable, these plots show the mean
of the outcome at the midpoint of equal-sized intervals on the
age-based assignment variable. The interval size was deter-
mined via the statistical tests recommended by Jacobs and
colleagues (2012). The assignment variable represents the
number of days from when the child turned 4 years old, cen-
tered on the cutoff of September 30th for the respective year.
The general linearity of the age-outcome relationships is evi-
dent in these graphs as well as discontinuities at the cut point
for all the outcome measures except Oral Comprehension.

Table 2 summarizes the results from the weighted multi-
level analysis models fit to these data (full results in online

Supplemental Appendix Tables C1 to C7). Participation in
TN-VPK showed statistically significant effects at all three
bandwidths for the WJ composite and all the individual
Woodcock—Johnson tests except the 3-month bandwidth
for Picture Vocabulary. The effect sizes for the composite
measure were relatively large—0.85, 0.83, and 0.91 for the
12-, 6-, and 3-month bandwidths, respectively. The largest
effects were found for early literacy (Letter-Word and
Spelling; effect sizes from 0.94 to 1.11). The smallest
effects were for language skills (Oral Comprehension and
Picture Vocabulary; effect sizes from 0.22 to 0.34). The
effect sizes for mathematics were in between (Applied
Problems and Quantitative Concepts, effect sizes from 0.47
to 0.71.). Across the bandwidths, the effect size estimates
for each measure were generally similar. Notably, those for
the 3-month bandwidth, where the estimates should be best,
were comparable to or larger than those for the wider band-
widths except for Picture Vocabulary.

As a further robustness check, each of these analyses was
repeated with the outermost 1%, 5%, and 10% of the young-
est and oldest children excluded. The resulting effect sizes
did not vary greatly from those for the untrimmed samples
(online Supplemental Appendix Table D1). The average dif-
ference for the most trimmed sample was 0.019 for the
12-month bandwidth (ranging from 0.004 to 0.038), 0.078
for the 6-month bandwidth (0.041 to 0.118), and 0.084 for
the 3-month bandwidth (0.033 to 0.131).
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FIGURE 4. Unadjusted Letter-Word score by days from age eligibility cutoff.
Note. FRPL sample, N = 4,144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
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FIGURE 5.  Unadjusted Spelling score by days from age eligibility cutoff.
Note. FRPL sample, N = 4,144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
The size of each dot reflects the number of observations in that data point. FRPL = free or reduced-price lunch.
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FIGURE 6. Unadjusted Oral Comprehension score by days from age eligibility cutoff.
Note. FRPL sample, N = 4,144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
The size of each dot reflects the number of observations in that data point. FRPL = free or reduced-price lunch.

475

» H »
3 & 3
©
o

©

[

©

Mean WJ Picture Vocbulary W Score
C
3]

»H
w
w
©

450
-390-360 -330-300-270 -240-210-180-150-120 -90 -60 -30 O 30 60 90 120 150 180 210 240 270 300 330 360 390

Days from age eligility cutoff date

FIGURE 7. Unadjusted Picture Vocabulary score by days from age eligibility cutoff.
Note. FRPL sample, N = 4,144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
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Note. FRPL sample, N = 4,144. Unadjusted for covariates or sample weights. Means for 15-day intervals based on the tests described by Jacob et al. (2012).
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TABLE 2

Estimates of the Pre-K Effect for the Woodcock—Johnson (WJ) Composite and Individual Tests

Means”
Outcome and TN-VPK vs. No
bandwidth TN-VPK No Pre-K Pre-K difference” p value TN-VPK SD Effect size®
W1J Composite
+12 months 411.9 401.0 10.93 .001 12.92 0.85
+6 months 412.0 400.2 10.74 .001 12.66 0.83
*+3 months 411.9 400.8 10.84 .001 11.94 0.91
Letter-Word
+12 months 346.7 324.7 22.02 .001 21.15 1.04
*+ months 346.8 325.0 21.83 .001 19.71 1.11
*+3 months 3454 325.6 19.85 .001 19.17 1.04
Spelling
+12 months 379.5 359.2 20.35 .001 20.82 0.98
+6 months 379.7 360.4 19.28 .001 20.62 0.94
*+3 months 379.3 359.5 19.76 .001 20.43 0.97
Oral Comprehension
+12 months 451.5 448.3 3.25 .001 13.71 0.24
+6 months 451.3 448.4 291 .009 13.08 0.22
*+3 months 452.1 448.1 4.03 .012 12.87 0.31
Picture Vocabulary
+12 months 464.8 461.1 3.69 .001 10.72 0.34
+6 months 464.9 461.2 3.69 .002 10.89 0.34
*+3 months 464.5 461.8 2.69 107 10.41 0.26
Applied Problems
+12 months 408.0 399.7 8.37 .001 17.74 0.47
+6 months 409.4 399.6 9.80 .001 18.12 0.54
*+3 months 409.8 398.4 11.36 .001 16.08 0.71
Quantitative Concepts
+12 months 420.7 412.8 7.88 .001 13.99 0.56
*6 months 419.9 412.8 7.08 .001 13.43 0.53
*3 months 419.7 412.3 7.45 .001 12.49 0.60

Note. The sample sizes for the TN-VPK and No Pre-K groups were 2,078 and 2,066 for =12 months; 1,009 and 1,058 for £6 months; and 519 and 531 for
*+3 months. Only children eligible for free or reduced-price lunch were included. All analyses were weighted to project the estimates to the statewide popula-
tion of TN-VPK classrooms. TN-VPK = Tennessee Voluntary Prekindergarten Program.

“Estimated marginal means from the multilevel analysis model. "Estimates based on multilevel models with children nested within pre-K classrooms. In
addition to condition and days from the age cutoff (centered at zero), covariates included (1) region, (2) whether the child was male, (3) whether the child
was Black, (4) whether the child was Hispanic, (5) whether the child’s native language was not English, (6) whether the child had a special education place-
ment (IEP), and (7) the number of days between the W] testing date and the start of school (centered at the grand mean). Previous analyses showed that
the functional form for all models was linear. Online Supplemental Appendix Tables C1 to C7 present the results for the full models for each outcome and
bandwidth. “Standardized mean difference effect sizes calculated by dividing the TN-VPK versus No Pre-K difference by the standard deviation of the TN-
VPK treatment group, recognizing that group as more analogous to the posttest outcomes typically used to compute effect sizes.

Effects for Subgroups

Differential effects were estimated with the same models
used for the main effects analyses but with interaction terms
for the treatment condition and the respective subgroup of
interest. Statistically significant differential effects were
found for only two of the subgroup comparisons. As Table 3
reports, the effects of TN-VPK on the overall WJ compos-
ite measure were larger for Hispanic children and for chil-
dren whose primary language was not English (online
Supplemental Appendix Tables E1 to E4 report results on
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the individual tests for the different subgroups). Because the
majority (76%) of children whose primary language was not
English were also Hispanic, these comparisons overlap. To
better disentangle these two variables, the analyses were
repeated with the addition of the three-way interactions that
differentiated Hispanic and non-Hispanic children according
to their native language. These interactions were statistically
significant for the 12-month and 6-month bandwidths,
though not for the 3-month one (reported in the lower rows
of Table 3 for the WJ Composite; results for the individual



TABLE 3
TN-VPK Effect Estimates on the Woodcock—Johnson (WJ) Composite for Hispanic and Native Language Subgroups of Children

TN-VPK No Pre-K
TN-VPK vs. No
Subgroup and bandwidth M N M N Pre-K difference  p value® TN-VPK SD  Effect size®
12-month bandwidth
Ethnicity <.001 12.92
Hispanic 406.5 168  386.8 186 19.72 1.53
Not Hispanic 412.4 1910 4023 1880 10.15 0.79
Native language <.001
English 412.0 1914 4019 1926 10.07 0.78
Not English 410.1 164 389.0 140 21.12 1.64
Ethnicity and native language <.001
Hispanic and English 408.5 49 3873 72 21.18 1.64
Hispanic and not English 398.8 119 379.7 114 19.10 1.48
Not Hispanic and English 412.8 1865  403.0 1854 9.81 0.76
Not Hispanic and not 413.8 45 384.7 26 29.12 2.25
English
6-month bandwidth
Ethnicity <.001 12.66
Hispanic 405.1 78  384.8 87 20.31 1.60
Not Hispanic 412.6 931 402.7 971 9.97 0.79
Native language <.001
English 412.0 936  402.1 980 9.90 0.78
Not English 4113 73 3903 78 21.02 1.66
Ethnicity and native language <.001
Hispanic and English 407.8 25 381.9 27 25.89 2.05
Hispanic and not English 397.7 53 379.9 60 17.81 1.41
Not Hispanic and English 412.9 911 403.4 953 9.53 0.75
Not Hispanic and not 416.3 20 384.6 18 31.70 2.50
English
3-month bandwidth
Ethnicity .007 11.94
Hispanic 404.1 35 385.0 41 19.08 1.60
Not Hispanic 412.5 484 4022 490 10.26 0.86
Native language .003
English 412.0 487  402.0 492 10.01 0.84
Not English 409.1 32 389.0 39 20.13 1.69
Ethnicity and native language 440
Hispanic and English 401.0 11 385.0 12 15.99 1.34
Hispanic and not English 396.7 24 376.8 29 19.90 1.67
Not Hispanic and English 413.0 476 403.1 480 9.92 0.83
Not Hispanic and not 408.2 8 386.6 10 21.52 1.80
English

Note. Only children eligible for free or reduced-price lunch were included. Previous analyses showed that the functional form was linear. All analyses were
weighted to represent the statewide population of TN-VPK classrooms. TN-VPK = Tennessee Voluntary Prekindergarten Program.

*Marginal means from the multilevel model. °For the two-way interactions these are the p values for the interaction terms for ethnicity by treatment condition
and native language by treatment condition. For the three-way interactions, these are the p values for the interaction terms for ethnicity by native language by
treatment condition. Estimates were based on multilevel models with children nested within pre-K classrooms. In addition to treatment condition and days
from the age cutoff (centered at zero), covariates included (1) Region, (2) whether the child was Male, (3) whether the child was Black, (4) whether the child
was Hispanic, (5) whether the child’s native language was not English, (6) whether the child had an IEP placement in the pre-K year, (7) the number of days
elapsed between the Woodcock-Johnson testing date and the start of school (centered at the grand mean), and (8) the appropriate interaction term(s). Online
Supplemental Appendix Tables El to E5 present the results for the individual W] tests for all the demographic subgroups. “To facilitate comparison of these
effect sizes with those for the overall VPK effects, they were calculated by dividing the TN-VPK versus No Pre-K difference by the standard deviation of
the treatment (TN-VPK) group (see Table 2).
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tests in online Supplemental Appendix ES5). The patterns
across the marginal means show that, although the effects of
TN-VPK were positive and relatively large in magnitude for
all subgroups, the smallest impact appeared for children who
were not Hispanic and whose primary language was English.
The largest impact was for the small group of children
whose primary language was not English but who were not
Hispanic.

Effects for Non-FRPL Eligible Children. As described ear-
lier, the analytic sample for the results reported above
includes only children eligible for the federal FRPL. This
departs from some previous pre-K RD studies that included
children regardless of FRPL status. There were some differ-
ences between FRPL-eligible and noneligible children in the
overall sample (Table 4). FRPL-eligible children were more
likely to be Black or Hispanic and have a non-English pri-
mary language. Although these differences were relatively
small, further analyses explored their influence on the VPK
effects. Multilevel models were first estimated for the full
sample with FRPL eligibility as a covariate. Table 5 sum-
marizes the results (full model results are in online Supple-
mental Appendix Tables F1 to F7), which were quite similar
to those obtained for only FRPL-eligible children. Statisti-
cally significant differences favoring VPK were found
regardless of bandwidth or outcome measure with the excep-
tion of picture vocabulary with the 3-month bandwidth.

A second set of models added the interaction of FRPL
eligibility and treatment condition with results reported in
Table 6. For the 12-month bandwidth, those interactions
showed that the VPK effects were significantly larger for
FRPL-eligible children on the WJ composite and the indi-
vidual tests for literacy and math skills. However, no differ-
ences reached statistical significance in the analyses with the
narrower bandwidths.

Discussion and Conclusions

A strength of the age-cutoff RD design is the relative ease
of implementing it in pre-K settings, but it does have limita-
tions. Most notably, this design is essentially a wait-list con-
trol that limits assessment of pre-K effects to those appearing
shortly after the end of the pre-K year, so the question of
sustained effects cannot be investigated. Furthermore,
although RD designs in general are capable of yielding unbi-
ased causal impact estimates, a host of methodological crite-
ria must be satisfied for this to be accomplished. In addition,
the pre-K age-cutoff version of the RD design has some dis-
tinctive characteristics that impose additional demands
(Lipsey et al., 2015). These stem primarily from the com-
parison of two discrete cohorts separated by time as well as
age. This circumstance opens the door to cohort differences
that may bias the effect estimates, most obviously the pos-
sibility of changes in the demographic mix of the children
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who enroll in pre-K in successive years. Other differences
may also be in play, for example, the consistency with which
outcome measures are operationalized and administered
across the two cohorts, one tested in pre-K, the other in kin-
dergarten, and the possibility of differential attrition in
obtaining those measures.

In this RD study, we attempted to address these issues to
the extent possible within the practical limitations of field-
based research. Meeting the widely recognized formal crite-
ria for RD designs was relatively straightforward. The strict
age cutoff for VPK eligibility provided a well-defined and
exogenously imposed cut point for differentiating pre-K par-
ticipants from nonparticipants. A thorough exploration of the
functional form of the relationship between age and the out-
come measures identified a simple linear model as a good fit
for all outcomes. The effect estimates were repeated with
different bandwidths around the cut point and varying
amounts of data trimming at the extremes of the age range to
assess their robustness and neither showed enough variation
to call the overall findings into question.

More challenging was the need to ensure the equivalence
of the children compared across the cohorts on characteris-
tics potentially related to the outcomes of interest. We were
limited to the small set of baseline demographic variables
available in the state data system but included those as
covariates in the analytic models to statistically adjust for
any differences between cohorts on those variables. In addi-
tion, we tried to maximize the comparability of the treatment
and control cohorts by imposing identical study eligibility
criteria. Children were only included in the analytic sample
if they were in the same VPK classrooms with the same
teacher the year before for the treatment cohort and at the
beginning of the current year for the control cohort, save for
a few exceptions that arose for practical reasons. Moreover,
the children in both cohorts had to have been enrolled within
the beginning weeks of their pre-K year, remain enrolled
through nearly the end of that school year, and attend a
Tennessee public school the year after their pre-K year. The
administration of the outcome measures was made as sys-
tematic and consistent across cohorts as possible and the
elapsed time between the start of the school year and testing
was used as a covariate in the analyses. Despite these efforts,
a threat to the internal validity of the effect estimates remains
in the form of unobserved and uncontrolled differences
between the cohorts that would be capable of biasing those
estimates.

Immediate Effects of TN-VPK

The findings reported here add to the accumulating body
of research on the effects of state pre-K programs on cogni-
tive skills and early educational achievement measured
shortly after pre-K participation. Overall, that research
has shown almost universally positive effects (Duncan &



TABLE 4

Comparison of Baseline Characteristics by Eligibility for Free or Reduced-Price Lunch (FRPL): 12-, 6-, and 3-Month Bandwidth

Samples
Means”
Odds TN-VPK vs. No Pre-K Effect
Variables and bandwidth FRPL eligible Not eligible ratio Difference (pooled SD) p value size®
12-month bandwidth (N = 4,144) (N = 1,044)
Gender (male) 0.494 0.499 0.98 185 —-0.01
White 0.800 0.867 0.61 .002 -0.27
Black 0.204 0.118 1.92 <.001 0.36
Hispanic 0.050 0.029 1.75 .002 0.31
Native language not English 0.031 0.019 1.67 .016 0.28
Has an IEP 0.088 0.097 0.90 .370 —0.06
Age at testing (months) 59.4 59.8 —0.39 (6.96) .104 —0.06
Test lag (days) 339 34.7 —0.72 (5.99) .002 -0.12
6-month bandwidth (N = 2,067) (N = 535)
Gender (male) 0.484 0.481 1.02 .872 0.01
White 0.800 0.848 0.72 .095 —0.18
Black 0.208 0.143 1.57 .024 0.25
Hispanic 0.052 0.033 1.63 .047 0.27
Native language not English 0.040 0.026 1.56 .560 0.25
Has an IEP 0.087 0.103 0.83 254 —-0.10
Age at testing (months) 59.3 59.5 —0.26 (3.45) .109 —0.08
Test lag (days) 339 34.6 —0.69 (5.81) .031 —0.12
3-month bandwidth (N = 1,050) (N = 284)
Gender (male) 0.489 0.450 1.17 248 0.09
White 0.756 0.844 0.57 .025 -0.31
Black 0.251 0.154 1.84 .014 0.34
Hispanic 0.059 0.038 1.56 162 0.25
Native language not English 0.047 0.031 1.57 204 0.25
Has an I[EP 0.090 0.118 0.74 .168 —0.17
Age at testing (months) 59.3 59.6 —0.25 (1.78) .047 0.14
Test lag (days) 339 34.7 —0.85 (5.78) .059 —0.15

Note. Children regardless of their FRPL eligibility were included in the analysis. Analyses were weighted to represent the statewide population of TN-VPK
classrooms. The race/ethnicity categories are not mutually exclusive; mixed race children are coded in all the categories for their respective mix. IEP indi-
cates special education placement; test lag is time between start of school and testing. TN-VPK = Tennessee Voluntary Prekindergarten Program.
“Estimated means from the multilevel models with children nested within classrooms, eligibility for FRPL as the only predictor, and the respective baseline
variable as the dependent variable. "For binary variables, odds ratios were converted into effect sizes, using Chin’s (2000) method. For continuous variables,
effect sizes were calculated by dividing the Eligible versus Not Eligible difference by the pooled standard deviation.

Magnuson, 2013) with age-cutoff RD designs especially
common. The results of the present study fall in line with
that overall pattern. The effect size estimates on the WJ
Composite measure that averaged scores from the individ-
ual tests ranged from 0.83 to 0.91 across the different band-
widths. Effect sizes in standard deviation units can be easily
translated into percentile differences when the outcome data
are normally distributed, as these are. With the mean of the
control group score set at the 50th percentile, an effect size
of 0.85, the middle value across the bandwidths, places the
mean for TN-VPK participants at the 80th percentile. This
represents a rather considerable relative improvement in the

measured cognitive skills of the children who participated
in TN-VPK program.

The TN-VPK effects, however, varied across the tests
measuring literacy, language, and mathematics skills. The
largest effects were found for literacy (WJ Letter-Word
and Spelling tests). The smallest effects by a substantial
margin were found on the language measures (WJ Oral
Comprehension and Picture Vocabulary). The effect sizes
for the mathematics measures (WJ Applied Problems and
Quantitative Concepts) fell in between. In addition, mod-
erator analysis revealed that VPK effects were larger
for Hispanic children than non-Hispanic children, and for
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TABLE 5

Estimates of the Pre-K Effect for the Woodcock—Johnson (WJ) Composite and Individual Tests: Sample of All Children Regardless of

Eligibility for Free or Reduced-Price Lunch (FRPL)

Means®

Outcome and TN-VPK vs. No Pre-K Effect
bandwidth TN-VPK No Pre-K difference® p value TN-VPK SD size®
WIJ Composite

+12 months 412.9 402.0 10.90 .001 13.19 0.83

+6 months 413.2 402.4 10.82 .001 12.93 0.84

+3 months 412.9 402.6 10.30 .001 12.21 0.84
Letter-Word

+12 months 347.8 326.2 21.66 .001 21.79 0.99

+6 months 348.0 326.8 21.25 .001 20.69 1.03

*+3 months 346.7 327.6 19.08 .001 20.14 0.95
Spelling

+12 months 380.6 360.3 20.35 .001 21.06 0.97

+6 months 381.3 361.3 20.01 .001 20.76 0.96

*3 months 380.8 361.0 19.87 .001 20.34 0.98
Oral Comprehension

+12 months 452.8 448.9 3.86 .001 13.88 0.28

+6 months 452.8 449.3 3.50 .001 13.64 0.26

*3 months 453.3 449.6 3.71 .009 13.28 0.28
Picture Vocabulary

+12 months 465.3 461.9 3.40 .001 10.73 0.32

*6 months 465.4 462.2 3.26 .002 11.00 0.30

*3 months 465.4 462.8 2.65 .063 10.36 0.26
Applied Problems

+12 months 409.5 401.0 8.53 .001 18.01 0.47

+6 months 411.0 401.1 9.93 .001 17.98 0.55

*3 months 410.6 401.0 9.52 .001 16.16 0.59
Quantitative Concepts

+12 months 421.5 413.9 7.55 .001 14.40 0.52

+6 months 420.9 413.9 7.02 .001 13.92 0.50

+3 months 420.5 413.7 6.83 .001 13.25 0.52

Note. The sample sizes for the TN-VPK and No Pre-K groups were 2,621 and 2,567 for =12 months; 1,280 and 1,322 for =6 months; and 661 and 673
for =3 months. Analyses were weighted to represent the statewide population of TN-VPK classrooms. Full results of the multilevel models are reported in
online Supplemental Appendix Tables F1 to F7. FRPL = free or reduced price lunch; TN-VPK = Tennessee Voluntary Prekindergarten Program.

*Estimated marginal means. *Estimates based on a multilevel model with children nested within pre-K classroom. In addition to days from the eligibility
cutoff date (centered at zero), covariates included (1) Region, (2) Male, (3) Black, (4) Hispanic, (5) non-Native English, (6) IEP placement, (7) FRPL eligible,
and (8) days between the W1 testing and the start of school (grand mean centered). “Effect sizes are the TN-VPK versus No Pre-K difference divided by the

standard deviation of the TN-VPK treatment group.

children whose primary language was not English. The larg-
est effects were found for the relatively small subgroup of
children who were not Hispanic but also did not have English
as their primary language. The smallest, but still positive
effects were found for non-Hispanic native English-speaking
children.

While the focus of this study was on children who quali-
fied for FRPL and were thus the priority target group
for TN-VPK, the full sample of both FRPL and non-FRPL
eligible children included about 25% more children than
the FRPL-only sample. Nonetheless, the pattern of results
was similar for that more inclusive sample, although the
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magnitude of the effects was somewhat smaller than for the
FRPL-only sample. Taken altogether, the subgroup analyses
indicated that VPK effects were larger for children from
low-income families (FRPL-eligible) and notably larger for
Hispanic children and the overlapping group of children
for whom English was not their native language, whether
Hispanic or not.

Comparison With the Effects Found in the Parallel RCT

As noted earlier, the RD design was one component of
the larger Tennessee Pre-K Study that also included a RCT



TABLE 6

TN-VPK Effect Estimates for Woodcock—Johnson (WJ) Scores by Children’s Free or Reduced-Price Lunch (FRPL) Eligibility

TN-VPK No Pre-K
TN-VPK vs. No )4 Pooled Effect
Outcome and sample M* N M*? N Pre-K difference value® TN-VPK SDs size’
W1J Composite
12-month bandwidth .005 18.93
Eligible 412.3 2,078 400.8 2,066 11.52 0.61
Not eligible 415.6 543 406.7 501 8.87 0.47
6-month bandwidth 358 16.74
Eligible 412.1 1,009 401.0 1,058 11.12 0.66
Not eligible 417.6 271 407.6 264 9.96 0.60
3-month bandwidth .644 16.08
Eligible 411.4 519 401.3 531 10.11 0.63
Not eligible 418.3 142 407.3 142 10.91 0.68
Letter-Word
12-month bandwidth 29.32
Eligible 346.8 2,078 3243 2,066 22.52 015 0.77
Not eligible 352.2 543 3333 501 18.82 0.64
6-month bandwidth 406 27.15
Eligible 346.3 1,009 324.6 1,058 21.67 0.80
Not eligible 354.9 271 335.0 264 19.92 0.73
3-month bandwidth .834 26.54
Eligible 344.8 419 325.5 531 19.24 0.73
Not eligible 353.9 142 3353 142 18.60 0.70
Spelling
12-month bandwidth 428 29.96
Eligible 379.7 2,078 359.1 2,066 20.60 0.69
Not eligible 384.5 543 365.0 501 19.49 0.65
6-month bandwidth 708 26.45
Eligible 379.9 1,009 359.7 1,058 20.18 0.76
Not eligible 386.6 271 367.2 264 19.43 0.74
3-month bandwidth 253 25.24
Eligible 378.7 519 359.6 531 19.10 0.76
Not eligible 388.6 142 366.2 142 22.36 0.89
Oral Comprehension
12-month bandwidth 15.67
Eligible 452.2 2,078 448.3 2,066 3.89 .887 0.25
Not eligible 455.1 543 451.4 501 3.77 0.24
6-month bandwidth .505 14.57
Eligible 451.8 1,009 448.5 1,058 3.31 0.23
Not eligible 456.6 271 452.5 264 4.12 0.28
3-month bandwidth .092 14.32
Eligible 452.0 419 448.9 531 3.04 0.21
Not eligible 458.1 142 452.2 142 5.90 0.41
Picture Vocabulary
12-month bandwidth .004 15.21
Eligible 465.1 2,078 461.1 2,066 3.98 0.26
Not eligible 466.3 543 464.8 501 1.51 0.10
6-month bandwidth 225 14.81
Eligible 465.0 1,009 461.4 1,058 3.61 0.24
Not eligible 467.3 271 465.2 264 2.13 0.14
(continued)
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TABLE 6. (CONTINUED)

TN-VPK No Pre-K
TN-VPK vs. No p Pooled Effect
Outcome and sample M* N M* N Pre-K difference value® TN-VPK SDs size®
3-month bandwidth 421 14.92
Eligible 464.8 519 461.8 531 297 0.20
Not eligible 467.8 142 466.2 142 1.60 0.11
Applied Problems
12-month bandwidth 26.04
Eligible 409.2 2078 399.3 2066 9.97 <.001 0.38
Not eligible 411.2 543 407.4 501 3.81 0.15
6-month bandwidth 215 22.86
Eligible 410.0 1009 399.5 1058 10.48 0.46
Not eligible 415.1 271 406.9 264 8.14 0.36
3-month bandwidth 747 22.29
Eligible 409.0 519 399.7 531 9.32 0.42
Not eligible 416.3 142 406.1 142 10.15 0.46
Quantitative Concepts
12-month bandwidth .007 17.27
Eligible 420.9 2078 412.8 2066 8.11 0.47
Not eligible 4239 543 418.1 501 5.73 0.33
6-month bandwidth .296 15.46
Eligible 420.0 1,009 412.6 1058 7.33 0.47
Not eligible 424.7 271 418.7 264 6.01 0.39
3-month bandwidth .956 14.91
Eligible 4194 519 412.6 531 6.80 0.46
Not eligible 424.8 142 417.9 142 6.90 0.46

Note. Children regardless of their FRPL eligibility were included in the analysis. Analyses were weighted to represent the statewide population of TN-VPK
classrooms. TN-VPK = Tennessee Voluntary Prekindergarten Program; IEP = Individual Educational Plan.

*Estimated marginal means from the multilevel analysis model. °p value for the interaction term for condition (TN-VPK vs. No Pre-K) and FRPL eligibility.
Estimates were based on a multilevel model with children nested within pre-K classroom. In addition to days from the eligibility cutoff date (centered at
zero), covariates included (1) Region, (2) Male, (3) Black, (4) Hispanic, (5) non-native English, (6) IEP placement, (7) FRPL eligible, and (8) days between
the W1J testing and the start of school (grand mean centered), and (9) the interaction term. “Effect sizes are the TN-VPK versus No Pre-K difference divided
by the standard deviations of the TN-VPK treatment groups pooled for the Eligible and Not Eligible subgroups.

of outcomes for FRPL-eligible applicants offered admission
to oversubscribed VPK program sites compared with those
for children waitlisted and ultimately not offered admission.
One part of that RCT, the ISS, used the same Woodcock—
Johnson achievement measures as the RD study with a sam-
ple of consented children tested at the beginning and end of
the pre-K year. The ISS was analyzed as a quasi-experiment
but had the advantage of an extensive set of baseline mea-
sures used as covariates to adjust for the few initial differ-
ences between the treatment and control groups. However,
as a consented subsample of applicants to oversubscribed
program sites, the external validity of those results is uncer-
tain, i.e., their generalization to the statewide population of
VPK program sites.

An important feature of the RD component of the
Tennessee study is that it is based on a probability sample
of the full population of TN-VPK program sites as it
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existed at the time the study began. In addition, the same
Woodcock-Johnson outcome measures used in the ISS
were used in the RD study. These circumstances make it
possible to directly compare the effect estimates from the
two study components. A similar pattern of positive results
would be indicative of the external validity of the ISS esti-
mates and any such convergence across the two distinct
study components would also be an indication of the
robustness of that pattern.

The effect sizes on each of the WJ measures common to
the ISS and the RD are compared in Table 7, with the
12-month bandwidth shown for the RD. Because the RD
samples represent children who actually participated in
VPK, the ISS effect estimates are from the treatment-on-the-
treated analysis that defines treatment and control groups in
terms of actual participation irrespective of the condition to
which the children were originally assigned. Both the RD



TABLE 7
Effect Sizes From the RD Compared With Those From the ISS

Effect size estimates

Outcome measure RD? ISS®
W1J Composite 0.85 0.40
Literacy
Letter-Word Identification 1.04 0.47
Spelling 0.98 0.38
Language
Oral Comprehension 0.24 0.07
Picture Vocabulary 0.34 0.32
Mathematics
Applied Problems 0.47 0.26
Quantitative Concepts 0.56 0.33

Note. Estimates for both the RD and ISS are from samples of FRPL-eligible
children. All these effect sizes are statistically significant except for ISS
Oral Comprehension. WJ = Woodcock—Johnson; ISS = Intensive Sub-
study; FRPL = free or reduced-price lunch; RD = regression-discontinuity.
*12-month bandwidth estimates for the RD study reported here (see Table 2).
"Treatment-on-the-treated estimates from the ISS sample of the RCT compo-
nent of the overall study (see Lipsey et al., 2018).

and ISS samples showed positive VPK effects on all the
measures, although that for Oral Comprehension in the ISS
is quite small and not statistically significant. Moreover, the
effect estimates in both samples are largest for the literacy
outcomes with those for the language outcomes among the
smallest, and the math outcomes in between. There is thus
notable mutual confirmation of the generally positive VPK
effects and their pattern across outcome measures between
these two study components.

At the same time, there is a rather large difference between
the RD and the ISS results in the magnitude of the effect esti-
mates. The RD effect sizes are larger on every measure—
more than twice as large for the WJ Composite and some of
the individual tests. It is difficult to interpret that contrast
given the differences between the sources of the respective
estimates. The RD used a probability sample of statewide
TN-VPK programs whereas the ISS used a consented sub-
sample of the overall RCT. Also, outcome assessment in the
RD occurred at the beginning of the kindergarten year,
approximately 12 months after initial pre-K enrollment but at
the end of the pre-K school year in the ISS, approximately 9
months after initial enrollment. Moreover, outcome measure-
ment for the control group in the RD came at the beginning of
the pre-K year, making the prior 3-year-old period the coun-
terfactual condition. In contrast, outcome measurement for
the ISS control group at the end of the pre-K school year made
the 4-year-old period the counterfactual condition. The impli-
cations of these and other relevant differences between the
RD and ISS for the magnitude of the respective effect size
estimates are being explored in a separate report.

TN-VPK Effects Compared With Those From Other Pre-K
RD Studies

The findings of this RD study, as well as those from the
ISS, demonstrate that TN-VPK has been effective in improv-
ing the cognitive skills and early achievement of the low-
income students it serves in preparation for their entry into
kindergarten. As described in the introduction to this report,
however, the longer term effects found in the ISS and RCT
components of the Tennessee study were not so positive—
indeed, they diminished sharply after pre-K, becoming null
or even somewhat negative. While the pre-K age-cutoff RD
design is limited to estimating immediate pre-K effects, its
results do bear on the issue of longer term effects in one
important way. In contrast to TN-VPK, studies of the effects
of other state pre-K programs have generally found that the
positive immediate effects of pre-K were often sustained
into the early elementary school years, and even further in
some cases (Camilli et al., 2010; Elango et al., 2016).

There are many possible explanations for this contrast,
including methodological differences. The longer term find-
ings in the studies of other state programs are based on non-
randomized designs with only the Tennessee study using a
randomized control. One plausible explanation, however, is
that the quality of the TN-VPK program is distinctly poorer
than that of the pre-K programs in other states. There is no
consensus on the definition of pre-K program quality and no
measures with strong predictive validity for longer term
effects (Keys et al., 2013; Sabol et al., 2013), so the com-
parative quality of the Tennessee program is difficult to
judge. TN-VPK is substantially similar in structure to most
state programs and, at the time this study began, met 9 of the
10 NIEER standards for pre-K programs (Friedman-Krauss
et al., 2020).

One revealing way to view the quality of a pre-K program
is in terms of its effectiveness at producing gains over the
pre-K year on the cognitive and achievement outcomes
widely assessed in pre-K research. The relatively large num-
ber of studies of pre-K programs that have used the age-cut-
off RD design with some of those widely used outcome
measures make it possible to compare their effects. We have
identified 18 other pre-K RD studies that can serve as a basis
for comparison (details in online Supplemental Appendices
G1 and G2). These include evaluations of the state-wide pro-
grams in Arkansas, California, Georgia, New Mexico,
Michigan, New Jersey, North Carolina, Oklahoma, South
Carolina, Virginia, and West Virginia; a county-wide pro-
gram in Michigan; and city-wide programs in Boston, San
Francisco, and Tulsa. The studies vary in how the RD design
was implemented and analyzed, and in the nature of the pro-
grams and samples of children included. Nonetheless, it is
informative to examine the distribution of effect sizes found
across these similarly designed studies and, in the present
context, to observe where the TN-VPK effects fall in that
distribution.
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FIGURE 10. Effect size estimates for Woodcock—Johnson

(WJ) Letter-Word Identification from age-cutoff regression-
discontinuity studies of pre-K programs.

Note. Online Supplemental Appendix Gl identifies the reported effect
size estimates for all outcomes examined in each study. References for the
source studies are in online Supplemental Appendix G2.
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FIGURE 11. Effect size estimates for PPVT or WJ Picture

Vocabulary from age-cutoff regression-discontinuity studies of
pre-K programs.

Note. Online Supplemental Appendix Gl identifies the reported effect
size estimates for all outcomes examined in each study. References for the
source studies are in online Supplemental Appendix G2. PPVT = Peabody
Picture Vocabulary Test; W] = Woodcock—Johnson.

Overall, these RD studies show overwhelmingly positive
effects for the pre-K programs studied, especially in the
commonly measured outcome domains of literacy, lan-
guage, and math skills. Figure 10 shows the comparison of
the VPK effects with those from these other studies for WJ
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FIGURE 12.  Effect size estimates for Woodcock—Johnson (WJ)
Applied Problems from age-cutoff regression-discontinuity studies
of pre-K programs.

Note. Online Supplemental Appendix Gl identifies the reported effect
size estimates for all outcomes examined in each study. References for the
source studies are in online Supplemental Appendix G2.

Letter-Word Identification, Figure 11 for Peabody Picture
Vocabulary Test or WJ Picture Vocabulary, and Figure 12
for WJ Applied Problems. The TN-VPK effect sizes shown
in these distributions are for the full sample, not the some-
what larger ones for the FRPL-eligible sample that was the
focus of this study. Not all the programs represented in
these distributions prioritize FRPL-eligible children like
TN-VPK does and, indeed, some are universal programs
open to all age-eligible children.

Figures 10 to 12 reveal the generally positive effects on
these measures found for all the pre-K programs studied with
the age-cutoff RD design. While acknowledging the method-
ological and programmatic variation across these studies, it is
notable that the TN-VPK effects compare relatively well.
TN-VPK is not at the very top of any of these distributions,
but it is in the top half in all three, indicating what can be
described as an above average performance compared to the
peer programs represented. TN-VPK, therefore, cannot be
easily discounted as an inferior program despite the disap-
pointing longer term effects found in the randomized compo-
nents of the Tennessee study that were able to assess the
extent to which the pre-K gains were sustained.



What Happened After Pre-K?

Followed over time in the other components of the
Tennessee study, the VPK effects on literacy, language, and
math disappeared by the end of kindergarten and turned
negative by the end of third grade (Lipsey et al., 2018). A
common pattern is for pre-K programs to show initial posi-
tive effects that then fade out some time afterward (Bailey
et al., 2017; Bailey et al., 2020). For TN-VPK, however, the
pattern is better described as “catch up.” The children in the
control group showed greater gains in kindergarten than the
TN-VPK participants such that their scores on the early
achievement measures converged on those of the partici-
pants. One possible contributor to this pattern may be the
content focus of the instruction the children received in pre-
K. The skills emphasized in pre-K generally include directly
teachable skills in a finite domain, for example, letters of
the alphabet, geometric shapes, and cardinal numbers.
These have been referred to as “constrained skills” (Snow
& Matthews, 2016) that a learner can rather completely
master. They are also the skills heavily represented in the
age-appropriate items of the typical pre-K outcome mea-
sures, especially the literacy and math measures, somewhat
less so in the language measures. It is notable in this regard
that the RD results in Figures 10 to 12 rather consistently
show the largest effects on literacy, smaller ones on math,
and the smallest ones on the language measures. Given the
nature of these constrained skills, which are also empha-
sized in kindergarten, it is not surprising that children show
similar mastery after the kindergarten year whether or not
they participated in a pre-K program.

Continued emphasis on constrained skills in kindergar-
ten that are redundant with what children experienced in
pre-K (Engel et al., 2013; Claessens et al., 2014) risks bore-
dom and disengagement by those students. For the TN-VPK
randomized sample, we see some indication of this in
teacher ratings of feelings about school that are signifi-
cantly lower for the VPK participants than the nonpartici-
pants at the end of first grade. This is a possible contributor
to the slide into negative effects in the later grades for these
students.

Unconstrained skills such as vocabulary, comprehension,
and mathematical reasoning, by contrast, receive less
attention in pre-K and kindergarten but over time become
increasingly important for academic performance (Snow &
Matthews, 2016). However, the modest enhancement of
those skills found for TN-VPK on the language and math
measures would only facilitate positive achievement gains
in the later grades if they were supported and sustained in
those later grades. For this to happen, the students must
experience high quality learning environments that provide
such support.

Pearman et al. (2020) examined this “sustaining envi-
ronments” hypothesis (Bailey et al., 2017) for the TN-VPK
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randomized sample by investigating differential achievement
effects for students attending higher quality elementary
schools and/or being exposed to higher quality teachers
between kindergarten and third grade. Using Tennessee
school and teacher evaluation data, they found that VPK par-
ticipants enrolled in higher quality elementary schools and
exposed to a succession of especially effective teachers
showed positive effects on the state language arts and math
achievement tests relative to their counterparts in the control
group. Conversely, the VPK participants without such sus-
taining environments had lower scores than their counter-
parts on those achievement tests, that is, showed the negative
effects that appeared for the overall sample. The predomi-
nance of those negative effects follows from the fact that,
sadly, only 12% of these low-income students in the overall
sample experienced both high quality schools and highly
effective teachers. Here also we have a possible clue to the
source of the unexpectedly negative longer term effects of
VPK participation.

Conclusions

What is most clearly demonstrated in this RD study is
that the TN-VPK program, viewed statewide, has positive
effects on cognitive skills that are generally viewed as sup-
porting school readiness. Moreover, the effects compare
favorably with those found in pre-K RD studies of programs
in other states and localities. These findings do not support
the view that the longer term negative effects on achieve-
ment found in the randomized component of the Tennessee
study stem from a distinctively poor quality pre-K program.
We can only speculate about the nature of the interaction
between the TN-VPK experience and the experience those
children had in later grades that resulted in the longer term
negative effects. The evidence available to date highlights
redundant content in kindergarten that diminishes positive
feelings about school combined with the lower quality
schools and teachers most of these students experience in the
later grades as likely factors.
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Notes

1. In five instances, a student who was enrolled in one partici-
pating TN-VPK classroom withdrew within the first 6 weeks of
school and enrolled in another participating TN-VPK classroom;
those students were matched with the latter classroom.

2. The race/ethnicity categories for this sample are not mutually
exclusive; 10% of the children were identified in school records as
mixed race with less than 1% something other than White, Black,
Hispanic, or some mix of those. The mixed-race children are coded
in all the categories for their respective mix. In the unadjusted data
that coding identifies 64.2% as White, 36.1% as Black, and 8.5%
as Hispanic.

References

Bailey, D. H., Duncan, G. J., Cunha, F., Foorman, B. R., & Yeager,
D. S. (2020). Persistence and fade-out of educational-interven-
tion effects: Mechanisms and potential solutions. Psychological
Science in the Public Interest, 21(2), 55-97. https://doi.
org/10.1177/1529100620915848

Bailey, D. H., Duncan, G. J., Odgers, C., & Yu, W. (2017).
Persistence and fadeout in the impacts of child and ado-
lescent interventions. Journal of Research on Educational
Effectiveness, 10(1), 7-39. https://doi.org/10.1080/19345747
.2016.1232459

Camilli, G., Vargas, S., Ryan, S., & Barnett, W. S. (2010). Meta-
analysis of the effects of early education interventions on cogni-
tive and social development. Teachers College Record, 112(3),
579-620.

Chin, S. (2000). A simple method for converting an odds
ratio to effect size for use in meta-analysis. Statistics in
Medicine, 19(22), 3127-3131. https://doi.org/10.1002/1097-
0258(20001130)19:22<<3127::AID-SIM784>3.0.CO;2-M

Claessens, A., Engel, M., & Curran, F. C. (2014). Academic con-
tent, student learning, and the persistence of preschool effects.
American Educational Research Journal, 51(2), 403—434.
https://doi.org/10.3102/0002831213513634

Cook, T. D., & Wong, V. C. (2008). Empirical tests of the valid-
ity of the regression discontinuity design. Annals of Economics
and Statistics, Econometric Evaluation of Public Policies:
Methods and Applications, 91/92, 127-150. https://doi.
org/10.2307/27917242

Duncan, G. J., & Magnuson, K. (2013). Investing in preschool
programs. Journal of Economic Perspectives, 27(2), 109—132.
https://doi.org/10.1257/jep.27.2.109

Elango, S., Garcia, J. L., Heckman, J. J., & Hojman, A. (2016).
Early childhood education. In R. A. Moffitt (Ed.), Economics
of means-tested transfer programs in the United States (Vol. 2,
pp- 235-297). University of Chicago Press.

Engel, M., Claessens, A., & Finch, M. A. (2013). Teaching stu-
dents what they already know? The (mis)alignment between
mathematics instructional content and student knowledge in

22

kindergarten. Educational Evaluation and Policy Analysis,
35(2), 157-178. https://doi.org/10.3102/0162373712461850

Farran, D. C., & Lipsey, M. W. (2016). Evidence for the benefits
of state prekindergarten programs: Myth & misrepresenta-
tion. Behavioral Science & Policy, 2(1), 9—18. https://doi.org
/10.1353/bsp.2016.0002

Friedman-Krauss, A. H., Barnett, W. S., Garver, K. A., Hodges,
K. S., Weisenfeld, G. G., & Gardiner, B. A. (2020). The state
of preschool 2019: State preschool yearbook. National Institute
for Early Education Research.

Gormley, W. T., Gayer, T., Phillips, D., & Dawson, B. (2005).
The effects of universal pre-K on cognitive development.
Developmental Psychology, 41(6), 872—884. https://doi.org/10
.1037/0012-1649.41.6.872

Jacob, R., Zhu, P., Somers, M.-A., & Bloom, H. (2012). 4 practical
guide to regression discontinuity. MDRC.

Jafte, L. E. (2009). Development, interpretation, and application
of the W score and the relative proficiency index (Woodcock-
Johnson IIT Assessment Service Bulletin No. 11). Riverside.

Keys, T. D., Farkas, G., Burchinal, M. R., Duncan, G. J., Vandell,
D.L., Li, W., Ruzek, E. A., & Howes, C. (2013). Preschool cen-
ter quality and school readiness: Quality effects and variation
by demographic and child characteristics. Child Development,
84(4), 1171-1190. https://doi.org/10.1111/cdev.12048

Lee, D. S., & Lemieux, T. (2010). Regression discontinuity designs
in economics. Journal of Economic Literature, 48(2), 281-355.
https://doi.org/10.1257/jel.48.2.281

Lipsey, M. W., Farran, D. C., & Durkin, K. (2018). Effects of the
Tennessee Prekindergarten Program on children’s achieve-
ment and behavior through third grade. Early Childhood
Research Quarterly, 45, 155-176. https://doi.org/10.1016/].
ecresq.2018.03.005

Lipsey, M. W., Weiland, C., Yoshikawa, H., Wilson, S.J., & Hofer,
K. G. (2015). The prekindergarten age-cutoff regression-
discontinuity design: Methodological issues and implications
for application. Educational Evaluation and Policy Analysis,
37(3), 296-313. https://doi.org/10.3102/0162373714547266

McGrew, K. S, Schrank, K. A., & Woodcock, R. W. (2007).
Woodcock-Johnson III normative update technical manual.
Riverside.

Meloy, B., Gardner, M., & Darling-Hammond, L. (2019).
Untangling the evidence on preschool effectiveness: Insights
for policymakers. Learning Policy Institute.

Pearman, F. A., II, Springer, M. P., Lipsey, M., Lachowicz, M.,
Swain, W., & Farran, D. (2020). Teachers, schools, and pre-K
effect persistence: An examination of the sustaining envi-
ronment hypothesis. Journal of Research on Educational
Effectiveness, 13(4), 547-573. https://doi.org/10.1080/193457
47.2020.1749740

Phillips, D. A., Lipsey, M. W., Dodge, K. A., Haskins, R., Bassok,
D., Burchinal, M. R., Duncan, G. J., Dynarski, M., Magnuson,
K. A., & Weiland, C. (2017). Puzzling it out: The current state
of scientific knowledge on pre-kindergarten effects: A consen-
sus statement. Brookings Institution.

Puma, M., Bell, S., Cook, R., Heid, C., Broene, P., Jenkins, F.,
Mashburn, A., & Downer, J. (2012). Third grade follow-up
to the Head Start Impact study final report (OPRE Report
No. 2012-45). Office of Planning, Research and Evaluation,


https://doi.org/10.1177/1529100620915848
https://doi.org/10.1177/1529100620915848
https://doi.org/10.1080/19345747.2016.1232459
https://doi.org/10.1080/19345747.2016.1232459
https://doi.org/10.1002/1097-0258(20001130)19:22
https://doi.org/10.1002/1097-0258(20001130)19:22
https://doi.org/10.3102/0002831213513634
https://doi.org/10.2307/27917242
https://doi.org/10.2307/27917242
https://doi.org/10.1257/jep.27.2.109
https://doi.org/10.3102/0162373712461850
https://doi.org/10.1353/bsp.2016.0002
https://doi.org/10.1353/bsp.2016.0002
https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.1111/cdev.12048
https://doi.org/10.1257/jel.48.2.281
https://doi.org/10.1016/j.ecresq.2018.03.005
https://doi.org/10.1016/j.ecresq.2018.03.005
https://doi.org/10.3102/0162373714547266
https://doi.org/10.1080/19345747.2020.1749740
https://doi.org/10.1080/19345747.2020.1749740

Administration for Children and Families U.S. Department of
Health and Human Services.

Sabol, T. J., Soliday Hong, S. L., Pianta, R. C., & Burchinal, M.
R. (2013). Can rating pre-K programs predict children’s learn-
ing? Science, 341(23), 845-846. https://doi.org/10.1126/sci-
ence.1233517

Snow, C. E., & Matthews, T. J. (2016). Reading and language in
the early grades. Future of Children, 26(2), 57-74. https://doi.
org/10.1353/f0c.2016.0012

Woodcock, R. W., McGrew, K. S., & Mather, N. (2001). Woodcock-
Johnson Tests of Cognitive Abilities—I1I. Riverside.

Impact of Tennessee Pre-K on Cognitive Skills

Authors

GEORGINE M. PION is a research associate professor of psychol-
ogy and human development, Vanderbilt University (retired). Her
research interests are human resource policy, particularly as it per-
tains to the education, training, and employment of scientists and
clinical personnel.

MARK W. LIPSEY is a research professor of public policy in
human and organizational development, Vanderbilt University.
His research interests are program evaluation methodology, meta-
analysis, and programs for at-risk children and youth.

23


https://doi.org/10.1126/science.1233517
https://doi.org/10.1126/science.1233517
https://doi.org/10.1353/foc.2016.0012
https://doi.org/10.1353/foc.2016.0012

