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The Effect of Early Childhood Programs on Third-Grade Test 
Scores: Evidence from Transitional Kindergarten in Michigan†

By Jordan Berne, Brian Jacob, Tareena Musaddiq, 
Anna Shapiro, and Christina Weiland*

Early childhood education (ECE) programs 
boost children’s school readiness and can have 
long-run effects on participants’ educational, 
income, and health outcomes (Phillips et al. 
2017). Transitional kindergarten (TK) programs 
are a relatively new entrant into the early edu-
cation landscape, having come about as states 
pushed back the dates at which children can 
enter traditional kindergarten (K). Unlike many 
public early education options, TK programs 
are not targeted to children from families with 
low income. They also differ from many pub-
lic ECE options in other important ways: TK 
operates only in public schools, is taught by 
state-certified teachers who are paid at the level 
of other K–12 educators, and tends to use a more 
academic-focused curriculum than many ECE 
programs (Shapiro et al. 2023).

The only TK program rigorously evaluated 
is the statewide program in California. Manship 
et  al. (2015) found the program increased 

students’ early literacy, language, and math skills 
along with kindergarten engagement. However, a 
study with a larger sample followed via adminis-
trative records found no benefits of California TK 
on students’ third- and fourth-grade test scores 
(Lafortune, Hill, and Severance 2023).

We extend this literature by estimating the 
impacts of Michigan’s TK program. In Michigan, 
TK funding is available for all children who turn 
five by the state’s kindergarten birthday cut-
off (September 1) or within three months after 
(September 2–December 1). Therefore, fund-
ing is available for all five-year-olds but only 
the oldest four-year-olds. The state also funds 
early entrance into traditional kindergarten (via 
a waiver process) for children born between 
September 2 and December 1. Hence, fam-
ilies of children who turn five after the state’s 
September 1 kindergarten cutoff but on or 
before December 1 have three options: (i) enroll 
in TK (in districts that offer it and in which there 
is space); (ii) waive into traditional kindergarten 
early (EK) (in all districts); or (iii) choose an 
alternative public or private care setting, includ-
ing staying home.

Leveraging the December 1 age-eligibility cut-
off in a regression discontinuity (RD) framework, 
we find positive impacts of attending TK on third-
grade math scores and suggestive evidence of 
benefits for English Language Arts (ELA).

I.  Data

This study uses longitudinal administrative 
data on the universe of Michigan public school 
students. Unfortunately, not every school district 
in Michigan has reliable data on TK enrollment. 
Therefore, we restrict our sample to districts that 
do not offer TK and districts with TK that reliably 
report student-level enrollment. For more infor-
mation on how we identify districts with reliable 
data and how these districts compare to those 
with unreliable data, see online Appendix A.
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We also limit our sample to students who 
turned five near December 1 in 2014 or 2018. 
(We exclude students in the intervening cohorts 
because their third-grade tests were disrupted 
by the COVID-19 pandemic.) Our other data 
cleaning decisions and sample restrictions are 
detailed in online Appendix A.

As Table  1 shows, students in TK districts 
were more likely to be White, less likely to be 
economically disadvantaged, and more likely to 
live in suburbs. Compared to other students in the 
same district, TK students tended to be slightly 
more economically advantaged and more likely 
to live in a suburb. For more information on the 
districts with TK programs and the students who 
choose to participate, see Shapiro et al. (2023).

II.  Empirical Strategy

Identification in this setting is challenging 
because at the cutoff (December 1), children not 
only become eligible for TK but also gain the 
ability to enter kindergarten early via a waiver 
(we denote students who choose to enter kin-
dergarten early as EK). With the standard RD 
assumptions, we can only identify the combined 
effect of becoming eligible for both TK and EK.1 
Decomposing this intent-to-treat (ITT) effect 

1 To economize on space, we present results from the 
usual RD validity checks in online Appendix C. A couple 
results raise concerns, but overall we believe we have a valid 
natural experiment.

into separate TK and EK effects requires more 
structure.

As we show in online Appendix B, the ITT 
effect for TK districts is a weighted combination 
of the TK and EK local average treatment effects 
(LATEs),

(1)	​ IT T  = ​ Ω​TK​​ L AT​E​TK​​ + ​Ω​K​​ L AT​E​EK​​​,

where each ​​Ω​x​​​ weight is the share of students at 
the cutoff who are compliers for option ​x​. Notice 
that the quantities ​IT T​, ​​Ω​TK​​​, and ​​Ω​EK​​​ are all 
identified simply using districts that offer TK.

At this point, we have one equation with two 
unknowns: ​L AT​E​TK​​​ and ​L AT​E​EK​​​. Intuitively, 
since the ITT effect is a combination of two 
unobserved LATEs, recovering one of the two 
would allow us to back out the other. Our strat-
egy is to use districts that do not offer TK as 
a second source of information to recover the 
LATE for the EK treatment.

In districts without TK, the RD cutoff 
generates variation in EK entry but not TK 
enrollment, allowing us to cleanly identify  
​L AT​E​EK​​​. However, using non-TK districts to 
infer ​L AT​E​EK​​​ in TK districts requires some type 
of restriction on treatment effect heterogeneity. 
In theory, ​L AT​E​EK​​​ may differ across districts. As 
we showed in Table 1, EK students in TK and 
non-TK districts differ on observable charac-
teristics, and they likely differ in unobservable 
ways too. Given this possibility, we estimate 
two models—one that assumes treatment effect 

Table 1—Summary Statistics

Non-TK districts TK districts

All
students

EK
students

All
students

EK
students

TK
students

Female (percent) 50 56 50 57 50
White (percent) 48 33 74 63 77
Black (percent) 36 51 12 18 11
Hispanic (percent) 10 9 7 7 7
Economically disadvantaged (percent) 70 76 46 56 38
Neighborhood median household income ($) 49,666 45,951 66,494 61,976 69,120
Charter school (percent) 30 46 3 4 5
District is in city (percent) 40 49 21 35 19
District is in suburb (percent) 29 32 54 49 57
District is in rural area (percent) 23 13 13 7 13
District mean third-grade math score (SD) −0.264 −0.339 0.249 0.191 0.231

Observations 9,902 8,410 2,043 923 1,689

Notes: EK students are those who use a waiver to enroll in regular kindergarten despite turning five after the kindergarten birth-
day cutoff. We use the sample of students born within 30 days of the TK cutoff to construct these statistics. All statistics are 
calculated at the student level. See online Appendix A for a summary statistics table with a larger set of characteristics.
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homogeneity and another that relaxes this 
assumption.

A. Baseline Estimation Approach

In our baseline approach, we assume the treat-
ment effect of EK is the same in TK and non-TK 
districts and estimate ​L AT​E​TK​​​ and ​L AT​E​EK​​​ 
jointly using both TK and non-TK districts. For 
student ​i​ in district ​d​ from cohort ​c​, we estimate 
the following system of equations via two-stage 
least squares (2SLS):

(2)	​​ Y​i​​  = ​ β​  0​​ + ​β​ 1​​ T​K​i​​ + ​β​  2​​ E​K​i​​ +  f ​(do​b​i​​)​

	 + Π ​X​i​​ + ​λ​dc​​ + ​ε​idc​​​,

(3)	​ T​K​i​​  = ​ δ​ 0​ 
TK​ + ​δ​ 1​ 

TK​ Lef​t​i​​ + ​δ​ 2​ 
TK​ Lef​t​i​​ 

	 × DistHasT​K​dc​​ +  ​f ​​  TK​​(do​b​i​​)​ 

	 + ​Ψ​​ TK​ ​X​i​​ + ​θ​ dc​ 
 TK​ + ​ε​ idc​ 

TK​​,

(4)	​ E​K​i​​  = ​ δ​ 0​ 
EK​ + ​δ​ 1​ 

EK​ Lef​t​i​​ + ​δ​ 2​ 
EK​ Lef​t​i​​

	 × DistHasT​K​dc​​ +  ​f ​​  EK​​(do​b​i​​)​

	 + ​Ψ​​ EK​ ​X​i​​ + ​θ​ dc​ 
 EK​ + ​ε​ idc​ 

EK​​,

where ​​X​i​​​ is a vector that includes student sex, 
race, and economic disadvantage status; ​​λ​dc​​​, ​​θ​ dc​ 

 TK​​,  
and ​​θ​ dc​ 

 EK​​ are district × cohort fixed effects; and ​
do​b​i​​​ is date of birth. The ​f​ functions allow differ-
ent linear relationships between date of birth and 
outcomes on either side of the cutoff and across 
districts with and without TK. The excluded 
instruments, ​Lef​t​i​​​ and ​Lef​t​i​​ × DistHasT​K​dc​​​,  
indicate being born to the left of the RD cutoff 
and being left of the cutoff in a district × cohort 
in which TK is offered. We estimate these 
equations using a bandwidth of ±30 days. Our 
estimates for ​L AT​E​TK​​​ and ​L AT​E​EK​​​ are ​​​β ˆ ​​1​​​ and ​​​β ˆ ​​ 2​​​ , 
respectively.2

B. Relaxing Model Assumptions

In our second approach, we relax the treatment 
effect homogeneity assumption by allowing ​

2 As a check on the 2SLS specification, we also estimate 
the components of equation (1) separately and back out  
​L AT​E​TK​​​. The estimates are nearly identical.

L AT​E​EK​​​ to differ by student demographic 
characteristics. To operationalize this idea, 
we estimate EK effects in the non-TK sample 
separately for eight demographic cells defined 
by sex × race (White or Asian versus other 
races) × economic disadvantage status (disad-
vantaged versus not). We estimate these effects 
using a 2SLS model analogous to equations (2) 
and (4).

Next, within the TK sample, we calculate the 
share of EK students that belong to each of the 
same eight demographic cells. We then use these 
shares as weights to aggregate the cell-specific 
effects from the non-TK sample. The result 
is a single ​L AT​E​EK​​​ estimate that reflects the 
cell-specific treatment effects from the non-TK 
districts weighted to reflect the demographic 
composition of EK students in TK districts.

Once we have a demographically-adjusted 
estimate of ​L AT​E​EK​​​, it is straightforward to back 
out ​L AT​E​TK​​​ using equation (1) and estimates of ​
IT T​, ​​Ω​TK​​​, and ​​Ω​EK​​​ from the TK sample.

We conduct inference via bootstrap because 
this approach contains multiple steps. For con-
sistency, we bootstrap in the baseline approach 
too. See online Appendix E for more details.3

III.  Results

Figure  1 shows we have strong first-stage 
impacts on TK and EK enrollment at the RD 
cutoff. In non-TK districts, 35 percent of stu-
dents waive into EK. In TK districts, 37 percent 
of students enroll in TK and 17 percent enter 
EK.

Figure  2 presents a visual representation 
of our ITT effects on third-grade math scores, 
which also provides intuition for our estima-
tion of the treatment effects of TK and EK. In 
non-TK districts, there is a large negative dis-
continuity at the cutoff. Because EK is the only 
option associated with the cutoff in these dis-
tricts, the figure tells us that students who waive 
into EK score substantially lower on the third-
grade math exam. This result is not surprising 
given that EK students take third-grade tests one 
year earlier than they otherwise would, giving 

3 Table 2 summarizes our inference results with p-values 
rather than standard errors because the bootstrap distribu-
tions in our relaxed assumptions approach are nonnormal 
and contain extreme outliers, rendering the standard errors 
uninformative.
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them one less year of cognitive development 
(Deming and Dynarski 2008). On the other 
hand, in TK districts—where the cutoff is asso-
ciated with both kindergarten waiving and TK—
there is hardly any discontinuity at the cutoff. If 
EK has a negative effect in TK districts as it does 
in non-TK districts, this implies TK must have 
an offsetting positive effect.

Consistent with this visual intuition, the results 
in Table 2 indicate that TK enrollment leads to 
substantial improvements in third-grade math 
scores. Our baseline estimate is 0.21 standard 

deviations (p = 0.051), and our relaxed assump-
tions estimate is 0.29 standard deviations (p 
= 0.111). The reason for the difference is that 
the demographic subgroups that dominate the 
EK compliers in TK districts (e.g., White and 
Asian girls regardless of economic disadvan-
tage and White and Asian boys who are not 
economically disadvantaged) experience the 
largest negative effects from attending EK (see 
online Appendix D). The data-intensive nature 
of the relaxed assumptions approach results in 
less precision, but the fact that the point estimate 
increases gives us confidence in interpreting the 
math impact as positive. For ELA, we estimate 

Figure 1. First-Stage Effects  
on TK and EK Enrollment in One’s Pre-K Year

0.35

0

0.2

0.4

0.6

0.8

1

S
ha

re
 e

nr
ol

le
d

‒30 ‒20 ‒10 0 10 20 30

Days from cutoff

Panel A. Non-TK districts

0.37

0.17

0

0.2

0.4

0.6

0.8

1

S
ha

re
 e

nr
ol

le
d

‒30 ‒20 ‒10 0 10 20 30

Days from cutoff

Panel B. TK districts

TK enrollment

EK enrollment

TK enrollment

EK enrollment

Figure 2. ITT Effects  
on Third-Grade Math Scores

‒0.5

‒0.4

‒0.3

‒0.2

‒0.1

0

0.1

0.2

M
at

h 
sc

or
e 

(S
D

)

‒30 ‒20 ‒10 0 10 20 30
Days from cutoff

Panel A. Non-TK districts

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

M
at

h 
sc

or
e 

(S
D

)

‒30 ‒20 ‒10 0 10 20 30

Days from cutoff

Panel B. TK districts



MAY 2024484 AEA PAPERS AND PROCEEDINGS

that TK enrollment increases third-grade scores 
by 0.19 standard deviations (p = 0.293), but this 
estimate is not statistically distinguishable from 
zero.

Several points are worth noting when interpret-
ing these estimates. First, the TK impacts are rela-
tive to a counterfactual of starting kindergarten on 
schedule or later, having spent one’s pre-K year 
receiving care at home, attending Michigan’s 
income-targeted public pre-K program, attend-
ing private pre-K, or spending the year in some 
other type of arrangement. Second, and related 
because they reflect the impact for students close 
to the December 1 cutoff, our estimates capture 
the effects of TK for children who are among the 
oldest in their birth cohort.

In online Appendices C and D, we conduct 
RD validity checks and elaborate on our identi-
fication strategies.

IV.  Discussion

Research commonly finds that attend-
ing preschool has sizable impacts on 
kindergarten readiness, followed by partial or 
complete fade out in the early elementary years, 
and then reemergence of benefits in early adult-
hood (Phillips et al. 2017). Our finding that 
Michigan TK raises third-grade math scores 
stands in stark contrast to this typical pattern.

The magnitude of our estimates is large rel-
ative to the prior literature. Across all relatively 
rigorous evaluations of programs since the 1960s, 
the average impact of preschool on children’s 

end-of-preschool cognitive skills is about 0.25 
standard deviations (Duncan and Magnuson 
2013). Our impact estimates are the same size 
for students in third grade. To give another refer-
ence point, our math estimate amounts to 61 per-
cent of expected cognitive development between 
third and fourth grade.4

The more positive impacts of Michigan TK 
compared with other ECE programs could be 
due to a variety of factors, including (i) less 
formal ECE among the control group in our 
sample, (ii) the quality of TK teachers, and (iii) 
better alignment between TK and early elemen-
tary schooling. In future work, we will inves-
tigate these and other potential mechanisms as 
well as explore the heterogeneity of treatment 
effects across subgroups. We hope that our find-
ings will inform the development and scaling of 
other successful ECE models in Michigan and 
elsewhere.

REFERENCES

Deming, David, and Susan Dynarski. 2008. “The 
Lengthening of Childhood.” Journal of Eco-
nomic Perspectives 22 (3): 71–92.

Duncan, Greg J., and Katherine Magnuson. 2013. 
“Investing in Preschool Programs.” Journal of 
Economic Perspectives 27 (2): 109–32.

4 This is based on the average growth of Michigan stu-
dents from third grade in 2017–2018 to fourth grade in 
2018–2019 and is nearly identical to the estimates found in 
other literature (Hill et al. 2008).	

Table 2—Impacts of TK and EK on Third-Grade Test Scores

Math ELA

Baseline Relaxed assumptions Baseline Relaxed assumptions

​L AT​E​TK​​​ 0.252 0.212 0.331 0.294 0.123 0.097 0.209 0.191
[ p-value] ​​[0.046]​​ ​​[0.051]​​ ​​[0.088]​​ ​​[0.111]​​ ​​[0.321]​​ ​​[0.401]​​ ​​[0.253]​​ ​​[0.293]​​

​L AT​E​EK​​​ −0.378 −0.366 −0.557 −0.557 −0.240 −0.219 −0.435 −0.435
[ p-value] ​​[0.000]​​ ​​[0.000]​​ ​​[0.092]​​ ​​[0.092]​​ ​​[0.061]​​ ​​[0.078]​​ ​​[0.181]​​ ​​[0.181]​​

Controls X X X X
Control mean 0.302 0.286
Observations 15,680 15,669

Notes: Inference is conducted via bootstrap, with clustering on the running variable. Online Appendix E elaborates on our 
inference strategy. In the relaxed assumptions approach, we always exclude controls when estimating EK LATEs because the 
demographic subgroups are defined by the covariates. Hence, the EK estimates in the with- and without-controls columns are 
identical by construction. The control mean is the average of the outcome variable for students in TK districts born one to five 
days after the cutoff. The first stage F-statistics in the baseline model are 336.21 (math) and 339.82 (ELA) for TK and 400.34 
(math) and 340.52 (ELA) for EK.



VOL. 114 485THE EFFECT OF EARLY CHILDHOOD PROGRAMS ON THIRD-GRADE TEST SCORES

Hill, Carolyn J., Howard S. Bloom, Alison 
Black, and Mark W. Lipsey. 2008. “Empiri-
cal Benchmarks for Interpreting Effect Sizes 
in Research.” Child Development Perspectives 
2 (3): 172–77.

Lafortune, Julien, Laura Hill, and Mary Sev-
erance. 2023. Assessing Transitional Kin-
dergarten’s Impact on Elementary School 
Trajectories. Stanford, CA: Public Policy Insti-
tute of California.

Manship, Karen, Heather Quick, Aleksandra 
Holod, Nicholas Mills, Burhan Ogut, Jodi 
Jacobson Chernoff, Jarah Blum, Alison Hauser, 
Jennifer Anthony, and Raquel González. 
2015. Impact of California’s Transitional 

Kindergarten Program, 2013–14. San Mateo, 
CA: American Institutes for Research. 

Phillips, Deborah A., Mark W. Lipsey, Kenneth 
A. Dodge, Ron Haskins, Daphna Bassok, Mar-
garet R. Burchinal, Greg J. Duncan, et al. 
2017. Puzzling it Out: The Current State 
of Scientific Knowledge on Pre Kindergarten 
Effects - A Consensus Statement. Washington, 
DC: Brookings Institution.

Shapiro, Anna, Jordan Berne, Katia Cordoba 
Garcia, Brian Jacob, Tareena Musaddiq, Sam-
uel Owusu, and Christina Weiland. 2023. Mich-
igan Transitional Kindergarten: A First Look 
at Program Reach and Features. Ann Arbor, 
MI: Education Policy Initiative.


	Untitled
	The Effect of Early Childhood Programs on �Third-Grade Test Scores: Evidence from Transitional Kindergarten in Michigan
	I. Data
	II. Empirical Strategy
	A. Baseline Estimation Approach
	B. Relaxing Model Assumptions

	III. Results
	IV. Discussion
	References


	Title of article paper or other content: The Effect of Early Childhood Programs on Third-Grade Test Scores: Evidence from Transitional Kindergarten in Michigan
	Last Name First NameRow1: Berne, Jordan
	AcademicOrganizational AffiliationRow1: University of Michigan
	ORCID IDRow1: https://orcid.org/0000-0002-9965-9360
	Last Name First NameRow2: Jacob, Brian
	AcademicOrganizational AffiliationRow2: University of Michigan
	ORCID IDRow2: https://orcid.org/0009-0003-3794-9850
	Last Name First NameRow3: Musaddiq, Tareena
	AcademicOrganizational AffiliationRow3: Mathematica Inc.
	ORCID IDRow3: https://orcid.org/0000-0002-7004-8961
	Last Name First NameRow4: Shapiro, Anna
	AcademicOrganizational AffiliationRow4: RAND Corporation
	ORCID IDRow4: https://orcid.org/0000-0001-9312-1300
	Last Name First NameRow5: Weiland, Christina
	AcademicOrganizational AffiliationRow5: University of Michigan
	ORCID IDRow5: https://orcid.org/0000-0001-7181-8799
	Last Name First NameRow6: 
	AcademicOrganizational AffiliationRow6: 
	ORCID IDRow6: 
	PublicationCompletion Date —if in press enter year accepted or completed: May 2024
	Group3: Choice1
	Name of institution, type of degree, and department granting degree: AEA Papers and Proceedings, Vol. 114
	DOI or URL to published work if available: DOI: 10.1257/pandp.20241081
	Office name: National Center for Education Research
	Grant number: R305B200011
	Institution: University of Michigan
	Office name(same): National Center for Education Research


