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Abstract	

Many	states	have	implemented	or	expanded	state‐funded	prekindergarten	programs	in	the	

last	decade,	encouraged	by	claims	about	the	benefits	that	can	be	expected	and	the	importance	

of	early	experiences	for	children’s	development,	especially	for	economically	disadvantaged	

children.		However,	there	is	remarkably	little	methodologically	adequate	evidence	about	the	

effects	of	such	programs.		Using	a	subsample	of	children	with	parental	consent	from	a	larger	

sample	of	children	randomly	assigned	to	attend	the	Tennessee	pre‐k	program	or	not,	this	

study	examined	effects	on	cognitive	and	noncognitive	outcomes	through	third	grade.		At	the	

end	of	the	pre‐k	year,	program	participants	showed	better	outcomes	than	comparable	

nonparticipants	on	achievement	measures	and	ratings	of	school	readiness	by	kindergarten	

teachers.		But	those	effects	were	not	sustained	in	subsequent	years	and,	indeed,	by	the	end	of	

third	grade	the	pre‐k	participants	scored	lower	on	the	achievement	measures	than	

nonparticipants.		These	results	raise	questions	about	the	way	state	pre‐k	programs	have	been	

designed	and	implemented.	
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INTRODUCTION	

As	state	policymakers	consider	instituting,	expanding,	or	altering	their	

prekindergarten	programs,	the	advice	available	to	them	from	various	professional	and	

advocacy	groups	is	heavily	infused	with	claims	about	the	substantial	benefits	that	can	be	

expected	from	such	programs	(e.g.,	Barnett,	2013;	ReadyNation,	n.d.;	SREB,	2015).		

However,	that	advice	has	not	typically	relied	on	current	research	evidence	about	the	effects	

of	pre‐k	programs	implemented	at	statewide	scale.		Instead,	the	rationale	for	state	

expansion	of	pre‐k	programs	is	typically	based	on	the	“widely	advertised	success	of	a	few	

model	programs”	(Fitzpatrick,	2008,	p.	1)	combined	with	recognition	of	the	importance	of	

early	experiences	for	children,	especially	children	growing	up	in	poverty.		

Importance	of	Early	Experiences	for	Children	from	Low	Income	Families	

Poverty	in	the	United	States	creates	pernicious	environments	for	the	development	

of	young	children,	beginning	in	utero.		Experiences	of	poverty	before	age	5,	especially,	have	

both	immediate	and	long	lasting	consequences	for	children’s	academic	achievement	and	

behavior	(Currie	&	Rossin‐Slater,	2014;	Duncan,	Ziol‐Guest,	&	Kalil,	2010).		Summarizing	

longitudinal	studies,	Almond	and	Currie	(2010)	concluded	that	characteristics	of	children	

at	age	7	explain	much	of	the	variation	in	their	later	educational	achievement	and	even	

subsequent	earnings	and	employment.		These	realizations	have	fueled	the	push	for	

intervening	with	poor	children	before	school	entry	in	an	attempt	to	remediate	the	adverse	

effects	and	alter	the	lifelong	trajectories	of	children	from	low‐income	families.	

Recognition	that	poverty	produces	an	early	educational	disadvantage	that	persists	

throughout	the	school	years	is	not	a	new	insight.		The	link	between	educational	

achievement	and	poverty	has	been	acknowledged	at	least	since	the	1960s	when	President	
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Johnson	began	the	war	on	poverty	(Farran,	2007).		That	recognition	motivated	the	creation	

of	Head	Start	in	1964	with	its	focus	on	school	readiness	skills.		Thus	the	United	States	has	

had	fifty	years’	experience	creating	interventions	prior	to	formal	school	entry	for	children	

whose	families	live	in	poverty.		Despite	these	efforts,	the	achievement	gap	between	

children	in	poverty	and	higher	income	children	has	grown	in	recent	years	(Reardon,	2011).	

Model	Programs	

The	early	childhood	intervention	programs	that	provide	the	models	and	rationale	

for	expansion	of	public	pre‐k	began	in	the	1960s	and	were	set	up	as	experiments	that	

focused	on	IQ	as	the	target	outcome.		They	demonstrated	immediate	and	significant	effects	

on	IQ	measures	(Lazar	et	al.,	1982),	but	those	positive	effects	dissipated	by	the	end	of	6th	

grade	and	sometimes	earlier.		The	effects	of	these	programs	on	academic	achievement	also	

persisted	for	some	years,	but	then	generally	faded	as	well	(Campbell	et	al.,	2001;	

Schweinhart	et	al.,	2005).		The	two	experimental	programs	whose	participants	have	been	

followed	the	longest	are	the	Perry	Preschool	and	Abecedarian	programs.		It	is	their	long‐

term	effects	on	school	completion,	employment,	marriage	stability,	criminal	behavior,	and	

the	like	that	are	most	often	cited	as	the	justification	for	further	public	investments	in	pre‐k	

and	as	the	basis	for	the	claim	that	the	value	of	the	benefits	will	outweigh	the	costs.		The	

process	by	which	these	preschool	programs	influenced	such	long‐term	life	outcomes	

despite	their	lack	of	sustained	effects	on	cognitive	measures	is	somewhat	ambiguous	and	

does	not	have	a	strong	empirical	base.		The	most	fully	developed	theory	is	that	these	

interventions	enhanced	children’s	noncognitive	skills	(e.g.,	inhibition	of	externalizing	

behavior,	self‐regulation,	and	academic	motivation)	in	ways	that	had	positive	cumulative	
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effects	over	subsequent	years	(Heckman,	Pinto,	&	Savelyev,	2013).	

	 With	the	publication	in	Science	of	Heckman’s	2006	call	for	investments	in	early	

childhood	education	for	disadvantaged	children,	momentum	increased	dramatically	within	

states	for	policymakers	to	create	or	expand	publicly	funded	pre‐k	programs.		Heckman	

(2008)	based	his	conclusions	about	the	benefits	of	such	investments	on	analyses	of	the	

Perry	Preschool	program	and	more	recent	studies	of	the	Chicago	Child	Parent	Center	(CPC)	

program	(Reynolds	et	al.,	2011).		However,	those	programs	included	elements	difficult	to	

duplicate	at	statewide	scale,	and	no	state	pre‐k	program	has	actually	replicated	the	model	

programs	on	which	Heckman’s	analyses	were	based.		The	CPC	program,	for	example,	

extended	through	several	years	in	elementary	school	and	required	substantial	parent	

involvement.		Abecedarian	began	when	children	were	6	weeks	old,	continued	until	

kindergarten,	and	provided	full	day	care	for	50	weeks	of	the	year.		The	Perry	Preschool	

program	targeted	African	American	children	with	low	IQ,	enrolled	children	for	two	years,	

and	provided	weekly	home	visits.		Moreover,	the	cost	of	those	programs	would	be	more	

than	any	public	program	currently	allocates	for	pre‐k.		In	today’s	dollars,	the	cost	per	child	

per	year	to	implement	the	Perry	Preschool	program	has	been	estimated	at	$20,000,	and	at	

$16,000‐	$40,000	for	Abecedarian	(Minervino	&	Pianta,	2014).		A	critical	question	for	state	

pre‐k	policy,	therefore,	is	whether	programs	with	weaker	components	and	constrained	

budgets	implemented	at	scale	can	deliver	the	benefits	expected	of	them	(Baker,	2011).	

Evaluations	of	State	Pre‐K	Programs	

Reliance	by	state	policymakers	on	generalizations	from	the	longitudinal	findings	for	

the	widely	cited	model	programs	is	to	some	extent	understandable	given	the	inadequate	

evidence	available	about	the	effectiveness	of	current	statewide	pre‐k	programs	(Duncan	&	
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Magnuson,	2013).		Prior	to	the	study	of	the	Tennessee	program	presented	here,	there	has	

been	only	one	well‐controlled	longitudinal	study	of	a	scaled‐up	publicly‐funded	pre‐k	

program—the	Head	Start	Impact	Study—and	that	was	for	a	national,	not	a	state	program.			

The	Head	Start	Impact	Study	began	in	2002	and	involved	84	grantee	programs	and	

5,000	children	randomly	assigned	to	receive	an	offer	of	admission	or	not	(Puma	et	al.,	

2012).		The	children	in	the	4‐year	old	cohort	admitted	to	Head	Start	made	greater	gains	

across	the	pre‐k	year	than	nonparticipating	children	on	many	of	the	cognitive	measures	of	

language	and	literacy	achievement	but	none	of	the	math	measures.		However,	by	the	end	of	

kindergarten	the	control	children	had	caught	up,	erasing	the	differences	between	the	two	

groups.		Subsequent	positive	effects	were	found	on	only	one	achievement	measure	at	the	

end	of	1st	grade	and	another	at	the	end	of	3rd	grade.		On	the	noncognitive	social‐emotional	

measures	of	the	sort	hypothesized	by	Heckman	and	colleagues	to	be	mediators	for	the	

long‐term	effects	of	the	model	programs	(Heckman,	Pinto,	&	Savelyev,	2013),	there	were	

no	statistically	significant	effects	at	the	end	of	pre‐k	or	kindergarten.		A	few	positive	effects	

appeared	in	parent	reports	at	the	end	of	the	1st	and	3rd	grade	years,	but	teacher	and	child	

reports	in	those	years	showed	either	null	or	negative	effects.	

Research	specifically	on	the	effects	of	state	pre‐k	programs	has	been	far	less	

rigorous	(Farran	&	Lipsey,	in	press; Gilliam	&	Zigler,	2001).		The	strongest	design	used	for	

assessing	effects	at	the	end	of	the	pre‐k	year	is	the	age‐cutoff	regression	discontinuity	

design	(RDD).		The	Gormley	et	al.	(2005)	evaluation	of	the	Tulsa	pre‐k	program	was	the	

first	to	use	this	RDD.		Since	then,	a	number	of	studies	have	applied	the	age‐cutoff	RDD	to	

statewide	pre‐k	programs	(e.g.,	Wong	et	al.,	2008).		There	are	potentially	problematic	

methodological	issues	inherent	in	this	design	(Lipsey	et	al.,	2015),	but	it	is	nonetheless	less	
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vulnerable	to	bias	than	many	other	non‐experimental	alternatives.			

The	age‐cutoff	RDD	studies	have	attended	almost	exclusively	to	language,	literacy,	

and	math	achievement	outcomes	and,	with	very	few	exceptions,	have	reported	positive	

effects.		Only	the	Peisner‐Feinberg	et	al.	(2014)	RDD	study	of	the	Georgia	universal	pre‐k	

program	examined	noncognitive	outcomes	in	addition	to	achievement,	finding	a	significant	

effect	on	social	awareness	but	not	on	social	skills	or	problem	behavior.		Though	not	

involving	a	statewide	program,	an	age‐cutoff	RDD	of	the	publicly	funded	Boston	pre‐k	

program	(Weiland	&	Yoshikawa,	2013)	also	found	positive	effects	on	noncognitive	

outcomes	(e.g.,	executive	functioning)	at	the	end	of	pre‐k	along	with	achievement	effects.			

A	limitation	of	the	age‐cutoff	RDD	is	that	it	does	not	allow	for	longitudinal	follow	

up—the	control	group	completes	pre‐k	within	a	year	and	no	longer	provides	an	

informative	comparison.		Studies	of	the	extent	to	which	the	effects	of	state	pre‐k	programs	

are	sustained	past	the	end	of	the	pre‐k	year	have	relied	on	notably	weak	designs.		The	

largest	group	of	these	studies	use	data	obtained	after	the	pre‐k	year	has	ended	to	construct	

crudely	matched	samples	of	children	who	did	and	did	not	previously	attend	pre‐k	and	then	

compare	their	outcomes	in	later	grades.		In	a	typical	example,	Barnett	et	al.	(2013)	

identified	children	from	kindergarten	classrooms	who	had	and	had	not	attended	the	New	

Jersey	pre‐k	program	the	year	before,	matched	only	on	age,	gender,	race,	and	eligibility	for	

free	or	reduced	price	lunch,	and	followed	them	through	5th	grade.		No	baseline	

performance	or	family	variables	are	available	in	these	designs	to	assess	initial	group	

equivalence	or	to	use	as	statistical	controls.		In	particular,	the	groups	are	inherently	

different	on	whatever	motivation,	value	for	education,	aspirations	for	their	children,	and	

other	such	characteristics	that	led	one	group	of	parents,	but	not	the	other,	to	enroll	their	
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children	in	the	pre‐k	program.		It	is	not	surprising	that	the	results	of	these	comparisons	

overwhelmingly	favor	the	children	who	attended	the	state	pre‐k	programs.	

The	only	other	studies	that	investigate	longer‐term	effects	of	state	pre‐k	programs	

are	a	few	difference	in	difference	(DD)	studies	that	examine	before	and	after	differences	in	

state	or	county	level	student	outcomes	as	a	pre‐k	program	is	rolled	out	compared	to	

differences	over	a	comparable	period	for	another	area	in	which	there	was	no	analogous	

pre‐k	expansion.		The	challenge	for	these	studies	is	to	isolate	the	difference	made	in	the	

target	outcomes	by	pre‐k	implementation	from	the	other	influential	factors	occurring	over	

the	same	time	in	the	same	locations.		Fitzpatrick	(2008),	for	example,	used	a	DD	design	to	

investigate	the	effects	of	the	Georgia	universal	pre‐k	program	that	grew	from	14%	

participation	in	1995	to	55%	in	2008.		Initial	analyses	indicated	positive	pre‐k	effects	on	

4th	grade	NAEP	reading	and	math	scores,	but	further	analyses	exploring	control	group	

variants	and	different	inference	models	did	not	yield	completely	robust	conclusions.		

Similar	effects	that	were	generally	positive	but	sensitive	to	the	selection	of	comparison	

states	were	found	in	the	Cascio	and	Schanzenbach	(2013)	DD	study	of	the	Georgia	and	

Oklahoma	pre‐k	programs.		By	contrast,	however,	DD	analyses	of	the	More	at	Four	pre‐k	

program	in	North	Carolina	showed	effects	on	3rd	grade	state	achievement	scores	that	were	

robust	to	a	range	of	model	variations	(Ladd,	Muschkin,	&	Dodge,	2014).	

The	difficulty	of	drawing	firm	conclusions	from	DD	analyses	in	the	dynamic	context	

of	state	pre‐k	expansion	is	illustrated	by	an	ambitious	study	conducted	by	Rosinksy	(2014).		

She	compared	the	2007,	2009,	and	2011	4th	grade	NAEP	math	scores	across	multiple	

states	to	program	enrollment	six	years	previously	in	Head	Start,	state‐funded	pre‐k,	and	

special	education	preschools.		Surprisingly	she	found	a	negative	association	between	
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enrollment	in	public	pre‐k	and	NAEP	math	scores,	with	the	largest	negative	effect	

associated	with	state‐funded	programs.	

Summary	

The	widespread	advocacy	for	expansion	of	state	pre‐k	programs	and	the	high	

expectations	for	their	benefits	for	disadvantaged	children	are	based	chiefly	on	the	dramatic	

long	term	effects	found	for	a	few	small,	intensive	model	programs	implemented	long	ago.		

Research	on	the	actual	effects	of	contemporary	state	funded	pre‐k	programs,	by	contrast,	is	

most	notable	for	the	prevalence	of	weak	designs	that	do	not	support	confident	causal	

inference.		The	most	convincing	results	from	those	studies	show	positive	effects	at	the	end	

of	the	pre‐k	year	on	cognitive	outcomes,	mainly	language,	literacy,	and	math	achievement	

measures.		Noncognitive	social‐emotional	outcomes	have	only	rarely	been	examined	in	

these	studies,	but	some	positive	effects	on	those	have	been	reported	as	well.	

The	quality	of	the	evidence	about	whether	those	effects	are	sustained	past	the	end	

of	the	pre‐k	year,	however,	is	especially	poor.		A	number	of	studies	using	post	hoc	matched	

designs	report	finding	pre‐k	effects	on	achievement	and	related	academic	outcomes	well	

into	elementary	and	even	middle	school	grades.		But	these	designs	are	so	vulnerable	to	

rather	obvious	sources	of	selection	bias	that	their	findings	are	not	credible.		More	

promising	are	the	few	difference	in	difference	studies	of	the	aggregate	effects	on	

achievement	test	scores	as	state	pre‐k	programs	have	expanded.		The	assumptions	on	

which	their	analytic	models	rest	are	impossible	to	verify,	however,	and	their	results	are	not	

impressively	robust.		Especially	notable	in	these	longer‐term	studies	of	state	pre‐k	

programs	is	the	near	total	absence	of	evidence	about	effects	on	the	kinds	of	noncognitive	

outcomes	that	have	been	hypothesized	to	be	the	key	mediators	between	pre‐k	and	the	
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positive	life	outcomes	found	for	the	widely	cited	model	programs.		

The	Head	Start	Impact	Study	looms	large	in	this	context	as	the	only	randomized	

study	of	a	publicly‐funded	scaled‐up	pre‐k	program.		The	findings	of	positive	effects	on	

cognitive	outcomes	for	the	4‐year	old	cohort	at	the	end	of	the	pre‐k	year	are	consistent	

with	those	from	the	analogous	but	less	well	controlled	studies	of	state	programs.		And	the	

null	effects	on	noncognitive	outcomes	at	the	end	of	the	pre‐k	year	are	not	inconsistent	

given	how	seldom	such	outcomes	have	been	examined	in	state	pre‐k	studies.		The	rapid	

fade	out	of	the	achievement	effects	and	the	emergence	of	negative	effects	on	many	of	the	

noncognitive	measures	by	3rd	grade,	however,	do	not	offer	encouragement	for	the	

prospects	of	sustained	effects	from	scaled‐up	state‐funded	programs.	

The	research	study	presented	here	investigates	the	effects	of	the	statewide	and	

state‐funded	Tennessee	pre‐k	program	on	cognitive	and	noncognitive	outcomes	through	

3rd	grade.		It	uses	a	subgroup	of	children	with	parental	consent	who	participated	in	a	

random	assignment	design	analogous	to	that	used	in	the	Head	Start	Impact	Study.		Because	

it	was	necessary	to	seek	consent	after	randomization,	and	consent	rates	were	modest,	

selection	bias	was	a	threat.		However,	the	pre‐k	participants	and	nonparticipants	were	

quite	comparable	on	a	wide	array	of	baseline	variables	that,	additionally,	were	used	as	

statistical	controls	in	the	analyses	via	propensity	scores.		Also,	by	the	nature	of	the	design,	

both	groups	of	children	were	from	families	that	had	attempted	to	enroll	them	in	the	pre‐k	

program,	creating	further	comparability	on	a	range	of	potentially	important	unobserved	

variables.		As	such,	this	study	uses	a	better	controlled	design	than	has	appeared	heretofore	

to	investigate	the	short‐	and	medium‐term	outcomes	of	a	state	pre‐k	program.	
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THE	TENNESSEE	VOLUNTARY	PREKINDERGARTEN	PROGRAM	

The	Tennessee	Voluntary	Prekindergarten	program	(TN‐VPK)	is	a	state	funded	pre‐

k	program	offered	to	the	neediest	children	in	Tennessee.	By	statute,	eligibility	is	restricted	

to	children	who	qualify	for	the	federal	free	or	reduced	price	lunch	program	(FRPL),	

followed	by	such	other	at‐risk	children	as	those	with	disabilities	or	English	Language	

Learners	as	space	allows.		TN‐VPK	is	a	full	school‐day	program	that	operates	on	the	same	

calendar	as	the	rest	of	the	public	school	system,	requires	a	licensed	teacher	and	aide	in	

every	classroom,	a	maximum	of	20	children	per	class,	and	a	curriculum	chosen	from	a	

state‐approved	list.		According	to	the	quality	standards	promulgated	by	the	National	

Institute	for	Early	Education	Research	(NIEER),	the	TN‐VPK	program	is	among	the	top	state	

pre‐k	programs,	meeting	9	of	the	10	NIEER	benchmarks	(Barnett	et	al.,	2014).		

All	funds	flow	through	Local	Education	Agencies,	and	the	current	annual	investment	

of	nearly	$90	million	supports	935	classrooms	in	135	of	the	136	school	districts	across	all	

95	counties	in	Tennessee.		All	but	62	(6.6%)	of	these	classrooms	are	located	in	public	

schools,	though	funding	for	the	sites	not	in	public	schools	is	still	administered	by	the	local	

education	agency.		From	its	pilot	year	in	2004,	the	program	has	grown	from	serving	3,000	

children	to	more	than	18,000	as	of	fiscal	year	2014.		Despite	that	growth,	the	program	

enrolls	fewer	than	half	of	the	eligible	children	in	the	state	(Grehan	et	al.,	2011)	and	many	

school	systems	in	the	state	receive	more	eligible	applicants	than	they	can	accommodate.	

In	2009	the	Peabody	Research	Institute	at	Vanderbilt	University	launched	a	study	of	

the	TN‐VPK	program	in	coordination	with	the	Division	of	School	Readiness	and	Early	

Learning	at	the	Tennessee	Department	of	Education.		That	study	has	multiple	components;	

this	report	describes	the	findings	of	one	of	those	components	that	investigated	the	
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following	research	questions:	

1. Does	participation	in	TN‐VPK	improve	the	school	readiness	at	kindergarten	entry	of	

the	economically	disadvantaged	children	served?	

2. Does	TN‐VPK	have	differential	effects	for	different	subgroups	of	children	and,	if	so,	

what	are	the	characteristics	of	the	children	who	show	larger	or	smaller	effects	of	

TN‐VPK	participation?	

3. Are	the	effects	of	TN‐VPK	participation	sustained	through	the	kindergarten,	1st,	

2nd,	and	3rd	grade	years?	

METHODS	

This	study	is	part	of	a	larger	TN‐VPK	evaluation	comprised	of	two	components:		a	

randomized	control	trial	(RCT)	implemented	in	selected	oversubscribed	sites	and	a	

regression	discontinuity	design	applied	to	a	representative	sample	of	TN‐VPK	classrooms	

across	Tennessee.		The	RCT,	in	turn,	consists	of	two	overlapping	parts.		The	full	sample	of	

participants	in	the	RCT	involves	more	than	3,000	children	randomly	assigned	to	receive	an	

offer	of	admission	to	TN‐VPK	or	not.		These	children	are	being	followed	in	the	state’s	

education	database	with	attention	to	such	outcomes	as	attendance,	retention	in	grade,	

special	education	placements,	disciplinary	actions,	and	state	achievement	test	scores.		

Complete	data	for	this	sample	through	3rd	grade	are	not	yet	available,	but	results	will	be	

reported	in	another	paper	when	they	are.		The	present	report	describes	the	findings	for	an	

intensive	substudy	sample	that	consists	of	1076	of	the	children	in	the	full	sample	for	whom	

parental	consent	was	obtained	for	annual	assessments	through	their	3rd	grade	year.		Prior	

research	reports	have	more	fully	described	the	components	of	the	overall	study	and	

presented	findings	from	earlier	waves	of	data	collection	(Lipsey	et	al.,	2011,	2013a,	2013b).	
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Random	Assignment	

Many	TN‐VPK	sites	across	the	state	receive	more	eligible	applicants	than	they	can	

accommodate,	creating	a	situation	in	which	some	applicants	must	be	denied	admission	out	

of	necessity.		For	school	year	2009‐10	and	again	in	2010‐11,	the	personnel	in	a	number	of	

those	sites	agreed	to	randomly	select	the	applicants	to	whom	they	would	offer	admission	

rather	than	use	their	customary	procedures.		These	programs	sent	their	applicant	lists	to	

the	research	team	where	each	list	was	sorted	into	random	order	and	promptly	returned.		

The	school	staff	were	asked	to	fill	their	TN‐VPK	seats	in	the	order	that	children	appeared	

on	the	randomized	list	by	attempting	to	contact	a	child’s	parents	at	least	three	times	on	

different	days	of	the	week	and	times	of	the	day	to	offer	admission.		If	they	were	unable	to	

contact	the	parent	after	these	attempts	or	the	parent	declined	the	offer,	they	could	then	

move	on	to	the	next	child	on	the	randomized	list	whose	parents	had	not	yet	been	contacted.	

Once	all	the	slots	in	a	given	program	were	filled,	the	children	remaining	on	the	list	

who	were	not	offered	admission	were	identified	as	the	waiting	list.		If	a	child	who	had	been	

offered	admission	did	not	show	up	for	the	program	when	school	started,	the	next	child	in	

order	on	the	waiting	list	was	offered	that	place.		Any	children	not	offered	admission	after	

that	point	became	the	control	group	of	TN‐VPK	nonparticipants.		Note	that	this	procedure	

produces	a	randomized	block	design	in	which	each	applicant	list	is	a	block	with	its	own	

randomly	assigned	treatment	and	control	groups.	

Intensive	Substudy	Sample	

Attempts	were	made	to	contact	parents	of	children	on	randomized	applicant	lists	at	

the	beginning	of	the	school	year	to	request	consent	for	periodic	individual	assessments	of	

their	children.		Though	very	few	parents	explicitly	refused,	making	contact	and	obtaining	a	
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response	from	the	parents	proved	challenging.		For	the	2009‐10	cohort,	State	Department	

of	Education	officials	interpreted	the	confidentiality	requirements	for	children	eligible	for	

free	or	reduced	price	lunch	in	a	way	that	only	allowed	parents	to	be	contacted	through	a	

mailing	sent	centrally	from	the	Department	of	Education.		For	that	cohort,	the	consent	rate	

was	24%.		The	2010‐11	cohort	was	then	added	to	the	study	and	arrangements	were	

negotiated	to	allow	parents	to	be	approached	about	consent	as	an	adjunct	to	the	TN‐VPK	

application	process	in	sites	willing	to	accommodate	this	procedure.		The	consent	rate	for	

this	second	cohort	was	68%;	the	overall	consent	rate	for	both	cohorts	combined	was	42%.1	

	 	 However,	not	all	of	the	1331	consented	children	resulting	from	this	procedure	were	

eligible	for	the	intensive	substudy	sample	(ISS).		We	restricted	that	sample	to	children	who	

were	age‐eligible	for	kindergarten	the	next	year,	were	income‐eligible	for	TN‐VPK	

(qualified	for	FRPL),	and	who	had	not	applied	for	the	sole	purpose	of	receiving	out‐of	–

classroom	special	education	services.		We	further	restricted	the	sample	to	children	who	

had	applied	to	schools	for	which	there	were	consented	children	in	both	the	TN‐VPK	

participant	and	nonparticipant	groups	and	for	whom	useable	assessment	data	were	

available	at	the	end	of	the	pre‐k	year.		These	procedures	resulted	in	a	total	of	1076	children	

who	were	represented	on	76	randomized	applicant	lists	created	at	58	schools	in	21	

districts	spread	widely	across	the	state	and	representing	urban,	suburban,	and	rural	areas.	

Identification	of	the	children	in	the	ISS	analysis	sample	who	participated	in	TN‐VPK	

and	those	who	did	not	was	based	on	records	in	the	State	Education	Information	System	

showing	enrollment	status	plus	information	provided	by	parents,	teachers,	and	school	

                                                            
1	These	consent	rates	are	computed	as	a	percentage	of	the	number	of	children	in	each	cohort	of	the	full	
sample	and	differ	somewhat	from	those	we	have	reported	before,	which	were	computed	as	the	average	
across	the	randomized	applicant	lists.	
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personnel	gathered	during	our	data	collection.		We	then	defined	TN‐VPK	participants	as	

children	for	whom	the	available	information	documented	attendance	at	a	TN‐VPK	program	

for	at	least	20	days	during	the	school	year,	the	minimum	number	of	days	required	by	the	

Department	of	Education	to	consider	a	child	enrolled	in	TN‐VPK.		TN‐VPK	nonparticipants,	

conversely,	were	defined	as	children	for	whom	available	information	indicated	that	they	

had	not	attended	any	TN‐VPK	program	or,	if	they	attended,	it	was	for	fewer	than	20	days.2	

By	this	definition,	the	ISS	sample	included	773	TN‐VPK	participants	and	303	

nonparticipants.		Within	the	76	randomized	applicant	lists	that	provided	this	final	sample,	

the	consent	rate	was	63%	for	participants,	45%	for	the	nonparticipants,	and	56%	overall.	

	TN‐VPK	participants	attended	pre‐k	classes	an	average	of	159	days	(SD=22.5)	

during	the	school	year.		For	the	nonparticipants,	parent	interviews	identified	the	

alternative	arrangements	parents	made	for	their	children	during	the	pre‐k	year.		A	majority	

of	these	children	did	not	attend	any	center‐based	preschool	program	after	they	were	not	

admitted	to	the	TN‐VPK	program.		A	little	more	than	59%	were	cared	for	at	home,	11.5%	

attended	Head	Start,	15.1%	were	in	private	childcare,	and	the	child	care	arrangements	for	

the	remainder	were	mixed	or	not	reported.	

To	assess	the	effects	of	TN‐VPK,	outcomes	were	compared	for	the	participant	and	

nonparticipant	groups	described	above;	that	is,	the	effects	of	treatment‐on‐the	treated	

were	estimated.		The	modest	consent	rates	for	participation	in	the	ISS	produced	

considerable	attrition	from	the	intent‐to‐treat	groups	created	on	the	randomized	applicant	

lists	for	the	full	sample.		Moreover,	the	different	consent	rates	for	the	TN‐VPK	participants	

                                                            
2	There	were	only	three	children	included	in	the	nonparticipant	group	with	TN‐VPK	attendance	of	less	than	
20	days;	dropping	them	has	no	consequential	effect	on	the	results	of	any	of	the	analyses	reported	here.	
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and	nonparticipants	meant	there	was	potentially	biasing	differential	attrition	that	would	

have	to	be	addressed	in	the	analyses.		Given	these	unavoidable	compromises	to	the	

randomization,	we	elected	to	treat	the	ISS	as	a	quasi‐experiment	and	compare	outcomes	

for	TN‐VPK	participants	and	nonparticipants	irrespective	of	the	conditions	to	which	they	

were	assigned	on	the	original	randomized	applicant	lists.		Nonetheless,	of	the	1076	

children	in	the	ISS	sample,	86%	are	in	the	respective	participant	or	nonparticipant	groups	

to	which	they	were	randomly	assigned.		The	remaining	14%	included	76	(25.1%)	of	the	

303	children	assigned	to	the	control	group	of	nonparticipants	who	were	nonetheless	

admitted	to	TN‐VPK,	mainly	in	place	of	children	who	were	supposed	to	be	admitted	but	

could	not	be	reached	by	school	personnel.		Conversely,	76	(9.8%)	of	the	773	children	

assigned	to	receive	offers	of	admission	did	not	end	up	actually	participating	in	TN‐VPK.	

Data	Collection	

Children	in	the	ISS	were	individually	assessed	by	trained	research	staff	in	the	fall	

and	spring	of	their	pre‐k	year.		TN‐VPK	participants	were	assessed	in	their	schools	and	

nonparticipants	were	assessed	at	a	location	convenient	for	the	parents,	e.g.,	Head	Start	

centers,	libraries,	parks,	and	homes.		Children	in	both	groups	were	assessed	in	the	spring	of	

each	subsequent	year	through	the	3rd	grade	year	whether	or	not	they	stayed	in	the	same	

school	or	district.		Early	in	the	kindergarten	year	and	in	the	spring	of	the	1st,	2nd,	and	3rd	

grade	years,	children’s	classroom	behaviors	were	also	rated	by	their	teachers.		The	ratings	

by	the	kindergarten	teachers	near	the	beginning	of	the	kindergarten	year	were	treated	as	

pre‐k	outcomes	reflecting	the	school	readiness	of	the	children	upon	entry	into	formal	

schooling.		The	retention	rate	for	the	ISS	was	at	least	92%	for	each	of	the	four	years	

following	the	pre‐k	year,	and	the	modest	amount	of	attrition	that	did	occur	was	similar	for	
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TN‐VPK	participants	and	nonparticipants.		Table	1	shows	the	number	and	proportion	of	

children	who	received	direct	assessments	each	year.	

Measures	

Parent	Questionnaire	

During	the	pre‐k	year,	parents	of	consented	children	were	interviewed	via	

telephone	about	the	alternate	arrangements	made	if	their	child	was	not	in	TN‐VPK,	their	

own	education	and	employment	and	that	of	their	spouse/partner,	and	the	home	language	

and	literacy	environment.		When	needed,	these	interviews	were	conducted	by	Spanish‐

speaking	interviewers.	

Direct	Assessments	

Children’s	academic	achievement	was	assessed	with	a	selection	of	scales	from	the	

Woodcock	Johnson	III	Achievement	Battery	(WJ;	Woodcock,	McGrew,	&	Mather,	2001).		

The	scales	administered	at	the	beginning	and	end	of	the	pre‐k	year	included	two	measures	

of	literacy	(Letter‐Word	Identification	and	Spelling),	two	measures	of	language	(Oral	

Comprehension	and	Picture	Vocabulary),	and	two	measures	of	math	skills	(Applied	

Problems	and	Quantitative	Concepts).		At	the	end	of	the	kindergarten	year,	and	each	

subsequent	year	through	the	3rd	grade	year,	two	additional	scales	were	added:	another	

language	(Passage	Comprehension)	and	math	measure	(Calculation).		These	scales	were	all	

administered	in	English,	which	was	the	language	of	instruction	in	all	the	pre‐k	classrooms.		

Letter‐Word	Identification	measures	children’s	ability	to	identify	and	pronounce	

letters	and	words.		The	Spelling	subtest	measures	children’s	ability	to	draw	simple	shapes	

and	write	orally	presented	letters	and	words.		Oral	Comprehension	measures	children’s	

ability	to	listen	to	and	provide	a	missing	key	word	to	an	orally	presented	passage.		Picture	
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Vocabulary	tests	children’s	expressive	vocabulary.		Applied	Problems	measures	children’s	

ability	to	solve	numerical	and	spatial	problems	accompanied	by	pictures.		Quantitative	

Concepts	measures	children’s	understanding	of	number	identification,	sequencing,	shapes,	

and	symbols	and,	in	a	separate	section,	ability	to	manipulate	the	number	line.		Passage	

Comprehension	assesses	reading	comprehension	through	matching	picture	or	text	

representations	with	similar	semantic	properties.		Calculation	assesses	math	computation	

skills	through	the	completion	of	visually‐presented	numeric	problems.	

These	WJ	scales	were	moderately	to	highly	intercorrelated;	to	provide	summary	

achievement	indices,	composite	scores	were	created	as	the	mean	across	the	individual	

scales.		One	composite	score	combined	the	original	six	subscales	administered	from	the	

beginning	of	pre‐k	(WJ	Composite6).		Another	combined	those	original	six	subscales	with	

the	two	first	administered	at	the	end	of	the	kindergarten	year	(WJ	Composite8).			

Teacher	Ratings	

Two	teacher	rating	instruments	were	completed	by	kindergarten,	1st,	2nd,	and	3rd	

grade	teachers.		The	Cooper‐Farran	Behavioral	Rating	Scales	(Cooper	&	Farran,	1991)	

required	teachers	to	rate	each	child’s	work‐related	and	interpersonal	skills.		The	Work‐

Related	Skills	scale	assesses	ability	to	work	independently,	listen	to	the	teacher,	remember	

and	comply	with	instructions,	complete	tasks,	and	otherwise	engage	appropriately	in	

classroom	activities.		The	Interpersonal	Skills	scale	assesses	social	interactions	with	peers	

including	appropriate	behavior	in	group	activities,	play,	and	outdoor	games;	expression	of	

feelings	and	ideas;	and	response	to	others’	mistakes	or	misfortunes.	

The	second	measure,	the	Academic	Classroom	and	Behavior	Record	(ACBR;	Farran,	

Bilbrey,	&	Lipsey,	2003),	consisted	of	four	scales.		Readiness	for	Grade	Level	Work	asked	
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how	well	prepared	the	child	was	for	grade	level	work	in	literacy,	language,	and	math	skills	

as	well	as	social	behavior.		Liking	for	School	included	items	about	the	child’s	liking	or	

disliking	for	school,	having	fun	at	school,	enjoying	and	engaging	in	classroom	activities,	and	

seeming	happy	at	school.		Behavior	Problems	indicated	whether	the	child	has	shown	

explosive	or	overactive	behaviors,	attention	problems,	physical	or	relational	aggression,	or	

social	withdrawal	or	anxiety.		Peer	Relations	items	asked	whether	other	children	like	the	

target	child	and	how	many	close	friends	the	child	has.	

Analysis	

Missing	Data	

The	mean	missing	value	rate	across	all	variables	was	6.2%	(range:	0.0%	to	14.5%)	

for	TN‐VPK	participants	and	6.4%	(range:	0.0%	to	17.2%)	for	nonparticipants.		To	retain	

the	full	sample	in	all	analyses,	multiple	imputation	of	the	missing	values	was	done	

separately	for	participant	and	nonparticipant	data	using	Mistler’s	(2013)	procedure	for	

multilevel	data.		Three	groups	of	related	variables	within	each	condition	were	separately	

imputed	in	a	2‐level	structure	with	children	nested	within	their	school‐level	randomized	

applicant	lists.		Fifty	imputed	files	were	produced	and	stacked	for	analysis	with	the	results	

of	those	analyses	then	pooled	so	as	to	include	the	uncertainty	associated	with	the	

imputations	in	the	standard	error	estimates.		These	imputations	produced	a	small	number	

of	missing	value	estimates	that	were	outliers	relative	to	the	distribution	of	observed	values.		

For	continuous	variables,	imputed	values	falling	outside	Tukey’s	(1977)	outer	fence	for	the	

observed	values	were	recoded	to	the	respective	outer	fence.		For	integer	values	(e.g.,	

ratings	on	a	7‐point	scale),	imputed	values	falling	outside	the	range	from	one	scale	step	

below	the	lowest	observed	value	to	one	scale	step	above	were	recoded	to	those	values.		For	
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a	small	number	of	dichotomous	variables	to	be	used	as	moderators	in	interaction	terms	in	

the	analysis	(e.g.,	gender),	imputed	values	were	rounded	to	the	nearest	observed	value.	

Baseline	Equivalence	

The	baseline	variables	for	the	ISS	are	shown	in	Table	2,	some	of	which	are	

differentiated	in	ways	that	overlap	with	others	(e.g.,	Hispanic	race/ethnicity	is	further	

divided	into	native	and	nonnative	English	speakers).		Because	the	consent	rates	were	

different	for	the	first	and	second	cohorts	of	children,	these	baseline	variables	were	first	

examined	for	differences	between	the	cohorts	using	a	multilevel	analysis	with	children	

nested	within	randomized	applicant	lists	and	lists	nested	within	school	districts.		Of	the	22	

variables	on	which	the	cohorts	were	compared,	significant	differences	were	found	only	for	

number	of	working	parents,	with	a	mean	of	1.1	for	the	2009‐10	cohort	and	1.3	for	the	

2010‐11	cohort.		Given	this	substantial	baseline	similarity	between	the	cohorts,	their	data	

were	combined	for	all	subsequent	analyses.	

The	results	of	an	analogous	analysis	on	the	combined	cohorts	for	baseline	

differences	between	the	TN‐VPK	participants	and	nonparticipants	are	also	shown	in	Table	

2.		These	results	demonstrated	that	participants	and	nonparticipants	were	substantially	

similar,	but	there	were	statistically	significant	differences	on	the	WJ	Letter‐Word	

Identification	scale	and	mother’s	education,	both	favoring	the	participant	group,	and	a	

difference	on	the	WJ	Picture	Vocabulary	scale	at	p<.10.		The	effect	sizes	indexing	the	

magnitude	of	the	various	baseline	differences,	nonetheless,	were	relatively	modest—none	

greater	than	.19—and	all	fell	under	the	Imbens	and	Rubin	(2015,	p.	277)	rule	of	thumb	of	

.25	for	baseline	differences	too	large	to	adjust	with	covariates	in	a	regression	model.	

A	more	problematic	difference	between	the	TN‐VPK	participants	and	
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nonparticipants	resulted	from	the	practicalities	of	arranging	individual	assessments	for	so	

many	children	under	field	conditions	that	made	it	difficult	to	obtain	every	assessment	

within	the	desired	tight	time	windows	at	the	beginning	and	end	of	each	school	year.		This	

was	especially	the	case	for	nonparticipants	during	the	initial	year	when	they	were	not	in	

TN‐VPK	classrooms	so	that	ad	hoc	arrangements	had	to	be	made	with	the	parents	to	assess	

them	at	some	other	location.		As	a	result,	the	timing	of	assessments	was	variable	and,	in	

particular,	it	was	not	possible	to	obtain	baseline	pretest	assessments	as	early	in	the	school	

year	as	desired.		Table	3	shows	the	mean	days	from	the	date	on	which	the	respective	TN‐

VPK	classes	began	to	the	date	on	which	each	wave	of	assessments	was	administered.		The	

variability	in	the	timing	is	indicated	by	the	standard	deviations,	and	an	unfortunately	long	

average	lag	is	evident	before	it	was	possible	to	obtain	pretest	assessments	for	both	groups.		

Most	notably,	there	were	significant	timing	differences	between	the	participants	and	

nonparticipants	during	the	early	waves.		In	consideration	of	these	differences,	and	the	few	

lesser	ones	found	for	the	child	and	family	characteristics	shown	in	Table	2,	we	constructed	

propensity	scores	to	assist	with	the	task	of	statistically	matching	the	groups	and	reducing	

any	bias	in	the	effect	estimates	that	might	be	caused	by	these	initial	differences.	

Propensity	Scores	

The	propensity	scores	were	created	via	a	multilevel	logistic	regression	predicting	

treatment	condition	with	children	nested	in	their	randomized	applicant	lists	and	lists	

nested	within	school	district.		The	selection	of	predictor	variables	focused	on	the	timing	

variables	shown	in	Table	3,	all	of	which	were	included.		Moreover,	because	the	rate	of	

change	may	have	been	different	for	the	TN‐VPK	participants	and	nonparticipants	during	

the	lag	time	prior	to	pretest,	an	interaction	term	was	included	for	lag	time	crossed	with	
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baseline	scores	on	the	WJ	Composite6	achievement	measure.		Also	included	was	a	selection	

of	the	descriptive	variables	for	children	and	families	shown	in	Table	2	(age,	gender,	

race/ethnic	subgroup,	home	literacy	index,	mother’s	education,	and	number	of	working	

parents).		In	recognition	of	the	varying	consent	rates	across	the	randomized	lists	and	the	

two	cohorts,	the	propensity	score	model	also	included	Level	2	variables	for	cohort	and	the	

proportions	of	TN‐VPK	participants	and	nonparticipants	within	each	randomized	list	that	

were	represented	in	the	ISS,	along	with	the	interaction	between	the	rates	for	those	groups.	

The	propensity	scores	generated	by	this	procedure	overlapped	completely	between	

the	participant	and	nonparticipant	groups,	providing	a	broad	range	of	common	support	

that	required	no	trimming	at	the	extremes.		They	also	showed	linear	relationships	with	the	

composite	achievement	measures	across	the	longitudinal	waves,	and	we	elected	to	use	the	

propensity	score	variable	as	a	covariate	in	the	analyses	estimating	intervention	effects.		A	

check	on	the	extent	to	which	the	propensity	scores	used	in	this	manner	reduced	the	

baseline	differences	of	concern	was	made	by	re‐estimating	those	differences	with	the	

propensity	scores	as	the	sole	covariate	in	the	regression	models.		The	last	two	columns	of	

Tables	2	and	3	show	the	p‐values	and	effect	sizes	that	resulted	with	these	propensity	score	

adjustments.		With	the	propensity	score	covariate	in	the	model,	there	were	no	statistically	

significant	differences	on	any	baseline	variable,	and	the	corresponding	propensity	score‐

adjusted	effect	sizes	were	quite	small	with	none	exceeding	.10	and	most	well	below	that.	

RESULTS	

TN‐VPK	Effects	at	the	End	of	the	Pre‐K	Year	

The	first	research	question	this	study	addressed	was	whether	TN‐VPK	improved	the	

school	readiness	of	the	participating	children	over	the	course	of	the	pre‐k	year.		The	
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indicators	of	school	readiness	for	this	purpose	were	the	WJ	achievement	measures	of	early	

literacy,	language,	and	math	skills	and	the	ratings	made	by	kindergarten	teachers	near	the	

beginning	of	the	kindergarten	year.		TN‐VPK	effects	on	the	achievement	measures	were	

estimated	in	three	level	models	with	children	nested	in	their	randomized	applicant	lists	

and	lists	nested	in	districts.		The	propensity	scores	were	used	as	a	covariate	along	with	the	

pretest	of	the	respective	outcome	measure	and	a	selection	of	baseline	child	and	family	

characteristics.		Table	4	shows	the	full	analysis	results	for	the	WJ	Composite6	outcome	that	

characterizes	the	overall	pattern	of	achievement	effects.3	Table	5	provides	additional	detail	

about	this	finding	and	summarizes	the	results	of	analogous	analyses	for	each	of	the	

individual	WJ	scales.		As	indicated	there,	the	effects	on	all	the	measures	except	Oral	

Comprehension	were	statistically	significant	at	the	.05	level,	and	the	p‐value	for	Oral	

Comprehension	fell	under	.10.		Table	5	also	shows	the	standardized	mean	difference	effect	

sizes	that	correspond	to	the	regression	coefficients	that	estimate	the	difference	between	

the	posttest	means	for	the	TN‐VPK	participants	and	nonparticipants	in	WJ	W‐score	units.	

Standardized	effect	sizes	are	one	way	to	characterize	the	magnitude	of	the	TN‐VPK	

effects,	but	they	compare	the	participants	and	nonparticipants	only	on	the	posttest	and,	as	

such,	provide	no	indication	of	the	nature	of	the	relative	improvements	by	each	group	over	

the	pre‐k	year.		Table	5,	therefore,	also	presents	a	variant	on	the	effect	size	picture	that	is	

more	informative.		The	covariate‐adjusted	pretest	and	posttest	means	for	each	group	were	

extracted	from	the	analysis;	these	involve	the	same	covariates,	other	than	the	pretest	itself,	

                                                            
3	The	results	presented	here	and	in	the	sections	below	are	somewhat	different	from	those	reported	earlier	in	
technical	reports	(Lipsey	et	al.,	2011,	2013a,	2013b),	though	their	pattern	is	much	the	same.	These	
differences	stem	from	improvements	in	the	imputation	procedure	and	refinements	in	the	propensity	scores	
and	other	aspects	of	the	analytic	models	aimed	at	better	controlling	the	influence	of	baseline	differences,	
especially	regarding	timing	of	measurement.		
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and	thus	are	comparable.		By	standardizing	those	pre‐post	mean	differences	with	the	same	

pooled	posttest	standard	deviation	used	for	the	conventional	effect	size	index,	differential	

growth	as	well	as	the	posttest	differences	it	produces	can	be	depicted.	

The	last	three	columns	of	Table	5	show	these	effect	sizes	for	pre‐post	gain.		They	

reveal,	first,	that	both	groups	of	children	showed	performance	improvements	during	the	

pre‐k	year,	though	the	magnitude	of	the	gains	varied	for	the	different	achievement	

measures.		The	pre‐post	gains	on	the	language	measures,	for	instance,	were	smaller	than	

those	on	the	literacy	and	math	measures.		Relative	to	the	gains	by	the	nonparticipants,	

those	of	the	TN‐VPK	participants	were	proportionately	greater	on	all	these	measures,	with	

increases	ranging	from	20%	to	83%.		However,	one	of	the	largest	proportionate	gains	was	

made	on	a	measure	that	did	not	improve	very	much	for	either	group—Picture	Vocabulary.	

Another	way	to	characterize	the	findings	on	achievement	measures	is	to	compare	

them	with	the	results	of	other	studies	of	pre‐k	effects.		Summarizing	the	immediate	

academic	effects	of	84	pre‐k	programs,	Duncan	and	Magnuson	(2013)	estimated	the	mean	

effect	size	at	the	end	of	the	pre‐k	year	as	.35.		However,	that	includes	earlier	studies	going	

back	to	the	1960s;	programs	researched	since	the	1980s	had	an	average	effect	size	of	.16.		

Thus	the	effects	found	for	TN‐VPK	at	the	end	of	the	pre‐k	year	are	as	large	as	or	larger	than	

those	typically	found	in	other	studies	of	a	wide	variety	of	pre‐k	programs.	

Teacher	Ratings	

Kindergarten	teachers	in	classrooms	with	ISS	children	were	asked	to	rate	those	

children	near	the	beginning	of	the	kindergarten	year	on	the	rating	scales	described	earlier.		

No	information	was	provided	to	the	teachers	about	which	children	had	participated	in	TN‐

VPK.		These	ratings	were	requested	a	few	weeks	past	the	start	of	the	school	year,	lagged	so	
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the	teachers	would	have	a	chance	to	become	familiar	with	the	children	but	not	so	much	

that	the	kindergarten	experience	itself	was	expected	to	have	much	effect	on	their	behavior.		

Analysis	of	these	ratings	was	analogous	to	that	described	above	for	achievement:	multilevel	

models	with	children	nested	in	their	randomized	applicant	lists	and	lists	nested	in	districts.		

The	same	covariates	were	used	with	two	exceptions.		The	WJ	Composite6	baseline	

achievement	measure	was	used	in	place	of	pretests	(there	were	no	baseline	teacher	

ratings).		In	addition,	a	variable	representing	the	timing	of	the	ratings	was	included,	

specifically	the	number	of	days	between	September	1	of	the	pre‐k	year	and	the	date	on	

which	the	kindergarten	teacher	completed	the	ratings.	

Table	6	shows	the	full	model	for	the	analysis	of	the	teachers’	ratings	of	how	well	

prepared	the	children	were	for	kindergarten.		As	shown	there,	the	difference	between	the	

TN‐VPK	participants	and	nonparticipants	was	statistically	significant,	with	the	TN‐VPK	

participants	rated	as	more	prepared.		Table	7	provides	a	summary	of	the	results	from	

parallel	analyses	for	all	the	ratings	and	includes	the	standardized	mean	difference	effect	

sizes	for	the	difference	between	the	TN‐VPK	participants	and	nonparticipants.		The	

children	who	participated	in	TN‐VPK	were	not	only	rated	as	being	more	ready	for	school	

but	also	as	having	better	social	behavior	and	work‐related	skills	in	the	classroom.		

However,	the	teachers	did	not	see	significant	differences	between	the	two	groups	in	peer	

relations,	behavior	problems,	or	feelings	about	school.		The	effects	of	exposure	to	TN‐VPK,	

therefore,	were	apparent	in	several	ways	to	kindergarten	teachers,	and	in	the	areas	most	

closely	aligned	with	the	typical	focus	of	pre‐k	programs.	

TN‐VPK	Effects	for	Different	Subgroups	of	Children	at	the	End	of	the	Pre‐K	Year	

As	reported	above,	positive	and	statistically	significant	overall	effects	of	TN‐VPK	
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were	found	on	all	but	one	of	the	WJ	achievement	measures	and	several	of	the	rating	scales	

completed	by	kindergarten	teachers.		These	findings	motivate	attention	to	our	second	

research	question,	whether	there	are	differential	effects	for	different	subgroups	of	children.		

This	question	was	addressed	using	analytic	models	similar	to	those	described	above	with	

the	addition	of	interaction	terms	between	TN‐VPK	participation	status	and	variables	

representing	the	various	subgroups	of	children.		The	specific	variables	used	as	moderators	

in	these	analyses	were	the	following:	

 The	WJ	Composite6	baseline	measure,	included	to	examine	differential	effects	for	

children	who	began	the	pre‐k	year	with	higher	or	lower	achievement	performance.	

 Age,	indexed	as	age	on	September	1	of	the	pre‐k	year	for	the	respective	cohorts.	

 Gender,	represented	by	a	dummy	code	distinguishing	boys	from	girls.	

 	Race/ethnicity	and	whether	children	were	native	English	speakers	or	not.		These	were	

not	entirely	distinct	categories	because	most	of	the	non‐native	English	speaking	

children	were	Hispanic.		A	more	differentiated	set	of	subgroup	dummy	codes	was	

therefore	defined	for	these	analyses	as	follows:	

o Black	native	English	speakers	(N=233)	

o Hispanic	native	English	speakers	(N=34)	

o Children	with	English	as	a	second	language	irrespective	of	race/ethnicity	(N=215).	

The	remaining	594	children	were	White	with	a	sprinkling	of	Asian	and	others	and	all	

native	English	speakers.		That	category	was	used	as	the	reference	value.	

 Family	background,	including	the	home	literacy	index,	mother’s	education,	and	number	

of	working	parents.	

Initial	analyses	estimating	effects	on	the	WJ	Composite6	achievement	measure	with	
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each	moderator	in	turn	showed	statistically	significant	interactions	with	baseline	

achievement,	home	literacy,	mother’s	education,	and	English	as	a	second	language	(ESL).		

Further	exploration	of	combinations	of	these	moderators,	however,	revealed	that	these	

results	were	driven	by	interactions	involving	the	ESL	status	of	the	children	and	mothers’	

education,	particularly	mothers	with	less	than	a	high	school	education.	

To	more	clearly	reveal	the	nature	of	these	interactions,	the	TN‐VPK	effects	were	

examined	in	relation	to	child	ESL	and	mothers’	education	together.		These	breakouts	with	

the	differences	between	TN‐VPK	participants	and	nonparticipants	on	the	WJ	Composite6	

achievement	measure	along	with	the	corresponding	effect	sizes	are	shown	in	Table	8.		For	

comparability	across	groups	and	with	the	overall	effects	on	the	WJ	Composite6	reported	in	

Table	5,	the	effect	sizes	are	standardized	on	the	pooled	standard	deviations	for	the	overall	

participant	and	nonparticipant	groups.		Table	5	shows	that	TN‐VPK	effects	on	achievement	

were	much	larger	for	ESL	children	than	for	native	English	speaking	children	(effect	sizes	of	

.67	vs.	.23).		Additionally,	effects	were	larger	for	children	of	mothers	with	less	than	a	high	

school	education	than	for	children	of	more	educated	mothers	(effect	sizes	of	.53	vs.	.27).		

Moreover,	the	effect	size	was	even	larger	for	ESL	children	whose	mothers	had	less	than	a	

high	school	education	(ES=	.88).		The	largest	subgroup,	native	English	speaking	children	

with	mothers	who	had	completed	high	school	or	more,	included	74%	of	the	total	sample	

and	had	the	smallest	effect	size	(ES=	.22).	

Whether	TN‐VPK	Effects	were	Sustained	through	Later	School	Years	

The	results	described	above	demonstrate	positive	TN‐VPK	effects	at	the	end	of	the	

pre‐k	year	on	nearly	all	of	the	outcome	variables	included	in	this	study.		Given	those	

results,	the	next	question	is	whether	those	effects	are	sustained	beyond	the	pre‐k	year.		
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Analysis	of	TN‐VPK	effects	on	the	follow‐up	measures	used	the	same	multilevel	models,	

propensity	scores,	and	covariates	employed	in	the	analysis	of	the	end	of	pre‐k	effects	with	

only	minor	variations	(e.g.,	dropping	the	rating	time	lag	covariate	that	applied	only	to	

teacher	ratings	at	the	beginning	of	kindergarten).		Also,	the	WJ	Passage	Comprehension	and	

Calculation	measures	added	at	the	end	of	kindergarten	did	not	have	baseline	pretest	

measures	to	use	as	covariates	and	the	baseline	WJ	Composite6	measure	was	used	instead.	

Table	9	shows	the	results	of	the	analysis	of	TN‐VPK	effects	on	the	WJ	achievement	

measures	at	the	end	of	the	kindergarten	and	1st,	2nd,	and	3rd	grade	years,	with	the	end	of	

pre‐k	results	repeated	for	ease	of	comparison.	In	contrast	to	the	effects	found	at	the	end	of	

pre‐k,	there	were	no	statistically	significant	differences	between	TN‐VPK	participants	and	

nonparticipants	on	any	of	the	achievement	measures	at	the	end	of	kindergarten	or	the	end	

of	1st	grade.	By	the	end	of	the	2nd	and	3rd	grade	years,	the	effects	were	reversed	for	all	the	

scales,	reaching	statistical	significance	for	the	WJ	Composite6	and	WJ	Composite8	summary	

measures	as	well	as	several	individual	scales,	notably	those	assessing	math	achievement.	

That	is,	the	children	who	had	not	attended	TN‐VPK	outperformed	the	children	who	had	

attended	on	these	measures	during	these	later	years.	

This	pattern	of	positive	TN‐VPK	effects	during	the	pre‐k	year	that	rapidly	diminish,	

then	reverse,	can	be	seen	in	Figure	1	where	the	covariate‐adjusted	WJ	Composite6	W‐score	

outcomes	are	plotted	for	each	year	for	each	group.		As	Figure	1	shows,	both	the	TN‐VPK	

participants	and	nonparticipants	made	achievement	gains	each	year.		However,	the	early	

advantage	of	the	TN‐VPK	participants	disappeared	as	the	nonparticipating	children	caught	

up	during	the	kindergarten	year,	matched	the	performance	of	the	TN‐VPK	participants	

through	the	end	of	1st	grade,	and	then	edged	ahead	in	2nd	and	3rd	grade.	
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A	different	frame	of	reference	for	the	achievement	trajectories	of	the	TN‐VPK	

participants	and	nonparticipants	is	provided	when	the	WJ	standard	scores	are	examined	in	

place	of	the	W‐scores	graphed	in	Figure	1.		The	standard	scores	are	normed	so	that	a	score	

of	100	represents	the	mean	for	the	norming	sample,	presumed	to	be	representative	of	the	

national	population	of	children	at	each	respective	age.		Figure	2	shows	the	covariate‐

adjusted	standardized	scores	from	pre‐k	through	3rd	grade	for	TN‐VPK	participants	and	

nonparticipants.		The	same	pattern	of	reversing	differences	between	participants	and	

nonparticipants	evident	in	Figure	1	is	also	apparent	in	the	standard	score	trajectories.		In	

addition,	Figure	2	shows	that,	relative	to	national	norms,	the	early	gains	made	by	both	

groups	began	to	flatten	out	in	1st	grade	and	turned	downward	in	2nd	and	3rd	grade.	

Moderator	Relationships	with	Follow‐up	Achievement	Outcomes	

The	analysis	of	TN‐VPK	effects	at	the	end	of	pre‐k	reported	earlier	identified	two	

significant	moderators	of	effects	on	the	WJ	Composite6	measure.		Larger	effects	were	found	

for	ESL	children	and	for	children	of	mothers	with	less	than	a	high	school	education,	and	

even	larger	effects	were	found	for	ESL	children	with	less	educated	mothers.		Analysis	of	the	

follow‐up	waves	of	outcome	measures	also	examined	the	two‐way	and	three‐way	

interactions	between	these	moderators	and	TN‐VPK	participation.		However,	no	significant	

effects	were	found	in	those	later	years	for	any	of	these	interactions.		

In	light	of	the	overall	finding	of	the	difference	between	TN‐VPK	participants	and	

nonparticipants	on	achievement	measures	reversing	in	2nd	and	3rd	grade,	it	is	informative	

to	consider	whether	that	pattern	characterizes	the	native	English	speaking	and	ESL	

children	when	considered	separately.		Table	10	reports	the	mean	W‐scores	on	the	WJ	

Composite6	outcomes	from	baseline	to	end	of	3rd	grade	for	these	two	subgroups	of	
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children,	further	divided	into	TN‐VPK	participants	and	nonparticipants.		The	mean	

observed	scores	are	reported	for	the	TN‐VPK	participant	groups;	for	the	nonparticipant	

groups,	the	means	are	covariate	adjusted	to	match	the	characteristics	of	the	respective	

participant	group.		The	only	statistically	significant	interaction	between	native	language	

status	and	TN‐VPK	participation	was	the	one	that	occurred	at	the	end	of	the	pre‐k	year	

described	earlier,	but	the	large	baseline	differences	are	evident.		

Figure	3	shows	the	trajectories	on	the	WJ	Composite6	W‐scores	for	the	ESL	vs.	

native	English	speakers	graphically	from	baseline	through	3rd	grade.		The	lower	starting	

point	and	especially	strong	gains	made	by	the	ESL	children	during	the	pre‐k	year	can	be	

clearly	seen.		As	with	the	overall	sample,	however,	this	early	TN‐VPK	advantage	for	the	ESL	

children	has	disappeared	by	the	end	of	the	kindergarten	year	and	reverses	after	that.		

Perhaps	most	striking	in	Figure	3	is	the	performance	of	the	ESL	children	in	the	later	grades.		

Though	they	began	with	lower	achievement	scores	than	the	native	English	speaking	

children,	they	had	closed	much	of	that	gap	by	the	end	of	kindergarten	and,	for	the	TN‐VPK	

nonparticipants,	even	more	of	it	by	the	end	of	3rd	grade.		The	native	English‐speaking	

children,	by	contrast,	showed	smaller	effects	of	TN‐VPK	participation	and	smaller	

differences	between	participants	and	nonparticipants	at	the	end	of	the	2nd	and	3rd	grade	

years.		Recall	that	the	WJ	measures	were	administered	in	English,	so	much	of	the	early	gain	

for	the	ESL	children	likely	reflected	their	increased	mastery	of	English	language.	

Teacher	Ratings	

The	results	of	the	analysis	of	teacher	ratings	at	the	end	of	1st,	2nd,	and	3rd	grade	are	

shown	in	Table	11	along	with	those	for	the	beginning	of	kindergarten.		As	with	the	

achievement	measures,	some	of	the	positive	effects	found	at	the	end	of	the	pre‐k	year	
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reversed	in	the	later	years.		At	the	end	of	the	1st	grade	year,	teachers	rated	TN‐VPK	

participants	significantly	lower	than	nonparticipants	on	work‐related	skills,	feelings	about	

school,	and	preparedness	for	grade.		Indeed,	all	of	the	effect	estimates	are	negative	at	that	

point,	though	only	those	three	reached	statistical	significance	(marginally	for	preparedness	

for	grade).		However,	by	the	end	of	the	2nd	grade	there	were	no	longer	any	significant	

differences	and	that	pattern	continued	into	3rd	grade	with	the	exception	of	a	marginally	

significant	positive	effect	for	the	TN‐VPK	participants	on	teachers’	ratings	of	peer	relations.	

DISCUSSION	

As	noted	at	the	beginning	of	this	paper,	research	specifically	on	the	effects	of	scaled‐

up	state‐funded	pre‐k	programs	is	remarkably	thin.		Despite	acknowledged	limitations	

resulting	from	the	modest	and	differential	post‐randomization	consent	rates,	the	study	

presented	here	has	several	characteristics	that	make	it	less	vulnerable	to	bias	than	most,	if	

not	all,	of	the	currently	available	longitudinal	research	on	the	effects	of	state	pre‐k	

programs.		A	large	majority	of	the	children	whose	outcomes	were	compared	acquired	their	

status	as	TN‐VPK	participants	or	nonparticipants	as	a	result	of	the	randomization	process	

implemented	in	the	larger	study	of	which	they	are	a	subsample.		Moreover,	those	groups	

were	substantially	similar	on	an	array	of	baseline	variables	that	included	achievement	

pretests,	family	background,	and	child	demographics	as	well	as	whatever	unobserved	

variables	were	associated	with	the	initiative	their	parents	took	to	enroll	them	in	the	pre‐k	

program.		Additionally,	propensity	scores	and	selected	covariates	were	used	as	statistical	

controls	in	the	analysis	to	further	reduce	any	bias	associated	with	the	few	baseline	

variables	on	which	the	groups	were	not	closely	comparable.			

These	methodological	credentials	make	the	results	of	this	study	especially	
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discouraging	in	relation	to	the	high	expectations	for	publicly	funded	pre‐k	held	by	

advocates.		Like	the	Head	Start	Impact	study—the	only	other	relatively	well‐controlled	

longitudinal	study	of	publicly	funded	pre‐k—we	found	immediate	advantages	on	

achievement	outcomes	for	TN‐VPK	participants	during	the	pre‐k	year	that	were	not	

sustained	as	nonparticipants	rapidly	caught	up	in	the	following	years.		However,	while	the	

Head	Start	study	found	that	those	early	achievement	effects	had	mostly	disappeared	by	the	

end	of	3rd	grade,	the	most	striking	and	unexpected	finding	for	TN‐VPK	was	that	the	early	

achievement	effects	became	negative	in	the	2nd	and	3rd	grades.		Also	like	the	Head	Start	

Impact	Study,	we	did	not	find	sustained	effects	on	the	noncognitive	social‐emotional	

outcomes	that	have	been	hypothesized	to	be	the	mediators	for	the	positive	life	outcomes	

found	in	the	Perry	Preschool	and	Abecedarian	studies.		While	the	Head	Start	study	found	

mostly	negative	effects	on	those	outcomes	by	3rd	grade,	we	found	only	transitory	negative	

effects	in	1st	grade	that	diminished	thereafter.		These	results	have	led	us	to	think	about	the	

many	challenges	associated	with	scaling	up	state‐funded	pre‐k	programs,	some	of	which	

seem	especially	pertinent	to	the	ongoing	national	interest	in	such	programs.	

Defining	Pre‐k	

The	benefits	of	pre‐k	are	often	touted	as	if	the	term	pre‐k	refers	to	a	well‐defined	

program,	but	pre‐k	takes	many	different	forms	and	there	is	no	reason	to	believe	they	all	

have	the	same	effects.		The	TN‐VPK	program	is	similar	to	other	state	initiatives	in	that	its	

classrooms	are	primarily	located	in	public	schools,	in	effect	defining	pre‐k	as	the	school	

grade	below	kindergarten.		However,	this	is	not	the	only	way	states	have	provided	

preschool	programs	for	children.		Florida,	for	example,	relies	entirely	on	private	providers,	

giving	families	a	voucher	they	can	use	at	any	approved	program.		In	North	Carolina,	Smart	
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Start,	begun	in	the	early	1990s,	did	not	focus	on	classrooms	at	all.		Instead,	funding	was	

allocated	to	counties	to	create	high	quality	and	seamless	services	for	children	aged	0‐5,	and	

it	was	left	to	the	counties	to	determine	how	to	do	that	(Ladd,	Muschkin	&	Dodge,	2014).	

As	Quinton	(2014)	recently	noted:	“…while	there’s	a	growing	consensus	on	the	

value	of	preschool,	states	disagree	on	where	the	programs	should	be	based,	who	should	

run	them,	or	how	the	government	should	support	them”	(p.2).		There	is	no	inherent	

necessity	for	state‐funded	pre‐k	to	be	housed	in	elementary	schools	and	overseen	by	

departments	of	education.		From	a	policy	perspective,	it	is	important	to	differentiate	

different	types	of	early	childhood	programs	and	to	better	understand	their	characteristics,	

costs,	and	effects.	

Determining	Quality	

Pre‐k	advocates	have	attributed	the	disappointing	findings	of	the	TN‐VPK	study	to	

the	alleged	low	quality	of	the	Tennessee	program	and	asserted	that	high	quality	pre‐k,	by	

contrast,	can	be	expected	to	have	much	more	favorable	effects	(e.g.,	Kirp,	2015).		Whether	

judged	by	the	NIEER	standards,	conventional	classroom	observation	measures,	or	the	

magnitude	of	the	effects	found	at	the	end	of	the	pre‐k	year,	there	is	no	evidence	that	the	

quality	of	TN‐VPK	is	much	different	from	that	of	other	state	programs	for	which	these	

indicators	are	available	(Farran	&	Lipsey,	2015).		While	no	one	would	argue	that	public	

pre‐k	programs	should	not	aspire	to	high	quality,	it	is	not	at	all	apparent	what	that	means.		

When	Tennessee	began	its	pre‐k	program,	it	looked	for	guidance,	as	many	states	do,	

to	the	benchmarks	established	by	NIEER	(Barnett,	et	al,	2014).		TN‐VPK	was	set	up	to	meet	

9	of	those	10	benchmarks	and	is	among	the	states	with	top	rated	programs	by	those	

standards.		Our	TN‐VPK	findings	add	to	the	questions	that	have	been	raised	about	whether	
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those	benchmarks	prescribe	features	of	pre‐k	programs	that	are	linked	to	sustained	effects	

on	achievement	or	behavior	(Mashburn	et	al.,	2008).		Another	approach	is	to	rely	on	rating	

systems	to	determine	the	quality	of	early	childhood	classrooms,	e.g.,	the	Early	Childhood	

Environmental	Rating	Scale	(ECERS;	Harms	&	Clifford,	1980;	with	later	editions)	or	the	

Classroom	Assessment	Scoring	System	(CLASS;	LaParo	&	Pianta,	2003)	now	required	of	

Head	Start	classrooms.		However,	Weiland	et	al.	(2013),	among	others,	have	found	that	

classroom	quality	as	measured	by	these	instruments	had	very	small	or	no	relationships	to	

children’s	developmental	outcomes.		Fundamental	empirical	work	is	needed	to	identify	the	

classroom	environments	and	instructional	practices	that	actually	influence	young	

children’s	development	as	a	basis	for	defining	pre‐k	quality	in	meaningful	and	actionable	

ways	that	can	be	used	at	the	scale	of	statewide	programs.	

Alignment	with	K‐3	

Our	findings	highlight	the	importance	of	the	K‐3rd	grade	experience	for	children,	

especially	children	from	low‐income	backgrounds.		The	fade	out	of	pre‐k	effects	could,	at	

least	in	part,	be	due	to	failure	of	kindergarten	teachers	to	build	on	the	skills	children	bring	

with	them	from	pre‐k.		This	might	happen,	for	example,	if	teachers	mainly	direct	their	

attention	to	the	children	who	need	it	the	most,	thus	helping	them	catch	up	with	those	who	

have	been	in	pre‐k.		Indeed,	some	explorations	of	what	kindergarten	teachers	cover	in	their	

classrooms	suggest	that	they	may	be	out	of	touch	generally	with	the	skills	their	children	

possess	(Claessens,	Engel,	&	Curran,	2014),	and	thus	their	instruction	thus	may	not	be	

directed	specifically	to	what	any	of	the	children	are	prepared	to	learn.	

Conclusion	

As	we	noted	at	the	beginning	of	this	paper,	increasing	numbers	of	children	are	living	
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in	impoverished	circumstances	that	have	both	immediate	and	long	lasting	adverse	

consequences	for	them.		Pre‐k	intervention	has	been	advocated	as	one	way	to	address	this	

problem	and	is	expanding	quickly	in	many	states.		However,	the	idea	that	pre‐k	can	be	

easily	scaled	up	in	ways	that	will	have	the	lifelong	effects	and	return	on	investment	found	

in	the	small,	intensive	programs	implemented	long	ago	that	are	so	often	cited	as	the	models	

for	effective	pre‐k	is	questionable	at	best.		We	do	not	yet	have	contemporary	pre‐k	models	

that	have	been	implemented	at	scale	and	convincingly	shown	to	have	enduring	positive	

effects.		It	is	therefore	not	at	all	obvious	that	the	rush	to	implement	pre‐k	widely	without	

the	necessary	attention	to	identifying	the	characteristics	that	constitute	program	quality	

provides	worthwhile	benefits	to	children	living	in	disadvantaged	environments.			

The	TN‐VPK	program	saturates	the	state;	every	county	and	all	school	districts	

except	one	have	at	least	one	classroom.		Thus,	the	structural	support	exists	in	the	state	to	

continue	to	explore	pre‐k	as	a	means	for	preparing	children	for	success	in	school,	but	we	

need	to	think	carefully	about	what	the	next	steps	should	be.		It	is	apparent	that	the	term	

pre‐k,	or	even	high‐quality	pre‐k,	does	not	convey	actionable	information	about	what	the	

critical	elements	of	the	program	should	be.		Now	is	the	time	for	policymakers	and	

researchers	to	pay	careful	attention	to	the	challenge	of	serving	the	country’s	youngest	and	

most	vulnerable	children	well	in	the	pre‐k	programs	that	have	been	developed	and	

promoted	with	their	needs	in	mind.	
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Table	1:	Sample	Retention	for	Each	Data	Collection	Wave	by	Condition	

 
Year 1  
(Pre‐K) 

Year 2 
(K) 

Year 3          
(1st) 

Year 4 
(2nd) 

Year 5 
(3rd) 

TN‐VPK Participants  773  749 (.97)  738 (.95)  726 (.94)  714 (.92) 

Nonparticipants  303  297 (.98)  291 (.96)  290 (.96)  280 (.92) 

All Participants  1076  1046 (.97)  1029 (.96)  1016 (.94)  994 (.92) 

   Note: The proportions retained are shown in parentheses. 
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Table	2:	Comparison	of	Participant	and	Nonparticipant	Groups	on	Baseline	Measures	

Variable	

TN‐VPK 
participants 
[N=773] 
Mean (SD) 

TN‐VPK non‐ 
participants 
[N=303] 
Mean (SD)	

p‐
value	

Effect 
size	

PS  
p‐

valuea 

PS 
adj. 
ESb   

Age (years)  4.4 (.28)  4.4 (.29)  .533  ‐.04  .937  .01 

Gender (1=male)  .47 (.50)  .48 (.50)  .932  ‐.01  .994  .00 

Race/ethnicity Black (1=yes)  .21 (.42)  .19 (.43)  .449  .05  .802  ‐.02 

Race/ethnicity Hispanic (1=yes)  .14 (.37)  .15 (.44)  .694  ‐.03  .303  .08 

Native language English (1=yes)  .86 (.37)  .84 (.46)  .571  .04  .461  ‐.06 

Not Hispanic, native English (1=yes)  .83 (.40)  .81 (.47)  .619  .03  .279  ‐.09 

Hispanic, native English (1=yes)  .03 (.17)  .03 (.19)  .721  ‐.02  .443  .07 

Hispanic, not native English (1=yes)  .11 (.34)  .13 (.42)  .639  ‐.03  .502  .05 

Not Hispanic, not native English (1=yes)  .03 (.18)  .04 (.26)  .510  ‐.05  .849  .02 

Library card use (0‐2)  .96 (.82)  .89 (.84)  .216  .09  .876  .01 

Newspaper subscriptions (0‐3)  .38 (.76)  .33 (.75)  .417  .06  .702  .04 

Magazine subscriptions (0‐2)  .29 (.50)  .26 (.51)  .423  .06  .332  ‐.09 

Home literacy index  .16 (2.03)  ‐.02 (1.96)  .223  .09  .826  ‐.02 

Mother's education (1‐4)  2.16 (.72)  2.02 (.74)  .010  .19  .610  ‐.04 

Number of working parents  1.25 (.62)  1.23 (.62)  .641  .03  .990  .00 

WJ Letter‐Word Identification  319.2 (27.0)  315.1 (27.2)  .035  .15  .815  ‐.02 

WJ Spelling  350.6 (28.4)  349.3 (28.5)  .534  .04  .880  .01 

WJ Oral Comprehension  444.4 (15.6)  442.9 (17.5)  .206  .09  .477  ‐.06 

WJ Picture Vocabulary  457.1 (21.0)  454.4 (27.8)  .088  .12  .329  ‐.08 

WJ Applied Problems  392.1 (26.9)  391.6 (29.9)  .818  .02  .344  ‐.08 

WJ Quantitative Concepts  407.6 (13.9)  407.3 (14.3)  .789  .02  .930  .01 

WJ Composite6  395.2 (17.7)  393.6 (19.1)  .202  .09  .561  ‐.05 

Notes: Age on Sept. 1 of pre‐k year; Library card use (0=no card/used almost never, 1=used once or twice a year or 
every few months, 2=used more than once a year or at least weekly); Newspaper subscriptions (0=0, 1=1, 2=2‐3, 
3=>3); Magazine subscriptions (0=0, 1=1‐3, 2=>3); Home literacy index = sum of the z‐scores for Library card, 
Newspaper subscriptions, and Magazine subscriptions; Mother’s education (1=less than high school, 2=high school 
diploma/GED, 3=associate’s degree, 4=more than associate’s degree); WJ= W‐scores on the indicated Woodcock Johnson 
pretests. 
(a) p‐value for difference between means for participants and nonparticipants with the propensity score as a covariate. 
(b) Effect size for the difference between means for participants and nonparticipants with the propensity score as a covariate.	
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Table	3:	Comparison	of	Participant	and	Nonparticipant	Groups	on	Timing	Variables	

Time from School Start Date 

TN‐VPK 
participants 
[N=773] 
Mean (SD) 

TN‐VPK non‐ 
participants 
[N=303] 
Mean (SD) 

p‐
value 

Effect 
Size 

PS p‐
valuea 

PS adj. 
ESb   

Days to pretest  71 (22.8)  86 (30.8)  .000  ‐.61  .607  .03 

Days to pre‐k posttest  267 (13.5)  279 (20.2)  .000  ‐.79  .604  .03 

Days to K follow‐up  626 (21.4)  629 (22.2)  .111  ‐.11  .243  .02 

Days to 1st grade follow‐up  987 (26.4)  990 (29.0)  .110  ‐.11  .780  .02 

Days to 2nd grade follow‐up  1335 (26.5)  1337 (30.0)  .256  ‐.08  .505  .05 

Days to 3rd grade follow‐up  1695 (28.7)  1696 (43.5)  .910  ‐.01  .948  .01 
(a) p‐value for difference between means for participants and nonparticipants with the propensity score as a covariate.
(b) Effect size for the difference between means for participants and nonparticipants with the propensity score as a 
covariate. 

	
 
 

Table	4:	Full	Analysis	Results	for	the	WJ	Composite6	Outcome	Measure		
at	the	End	of	the	Pre‐k	Year	
  

Coefficient
Standard 
error 

t‐value  p‐value 

Intercept  91.74  7.14  12.86  .000 

Propensity score  5.92  1.46  4.06  .000 

Composite6 pretest  0.79  0.02  43.65  .000 

Age (years)  ‐0.84  0.95  ‐0.88  .377 

Gender (1=male)  ‐0.18  0.52  ‐0.34  .734 

Race/ethnicity Black  1.15  0.70  1.65  .100 

Hispanic, native English  1.22  1.52  0.80  .423 

Hispanic, not native English  2.59  0.93  2.78  .005 

Not Hispanic, not native English  0.29  1.38  0.21  .834 

Home literacy index  0.05  0.14  0.35  .723 

Mother's education  0.42  0.39  1.09  .278 

Number of working parents  0.07  0.42  0.16  .876 

TN‐VPK participation  5.32  0.75  7.06  .000 

Notes: Age on Sept. 1 of prek year; Home literacy index = sum of the z‐scores for Library card, 
Newspaper subscriptions, and Magazine subscriptions; Mother’s education (1=less than high 
school, 2=high school diploma/GED, 3=associate’s degree, 4=more than associate’s degree).  
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Table	5:	TN‐VPK	Effect	Estimates	for	Pre‐K	Gain	on	Woodcock	Johnson	Achievement	
Measures	

Outcome 

TN‐VPK effect 
estimate in W‐
score units  p‐value 

Effect 
size 

Effect size 
for non‐

participant 
gain 

Effect size 
for TN‐VPK 
participant 

gain 

% Increase 
in Gain for 
TN‐VPK 

participants 

WJ Composite6  5.32  <.001  .32  .74  1.06  44% 

Literacy Measures             

Letter‐Word 
Identification 

10.77  <.001  .41  .60  1.01  68% 

Spelling  7.22  <.001  .29  .80  1.09  36% 

Language Measures             

Oral 
Comprehension 

1.50  .093  .09  .44  .53  20% 

Picture Vocabulary  3.66  <.001  .20  .24  .44  83% 

Math Measures             

Applied Problems  4.03  .005  .17  .61  .78  28% 

Quantitative 
Concepts 

4.32  <.001  .27  .68  .96  40% 
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Table	6:		Full	Analysis	Results	for	the	Kindergarten	Teachers’	Ratings	of	
How	Well	Prepared	the	Children	Were	for	Kindergarten	

Coefficient
Standard 
error  t‐value  p‐value 

Intercept  ‐16.49  1.14  ‐14.57  .000 

Propensity score  0.40  0.20  1.99  .046 

Rating time lag  ‐0.00  0.00  ‐0.60  .547 

Composite6 pretest  0.05  0.00  19.28  .000 

Age (years)  0.04  0.14  0.31  .754 

Gender (1=male)  ‐0.17  0.08  ‐2.28  .023 

Race/ethnicity Black  0.17  0.10  1.65  .100 

Hispanic, native English  0.34  0.22  1.52  .129 

Hispanic, not native English  0.90  0.13  6.78  .000 

Not Hispanic, not native English  0.48  0.20  2.42  .016 

Home literacy index  ‐0.01  0.02  ‐0.67  .506 

Mother's education  0.02  0.06  0.38  .703 

Number of working parents  ‐0.04  0.06  ‐0.57  .569 

TN‐VPK participation  0.30  0.11  2.79  .005 

Notes: Age on Sept. 1 of pre‐k year; Home literacy index = sum of the z‐scores for Library 
card, Newspaper subscriptions, and Magazine subscriptions; Mother’s education (1=less 
than high school, 2=high school diploma/GED, 3=associate’s degree, 4=more than 
associate’s degree).  
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Table	7:	TN‐VPK	Effect	Estimates	for	Kindergarten	Teachers’	Ratings	

Outcome 
TN‐VPK effect 

estimate   p‐value  Effect size 

ACBR Preparedness for K (range 1‐7)  .30  .005  .22 

ACBR Peer Relations (range 1‐7)  .04  .684  .04 

ACBR Behavior Problemsa (range 0‐1)  ‐.01  .757  ‐.04 

ACBR Feelings About Schoola (0‐1)  ‐.00  .767  ‐.03 

Cooper‐Farran Interpersonal Skills (range 1‐7)  .17  .049  .19 

Cooper‐Farran Work‐Related Skills (range 1‐7)  .22  .016  .20 

(a) Ratings on these scales were skewed; the analysis was done on log transformed values and those are the 
results shown here 

 

 
 

Table	8:	TN‐VPK	Effects	on	the	WJ	Composite6	Achievement	Composite	for	Subgroups	of	
Children	Who	Differ	by	English	Speaking	Status	and	Mothers’	Education	
  Mother’s education 

 
 
Child Language 

Less than HS (N=178) 
  T‐C diff= 8.74* 
  Effect size= .53 

HS or more (N=898) 
  T‐C diff= 4.50* 
  Effect size= .27 

English as second language (N=215) 
  T‐C difference= 11.07* 
  Effect size= .67 

T‐C diff= 14.57* 
Effect size= .88 
(N=76) 

T‐C diff= 9.04* 
Effect size= .55 
(N=139) 

Native English speaker (N=861) 
  T‐C difference= 3.74* 
  Effect size= .23 

T‐C diff= 4.48 
Effect size= .27 
(N=102) 

T‐C diff= 3.63* 
Effect size= .22 
(N=759) 

T= TN‐VPK participants; C=nonparticipants.
* p <.05 
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Table	9:	TN‐VPK	Effect	Estimates	for	the	Kindergarten	through	3rd	Grade	Years	on	the	
Woodcock	Johnson	Achievement	Measures	

  
End of pre‐k 

year 

End of 
kindergarten 

year 

End of 1st  
grade year 

End of 2nd 
grade year 

End of 3rd  
grade year 

Outcome 
Effect 

estimate 
Effect 
size 

Effect 
estimate 

Effect 
size 

Effect 
estimate 

Effect 
size 

Effect 
estimate 

Effect 
size 

Effect 
estimate 

Effect 
size 

WJ Composite6  5.32**  .32  .25  .02  ‐.51  ‐.04  ‐2.07*  ‐.15  ‐1.83†  ‐.13 

WJ Composite8  N/A  ‐  ‐.13  ‐.01  ‐.70  ‐.05  ‐1.91*  ‐.15  ‐1.73†  ‐.13 

Literacy                     

  Letter‐Word ID  10.77**  .41  ‐.27  ‐.01  ‐1.56  ‐.05  ‐3.24  ‐.13  ‐3.46  ‐.14 

  Spelling  7.22**  .29  ‐.68  ‐.03  ‐2.11  ‐.10  ‐2.45  ‐.12  ‐2.36  ‐.12 

Language                     

  Oral 
  Comprehension 

1.50†  .09  .94  .06  ‐.90  ‐.07  ‐1.43  ‐.11  ‐.51  ‐.04 

  Picture 
  Vocabulary 

3.66**  .20  1.01  .09  .95  .08  ‐.48  ‐.04  .77  .07 

  Passage 
  Comprehension 

N/A  ‐  ‐2.26  ‐.10  ‐1.61  ‐.08  ‐2.10†  ‐.13  ‐1.13  ‐.07 

Math                     

  Applied 
  Problems 

4.03**  .17  1.17  .07  .55  .04  ‐2.38†  ‐.14  ‐3.76*  ‐.21 

  Quantitative 
  Concepts 

4.32**  .27  ‐1.07  ‐.08  ‐1.33  ‐.10  ‐3.45**  ‐.25  ‐2.02†  ‐.15 

  Calculation  N/A  ‐  ‐.13  ‐.01  ‐.70  ‐.05  ‐1.91*  ‐.15  ‐1.73†  ‐.13 

Notes: Effect estimates are the coefficients on the TN‐VPK participation variable indicating the difference between the mean 
outcomes for T‐VPK participants and nonparticipants in W‐score units. Effect sizes are those coefficients divided by the 
pooled participant and nonparticipant group standard deviations on the outcome variable. 
**p<.01, *p<.05, †p<.10 

 
 
 
 

Table	10:	ESL‐Native	English	Moderator	of	Effects	on	WJ	Composite6 
 

Language 
 

TN‐VPK 
 

Baseline 
End of 
pre‐k* 

 
End of k 

End of 
1st grade 

End of 
2nd grade 

End of 3rd 
grade 

Native 
English 

Yes  398.7  414.5  443.1  466.1  479.6  491.1 

No  398.8  411.2  442.4  466.7  481.6  492.9 

English as 
Second 
Language 

Yes  377.7  402.3  434.4  458.1  473.1  484.7 

No  378.1  392.2  436.1  460.0  477.5  489.3 

* p < .05 for the Language x TN‐VPK participation condition interaction term in the regression 
model. 
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Table	11:	TN‐VPK	Effect	Estimates	for	1st,	2nd,	and	3rd	Grade	Teachers’	Ratings	

		
Start of 

kindergarten 
year 

End of 1st  
grade year 

End of 2nd 
grade year 

End of 3rd  
grade year 

Outcome 
Effect 

estimate 
Effect 
size

Effect 
estimate

Effect 
size

Effect 
estimate

Effect 
size 

Effect 
estimate 

Effect 
size

ACBR Preparedness 
for Grade	

.30*  .22  ‐.24†  ‐.17  .07  .05  ‐.01  ‐.01 

ACBR Peer 
Relations	

.04  .04  ‐.05  ‐.05  .04  .04  .21†  .19 

ACBR Behavior 
Problems	

‐.01  ‐.04  ‐.00  ‐.02  ‐.02  ‐.07  ‐.04  ‐.16 

ACBR Feelings 
About School	

‐.00  ‐.03  ‐.01*  ‐.21  .00  .04  .00  .03 

CF Interpersonal 
Skills 

.17*  .19  ‐.15  ‐.16  .06  .06  .07  .07 

CF Work‐Related 
Skills 	

.22*  .20  ‐.24*  ‐.20  .00  ‐.00  .10  .08 

Notes. Scoring range on scales: ACBR Preparedness (1‐7); ACBR Peer Relations (1‐7); ACBR Behavior 
Problems (log transformed, 0‐1); ACBR Feelings About School (log transformed, 0‐1); Cooper‐Farran Social 
Behavior (1‐7); Cooper‐Farran Work‐Related Skills (1‐7). 
*p<.05, †p<.10	
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Figure	1:	W‐Scores	on	WJ	Composite6	for	the	TN‐VPK	Participant	and		
Non‐Participant	Groups	on	Each	Wave	of	Measurement	
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Figure	2:	Standard	Scores	on	WJ	Composite6	for	the	TN‐VPK	Participant	and		
Non‐Participant	Groups	on	Each	Wave	of	Measurement	
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Figure	3:	WJ	Composite6	for	ESL	and	Native	English	Speakers	at	Each	Wave	of	
Measurement	Broken	out	by	TN‐VPK	Participation	
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