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REVIEW 

Effectiveness of Early 
Educations ntervention 
W. 5. Barnett 

Eady educational intervention has been proposed to partially offset the impacts of poverty and inadequate 
learning environments on child development and school succew. A broad range of early educational 
interventions are found to produce meaningful lasting effects on cognitive, social and schooling outcomes. 
However, all interventions are not equally effective. Two'majar US. programs perform relatiwly poorly. 
Research provides some guidance regarding the features of highly effective programs, but much 
remains to be learned. New experimental studies of key program features would have a high payoff. 

n the developing world, over 200 million 
children under age 5 suffer f?om poverty, .2..... &E; ............E;...E;... - ...... 

poor health and nutdioq and inadequate edu- " 

........... 
cation (1). Zn the United States, between 35 and 

Can: la.rg~-ISC~I;~...:.~..:. 
45 percent of m-time kindergartenm are ill- ' . -  .. ... ..... 

p p m ~ ~  to succeed in school (2). w b- ,: pm--j~--m~.;+ 
t i 4  interventions have been remmmeoded as 

of =V -on &been B-g hueh-  .. :.re.pl.icilt.e t h~:.~esuLts.:.. 
out the develo~ing world but is far h m  comlete 
or uniform ( j ) .  &"ision in the Unit& sw :- :: ::._ ._.... 

............. 

m incomplete B  we^. h e  - a early ....... ..Q~:s.~~:II:-s:c~~-.: .... :.. 
educational intervention rnav not be more widelv 
provided is that its effectiveness to ..:' 

-.-.....-........... ............ ..... 
. . . . . . . .  

be debated. ~ s m  enriched -hwl ectmation . .  L ~ ~ s ~ ~ M ~ ~ . . D E Q Q ~ ~ ~ s ~ ~ I - . .  
I U 

pmiwe mtstmtial long-& gains in learning 
& develapment? @ O1; are at at ;. .-; 

.-..-...--....-.. .... .........-.-....-.... 

e e e a e  ~ p u f i ~  prom -fib the E- . and . ,  if.sa,::under:r..:-. 
fmlt.5 of Qall-scale research p r o m  a4 if so, .-..-......................... ._ 93.. 
under what conditions? These questions, of keen - - -- - . . 3 :. .- -, pliw-ders as wen , &a*, . .wh~.mntf~tr~~.ns- %..-~ .... 

admessed here with detailed consideration of in- 
dividual studies and meta-analytic reviews. 

Longitudinal Randomized Trials 

Rimdomized trials with longitudinal followup of 
both intensive, small-scale pmpms and large- 
scale public p r o m  provide key insights into 
the production of long-term effects. Such studies 
offer the greatest confidence that estbakd edEd 
ace due b the program and not to other factors. 

In the early 1960s, an experiment mdomly 
assigned 123 [58 experiment (E) and 65 umml 
(a low-income A6ican-American children in 

one southeastern Michigan neighboxhood to the 
Peny Pmchool program or to a control group (3). 
Peny classes met 2.5 hours per day, 5 day per 
week, overa 30-week school year Most children 
attended for 2 years begmnmg at age 3, ~IZ of 
charge, before enbaing kin- -Is en- 
t d  kin- at age 5. Perry teachers had at 
lead baazhmk degrees in education and w m  
licensed public school teachers. The cmicullum 
empha.ized broad development, with teacher- 
dkected activities accounting fix about' half the 

- 

Matiom, brIy Muation Rw,d, RMp. ",+ time and child-initiated activities about a quarter 
w, N~ ~1 08901, USA ~ - ~ ~ i l :  of the time. A teacher-student ratio of 1 to 5 or 6 
nieer.org hcditated frequent, highly individuaked educa- 

tional interactions. Home visits with each child 
(and patents) were conducted weekly. 

Treatment and control groups did not differ 
on measured intelligence quotient (I@ to stat,  
but the preschool group was 0.87 standard &- 
viation (SD) higher than controls by the end of 
the program. For comparability across studies, 
effects are reported as iiactions of SDs, typically 
calculated as the difference between merit 
and control groups, divided by control group SD. 
The IQ gain disappeared by age 8, but positive 
effects on achievement tests (e.g., 0.33 SD on 
reading and math at age 14) were found through 
age 27. To put these effects in context, reading 
and math achievement gaps at kindergah entry 
between low-income and middle-income chil- 
dren are about 0.50 SD (4). In addition, the pre- 
school group had better classmom and personal 
behavior as reported by teachers, less youth mis- 
conduct and crime, fewer years of special educa- 
tion, and a higher high school graduation rate. 
Adult outcomes include increased earnings, de- 
creased dependency on social w e h  programs, 
reduced arrests, and imuroved health behavim. 

The ~becedarian study used a randomized 
trial to evaluate effects of full-day, year-round 
educational child care provided h m  about 4 
months of age to kindergarten a b y  in North 
Carolina (5). The preschool program did not 
include home visits, although M y  support ser- 
vices were provided to both treatment and con- 
trol groups. The study followed 104 (54 E, 5 1 C) 
low-income children fhm program entry tbmugh 
age 2 1. Gains in IQ averaged 1.1 SD h m  age 
18 months to age 54 months, declined after school 
enby, and remained about 0.33 SD h m  ages 
12 though 2 1. EtMs on reading and math achieve- 
ment were roughly amstant at about 0.50 SD eom 
ages 8 to21. M a v e n t i o n ~ ~ a l s o h a d l o w e r  
rates of repeating grades and special education, 
and they attained higher levels of education. 
Positive effects were also fbmd fbr health-related 
behaviors and symptoms of depression (6). 

Studies m lower-income countries have sim- 
ilar long-term findings. A randomized trial (n = 
129) of an intervention begjdug at age 9 months 
and contiuuiug to 24 months in Jamaica that 
taught mothers how to interact with their young, 
growth-stunted children found gains in child IQ 
and academic achievement tests and decreases in 
violent crime and depression through age 22 (7). 
In Mauritius, researchers randomly assigned chil- 
dren (83 E, 255 C) at age 3 an educational 
preschool Med by well-hiued and supervised 
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student teachers with a pupiLTeacher ratio of 5.5:1, 
nutritious me&, and health screenings and refer- 
rals or to typical preschools staffed by untrained 
child minders with a pupil.%iacher ratio of 30: 1 
and providing no meals (8). At ages 17 to 26, the 
intervention children had lower rates of behavior I problemsandah. TheMsmahffstudymuld 
not separate effects of program elements, but the 
Jamaican study found these long-term effects 
associated with the edumtional program but not 
with nutritional supplementation. 

It may be more dif3icult to produce results 
like those above through @scale public pro- 
grams; and studies of such public programs. have 
more mixed results. A recent randomized trial 
(n = 4667 initially) evaluated 1 year of Head Start 
(HS), the U.S. federal preschool program for 
children in poverty that provides education and 
broader mvices, including parent education and 
social and health mvices (9). After 1 year of HS 
at age 3 or 4 1 3  of 22 measures of language, liter- 
acy, and & e- wae - these 13 
averaged 0.18 SD. At the end of h d e q g r h  and 
gmde one, no significant cognitive or grade repe- 
tition effects were found No posilive effects were 
found on any teacher-reported measure of socio- 
emotional development or behavior. 

A randomized trial (n = 3001 initially) of 
Early Head Start @3S), the federal early inter- 
vention program for k h t s  and toddlers in pov- 
erty, produced results similar to those for HS (lo). 
EHS provided child care, parentshiid activities, 
parenting and adult e d d m  and other social 
services. Most children mcipated for 2 dr more 
years. At ages 2 and 3, some cognitive and social- 
emotional benefits wen hund (0.10 to 0.15 SD). 
By age 5, no effects wen hund far cognition, i d  
only one positive socioemotional effect remained, 
a miucti& in aggresion (11). Atgrade 5 follow-up, 
no e&& were found on any of 49 measures, in- 
cluding grade repetition and special education (12). 

I Persistence, Fade-out, and Sleeper Effects 
In all four U.S. studies, effect sizes declined over 
time. However, the magnitude and persistence of 
effects differs greatly. HS and EHS 

ment group's cognitive advautage over these chil- 
dren was d e r  h m  ages 2 to 4 than for those 
not in such cenfers (14). The problem of cmiml a0 
c e s s t o o ~ ~ c e s i s n 0 t ~ t o H S a n d M S .  

Another possible explanation is that the qual- 
ity of small-scale interventions cannot be main- 
tained by large public programs. That hypothesis 
is amtladicted by studies of U.S. public school 
p r e ~ ~ ( p r e K ) p r o g r a m s t h a t ~ g a i n s  
twoormoretirnes greaterthan-for HS (15-18) and 
by studies abroad finding similarly large gains 
and persistent efk& for public preschool pro- 
grams (lS2Z). Table 1 compares effecoi at age 4 
for 1 year of HS and wed p u b l i o h l  pre-K 
p r o m  The best4alown follow-up study of pub 
lic school pre-K, feabning a quasiexperimental 
design and extensive follow-up, is the Chicago 
Child-Parent Centers (CPC) study (n > lOOO), 
which found that cognitive effects declined but 
paslsted into high school (18). Reductions m grade 
repdition and impmved miis of high school am- 
pletion were also seen. Essentially all of the Peny 
and Abecedarian e f W s  are replicated, although 
CPC effects often are smaller (22). 

Another explanation offered for the Me-ouf 
of immediate effectr is that the limited effective- 
ness of the public schools attended by HS graduates 
erodes the program's impact This explanation 
is inconsistent with findings that cognitive growth 
was slow for both HS and control groups in the 
pRschoi,l years, &whereas d and literacy achi&-6 
ment accelerated in kindergmtm and first grade 
for both groups (9). 

It has been suggested that HS and other mter- 
vention programs might produce "sleeper effects" 
or delayed effects that appear later in I& despite 
the fade-out of initial cognitive gains (23). Multi- 
ple paths have been suggested through which 
the initial effects of early intentention may be- 
come biologically embedded and produce later 
impacts on development, especially mental and 
physical health (24, 25). However, sleeper ef- 
fectr are not found in the Perry, Abecedarian, and 
CPC studies, which find continuity in effects 
over time; cognitive effects may decline, but 

there is w hiabus These hdings contrast % 
with lack of e f f i  for EHS from age 5 to 
5 and faHS mkindergarkn and firstm 
Nan- findings of positive long4 
HS effects on wnhealth outcomes are i&, 
s i s tentwifh~evidenceandwitheach~ 
(26). Apparent sleeper effects may be expl& 
by the high probability of false positives 
many researchers conduct such studies (27) 

A so& different explanation is 
early educational interventions have only 
initial impgcts, the compensatory efforls of pt$ 
scbools h childw who enter school behi& 
succeedmofEx$hgtheentireadvantage(i 
Such e&m gradually equate achievement U, 
times0thatwItatiso~edis"catch-up"& 
than There is, of course, a cost forcn, 
pensltory e%& partly documented in ecanor 
a m l y s e s o f t h e P e n y a n d ~ ~ s ( 1  
For exam& pmchool study control groupsEJ 
higherratgofgraderepetitionandspecial& 
tion (3,6,22,29). As discussed below, the pal 
of declining effkls of interventions is not o h  
m low-ina~ne countries, perhaps idbating w 
er compm&my etkcts of less-well-res0dl1 
 on^. 

An explanation for differences in initial 
fectrbetweenprogramscanbefoundinda 
mcesinprogwnfeatures.HSandElL5pnn 
comprehensive services, whereas the pd 
school programs in Table 1 focus their m 0  

more on the classroom. HS and EHS tead 
are less eduxtd and less well-paid; the d 
program in Table 1 require bachelor of arb 
grem and pay public-school salaries (1% 
Nearly 40 percent of HS teachers report mil 
severe depression, a condition not conduck 
enriching interactions with young children ( 
Findings regarding the effects of teacher d 
acteristcs are mixed, and it is unlikely that d 
highly q d i i e d  teachers alone are sufficien 
produce strosg d t s  (31). However, one d 
finds HS employing licensed teachers at p 
school salaries to produce much larger efi 
than reported in the national randomizedf 
(16). DXerenca in how teachers teach M - - 

effect sizes start small and d i s p   and the public schools also may influena 
pear shortly after school entry, Table 1. Achievement gains at age 5 from pre-K and HS. Effects in dts (16). Cuniculum innuen= a wide Im 
WhwhereasPenyandAbeCahm S h  HS estimates adjusted for subject noncompliance are in pamthe of impactr, social bes I ef- ses (9); na indicates not applicable. Differences in methodology could 

are =lativeb he and long- favor the other programs over HS if, for =mple, the HS impad a d y  aS as cognitive (32, 33) 
w. One * .?Fa suffers more fmn control participation in h e r  program On the other Oueie+, M,,ta-lnalyri. is control-group pmclp&on hand, HS effech are measured in the spring before kindergarten, 

F~~~ p r o m  which whereas other program effech are measured after kindergarten -he quantitative or' 
was 35% at %e 4 and 25% at %e entry, which favors HS if effects decline over the summer. Data provide abasis for assessing the 
3 in the HS - However, HS sources are as follows: for CPC, (39); Tulsa, U6); OK (Oklahoma), (15); empirical literatme and its consistency with 
controls at age 3 and controls NJ (New Jersey), average of estimates from two different years US, 17); stdies discussed above. M e t 2 - d ~  fl 
likely experienced only child care HS, (9). all measures of effects to SD units so thati 
of very limited educaiional value can be swnmarized across studies. One fl 
(13). Furthermore, 68% of Abe- Domain CPC Tulsa OK Nl HS meta-analysis included 123 quasi-+ 
I X ~ ~ ~ ~  study conmls attended Language na na 0.28 0.32 0.09 (0.13) of U.S. cmkr-bd'  
relatively high quality child-care Math 0.33 0.36 0.34 0.30 0.12 (0.18) cahnal interventiom, including children f 
~ ' 3 l ~  for more than 12 months Literacy na 0.99 0.42 0.44 0.25 (0.34) ages 3 to 5 a n d ~ u b m  k h v f ~ 3  1960 andi 
before kindqatm, and the treat- (34, 35). Estimated effects are reported forr 

5 
976 19 AUGUST 201 1 VOL 333 SCIENCE www.sciencernag.org 1 

A 



broad categories: cognitive develop- 0.8 I . 1 

rnent, school progress (e.g., grade , , 

repetition, special education, and [7 All designs k' 
I j 

high school graduation), and socio- 0.6 HQ designs 
emotional development This review 
included all studies with a compar- 0.5 

1 

ison group regardless of research 0.4 
design but did examine how effects 8 
varied with qua& of sidy design. 0.3 

Another mela-analysis reviewed 30 0.2 
studies of non-U.S. early education- 
al programs (mostly in low-income 0.1 

countries), including ody rand- n 
trials and shnger quasiapeiheutal Treatment end Ages 5-1 0 Age >la 
designs (36). The &emational meta- Age at Follow-up 
analysis c M e d  outcomq as cog- 

nition, social behavior, health and Fig. 1. Cognitiwe effects of early education by age and study 

school progress. design quality [all studies versus highquality (HQ) designs]. 

TheU.S.melaetamfoundav- Treatment end wanes from ages 3 to 5. Effects for high-quality 
designs based on estimated effect of design quality on effect 

ew Of 0'23 SD for -- sizes evaluated at means for each follow-uptime 0,4). tion, 0.14 SD for school progms, and 
0.16 SD for social-emotional devel- 
opment h m  age 3 to adulthood (34). Effects on e&er (7,38). The effects of many other program 
cognition were larger before age 5 than in later features, including intensity and d d o n ,  are un- 
follow-up and when higherquality rsearch de- certain. Few program design questions have been 
signs (e.g., randomized trials) were used (Fig. 1) systematally addressed in randomized trials. How- 
No significant associations were found between ever, some strong associations are found Findings 
effects and age ai start, program duration, or eco- that comprehensive services are neither n v  
nomic background of children served. However, nor suEicient for large, sustajned gains and that 
the vast majority of probgams focused on disad- direct hstxwtion is associated with greater cogni- 
vantage! children Larger-e effects were tive gains also challenge conventional views. 
found for programs that emphized direct instruc- Direct inslruction was associated with greater 
tion (M.25 SD) and iud+&&d (one-to-one or cognitive gains in the CPC study as well as the 
small-pup) teaching (M.16 SD) and that did not U.S. meta-analysis (18, 34). Direct instruction 
offer conrplehensive social services (W.19 SD). is ~ c ~ e r ~  is focused on specific skills, 

The immalional m e h a d p i s  only emniued and may be highly scripted. It is one type of 
d t s  h m  relatively rigorom studies and folrnd intentional teaching, which goes beyond dis- 
avemge effects for early educational interven- crete skills and, ifunscripted, requires teachers to 
tions of 0.35 SD for cognition, 0.41 SD for plan caremy what they will teach, to whom, and 
school progress, 0.27 SD for behavior, and 0.23 in what manner. Peny and Abecedarian used in- 
SD for health (36). Many educational interven- tentional teaching, including direct instruction 
tions included a nutritiod compon~t., reflecting (3, 5). ~ x a r n ~ l e s  include wi&ing with children 
the circumstances of children in low-income coun- to compare weights of ciasmmm objects on a 
tries. However, cognitive eftkts did not vary by balance scale, follow recipes, and take dictation 
age (before and after age 7). The 0.35 SD cog- to write captions for artwok Effective intention- 
nitive effect is very similar to the fbUow-up results al teachmg is not whole-class instruction but one- 
limn highquahty studies m h e W  Stdes (Fig 1). on-one and in small groups (34). Large gains in 
No association was found between effects on other important do& such as executive func- 
cognition or school progress and age at start or tion (e.g., focused attention) and social-emotional 
duration. Effect sizes for cognition and school development likely require a balance of teacher- 
p r o m  did not differ between highea- and lower- directed and child-initiated activities, including 
income c o d e s ,  echoing the consistency with b t i c  play (e.g., role playing) (3,18,31-34). 
cognitive results &om the U.S. metaanalysis. 

Conclusions 
What Program Characteristics Matter? Early educational &awntion can have substantive 
Clearly, not a l l  emty edudoml hbwntio~ls are short- and long-term eZ%cts on ccgnition, social- 
equally&ective,withwithsubsbantmout- emtionaldevelopmenfschoolprogress,antisocial 
comes for parenting educaSEonas well m asclassroom behavior, and even crime. A broad range of ap- 
progmms (37). D&$E off&& ckinar that earlier proaches, including large public programs, have 
is better, starting education i ukmdons  before demonstrated e&ctivees. Long-fan e&cts may a@ 3 does not appear to be amajar contributor to be smaller than initial effects, but they are not h- 
effectiveness, although he& and eady nuhition substantiaL These tindings are quite robust with 
components may be more eEctive when begun respect to social and d c  contexts. Early edu- 

cational intervention can improve the development 
and adult success of Wvautaged children in the 
developing world as well as in advanced economies. 
The potmtd rehm to Societies on such investments 
is high (29), and huge numbem of children in the 
developing world could beneM (1, 7,8, 36). Yet, 
not every program has been effective, and some 
have produced cognitive gains but not other impor- 
tant efkcts such as reductim m crime. Expahd 
coverage should be guided by models found to be 
highly effective and by new research. 

Randomized trials raise qustim about the 
efiktivenm of two major public programs in the 
United States, HS and EHS. The poor d t s  can- 
not likely be ascnibed to M c i e n t  duration. EHS 
provided multiple years of services. One year of 
some other large public progxum-typically oper- 
ated through the public schook+--produced larger 
and more lasting effects in quasi-experimental 
studies using desigos likely to produce d t s  sim- 
ilar to those of randomized trials (15,22). These 
other programs more closely resemble programs 
that produced large gaim in small-scale experi- 
ments (e.g., Peny and Abecedarian) with respect 
to teacher c w c s  and a focus on education. 
This is not true of a l l  public school p K  progmms, 
becausetheyvaryconsidemblyhstatetostate. 

Both individual study comparisons and the 
U.S. meta-analysis suggest potentially large im- 
provements in public early educational interven- 
tions. EHS and HS might improve their results 
by providing richer educational experiences. 
EHS could increase and improve both parenting 
education and direct classroom experiences. HS 
may need to focus more resources on the class- 
room to recruit and retain better teachers. hprov- 
ing teaching pmctices may also require increased 
spending on supervision and coaching of teach- 
ing staff. W&out budget incream, these changes 
would require a reduction in program resources 
devoted to other activities (for example, social 
services and adult education). There is no con- 
sensus among researchers regarding the value 
of teacher qualifications (31), but a systematic 
statewide reform that included raising teacher 
quahfications and pay greatly improved preschool 
progarn quality (I 7). Given the limitations of the 
literature, reforms should be guided by systematic 
exprimdon,  with design alternatives based on 
what has produced large gains in the past and little 
deference to current program doctrine. 

Pmgmms of experimental research investi- 
gating the contributions of prqgram features to 
shoa- and long-tam impacts of early educational 
intervention are recommended for both developed 
and developing cmatries. Relatively fkw studies 
inform policy and practioe m the developing world. 
ConSidaable investment in program irriprovement 
research isjustihble, because welldesigned pro- 
grams have generated benefits 10 times greater 
than their costr whereas poorly designed programs 
may not even retun their costs (29). This research 
should investigate such &y features as duration, 
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