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Background/Context: There is much current interest in the impact of early childhood education programs on preschoolers and, in particular, on the magnitude of cognitive and
affective gains.
Purpose/Objective/Research Question/Focus of Study: Because this new segment of public
education may require substantial resources, accurate descriptions are required of the potential benefits and costs of implementing specific preschool programs. To address this issue
comprehensively, a meta-analysis was conducted for the purpose of synthesizing the outcomes
of comparative studies in this area.
Population/Participants/Subjects: A total of 123 comparative studies of early childhood
interventions were analyzed. Each study provided a number of contrasts, where a contrast
is defined as the comparison of an intervention group of children with an alternative intervention or no intervention group.
Intervention/Program/Practice: A prevalent pedagogical approach in these studies was
direct instruction, but inquiry-based pedagogical approaches also occurred in some interventions. No assumption was made that nominally similar interventions were equivalent.
Research Design: The meta-analytic database included both quasi-experimental and randomized studies. A coding strategy was developed to record information for computing study
effects, study design, sample characteristics, and program characteristics.
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Findings/Results: Consistent with the accrued research base on the effects of preschool
education, significant effects were found in this study for children who attend a preschool
program prior to entering kindergarten. Although the largest effect sizes were observed for
cognitive outcomes, a preschool education was also found to impact children’s social skills
and school progress. Specific aspects of the treatments that positively correlated with gains
included teacher-directed instruction and small-group instruction, but provision of additional services tended to be associated with negative gains.
Conclusions/Recommendations: Given the current state of research on the efficacy of early
childhood interventions, there is both good and bad news. The good news is that a host of
original and synthetic studies have found positive effects for a range of outcomes, and this
pattern is clearest for outcomes relating to cognitive development. Moreover, many promising variables for program design have been identified and linked to outcomes, though little
more can be said of the link than that it is positive. The bad news is that there is much less
empirical information in the studies examined available for designing interventions at multiple levels with multiple components.

There is much current interest in the impact of early childhood education programs on preschoolers and, in particular, on the magnitude of
cognitive and affective gains for children considered at risk of school failure in the early grades. Unlike other earlier policy efforts with similar
aims (e.g., Head Start), many policy makers are not viewing publicly
funded preschool solely as a compensatory program for children disadvantaged by poverty and other issues. Instead, they are increasingly supporting universal preschool programs as a means to capitalize on the
learning that takes place in the early years for all children, based on
research that demonstrates that participation in a universal preschool
program improves children’s academic achievement regardless of background or personal circumstances (Barnett, Brown, & Shore, 2004;
Gormley, Phillips, & Gayer, 2008).
However, not all states offer preschool for all, choosing instead to target their programs toward the neediest segments of their student populations. In other states, the potential expansion of preschool programs
has met some resistance. This is perhaps not surprising given that implementing a new segment of public education requires significant funding,
and the research base on the implementation of preschool programs is
not always clear. Researchers have focused on obtaining accurate descriptions of the potential benefits and costs of implementing specific
preschool programs (e.g., Barnett, 1996), whereas other researchers have
attempted to provide summaries of this research (e.g., White, 1985;
White, Taylor, & Moss, 1992). Although a focus on the economics and
impacts of providing preschool does help policy makers with questions as
to why preschool should be funded and the issue of targeted versus
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universal programs, the more nuanced decisions about the kinds of services provided by the program (e.g., family supports, health), the curriculum offered, and the type of instruction to be employed remain less clear
in this research base. To address this issue, a comprehensive data set was
recently constructed for the meta-analysis of the outcomes of comparative studies to help determine the relations between various policy variables and program effects. The data set for the current study was
prepared by Jacobs, Creps, and Boulay (2004).
Each study included in the database was designed using experimental
principles: Preschoolers receiving a program of educational and other
services were compared with a more or less similar group receiving either
no intervention or an alternative intervention. Impacts were then estimated in a number of outcomes domains and to assess how program and
population characteristics influenced these outcomes. Two previous
meta-analyses (Gorey, 2001; Nelson, Westhues, & MacLeod, 2003) found
positive and long-term effects for programmatic interventions on cognitive and social-emotional outcomes. In an analysis of 35 studies published
in 1990 and 2000, Gorey reported relatively large effects sizes (ES = 0.7)
for standardized tests of intelligence and academic achievement and that
cognitive effects of relatively intense interventions remained large after
5–10 years (ES = 0.5 – 0.6). The relatively small number of studies
included in this meta-analysis is potentially attributable to the requirement that studies either (a) be randomized, or (b) statistically control for
preexisting differences.
For 34 studies reported between 1970 and 2000, Nelson et al. (2003)
found a moderately large global impact of early childhood interventions
in the preschool period (ES = .44), and these effects persisted through
Grade 8 (ES = .08). The cognitive impact alone was somewhat larger over
the K–8 period (ES = .22), and they found that cognitive impact was greatest for preschool programs with a direct teaching component. Positive
effects on social-emotional impacts were also reported to endure through
this period. Similarly to Gorey (2001), Nelson et al. found that more
intensive treatments tended to have larger effects. The limited number
of studies included in this meta-analysis is attributable to the selection criterion that a study have at least one follow-up assessment in elementary
school or beyond. Selection criteria did not appear to include a provision
for preexisting differences.
Three other recent studies in this area also deserve some consideration. The systematic review by Anderson et al. (2003) included 12 studies
reporting cognitive outcomes for children aged 3–5. They obtained positive average effects for academic achievement (ES = .35), school readiness (ES = .38), and IQ (ES = .43). These average effect sizes were based
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on 10, 4, and 9 studies, respectively. Next, in the NICHD Early Childcare
Research Network Study (2002), it was found that three core features of
early child care—quantity, quality, and type—were related to children’s
school readiness and social behavior at age 4 1/2. In particular, higher
quality care predicted higher entry-level academic skills and language
performance. Yet this examination of about 1000 children represents
high quality research within the framework of a single original study. Its
significance is best understood within a series of longitudinal analyses of
this sample examining multiple factors on child development. The third
study in this series, by Karoly, Kilburn, and Cannon (2005), examined the
costs and benefits of intervention programs for children from birth
through 5 years old. They reviewed 20 early childhood programs with
“well-implemented experimental designs or strong quasi-experimental
designs” (p. xvii). For children aged 5–6, which they characterized as
“near or in elementary school” (p. 66), they found an overall average
effect size of ES = .28. However, the magnitude of the effect depended on
the combination of program emphases (home visiting, parent education,
or center-based education).
Though all the studies cited above reported positive effects, they are
clearly based on different populations of students, different program
approaches and philosophies, different time periods, and different coverage of studies. There is a need for a broader look at the efficacy of early
intervention programs in a study that examines the research more
broadly. The contribution of this new study is the larger collection of policy variables examined, including duration of treatment effect, types of
programs and instructional practices, and the provision of services. In
the following sections, the database is described and the analytic methods
of the current study are provided, followed by results and policy implications. The topic of large systematic and prospective investigations is then
considered.
DESCRIPTION OF THE DATA AND RESULTS
Meta-analysis is a method of statistically summarizing the results of quantitative measurements across many research studies. Cooper and Hedges
(1994) described this method as consisting of five steps: problem formulation, data collection, data evaluation, analysis and interpretation, and
public presentation. For the present study, the major focus is on the average impact of early education interventions in the cognitive outcome
domain, which includes measures of intelligence and reading. Research
in affective and school domains was examined, but fewer outcomes were
reported. In addition to overall impact, the data are explored for specific
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characteristics of studies and programs that are associated with variations
in outcomes.
A brief description of the selection criteria for studies follows. To be
included in the meta-analysis database, quantitative studies of early childhood had to meet the following conditions: (1) The early childhood programs must be center based; educational interventions delivered only
through home visits or in family childcare settings were excluded. (2)
The early childhood programs/interventions must provide educational
services to children directly; early childhood services provided solely via
parent education were excluded, although parent involvement may be
part of the program. (3) Interventions and programs must target children’s cognitive and/or language development; programs may additionally target other aspects of children’s development, but if
cognitive/language outcomes are not central to the program, they were
excluded. (4) Interventions and programs must provide services for at
least 10 hours per week for 2 months; programs/interventions that are of
lesser intensity or duration were excluded. (5) Programs that specifically
target only special needs children were excluded. (6) Programs must
have been implemented in the United States and reported no earlier
than 1960. (7) Studies must have designs that include comparison groups
in the form of a control (no treatment or intervention) or an alternative
treatment.
These criteria were chosen, as implied, to focus on program-based
intervention studies that were comparative in nature and substantial with
respect to treatment intensity (time and duration). A variety of strategies
and tools were used to screen relevant sources of studies, including
research journals, books, technical reports, printed and computerized
databases (e.g., ERIC), dissertations and theses, conference presentations and proceedings, foundation grants, and the like. The comprehensive list of sources used is given in Table 1.
A total of 161 studies were identified. Each study provided a number of
contrasts, where a contrast is defined as the comparison of an intervention
group of children with an alternative intervention or no intervention
group. Individual studies typically contained more than one contrast
because a study may examine more than one type of intervention, and
most contrasts reported outcome measures in more than one outcome
domain. Thus, three types of contrasts are possible: A treatment group
was compared (1) with a group without uniform services, (2) with a
group with services but not a uniform programmatic intervention, or (3)
with a group receiving an alternative treatment. See Table 2 for a definition of key terms. Additional information was recorded that described
other aspects of the treatment, such as the time of measurement (end of
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Table 1. Strategies for Searching the Literature
Computer and/or Search of Electronic Databases
ERIC (Educational Resources Information Center database; includes Resources in Education
and Current Index to Journals in Education)
Federal Research in Progress (FEDRIP)
PsycINFO Psychological Abstracts
Social SciSearch (Social Sciences Citation Index)
Dissertation Abstracts Online (Dissertation Abstracts International, Masters Abstracts)
Foundation Grants Index
Education Abstracts
Applied Social Sciences Index and Abstracts
National Technical Information Service (NTIS)
Child Development Abstracts and Bibliography
Social and Behavioral Science Documents (SBSD)
Social Sciences Literature Information System (SOLIS)
Review of Educational Research
Psychological Abstracts
Manual search of proceedings from relevant research conferences (e.g., AERA, SRCD, Head
Start, NAEYC)
Footnote Chasing
References in journals from nonreview articles
References from nonreview articles not published in journals
References in review articles
References in books/book chapters
References listed on program/program model Web sites
Topical bibliographies compiled by others
Consultation
Communications with colleagues and clients
Attending meetings and conferences
Formal requests of scholars who are active in the field
Formal requests of foundations that fund research in the field
General requests to government agencies
Reviewing electronic networks

treatment, short-term, and long-term) and the type of instrument used
to measure an outcome. Though the main outcomes of interest were
cognitive, other types of outcome measures were also recorded, including children’s social-emotional development and school progress. A
select list of sources with references to all the included studies is available
in the appendix. The full bibliography, which consists of 610 references,
is available upon request.
For every dependent variable within a contrast, an effect size was calculated for each individual child outcome reported at each point in time.
Originally, the database consisted of 8,168 effect sizes (or about 18 effect
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sizes per contrast), of which 2,409 came from low-quality or nonrelevant
outcome measures. The latter were eliminated from further analyses.
This resulted in a set of 123 studies, of which 76 contained only treatment-control (T/C) contrasts, 17 contained only treatment/alternative
treatment (T/A) contrasts, and 30 contained both T/C and T/A contrasts. From these 123 studies, 2,243 effect sizes were calculated for T/C
contrasts, and another 1,708 effect sizes were computed from T/A contrasts. After averaging across effect sizes within outcome categories with
studies, 263 T/C contrasts and 149 T/A contrasts were obtained. Two
contrasts lacked T/C or T/A designation. The T/C and T/A contrasts
were analyzed separately.
DATA COLLECTION
A coding strategy was developed to record information for computing
study effects, study design, sample characteristics, and program characteristics. The coding frame development and data collection activities
were also carried out by Jacobs et al. (2004) in collaboration with the
National Institute for Early Education Research at Rutgers University.
Studies were coded using a formal protocol, and after training sessions,
coders achieved an interrater reliability of .80 with a master coder. The
first 10 studies were double-coded by independent analysts, as were 20%
of the remaining studies. Differences in coding were resolved by a master
coder. Data entry was also verified for approximately 10% of the studies.
The coding protocol was a modified version of that used for the metaanalysis component of the National Evaluation of Family Support
Programs (Layzer, Goodson, Bernstein, & Price, 2001). This protocol was
customized for recording information on early childhood education
interventions and expanded to include target variables that were found
in previous meta-analyses in order to correlate with treatment outcomes
in early childhood education.
Five types of information were collected at the contrast level: study
design (e.g., group assignment); recruitment of participants (e.g., age
groups targeted); description of the intervention (e.g., details of services
children received, curriculum, and pedagogical approach); location of
the intervention (e.g., urbanicity of the study sites); and various ratings
of the quality of the implementation of the intervention. In particular, an
overall quality rating of the study was constructed in which high quality
was defined based on satisfying the following conditions: Treatment and
comparisons groups were deemed equivalent at baseline; attrition bias
was tested or corrected in some fashion; there was no evidence suggesting poor implementation of the intervention; and the information coded
from a study was not considered inadequate.
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Table 2. Key Meta-Analysis Report Terms
Program:

A center-based early childhood intervention for children aged 3–5 years that focuses
on children’s cognitive language development. Examples: Head Start, Abecedarian
curriculum.

Study:

A research or evaluation project in which children enrolled in an early childhood program are compared with one or more other groups of children. Examples: the
Abecedarian Study, the Perry Preschool Project.

Report:

A written description of a research study or studies and outcomes; the description may
be published or unpublished. Example: journal article from Child Development or U.S.
Department of Education report.

Contrast:

A comparison of one group of children receiving a particular treatment or intervention with another group of children. In this report, only contrasts between treatment
and control groups were included. The contrast is the main unit of analysis for this
report.

Individual
Effect Size:

Average
Effect Size:

This is the difference between a treatment and control group at a given point of time
on a given measure, expressed in standard deviation units.

Any given contrast may have data on multiple individual effect sizes for each outcome
domain and time point. To conduct analyses at the contrast level, an average effect size
was created that is the mean of individual effect sizes for each outcome domain and
time point for each contrast.

EFFECT SIZE COMPUTATION
Comparative outcomes were reported by a number of different statistics.
These were converted to the effect size scale using a commercially available software package (Shadish, Robinson, & Lu, 1999). Effect size was
computed using the standard formula

ES = c(m)

Xt  Xc
,
sp

(1)

where X t is the mean of the treatment group of size nt on some measure,
X t is the mean of the comparison group of size nc on that same measure,
and sp is an estimate of the pooled standard deviation. The correction factor is based on m = nt + nc - 2 degrees of freedom. The Hedges adjustment
c(m) results in effect sizes being shrunk toward zero, where the degree of
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shrinkage is inversely proportional to the number of children in a contrast.
The large-sample approximate variance of the effect size estimator is
given by

var ( ES ) =

nt + nc
ES 2 .
.
+
nt  nc
2(nt + nc )

(2)

Histograms of raw effect sizes are given in Figures 1 and 2 for the T/C
and T/A contrasts across dependent variable categories.1

Figure 1. Unaggregated effect sizes for contrasts of treatment and control
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Figure 2. Unaggregated effect sizes for contrasts of treatment and alternative treatment
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Not all conversions to the effect size scale provide equivalent results.
Because of inadequate reporting in the original studies, some conversions will provide less adequate estimates of effect size. Whenever possible, the best estimates (“preferred”) were obtained, but if this was not
possible, rougher approximations (“acceptable”) were recorded.
Excluding “acceptable” effect sizes would exclude a great deal of valuable
information. For example, suppose a study reported that certain outcomes were tested, specifically noting that no significant group differences were found, but reported no statistical information. To include this
information, is it conventional to enter effect sizes of zero for reported
measures into the database.
AVERAGING EFFECT SIZES
Many studies included outcome measures in more than one outcome
domain. However, a study might also include several outcomes within an
outcome domain. These effect sizes are clearly not statistically independent, as required by standard statistical models, and often there was not
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a “best” choice within an outcome domain. This issue was resolved by
averaging preferred and acceptable effect sizes for a given design contrast within an outcome domain. This was done separately at posttest, follow-up, and long-term follow-up. Thus, the maximum possible number of
aggregate effect sizes would be 1,590 (106 studies * 5 domains * 3 followups), but not all studies reported in all five domains at all follow-ups. The
effective number of effect sizes was 869, of which 479 were for treatmentcontrol comparisons.
ANALYSIS
Three characteristic features of the data set that require some discussion
are the nature of the comparisons made in the T/C and T/A contrasts,
imputation of missing values, and reorganization the outcome domains
into three categories—cognitive, school, and social/emotional. These
topics are given separate treatment. However, the goals of the analysis are
to identify features of programs that predict effectiveness and to understand their relative importance and combined influence. To understand
relationships among the moderator impacts on the outcomes and estimate the combined effects, a multivariate approach is therefore necessary. Based on this information, the goal is to provide a deeper
understanding of what types of programs and services are most effective.
DESCRIPTIVE ANALYSIS OF CONTRASTS
In this section, descriptive information is given for the two types of contrast: T/C and T/A. A total of 273 of 412 contrasts were obtained from
studies conducted prior to 1970, and 38 were from studies conducted
after 1990. A total of 71 contrasts were derived from randomized studies.
Earlier studies were more likely to use random assignment to treatment
conditions and were thus considered to have higher quality than later
studies.
The first four data columns of Table 3 describe the instructional characteristics of the T/A contrasts for the treatment (T) and alternative
treatment (A) groups. In both groups, the majority of the programs
implemented formal curricula, followed by use of content- or performance- based standards. The largest percent of the programs used smallgroup approaches in both groups, whereas whole-group instruction was
rarely provided. The primary pedagogical approach was direct instruction (DI) in 50% of treatment groups (T) and in 38% of alternative treatment groups (A). Direct instruction “refers to instruction involving
mostly teacher-directed activities designed to teach information and
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develop skills” (Jacobs et al., 2004, p. 3–12). This approach is often contrasted with inquiry-based pedagogical approaches in which children
take the lead in their learning by engaging with the environment and
exploring ideas through hands-on experimentation.
Although many interventions focused on multiple aspects of development, the most common programmatic focus in the T/A contrasts was
the development of general cognitive skills. Of the 149 T/A contrasts,
65% of the interventions for the experimental group (T) targeted general cognitive objectives, 66% targeted the reading/language objectives,
and 51% targeted the social-emotional objectives. For the alternative
treatment group (A), 68% of the interventions focused on general cognitive objectives, 52% focused on reading/language objectives, and 44%
focused on social-emotional objectives. Note that outcome domains
assessed in the studies are not synonymous, or entirely consistent, with
the primary educational objectives.

Table 3. Instructional Characteristics of Programs Represented in the Treatment–Treatment Contrasts in
the Extended Analysis.
T/A

Characteristics

T/C

T
Curriculum
Formal curriculum
Comprehensive curriculum
Standards-based curriculum

A

T*

n

%

n

%

n

%

118
60
93

79.2
40.3
62.4

90
48
66

60.4
32.2
44.3

194
136
131

74.3
52.1
50.2

5
32
13
86

1.9
12.3
5.0
32.95

20
56
59

7.7
21.5
22.6

134
73
230
147
79
263

51.3
28
88.1
56.3
30.3

Primary Instructional Grouping
Whole-group instruction
6
4.0
9
6.0
Small-group instruction
51
34.2
26
17.4
Individual instruction
6
4.0
24
16.1
Mixed
27
18.1
24
16.1
Primary Pedagogical Approach
Direct instruction
50
33.6
38
26.8
Inquiry based
27
18.1
28
19.7
Mixed
16
10.7
19
13.4
Focus of the Intervention
Reading/language
99
66.4
77
51.7
Mathematics
59
39.6
36
24.2
General cognitive
97
65.1
97
68.3
Social/emotional
76
51.0
62
43.7
Motor/physical health
25
16.8
34
23.9
Total Contrasts
149
149
Note. Data are from 412 contrasts, and categories are not mutually exclusive.
*Control groups not coded for T/C contrasts.
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MISSING VALUE IMPUTATION
Many variables had missing values, with the rate ranging from 1% to 58% per
variable. The problems with this extent of missing data are (1) loss of efficiency, (2) complication in data handling and analysis, and (3) bias due to
unknown systemic trends in the unobserved data. It is well known that mean
substitution or pairwise deletion does not account for the variation that
would be present if the variables are observed, resulting in downward bias in
the estimation of variances and standard errors (Switzer, Roth, & Switzer,
1998). As noted by Pigott (2001), mean substitution and pairwise deletion
methods “provide problematic estimates in almost all instances” (p. 380). In
the present analysis, multiple imputation methods were used for handling
incomplete data problems; SAS 9.1 (SAS Institute, 2008) multiple imputation
procedures were used.
Multiple imputation is a procedure for analyzing data with missing values.
According to theoretical and simulation studies, multiple imputation-based
approaches produce less biased estimates of coefficients and standard errors,
and more similar patterns to the original estimates in simulation studies than
other methods (Noh, Kwak, & Han, 2004). The process generates several
plausible values for each missing observation to obtain m (typically taken as
5–10) sets of imputed data. Each of the complete data sets is then analyzed
by using standard procedures and the results combined for inference by
incorporating appropriate variability within and across multiple imputations
(Yuan, 2004). There are various methods for imputation depending on the
type of missing data pattern. For this study, the data were assumed to be
“missing at random,” and consequently, this approach does not resolve biases
arising for systematically missing values. However, the method would be
expected to provide better estimates than mean substitution. The expectation-maximization (EM) algorithm was used for imputation of the missing
values. This algorithm provides maximum likelihood estimates of the variance covariance matrix of the distribution of variables, which is in turn used
to generate plausible values (Bilmes, 1998).
Because implemented multivariable normality is assumed, this method has
been widely used for imputing missing values for binary variables. Because
binary variables are treated like normal variables in the imputation steps,
imputed values may be fractional. One strategy for imputing the binary data
is to round up or down the imputed fraction to 1 or 0. However, it has
recently been shown that such rounding can produce substantial bias (Ake,
2005; Allison 2005; Horton, Lipsitz, & Parzen, 2003), and it is generally recommended that the unrounded imputed values be used for analysis. In this
analysis, therefore, imputed values for dichotomous variables were not
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rounded. Though individual values may be unrealistic, the goal of the imputation is to produce accurate estimates of the variance-covariance matrix.2
OUTCOME DOMAINS
In the current analysis, the five domains used for data collection were collapsed into three main domains based on the contextual similarities and
considering the mean effect size differences between the original and
combined domains. The intelligence and cognitive/reading achievement domains were combined into a single “cognitive” domain. The
mean effect sizes of the two original domains were not significantly different, nor were the mean effect sizes different when controlling for
other independent variables.3 Combined effect sizes were available for 97
studies with 556 aggregate effect sizes. Instrument types included IQ
measures, cognitive achievement tests (such as reading, writing, spelling,
and verbal development), mathematics, and tests of school readiness.
The school progress domain was not collapsed. Data were available
from 32 studies with 97 effect sizes. Instrument types included school
grades, academic track, special education placement, high school completion, and college attendance. Social/emotional and antisocial outcome domains were combined into a single social-emotional domain.
The mean effect sizes of these two domains were not significantly different. Data were available from 43 studies with 216 effect sizes. Instrument
types included self esteem, school adjustment, educational aspirations,
and aggressive or antisocial behaviors.
STATISTICAL ANALYSIS
The final database included the T/C and the T/A contrasts. These two
subsets were analyzed separately. As explained previously, the T/C contrasts compared the performance of the children who received early
intervention with the performance of the children who received no intervention or an unsystematic intervention. A T/A contrast compared an
intervention with an alternative treatment. Whereas the T/C contrasts
provide information to isolate the absolute effect of intervention, the
T/A contrasts provide information to explore the relative impact of different intervention and implementation characteristics.
The T/C and T/A interventions tended to have different intervention
focuses. Whereas 88.1% of the T/C contrasts involved interventions with
a general cognitive focus, the corresponding figure was 65.1% for the
T/A contrasts. The T/A contrasts were classified more often as having a
reading/language focus (66% vs. 51%) or a mathematics focus (39.6%
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vs. 28%). The T/C contrasts were classified more often as having a
motor/physical focus (25% vs. 16.8%) or a social/emotional focus
(56.3% vs. 51%). For these reasons, it is possible that the T/C contrasts
may be more sensitive to cognitive-oriented interventions, whereas T/A
contrasts may be more sensitive to content-oriented interventions.
STATISTICAL ANALYSIS
The approach to data analysis is facilitated by briefly considering a multilevel linear model. With this approach, two sources of random variation
are distinguished: prediction errors within studies, and effects that vary
randomly between studies. The model, accordingly, can be written:

ESij = 0i + 1i x1ij + ... +  ki xkij +  ij ,

,
(3)

where
.
 0i =  0 +  i .

(4)

In this specification, an outcome variable of interest is denoted by ESij ,
where the subscript i signifies study, and j signifies effect size within study.
In the model given by Equations 3 and 4, the random components are
assumed to be uncorrelated with each other and are typically defined as
 ij ~ NID(0,  2 ) and

 j ~ NID(0,  2 ) .

and

(5)
(6)

The use of ordinary least squares regression results would ignore the
multilevel structure and may result in biased estimates of the fixed coefficients and biased inferential tests (Goldstein, 2003). Studies are typically weighted by the inverse of the (estimated) sampling variance of the
effect size as given in Equation 2 (Raudenbush, 1994; Raudenbush &
Bryk, 2002). However, in the current study, unweighted results are
reported because of large sample-size discrepancies between different
kinds of interventions. Although this can be expected to provide less
optimal results, it seems safer at present than assuming that program
effects are uncorrelated with study size.4
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In the current study, the multilevel model as given in Equations 3–6 was
used for this analysis, with imputation to compensate for missing data.
This strategy was used to investigate the relationship between the
program characteristics and effect size. Mixed modeling and imputation
procedures were performed as implemented in SAS Version 9.1 (SAS
Institute, 2008) using the procedures MI and MIANALYZE. An example
of this code is given in Figure 3.
Figure 3. SAS code for mixed modeling with imputation
proc mi data=new simple nimpute=10 out=nieerimp seed=384756;
em MAXITER=500;
var {imputation variables};
mcmc initial=em (maxiter=300);
run;
proc mixed data=nieerimp;
class studyid;
model es = {model variables} / solution covb ddfm=bw;
random int / sub=studyid;
weight invar;
by _Imputation_;
ods output SolutionF=mixparms CovB=mixcovb;
run;
proc mianalyze parms=mixparms edf= {degrees of freedom}
CovB(effectvar=rowcol)=mixcovb;
modeleffects intercept {model variables};
run;

“Study” was used as the random variable indicator (“subject” in SAS),
and effect sizes at different points in time were combined into a single
analysis, with time as a quantitative design variable (coded 1, 2, and 3).
Recall that study was defined as a research or evaluation project in which
children enrolled in an early childhood intervention. A number of contrasts, which employ different types of interventions, are available for
each study, but the number varies by outcome domain.
All moderators, for both design and program characteristics, were
examined equivalently within the framework of the analytic model,
including design quality. The relative effects of a number of moderator
variables on the size of outcome were evaluated. The full set of moderator variables explored is given in Table 4.
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Table 4. Moderator Variables Examined for Effect on Outcomes
Variable
Explanation
Time of testing
1
End of treatment, children 3–5 years of age
2
Short-term follow-up, children 5–10 years of age
3
Long-term follow-up, children older than 10 years of age
Amount of treatment
Days
Number of treatment days, mean = 280.56, range = 33–3120
Dose
Treatment hours per day, mean = 3.72, range = 1.04–9.75
Hours
Total treatment hours, mean = 1205, range = 99–21840 hours
Curriculum (coded as 1 = yes and 0 = no)
Formal
Formal curriculum in preschool
Standards
Content or performance standards-based curriculum
Comprehensive
Comprehensive curriculum
Instructional group size (coded as 1 = yes and 0 = no)
Individual
Individual instruction
Whole
Whole-class instruction
Small
Small-group instruction
Mixed
Mixed
Differentiated
Differentiated instruction
Individualized instruction (coded as 1 = yes and 0 = no)
Program had formal curriculum, class size < 10; the child/staff ratio < 5, or
program used primarily small group or individual instruction.
Pedagogical approaches (coded as 1 = yes and 0 = no)
Direct
Direct instruction: mostly teacher-directed activities designed to teach information and develop skills
Inquiry
Mostly hands-on instruction, student-directed learning w/ teacher as facilitator
Mixed
Mixed approaches: use of both direct and inquiry-based instruction
Instructional focus (coded as 1 = yes and 0 = no)
Reading
Focused on reading
Math
Focused on math skill development
Cognitive
Focused on cognitive skill development
Noncog
Focused on emotional, behavioral, and physical health and motor development
Population served (coded as 1 = yes and 0 = no )
Preschool
Preschool age only
Younger
Preschool and younger children
Older
Preschool and older children
Both
Preschool, younger, and older children
Additional service received (coded as 1 = yes and 0 = no )
Services
Program provided services in addition to ECE
Program Target (coded as 1 = yes and 0 = no )
Low$
Program targeted low-income families
Population characteristics
PerLow$
Percentage of low-income families in the group
Age
Average age of children at the initiation of the intervention
Design characteristics (coded as 1 = yes and 0 = no )
Design Quality
Design quality coded yes (1) if there was no attrition, attrition bias was tested
or attrition was remedied, or there was baseline equivalence of the two groups;
there was no evidence of lack of fidelity in program implementation; and the
coder did not believe that the information was unfair or inadequate.
Equivalence
Yes (1) if pretest ES < .2 or for randomized or matched groups

596 Teachers College Record

Not all studies provided information on all moderator variables. In
addition, moderator variables were not coded for comparison groups
consisting of unsystematic programs or interventions.
RESULTS
The number of studies and effect sizes are given in Table 5, along with
the unweighted average effect size for each type of contrast (T/C and
T/A) under each outcome domain. Note that contrast is the unit of analysis for the three domains shown in Table 5.
Table 5. Overall Unweighted Effect Sizes (ES) by Domain
Domain
# Studies
# ES
Mean ES
* p < .01.

Cognitive
T/C
T/A
81
39
306
250
.231*
.067

School
T/C
T/A
29
8
60
37
.137*
.058

Social
T/C
37
113
.156*

T/A
17
103
-.031

Pooled across time of testing (end of treatment, short-term, and longterm), the unweighted mean effect sizes of the T/C comparisons were ES
= .231(cognitive domain), ES = .137 (school domain), and ES =.156
(social domain). Average effects for each of the domains for T/C contrasts were significantly different from zero. For the T/A contrasts, none
of the effects was significant. The T/C contrasts yielded larger effect sizes
than the T/A contrasts, as would be expected, because both groups in
the T/A studies attended programs. In both types of contrast, the largest
effect was obtained in the cognitive domain.
In Table 6, estimated moderator effects are given in the three domains
for the T/C and T/A contrasts. With respect to this table, the concept of
design consistency is introduced and will be used in the remainder of this
section.
An effect size is based on the average outcome in the treatment
group minus the average outcome in the control group; this is the
difference X T − X C in the numerator of Equation 1. A beneficial intervention in the treatment group makes the difference larger, but a beneficial intervention in the alternative treatment group makes the difference
smaller (because X C i is larger). Therefore, a positive regression
coefficient for a moderator variable in the treatment is consistent with a
negative coefficient for that moderator in the alternative treatment
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(moderators were coded separately for the two groups in question). In
other words, if a moderator has a consistent effect, then the regression
coefficients would have opposite signs for the two groups.
The requirement for a design-consistent effect included the condition
of “opposite signs” for the regression coefficients and the condition that
at least one of these coefficients was statistically significant. We did not
explore a model that took this constraint into account when obtaining
null probabilities; however, it seems plausible that the standard two-tail
probability is overestimated in the case of design consistency, and future
research may provide a clearer understanding of this issue. In any event,
primary interpretations from Table 6 are based on this definition of
design consistency. Note that moderator effects were not as apparent in
the T/C contrasts as in the T/A contrasts.
Table 6. Moderator Effects for the Cognitive, School, and Social Domains

Moderators
Intercept
Time
Direct
Individualized Instructiond
Services
Design Quality

Group
——T
Compc
T
T
Compc

Cognitive
Domain
T/C
T/A
.230b
.187a
-.241b
.211b
-.292b
.161a
-.193b
-.471b
.233b
—

School
Domain
T/C
T/A
.153a
.160
-.080a

Social
Domain
T/C
T/A
.335b
.056

-.215a
-.232b
.275b

-.289b
.266b

Note. Comparisons are defined as T/C = treatment/control, T/A = treatment/alternative treatment.
a p < .05. b p < .01. c Comparison group. d Variable coded for first treatment group only

Overall raw program effects are given by the intercept in Table 6. These
intercept values are interpreted as the end-of-treatment average outcomes with the values of all moderator variables at zero (i.e., no directive
or individualized instruction, no services, and low design quality). The
moderator variable coefficients add or subtract from these baseline
effects, and we give a number of profiles of total effect below after giving
the results for individual moderator variables.
EFFECT OF TIME
The intervention effect in the cognitive domain decreased over time.
The decrease is greater in the T/C than the T/A contrasts. In the T/C
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contrasts, the effect decreased by about 0.24 ES units per follow-up
period. For the T/A contrasts, the decrease was small and not significant.
This is an estimate of the relative loss over time given two treatments, and
consequently, there is less of a gap to close in T/A than T/C contrasts.
Significant change over time was not observed for the school or social
domains.
EFFECT OF INSTRUCTIONAL CHARACTERISTICS
As mentioned previously, DI involves teachers explicitly instructing children in academic skills and procedures, usually through activities
designed and led by the teacher. The DI approach contrasts with inquirybased educational activities that involve mostly hands-on, studentdirected learning. The effect of DI was design consistent in the cognitive
domain for T/A contrasts, but the effect was not observed in the T/C
contrasts. This result is in accord with that of Nelson (2005), who concluded that the “cognitive impacts during the preschool time period were
greatest for those programs that had a direct teaching component in
preschool” (p. 1). In addition, the effect of individualized instruction was
positive in the T/A contrasts.
EFFECT OF ADDITIONAL SERVICES
As noted, some programs provided additional services to children and
their families, such as health screening, nutrition, educational/teaching
materials for home use, and home visits. Provision of additional services
showed a strong and negative effect on the cognitive domain, and this
effect was design consistent. A negative effect was also observed in the
school domain (T/A), but it was not design consistent; a positive effect
was observed in the social domain (T/C and T/A), but this effect was not
design consistent.
In the cognitive domain, this result may signify an indirect effect of
other variables with which services are confounded. For instance, receiving additional services correlated positively with the total number of days
of intervention and negatively with the number of hours of instruction
per day. For unknown reasons, those who received additional services
had lower dose levels and longer durations of treatment. It is possible
that programs added time spent on additional services to instructional
time in arriving at total contact hours. Also, the additional service variable correlates negatively with DI, which has a positive impact on the cognitive outcomes. The children who received additional services tended to
receive less direct instruction, and instruction in larger classes.
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OTHER FINDINGS
Some previous studies (MacLeod & Nelson, 2000; Nelson, 2005) have
reported a positive impact of longer duration of intervention on cognitive and social outcomes. In the current study, treatment duration did
not have a significant effect. Likewise, no effects were observed for
income or education. There may be two precipitating causes for this
result. First, there was much missing information for these variables, and
second, there was little sample variability: Almost all families could be
described as having both low income and low education. Studies with
high design quality yielded larger effect sizes (about .27 ES) in the cognitive domain (T/C) and social domain (T/A). High design quality was
operationalized as: (1) there was no study attrition, (2) attrition bias was
tested and remedied, or (3) the baseline equivalence of the two groups
was established. High design quality was precluded if coders observed evidence of lack of fidelity in the implementation of the program, or indications that reported study information was unfair or inadequate. Finally,
we note that other variables in Table 4 were examined and found not to
have a significant effect on outcome.
EXPECTED OUTCOMES
Table 7 gives “scenarios” in which the total effects are calculated for different moderator combinations for the cognitive domain. This total
effect is the projected average outcome for a set of interventions having
as average moderator values those given in the table (rather than projected values for individual interventions). The following strategy was
used for determining regression coefficients. First, coefficients for the
T/C comparisons were used for the intercept, time, services, and design.
(For the time effect, the T/C coefficient was used because this would
describe the decrement over time in the absence of a systematic treatment.) For individualized instruction, the coefficient from the T/A
analysis was used, and for direct instruction, the treatment and alternative group effects from the T/A analysis were averaged (after reversing
signs for the alternative group coefficient). This representation of the
results admittedly extrapolates from the observed data. However, it is
important to project the kinds of effect sizes that might be encountered
through intentional design rather than assuming the same constellation
of moderator variables encountered in past early childhood programs.
Furthermore, the extrapolation is empirically-based, and its assumptions are explicit and public. What has happened in past programs
is described in data rows 1, 4, and 7 of Table 7, where effect sizes are
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evaluated at the sample means of the program (moderator) variables.
Interpretation of these effect sizes as predictions of outcomes for newly
designed early education programs runs the risk of underestimating
potential effects because such programs can be designed with other program characteristics (i.e., other values for the moderators).
Table 7. Outcome Profiles for the Cognitive Outcome Domain

Scenario

Time a
-.241

Variable (intercept = .230)
DI
Individualized Services Design
0.252
.161
-.193
.275

1(mean)b
0
0.04
0.26
2
0
0.50
0.00
3
0
0.50
0.50
4 (mean)b
1
0.02
0.20
5
1
0.50
0.00
6
1
0.50
0.50
7 (mean)b
2
0.10
0.54
8
2
0.50
0.00
9
2
0.50
0.50
Note. The coefficient for DI is taken from the T/C contrasts
individual instruction are averaged from the T/A contrasts.

0.75
0.50
0.50
0.81
0.50
0.50
0.89
0.50
0.50
in Table

Estimated ES
Linear

Nonlinear

0.36
0.48
0.51
1.00
0.79
0.81
1.00
0.87
0.89
0.37
0.21
0.18
1.00
0.55
0.50
1.00
0.63
0.58
0.70
0.12
0.20
1.00
0.31
0.37
1.00
0.39
0.45
6. The effects of small-group and

a End of treatment = 0, short-term follow-up = 1, long-term follow-up = 2.
b Sample means for time period.

As seen in Table 7, assuming linearity of the time effect, the direct
instruction and services variables have the most practically significant
effect on estimated outcome. Evaluated at the sample means of the moderator variables, cognitive outcomes ranged from ES = .48 to .12. With a
smaller amount of additional services and larger amounts of the other
moderators, the impact of intervention on cognitive outcomes ranges
from ES = .87 to .31 from the end of treatment to long-term follow-up
(10+ years). Note that averaging across the follow-up times,
(.48+.21+.12)/3 = .27, provides a rough approximation to the overall
sample average for T/C contrasts (.23) given in Table 5 for the cognitive
outcome domain. For the cognitive domain, the actual sample means for
the T/C contrasts were .45, .16, and .23, respectively.
We also fit a model for cognitive outcomes in which the time variable
was not constrained to be linear. For this model, global estimates (intercept + time effect) of effect size at Times 1–3 were ES = .50, .19, and .07,
respectively. With these estimates, the decrease in effect size from Time 1
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to 2 was about twice the drop from Time 2 to 3. Projections created with
this assumption appear in the last column of Table 7. Under the linear
assumption, the effect sizes in scenarios 2, 5, 8 have the pattern .79, .55,
.31 over time, whereas the corresponding nonlinear pattern is .81, .50,
.37. For scenarios 3, 6, 9, the linear pattern is .87, .63, .39, whereas the
nonlinear pattern is .89, .58, .45. Thus, the time-dampening effect is
somewhat lessened. However, under either the linear or the nonlinear
assumption, the projected effect at long-term follow-up is educationally
significant.
As noted, the services variable may combine a number of influences. It
correlated positively with total days of intervention and instructional
group size but negatively with hours/day of instruction and the provision
of DI. It seems plausible that additional services provided did not have a
direct impact on cognitive outcomes, but rather indicate that programs
that focus more resources in the cognitive domain tended to be more
successful for this type of outcome. The additional services, although
they can be grossly categorized as aimed at children, parents, or both,
were not defined in detail in the original publications. The two different
types of instruction are combined in the third, sixth, and ninth rows of
the table. There is no reason to believe that directive and individualized
instruction cannot be combined in enhancing outcomes. However, individualization was derived (as noted above) rather than observed, and
instructional design would benefit from an additional bridging study
prior to policy recommendations.
It is indeed tempting to think of the results from the regression equations as causal effects, but we caution against this. These results are correlational for a number of reasons: Most of the original studies were not
randomized, substantial interpretation was involved in coding studies
because of chronic underreporting, and the studies comprise a historical
record extending nearly 40 years into the past. In addition, the present
understanding of treatments delivered almost two generations ago has
most likely changed, and the meanings of some variables are no longer
as crisp as they may have been in the original study contexts. It is perhaps
best to think of the current meta-analyses as an effective summary of a
complex research literature. Yet this set of comparative studies
doubtlessly provides the most comprehensive evidence available for guiding rational policies in early education and should play an important, if
not central, role. As Cronbach (1982) put it, “Many statements, only a few
of them explicit, link formal reasoning to the real word; their plausibility
determines the force of the argument” (p. 413).
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DISCUSSION
The findings of this study span a wider range than previous meta-analyses, but they are consistent with those of earlier studies (e.g., Barnett,
1998; Gormley & Gayer, 2003; Nelson et al., 2003; Vandell & Wolfe,
2000). As Durlak (2003) observed, “consistent evidence obtained by different researchers surveying slightly different but overlapping outcome
literatures confirms that preschool programs have statistically significant
and practical long-term preventive impact.” The current review, which
covers 120 studies of cognitive outcomes carried out over 5 decades, provides even greater weight for the argument that preschool intervention
programs provide a real and enduring benefit to children. It examines,
in a greater level of detail than previous studies, the effects of program
moderators. As Durlak found, the research is less clear regarding the specific program features that lead to optimal results.
The analysis reported here shows significant effect sizes in the cognitive
domain for children who attend a preschool program prior to entering
kindergarten. The intercept was moderate, and this can be interpreted as
the predicted immediate posttreatment outcome in quasi-experiments
for programs without a programmatic emphasis on DI, individualized
instruction, and additional services. That is, the intercept is the predicted
level of outcome with the values of the program moderators set to zero—
or what could be described as the “bare bones” outcome. Although the
largest effect sizes were observed for cognitive outcomes, positive results
were also found for children’s social skills and school progress. For the
latter two categories, the intercepts for the T/C comparisons were statistically significant at conventional levels. Moreover, although the services
indicator had a negative impact in the cognitive domain, it had a positive
effect in both the school and social domains. Beyond this, policy makers
must make more nuanced decisions regarding the intended population,
duration and intensity of programming, type of instruction and curriculum, and structural characteristics such as class size and teacher qualifications. This expanded meta-analysis provides insights into two of these
important implementation issues: instruction and range of services.
INSTRUCTION
In agreement with previous work (Nelson et al., 2003), it was found that
the direct instruction component in preschool programs had an immediate effect on children’s cognitive development in the T/A contrasts.
Many early childhood educators might be concerned by this finding in
light of the field’s consensus that a developmentally appropriate
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approach (Bredekamp, 1987; Bredekamp & Copple, 1997) is not one in
which children are drilled in basic concepts and have little opportunity
to apply their knowledge in meaningful learning situations. However, the
majority of these effect sizes were from studies conducted prior to 1983,
when policy attention was directed toward determining the most effective
curriculum model to ameliorate the effects of disadvantage (Goffin &
Wilson, 2001). At that time, sufficient experimentation in curriculum
design took place so that it was possible to find curricula that ranged
along a continuum—from those that sought to convey basic skills
through the presentation of concepts in small steps to large groups of
children, to child-centered curricula associated with the traditional nursery school that used play as the core of instruction. Falling somewhere
between these two extremes were curricula that used constructivist principles in which children engaged in in-depth inquiries with the guidance
and support of teachers.
With developmentally appropriate practice becoming the conventional
wisdom, there are fewer examples of curricula that used direct instruction as the main pedagogical method in the 1990s and beyond. In contrast to curriculum comparison studies conducted prior to 1983, more
recent studies of naturally occurring variations in teaching practices
(e.g., Marcon, 1992; Stipek et al., 1998) have found that children in
developmentally appropriate settings outperform their counterparts in
classrooms where DI is more the norm. Although most of these studies
are not of high design quality, and therefore may confound the effects of
the program with family and child characteristics, the findings of this
body of research cloud the issue of determining which instructional type
will more likely lead to improved student outcomes.
Complicating the issue further are the limited descriptions of teaching
practices in the studies from which the T/A and T/C contrasts were
drawn. Some of the contrasts used a specific curriculum model (e.g.,
Bereiter-Engelmann, DARCEE, Distar) that explicitly detail what is
meant by direct instruction and the role of the teacher, but many of the
contrasts examined are not as clear. As a consequence, the specific practices used by teachers in studies without an identifiable curriculum
model are uncertain. Jacobs et al. (2004) defined direct instruction as
instruction involving mostly teacher-directed activities designed to teach
information and develop skills. Inquiry-based instruction, in contrast,
involves mostly hands-on, student-directed learning, with the teacher acting as a facilitator. In the T/C and T/A contrasts, a number of programs
were coded as direct instruction. These included Karnes Preschool,
Direct Verbal, DARCEE, Distar, and, infrequently, two programs
described as Adult Paraprofessionals and Teen Paraprofessionals. About
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95% of the contrasts involving direct instruction were from studies completed prior to 1980, and 87% were completed prior to 1970. Given that
more recent studies have found positive academic gains for children in
programs in which teachers use more developmentally appropriate
strategies, it is probably safer to conclude that the sum of this evidence
provides support for teacher-directed or explicit instruction rather than
DI per se as the primary method of teaching.
This meta-analysis also found that individuation (or “individualized”
instruction) had a positive impact on cognitive and school outcomes in
T/A contrasts. This finding is perhaps not surprising given that individual or small-group instruction is used widely in most early childhood curricula, no matter where they fall on the mentioned continuum. Smaller
groups enable teachers to assess children’s development and enact learning opportunities that help children engage with content and practice
skills (Bredekamp & Copple, 1997). In other words, smaller groups and
lower staff ratios provide more opportunity for teachers to match content
to children’s particular developmental levels so that they are able to learn
various academic concepts. Similarly, Frede’s (1998) analysis of the content of effective preschool programs found that by using small groups,
children learn about classroom processes, such as sitting and paying
attention to the teacher. Although it would seem to make sense that
small-group instruction impacts children’s cognitive development and
helps them socialize into the culture of schooling, further clarification of
what is taking place within the small groups in these contrasts would
make it easier to discern exactly why this approach is effective (Graue,
Clements, Reynolds, & Niles, 2004).
RANGE OF SERVICES
Another area of decision-making when implementing preschool programs concerns the range of services to be provided. Early childhood
education has always had a commitment to development of the whole
child. To this end, supporting families and providing a range of services
to facilitate children’s development is often considered an important
component of effective preschool programs. Parent involvement is a central component of Chicago’s Child Parent Centers, for example, and
Head Start has always focused on children’s health, nutrition, and educational needs. It was not surprising that in this study, Head Start accounted
for a large proportion of the contrasts examined as providing additional
services.
Despite the logic underpinning the provision of additional services,
the results of this meta-analysis indicate that the children in the programs
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that provided these types of services did not perform as well as those who
did not receive such services. The influence on cognitive outcomes may
not be directly due to the extra services provided, but rather influences
of other confounding variables. For example, children who received
extra services tended to receive less direct instruction in larger groups
and yet also received preschool for longer periods of time. As mentioned
previously, it would seem to make sense that the provision of additional
services could compete with instructional time. If a program is providing
additional services but within the same time frame as other preschool
programs whose sole focus is children’s education, then the time available each day must be allotted differently so that teachers can provide
these other services. Moreover, given that many of the contrasts with
additional services involved Head Start, a program that offers health and
education services to disadvantaged children, it is also likely that the performance of these children on cognitive measures was impacted by their
personal circumstances.
Unfortunately, although some 310 contrasts employed at least one condition that involved additional services, the limited descriptions provided
in many of the studies make it difficult to determine how the instructional time was used in these programs and with differing populations of
students. More recent evaluations of preschool programs that offer additional services to targeted populations show positive outcomes. For example, a longitudinal evaluation of the Abbott preschool program (Frede,
Jung, Barnett, Esposito Lamy, & Figueras, 2007) found that children who
attended this program demonstrated substantial gains in language, literacy, and mathematics and that these gains were sustained through the
kindergarten year.
The findings from this meta-analysis regarding additional services
would suggest that policy makers should consider carefully not only what
additional services, if any, they will provide but also how these services
might be delivered in a way that does not dilute the intensity of children’s
preschool experience. Such decisions will require consideration of who
will provide the additional services (teachers vs. others), for what proportion of the instructional day and week, and the main target of such services (children, families, or both).
DESIGN QUALITY
Although the findings of this meta-analysis provide some insight into the
provision of preschool programs that will have an impact on children’s
development, one of the limitations of this analysis is the design quality
of the studies examined. Larger effect sizes were associated with higher
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design quality (36% of T/C and 34% of T/A contrasts were coded as having high quality), and this result illustrates the risk of potentially underestimating program impact with weak research designs. In addition, this
study also reveals the shortcomings of meta-analyses undertaken on studies conducted decades ago. The problem is that descriptive information,
if not reported, is challenging to reconstruct—even if that information
was well-known at the time. For example, a number of randomized studies are included in this study, but the details of the randomization procedures are obscure; in short, the fidelity of the randomized study is
difficult to describe empirically. More important, variable labels suggest
a constancy of treatment as though changes and innovations were not
introduced to treatments such as DI over time. Finally, it was not possible
to match intended outcomes with observed outcomes. This is to say that
programs may have been advantaged or disadvantaged by the choice to
average broadly across all outcomes in a particular domain.
LOOKING FORWARD
This study should be interpreted as a quantitative summary of the
research from the period 1960–2000. This is one component of the validity argument regarding the efficacy of early childhood interventions. Yet,
in examining the most contrasts to date, this meta-analysis demonstrates
the need for randomized or carefully controlled experiments that detail
the structural and process variables of differing preschool interventions.
The findings raise many questions concerning teachers and staffing
structure, instructional format, and the balance of additional services
that will lead to short- and long-term improvements in children’s learning and development, as well as academic and school success. When policy makers have access to a research base that documents clearly the
relationships between child outcomes and instructional and programmatic characteristics, it might be possible once and for all to make policy
implementation decisions with predictable outcomes.
Given the current state of research on the efficacy of early childhood
interventions, there is both good and bad news. The good news is that a
host of original and synthetic studies have found positive effects for a
range of outcomes, and this pattern is clearest for outcomes relating to
cognitive development. Moreover, many promising variables for program
design have been identified and linked to outcomes, though little more
can be said of the link other than it is positive. The bad news is that there
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is much less empirical information available for designing interventions
at multiple levels with multiple components. Indeed, the extant literature
is most accurately read as what has been effective in the past, and few, if
any, of these studies can be read as design experiments. Thus, for example, it is not yet possible to combine an array of program elements in a
way that would allow an estimate of program effect, and just as the magnitude of benefit remains somewhat murky, so does the cost.
Prospective controlled studies of early childhood program outcomes
have much potential to remedy the uncertainties of quasi-experimental
comparisons and, more important, to examine the efficacy of how program components are assembled and embedded in a multilevel context
(e.g., school district, logistical and operational, community). Formal protocols could be useful to standardize program implementation and thus
enhance the likelihood of replicability. A wealth of both qualitative and
quantitative data could be collected not just for estimating programs
effects but also for clarifying the precipitating mechanisms for those
effects. Given that publicly funded preschool is expanding beyond targeted programs for disadvantaged students, new multisite randomized
trials appear to have much potential benefit to advance our understanding about program efficacy and to ensure that all young children receive
the quality early education they deserve.
Notes
1. See Cooper and Hedges (1994) for further methodological details on effect size
computation. A description of the multilevel analysis approach to meta-analysis is provided
by Raudenbush and Bryk (2002), and a readable introduction is given by de la Torre,
Camilli, Vargas, and Vernon (2007).
2. Imputation allowed the investigation of a large number of moderator variables with
different patterns of missing values. In the final models, very few missing values were
imputed.
3. These two classes were combined for several reasons. First, the two measures had
similar profiles of outcomes and were statistically indistinguishable. Second, at the
preschool level, both kinds of measures are heavily driven by verbal knowledge. We recognize that there are important differences in the two constructs, but given the empirical similarities, the increased statistical power based on the combined sample must also be taken
into account when judging whether it is prudent to report outcomes separately.
4
When analyses were performed using inverse variance weights, the same patterns of
coefficients were observed, though the magnitude varied. It should be noted that studies of
interventions employing individual or small-group instruction tended to have smaller sample sizes—sometimes much smaller—than studies without this instructional arrangement.
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