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aEducational Leadership, Saint Joseph’s University; bTeacher Education, Saint Joseph’s University; cEducational
Psychology, Temple University

ABSTRACT
Research Findings: The early childhood years are critical in developing
early mathematics skills, but the opportunities one has to learn mathe-
matics tend to be limited, preventing the development of significant
mathematics learning. By conducting a meta-analysis of 29 experimen-
tal and quasi-experimental studies that have been published since
2000, this study extends beyond prior evaluations of early mathematics
programs for prekindergarten and kindergarten environments by quan-
tifying program effectiveness in terms of effect sizes and examining 6
aspects of these programs. We found an overall moderate to large
effect size. There was a tendency for programs to produce larger effects
when they (a) targeted a single content strand, (b) presented content
120 to 150 min per week, (c) designed programs for the prekindergar-
ten environment, (d) presented content individually to children, and (e)
used researcher-made mathematics assessments. Practice or Policy: Early
mathematics programs can be designed to be both developmentally
appropriate and highly effective. The goal of this meta-analysis was to
reveal these programs to early development and education profes-
sionals so that they understand some of the factors that might explain
why some produced stronger effects than others.

A renewed emphasis has been placed on mathematics education and early childhood education in the
United States as results from both national and international assessments indicate that students in the
United States have not performed as well as students from other countries in mathematics (Mullis,
Martin, Foy, & Arora, 2012). At the international level, U.S. fourth graders rank below their same-age
peers from eight countries, and U.S. eighth graders rank below their peers in 11 countries (Mullis et al.,
2012). At the national level, the majority of fourth graders (60%) and eighth graders (57%) failed to meet
standards of proficiency in mathematics (National Center for Education Statistics, 2011).

Although it is common to attribute these disconcerting achievement outcomes to deficiencies in
the instructional practices of elementary and middle school teachers in the United States, a number
of recent studies suggest that the problem may actually originate in the early childhood period. Even
though the first 5 years of life are critical in developing children’s early mathematics skills (Byrnes &
Wasik, 2009; Duncan, Brooks-Gunn, & Klebanov, 1994; National Institute of Child Health and
Human Development Early Child Care Research Network, 2006; Wang, Shen, & Byrnes, 2013), very
little mathematics is normally presented during the prekindergarten (pre-K) and kindergarten years
(Early et al., 2005; Hausken & Rathbun, 2004). In a study of 11 state-funded pre-K programs,
children were observed taking part in math-related activities only 8% of the time (Early et al., 2005).
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The time spent on learning mathematics in kindergarten does seem to increase; however, the time
varies between full-day and half-day programs. For example, it has been reported that in full-day
kindergarten teachers provide about 3.6 hr per week of mathematics instruction, whereas half-day
kindergarten teachers provide about 2.4 hr per week (Hausken & Rathbun, 2004). This means that
on average kindergarten students are engaged in mathematics instruction for approximately 3.1 hr a
week. In comparison, kindergarten students are engaged in reading instruction for about 5.2 hr per
week (Hausken & Rathbun, 2004). When time is not devoted for students to engage in mathematics
tasks, talk, and/or play, significant mathematics learning is not likely to occur (Wang, 2010). In 2009,
the National Research Council’s Committee on Early Childhood Mathematics concluded that “most
early childhood programs spend little focused time on mathematics, and most of it is low in
instructional quality” (p. 339).

One obvious policy implication of such findings is that more time should be devoted to
mathematics during the early childhood years. However, there are many ways to infuse more
mathematical content into early childhood environments. From what has been learned from
cognitive and developmental science, some approaches would be expected to be more effective
and developmentally appropriate than others (Byrnes, 2008; National Association for the
Education of Young Children [NAEYC], 2009). In addition, any decision to alter instructional
practices should be based on sound empirical evidence using guidelines such as those established
by the Institute of Education Sciences (Frye et al., 2013).

Fortunately, a number of early childhood math programs have been created over the past 15 years
that to a large extent are grounded in developmental science and also developmentally appropriate.
Moreover, many of these programs have been evaluated using rigorous methodologies such as
randomized controlled experiments. At the request of the Institute of Education Sciences, Frye
et al. (2013) summarized 29 studies that evaluated early childhood mathematics programs and made
five recommendations for practice that derived from expert opinion about the characteristics of
high-quality programs. Their goal was to report the level of support that these studies collectively
provided for each recommendation using What Works Clearinghouse criteria. Frye et al. reported
that there was moderate evidence to support the first recommendation that number and operations
should be taught according to a developmental progression. In contrast, they found minimal
evidence in these studies to support the remaining four recommendations: (a) providing instruction
in geometry, patterns, measurement, and data analysis using a developmental progression
(Recommendation 2); (b) implementing a progress-monitoring approach that establishes a child’s
level of knowledge, tailors instruction to the child’s individual needs and developmental level, and
monitors progress to facilitate the child’s building connections between new math knowledge and
what the child already knows (Recommendation 3); (c) teaching children to view and describe their
world mathematically (Recommendation 4); and (d) providing math instruction daily as well as
taking advantage of opportunities to integrate math into other classroom activities, including games
and instruction in other content areas (Recommendation 5). Thus, even though the studies reviewed
were well designed, the programs themselves were not informed in advance by four of the five
recommendations and the studies could not therefore provide evidence in support of the
recommendations.

Although the report of Frye et al. (2013) is certainly useful for identifying the aforementioned
studies and showing the degree to which the design of the evaluated programs is consistent with
expert opinion, in the present study we considered whether there were additional ways to distill
useful information from these and other studies that recently evaluated mathematical interventions
for early childhood settings. Our goal was to provide effect size information related to aspects of
these programs (e.g., whether more comprehensive programs produced larger effects than less
comprehensive programs) in order that early childhood educators could make more informed
decisions about whether it is worth the effort to implement particular programs and which features
of programs produced the largest effects. In addition, we expected that the effect size findings for
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program aspects would also be informative theoretically as well. As we discuss later, some findings
would confirm theoretical expectations, and some would be inconsistent with theoretical
expectations.

Although we initially considered a number of possible features of programs (e.g., the degree
to which a program was consistent with NAEYC standards), there were often not enough
programs in particular categories to conduct meaningful comparisons. In the end, we examined
the following program dimensions that had relevance to both theory and practice: (a) whether
programs were supplemental activities added to an ongoing curriculum versus comprehensive,
stand-alone curricula; (b) whether a single National Council of Teachers of Mathematics
(NCTM) mathematics content strand (NCTM, 2000) was targeted (e.g., number and operations)
or multiple content strands were present (e.g., number and operations, algebra, geometry, data
analysis and probability, measurement); (c) the amount of time devoted to math activities per
week; (d) whether programs targeted children in pre-K programs or kindergarten programs; (e)
whether content was presented to children individually, in small groups, or in a whole-class
format; and (f) whether the outcome measure was a researcher-made assessment or a standar-
dized math test. In what follows, we briefly discuss the practical and theoretical implications of
these six comparisons.

Six meta-analytic comparisons and their implications

With regard to the first program feature evaluated in this meta-analysis, given the fact that so little
time is normally devoted to mathematics in many early childhood environments (as argued
previously), it stands to reason that early childhood educators would be more inclined to adopt a
program that was a supplement to their ongoing curriculum than adopt a more comprehensive
program with many features and facets (Siegler & Ramani, 2008). The latter is likely to be more
costly as well and require more professional development and training. If the present meta-analysis
were to reveal comparable effect sizes for the supplemental activity and more comprehensive
programs, early childhood educators might reasonably opt for the former. However, such a finding
would also be somewhat surprising on a theoretical level as well and would elicit a variety of post hoc
explanations that could be examined in follow-up studies. With young children, there is likely an
optimal level of exposure in which topics recur with sufficient frequency and intensity so as to
engender learning but not so much as to be taxing (Byrnes, 2008; NAEYC, 2009). Too much
exposure could yield diminishing returns, especially if not implemented as part of a child-centered,
playful program (Fisher, Hirsh-Pasek, Newcombe, & Golinkoff, 2013).

Similar arguments can be made for the second kind of comparison considered in the present
meta-analysis: whether programs that target multiple content strands outlined by the NCTM (e.g.,
number and operations, geometry, and measurement) yield stronger effects than programs that
target a single content strand (number and operations only). However, in this case it would be
necessary to add the additional requirement that the outcome measures used to evaluate the two
kinds of programs would include items reflecting multiple content strands. If the single-strand
programs used assessments that only required knowledge of that one strand, whereas the multiple-
strand programs used assessments that required knowledge of multiple strands, comparable effect
sizes would not mean that the two kinds of programs had comparable effects. It would, however, be
important and surprising to see transfer effects from programs that target a single strand to
improved performance on other strands. Such transfer effects could occur if a program targeted a
foundational mathematical ability that has a clear neuroscientific basis, such as an ordinal or linear
representation of numbers (Ramani & Siegler, 2008). And as argued by the NCTM in its 2006
document Curriculum Focal Points for Prekindergarten Through Grade 8 Mathematics, instruction
should focus on specific content strands at each grade level from pre-K to Grade 12. By focusing
instruction “on a small number of key areas of emphasis, students gain extended experience with
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core concepts and skills. Such experience can facilitate deep understanding, mathematical fluency,
and an ability to generalize” (p. 5).

With respect to the third program feature evaluated in this meta-analysis (i.e., the time devoted to
mathematics—e.g., 30 min per week vs. 60 min per week), the issue again may be more complicated
than it initially appears. At first blush, it may seem reasonable to assume that a program that exposes
children to more content or more practice would yield stronger effects than a program that exposes
children to less content or less practice. However, there is a growing precedent in the early childhood
language literature showing that more exposure to vocabulary words by teachers or mothers does not
seem to lead to faster growth in children’s vocabulary in a straightforward manner (e.g., Rowe,
2012). Language researchers have been arguing and finding that it is not the quantity but the quality
that matters (Rowe, 2012; Wasik & Hindman, in press). Thus, should our meta-analysis reveal that
programs that devote less time to math yield comparable effects to those that devote more time, such
a finding should generate interest in conducting follow-up studies that contrast the quantity versus
quality of exposure.

The fourth issue examined in the present analysis pertains to whether programs were
designed to be implemented in pre-K environments versus kindergarten environments. Once
again, there are several contrasting hypotheses that could be proposed in advance of examining
the results via meta-analysis. On the one hand, pre-K environments are designed with the more
limited cognitive, behavioral, and attentional capacities of 3- and 4-year-olds in mind (Byrnes,
2008; Van De Walle, Lovin, Karp, & Bay-Williams, 2013). There is also significant development
in the math abilities of children between the pre-K and kindergarten years (Mix, Huttenlocher,
& Levine, 2002). Thus, one could argue that programs designed for children in kindergarten
classrooms might be more effective than programs designed for children in pre-K environments
because older children might be more cognitively ready for this instruction and the structure of
kindergarten classrooms might allow for a more seamless assimilation of the program. On the
other hand, it is sometimes easier to produce stronger growth in children who know less, so it is
conceivable that programs for younger children may yield stronger effects. Once again, it will be
useful and interesting to examine the findings of the meta-analysis to see which of these two
proposals seems to be correct.

With respect to the fifth factor examined, the size of the group that is presented the content, there
are several reasons to expect that (a) programs that are delivered to children individually would
generate larger effects than programs that deliver content to children in small groups and (b)
programs that deliver content in small groups would generate larger effects than programs delivered
to an entire class. The first reason is that individual or small-group formats should work best because
of the limited cognitive, behavioral, and attentional capacities of young children (Byrnes, 2008; Van
De Walle et al., 2013). Second, working with students in a small-group setting allows a teacher to
better assess students’ mathematical understanding (Legnard & Austin, 2012). Third, meta-analyses
of class size effects support these expectations (Hedges & Stock, 1983). However, the latter findings
were primarily based on business-as-usual classrooms rather than randomized controlled
interventions.

Finally, it would normally be expected that effect sizes should be larger when student mathematical
knowledge is assessed with outcome measures that were designed by the researchers themselves than
with standardized math assessments. Researcher-made assessments typically include items that closely
match the content and skills fostered in particular interventions. In contrast, standardized assessments
may emphasize content and skills that are not always included in an intervention. Should it be found
that effect sizes are comparable regardless of the assessment, such a finding would suggest that some
generalization has taken place.

In sum, the primary purpose of the present meta-analysis was to extend beyond prior evaluations
of early childhood programs (e.g., Frye et al., 2013) by quantifying program effectiveness in terms of
effect sizes and examining six aspects of programs that have both practical and theoretical value. Our
research questions were the following:
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(1) Across all programs, what is the average effect size of programs designed to improve the math
skills of young children?

(2) Which aspects of programs seem to be associated with larger effects? The contrasts include
(a) comprehensive curricula versus supplemental activities, (b) targeting multiple content
strands versus targeting a single content strand, (c) programs designed for pre-K environ-
ments versus programs designed for kindergartners, and (d) content presented individually to
children versus in small groups versus in whole groups.

(3) Do programs that devote larger amounts of time to math activities produce larger effect sizes
than programs that devote less time?

(4) Are effect sizes larger when the outcome measure was designed by the researchers imple-
menting the intervention than when the outcome measure is a standardized math assessment?

Method

Data sources

We used a three-phase search process to identify studies to be included in the meta-analysis.
During Phase 1 we conducted a systematic search of academic databases, organization websites,
and major journals. Specifically, we conducted keyword searches of abstracts in three academic
databases—Academic Search Premier (via EBSCO), JSTOR, and ProQuest—using the following
search terms: early childhood math OR preschool math OR kindergarten math AND effective math
learning opportunities. We also searched for publications relating to early childhood mathematics
on the websites of three well-known organizations that conduct work on early childhood education
and/or provide analyses of relevant work: Child Care and Early Education Research Connections,
the National Institute for Early Education Research, and What Works Clearinghouse. Lastly, we
conducted hand searches of four prominent education research journals: American Education
Research Journal, Early Childhood Education Journal, Early Childhood Research Quarterly, and
Journal for Research in Mathematics Education. All search strategies were limited to the years 2000
to the present and yielded 1,433 articles and reports.

Studies were then identified for initial inclusion if a review of their abstracts revealed that
they met the following criteria: (a) The document reported on original research; (b) the research
was about school-based early mathematics learning opportunities (e.g., programs, curricula,
supplemental activities) for pre-K or kindergarten students; (c) the opportunities being studied
were linked to some student outcome (e.g., test scores, skills, interest); and (d) the research was
published in an academic journal, in a book, in a conference proceeding, or by an organization.
These criteria represented a desire to include relevant research appearing in a range of publica-
tion channels. To ensure that each of us applied the criteria reliably, we conducted an interrater
test that resulted in 80% agreement. The average kappa measure of agreement value was 0.5
(p < .001), or moderate agreement (Peat, 2001), and was considered acceptable. We reviewed the
discrepant decisions, and more precise rules were created. These rules were documented and
used to guide the inclusion decisions for all studies. We identified 80 studies for the initial
sample at the end of Phase 1.

During Phase 2, each of us reviewed the entirety of each study closely and provided a
summary of the study’s definition of the mathematics program, research design, assessment
instrument, and results. This process revealed that on closer review, 25 studies from the initial
sample did not meet the inclusion criteria and were eliminated. For the remaining 55 studies, we
conducted a citation analysis to make sure that additional relevant studies were not overlooked.
Studies that were cited three or more times in the references of the 55 included studies, had been
published since 2000, and met the inclusion criteria for this study were identified. Of the more
than 3,000 citations analyzed, four studies met these criteria and were subsequently included in
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the sample. In addition, we identified two more studies for inclusion based on their review of the
most recent issues of relevant academic journals. At the end of Phase 2, 61 studies were included
in the sample.

During Phase 3, only studies that utilized randomized controlled trials (randomly assigned
participants) or quasi-experimental designs (not randomly assigned participants) in which (a)
treatment groups received a particular math program and control groups received business-as-
usual math instruction and (b) an (experimenter-made or standardized) outcome measure was
administered that assessed math skills were included for further analysis. At the end of this
phase, a total of 24 studies remained. Given the small number of studies ultimately identified
for inclusion in the current meta-analysis (n = 24), we decided to widen the search to locate
more studies that contained a treatment group and control group for early math programs by
not limiting our search to only studies conducted after 1999. We found five additional studies
that met our criteria, but not surprisingly, all of the new studies were conducted after 2000.
Table 1 provides a summary of key characteristics of the 29 studies included.

Analysis for meta-analytic review

We used Comprehensive Meta-Analysis (Borenstein, Hedges, Higgins, & Rothstein, n.d.) to
conduct our meta-analysis. Because all 29 studies used either an experimental (n = 22) or

Table 1. Summary of characteristics of studies included in this meta-analysis (n = 29).

Study characteristic n %

Independent variable
Curriculum
Supplemental mathematics-related activity

10
19

34
66

Dependent variablea

General math achievement
Numeracy
Other

16
13
3

50
41
9

Sample size
<100
100–200
201–500
>500

14
7
4
4

48
24
14
14

Study design
Quasi-experimental
Randomized controlled

7
22

24
76

Reliability of the dependent variableb

.60–.80

.80–1.0
Not reported

1
20
8

3
69
28

Sample race/ethnicity
>70% majority and mixed 9 31
>70% minority 14 48
International 5 17
Not reported 1 3

Sample socioeconomic status
Low 16 55
Mixed 12 41
Not reported 1 3

Sample location
Urban 14 48
Mixed 4 14
Not reported 11 38

aResults total more than 100% because some studies used multiple dependent variables measuring mathematics achievement.
bResults total more than 100% because some studies reported reliability statistics for multiple dependent variables measuring
mathematics achievement.
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quasi-experimental design (n = 7), all of the effect sizes were calculated from each study based
on a comparison of an experimental group and a control group. An effect size is the standar-
dized measure of association between two variables that is used by researchers in meta-analyses
to compare effects of similar treatment across various studies (Borenstein, Hedges, Higgins, &
Rothstein, 2009). For the 10 studies that reported means and standard deviations for indepen-
dent groups (Aunio, Hautamaki, & Van Luit, 2005; Casey et al., 2008; Curtis, Okamoto, &
Weckbacher, 2009; Dyson, Jordan, & Glutting, 2013; Kidd, Pasnak, Gadzichowski, Ferral-Like, &
Gallington, 2008; Monahan, 2007; Pasnak, 2006; Sarama, Clements, Starkey, Klein, & Wakeley,
2008; Starkey, Klein, & Wakeley, 2004; Young-Loveridge, 2004), the mean difference between the
experimental and control groups was the numerator and the pooled standard deviation was the
denominator (Borenstein et al., 2009). For the 14 studies that reported pre/post mean and
standard deviation (Arnold, Fisher, Doctoroff, & Dobbs, 2002; Chard et al., 2008; Clarke et al.,
2011; Clements & Sarama, 2007, 2008; Clements, Sarama, Spitler, Lange, & Wolfe, 2011; Fuchs,
Fuchs, & Karns, 2001; Jordan, Glutting, Dyson, Hassinger-Das, & Irwin, 2012; Klein, Starkey,
Clements, Sarama, & Iyer, 2008; Papic, Mulligan, & Mitchelmore, 2011; Sarama, Lange,
Clements, & Wolfe, 2012; Sood, 2009; Sophian, 2004; Tarim, 2009), the mean pre/post change
in the treatment group minus the mean pre/post change in the control group was the numerator
and the pooled pretest standard deviation was the denominator (Morris, 2008). For the studies
that reported F-test results (Baroody, Eiland, & Thompson, 2009; Pagani, Jalbert, & Girard, 2006;
Ramani & Siegler, 2008, 2011; Siegler & Ramani, 2009), the standardized mean difference (d)
and 95% confidence intervals were calculated using Wilson’s (n.d.) practical meta-analysis effect
size calculator available from the Campbell Collaboration website. This included calculating
effect sizes for F-tests for two groups of unequal sample size and F-tests with three or more
groups.

In all, 31 effect sizes were calculated from the 29 studies that were included in the meta-analysis.
Consistent with the meta-analysis of Manz, Hughes, Barnabas, Bracaliello, and Ginsburg-Block
(2010), we calculated an effect size for each individual intervention group in the study rather than
calculating a mean effect size to represent the multiple early math intervention groups. Although this
procedure resulted in effect sizes that were not independent, it was beneficial for a detailed
examination of the effectiveness of various early mathematics intervention components.

Random-effects model
Meta-analyses’ effect sizes generally are calculated based on either the fixed-effect model or the
random-effects model (Borenstein et al., 2009; Cooper & Hedges, 1994; Stanley & Doucouliagos,
2015). A fixed-effect model assumes that the effect sizes calculated are adequate for estimating
the one true effect size that can be generalized to other studies (Borenstein et al., 2009; Lipsey &
Wilson, 2001) and that all differences in the observed effect sizes are due to sampling error. A
paradigmatic example of studies that match this assumption is a multisite medical study
examining the effect of a particular drug in which all aspects of the protocol (e.g., dosage,
time of administration, method of administration) are intentionally kept the same. By contrast,
under a random-effects model, each study is assumed to have its own true effect size to reflect
population differences in participant demographics, contextual factors, variable program aspects,
and the intensity of the intervention that was delivered (Borenstein et al., 2009). A random-
effects model was utilized as the participants across studies varied in terms of their ethnicity,
program, socioeconomic status, and location (see Table 1). However, as the decision to use one
or the other model is subject to interpretation by the researcher, we include results for both
models for the interested reader (see Tables 2 and 3).

Moderator analysis
The type of mathematics program, number of content strands, amount of time, type of learning
environment, size of the group, and type of outcome measure were selected as moderator variables in
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Table 2. Random-effects meta-analysis results for individual moderator variables.

Variable

No. of
effects
(Studies)

Mean effect size,
Cohen’s d (SE)

Effect
size
range

Homogeneity
(Q)

Proportion of
variance that is

true (I2)
ANOVA total
between (QTB)

Overall effect 31 (29) 0.62*** (0.06) 0.50–0.75 136.57***
Moderator
Program type 0.01
Comprehensive curriculum 10 (10) 0.63*** (0.10) 0.44–0.82 73.46*** 88%
Supplemental math-related
activities

21 (19) 0.63*** (0.09) 0.45–0.81 62.86*** 68%

Content strand 0.93
Number and operations only 16 (14) 0.71*** (0.11) 0.48–0.93 48.92*** 69%
Multiple content strands 15 (15) 0.57*** (0.08) 0.41–0.72 83.18*** 83%
Average minutes per week when
offered

0.39

23–60 min 14 (13) 0.60*** (0.06) 0.49–0.72 13.44 3%
63–90 min 11 (10) 0.58*** (0.10) 0.39–0.77 57.15*** 83%
120–150 min 4 (4) 0.82** (0.29) 0.25–1.38 42.59*** 93%
Environment 0.35
Preschool 19 (19) 0.65*** (0.07) 0.51–0.78 58.85*** 69%
Kindergarten 12 (10) 0.60*** (0.12) 0.36–0.84 57.55*** 81%
Grouping 2.30
Include whole groups 10 (10) 0.51*** (0.09) 0.33–0.70 74.39*** 88%
Small groups 16 (14) 0.69*** (0.10) 0.49–0.90 44.52*** 66%
Individual only 5 (5) 0.74*** (0.15) 0.44–1.05 6.98 43%
Type of testa 2.10
Standardized test 8 (8) 0.43*** (0.09) 0.26–0.60 9.26 24%
Researcher-developed test 23 (22) 0.68*** (0.08) 0.53–0.83 124.49*** 82%

Note. ANOVA = analysis of variance.
aOne study (Dyson et al., 2013) used both standardized and researcher-developed outcomes.
**p < .01. ***p < .001.

Table 3. Fixed-effects meta-analysis results for individual moderator variables.

Variable
No. of
effects

Mean effect size,
Cohen’s d (SE)

Effect size
range

Homogeneity
(Q)

ANOVA
total within

(QTW)

ANOVA
total between

(QTB)

Overall effect 31 (29) 0.52*** (0.03) 0.47–0.57 136.57***
Moderator
Program type 136.31*** 0.26
Comprehensive curriculum 10 (10) 0.53*** (0.03) 0.47–0.59 73.46***
Supplemental math-related
activities

21 (19) 0.50*** (0.05) 0.41–0.59 62.86***

Content strand 132.09*** 4.48*
Number and operations only 16 (16) 0.64*** (0.06) 0.52–0.76 48.92***
Multiple content strands 15 (13) 0.49*** (0.03) 0.44–0.55 83.18***
Average minutes per week
when offered

113.18*** 19.70***

23–60 min 14 (13) 0.60*** (0.06) 0.49–0.71 13.44
63–90 min 11 (10) 0.57*** (0.03) 0.51–0.64 57.15***
120–150 min 4 (4) 0.32*** (0.05) 0.22–0.42 42.59***
Environment 116.40*** 20.18***
Preschool 19 (19) 0.60*** (0.03) 0.54–0.66 58.85***
Kindergarten 12 (10) 0.36*** (0.04) 0.28–0.45 57.55***
Grouping 125.88*** 10.69**
Include whole groups 10 (10) 0.48*** (0.03) 0.42–0.53 74.39***
Small groups 16 (14) 0.65*** (0.06) 0.53–0.76 44.52***
Individual only 5 (5) 0.73*** (0.11) 0.51–0.94 6.98
Type of testa 133.75*** 2.82
Standardized test 8 (8) 0.41*** (0.07) 0.27–0.55 9.26
Researcher-developed test 23 (22) 0.54*** (0.03) 0.48–0.59 124.49***

Note. ANOVA = analysis of variance.
aOne study (Dyson et al., 2013) used both standardized and researcher-developed outcomes.
*p < .05. **p < .01. ***p < .001.
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accordance with the purpose of this study. The type of mathematics program and the number of
content strands varied across studies. For the moderator analysis, the type of mathematics program
was defined as mathematics curriculum or supplemental mathematics-related activities. Studies that
were coded as the math curriculum (n = 10) evaluated the effectiveness of math interventions that
were implemented over an extended period of time with a specific scope and sequence. The 10
studies evaluated four curricula: Building Blocks Curriculum, Early Learning in Mathematics,
Experimental Mathematics Curriculum, Pre-K Mathematics Curriculum. Studies that were coded
as supplemental mathematics-related activities (n = 19) were less comprehensive interventions that
were implemented in addition to the regular mathematics curriculum (see Tables 4 and 5).

The five mathematics content areas identified by the NCTM—number and operations, algebra,
geometry, measurement, and data analysis and probability—served as a framework for classifying the
content areas of the studies included in the current analysis, and each study was coded for the
NCTM mathematical content area(s) that was the focus (see Table 4). For the moderator analysis,
content was defined as focusing only on the mathematical content area of number and operations
(n = 10) or focusing on multiple NCTM mathematical content areas, including number and
operations (n = 15; see Table 4).

Table 4. Content strand by type of mathematics program.

Study
Number and
operations Algebra Geometry Measurement

Data analysis and
probability

Curriculum studies (n = 10)
Building Blocks
Clements & Sarama (2007) X X
Clements & Sarama (2008) X X X X X
Clements et al. (2011) X X X
Sarama et al. (2008)a X X X X
Sarama et al. (2012) X X

Early Learning in Mathematics
Chard et al. (2008) X X X X
Clarke et al. (2011) X X X

Experimental Mathematics Curriculum
Sophian (2004) X X X

Pre-K Mathematics Curriculum
Klein (Starkey et al., 2008) X X X X
Starkey et al. (2004) X X X X

Supplemental math-related activities
studies (n = 19)
Arnold et al. (2002) X
Aunio et al. (2005) X X X
Baroody et al. (2009) X
Casey et al. (2008) X
Curtis et al. (2009) X
Dyson et al. (2013) X
Fuchs et al. (2001) X X
Jordan (2012) X
Kidd et al. (2008) X
Monahan (2007) X
Pagani et al. (2006) X X X X
Papic et al. (2011) X X
Pasnak (2006) X X
Ramani & Siegler (2008) X
Ramani & Siegler (2011) X
Siegler & Ramani (2009) X
Sood (2009) X
Tarim (2009) X
Young-Loveridge (2004) X

Note. Pre-K = prekindergarten.
aThe mathematics curriculum used in the Sarama et al. (2008) study included two components: one from the Building Blocks
(Clements & Sarama, 2007) project and the Pre-K Mathematics Curriculum (Klein et al., 2008).
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In addition, time, learning environment, size of the group, and type of outcome measure
varied across studies (see Table 5). For the moderator analysis, time was defined and examined in
two ways: as a continuous variable and as a categorical variable that captured the average number
of minutes per week for the weeks when the early mathematics program was implemented; it
ranged from 23 to 60 min per week (n = 13), to 63 to 90 min per week (n = 10), to 120 to 150
min per week (n = 4). For the practitioner, the categorical approach allows answers to questions
such as “About how much time should be spent per week to be effective?” Time as a continuous
variable representing the average number of minutes per week was created. Average time per
week ranged from 1 to 150 min, with a mean of 64 min per week across all studies. Learning
environment was defined as the pre-K environment (n = 19) or the kindergarten environment
(n = 10). Size of the group was defined as including whole groups (n = 10), mainly small groups
(n = 14), or individual only (n = 5). Type of outcome measure was defined as researcher-
developed (n = 22) or standardized mathematics (n = 8) assessment because two studies used
both types of assessments.

Although the moderator variables permitted a detailed examination of effect sizes according
to key features of early childhood mathematics programs, imposing a moderator analysis on the
small subset of studies eligible for this meta-analysis resulted in comparisons that were based on
a small number of studies. Consequently, the results need to be interpreted cautiously. However,
the small number of studies is a reflection of the current status of the literature to date and can
hopefully direct the future study of early mathematics intervention.

Comprehensive Meta-Analysis Version 2.2.064 (Biostat, 2000) was used to calculate effect sizes
(Cohen’s d), examine moderator variables, and assess possible publication bias. A random-effects
model was utilized in this meta-analysis as each study was assumed to have its own true effect size to
reflect population differences in participant demographics and the intensity, focus, and nature of the
intervention that was delivered (Borenstein et al., 2009). Under the random-effects model, more
weight was given to studies that included more variance and larger sample sizes (Borenstein et al.,
2009). We tested mean weighted effect sizes to discern whether they were greater than 0 at p < .05 in
addition to testing the amount of variability in study effect sizes beyond sampling error by using Q
statistics (p < .05). The existence of publication bias or reporting bias (Sterne et al., 2011) poses one
of the greatest threats to the validity and credibility of meta-analytic results (Rothstein, Sutton, &
Boreinstein, 2005). Publication bias exists when the included results of a meta-analytic search are
systematically different from the population of completed research on a particular topic. The
existence of bias can result in inaccurate, often overestimated effects of the intervention (Kepes,
Banks, & Oh, 2014; Rothstein et al., 2005). The existence or absence of publication bias should be
assessed using multiple methods using the triangulation process (Kepes et al., 2014; Rothstein et al.,
2005). We assessed evidence of publication bias by using the funnel plot Begg and Mazumdar’s rank
correlation test, Egger’s linear regression method, and Duval and Tweedie’s trim-and-fill method
(Borenstein et al., 2009).

Results

The overall effect size

A general effect size for the combined 29 studies of Cohen’s d = 0.62 (p < .001) suggested a moderate
to large effect for early childhood mathematics programs, following the convention that effect sizes
of 0.20 or less are considered small, effect sizes of 0.50 are considered moderate, and effect sizes of
0.80 or larger are considered large. An effect size of 0.62 can be interpreted as suggesting that a child
in the treatment group who performed at the mean of that group would fall at about the 74th
percentile of the control group (Coe, 2012). Hence, the average treatment group child performed
better than 74% of children in the control group. In addition, the results showed that there was
significant heterogeneity around the average effect size, Q(30) = 136.57, p < .001. The moderator
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analyses reported here were designed to explain why average effect sizes varied across studies and
programs. Table 2 provides an overview of the meta-analysis results, indicating the number of
studies and effect sizes, mean effect size (Cohen’s d), standard error and range, homogeneity statistic
(Q), proportion of subgroup variance that reflected real differences in study effects (I2), and meta-
analysis of variance total between variance test (QTB). All reported mean effect sizes were statistically
significant.

Supplemental activities versus comprehensive curricula

All 29 studies were included for this moderator analysis. A moderate effect size, 0.63 (p < .001), was
noted for the 10 studies that reported on mathematics curriculum and for the 19 studies that
reported on the mathematics-related activities. The test of heterogeneity for the effect size on
mathematics curriculum studies was statistically significant, Q(9) = 73.46, p < .001, and the I2

indicated that 88% of the subgroup variance reflected real differences in study effects. The test of
heterogeneity for the effect size for the mathematics-related activities was statistically significant, Q
(20) = 62.86, p < .001, and 68% of the subgroup variance reflected real differences in study effects.
The two means suggested that the average child in the treatment group performed at about the 75th
percentile of the control group.

Single versus multiple content strands

All 29 studies contributed to this moderator analysis. A moderate to large effect size, 0.71 (p < .001),
was noted for the 14 studies that focused only on the mathematical content area number and
operations. The test of heterogeneity for this effect size was statistically significant, Q(13) = 48.92,
p < .001, and the I2 indicated that 83% of the subgroup variance reflected real differences in study
effects. A moderate effect size, 0.57 (p < .001), was noted for the 15 studies that focused on multiple
mathematical content areas, including number and operations. The test of heterogeneity for this
effect size was statistically significant, Q(14) = 83.18, p < .001, and 69% of the subgroup variance
reflected real differences in study effects. Although the mean for programs that focused on a single
content strand was higher than the mean for programs that focused on multiple strands, the
confidence intervals for these mean effect sizes overlapped. Thus, this contrast between means was
not statistically significant. A mean effect size of 0.71 suggests that the average child in the treatment
group performed at about the 76th percentile of the control group. A mean effect size of 0.57
suggests that the average child in the treatment group performed at about the 72nd percentile of the
control group.

Minutes per week

For this moderator analysis on minutes per week, 27 studies were included because two papers did
not provide information about minutes per week. The authors of the two excluded studies were
contacted, but they were not able to provide the necessary time information for this moderator
analysis. A moderate effect size, 0.60 (p < .001), was noted for the 13 studies that presented math
programs 23 to 60 min per week on average during the weeks when math was offered. This finding
suggests that the average child in the treatment group performed better than 73% of children in the
control group. The test of heterogeneity for this effect size was not significant, Q(11) = 13.44, p > .05.
Similarly, a moderate effect size, 0.58 (p < .001), was found for the 10 studies that presented math
programs 63 to 90 min per week on average. This finding suggests that the average child in the
treatment group performed at about the 72nd percentile of the control group. The test of hetero-
geneity for this effect size was statistically significant, Q(10) = 57.15, p < .001, and the I2 indicated
that 83% of the subgroup variance reflected real differences in study effects. In contrast, a large effect
size of 0.82 (p < .01) was reported for the four studies that presented math programs 120 to 150 min
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per week on average. This finding suggests that the average child in the treatment group performed
at about the 78th percentile of the control group. The test of heterogeneity for this effect size was
statistically significant, Q(3) = 42.59, p < .001, and the I2 indicated that 93% of the subgroup variance
reflected real differences in study effects. Although all of the mean effect sizes were significantly
larger than zero, none of these contrasts between means were statistically significant because the
confidence intervals for these means overlapped.

In addition to conducting a categorical analysis for the time variable, we also conducted a meta-
regression analysis treating time as a continuous variable using Comprehensive Meta-Analysis
(Borenstein et al., 2009). The Q value for the model was Q(1) = 4.21, p < .05, which indicated that
effect size was related to time. However, the regression coefficient for time as a continuous measure
of average minutes per week was B = −0.003 (SE = 0.002, p < .05), which implied that an intervention
that was offered 100 min per week had on average a 0.3 higher effect size than an intervention of 200
min per week.

Programs for pre-K environments versus kindergarten

All 29 studies contributed to this moderator analysis. A moderate effect size, 0.65 (p < .001), was
noted for the 19 studies that focused on mathematics programs for pre-K environments. This means
the average treatment group child performed at the 75th percentile of the control group. The test of
heterogeneity for this effect size was statistically significant, Q(18) = 58.85, p < .001, and the I2

indicated that 69% of the subgroup variance reflected real differences in study effects. A moderate
effect size, 0.60 (p < .001), was found for the 10 studies that focused on mathematics programs for
kindergarten. This means the average treatment group child performed at the 73rd percentile of the
control group. The test of heterogeneity for this effect size was statistically significant, Q(11) = 57.55,
p < .001, and the I2 indicated that 81% of the subgroup variance reflected real differences in study
effects. This contrast between the mean effect sizes was not statistically significant because the
confidence intervals for these means overlapped.

Individual versus small-group versus whole-class format

For the moderator analysis on grouping strategies that were used, all 29 studies were included. A
moderate effect size 0.51 (p < .001) was noted for the 10 studies that used whole groups. This means
the average child in the treatment group performed at the 69th percentile of the control group. The
test of heterogeneity for this effect size was statistically significant, Q(9) = 74.39, p < .001, and the I2

indicated that 88% of the subgroup variance reflected real differences in study effects. Similarly, a
moderate to large effect size, 0.69 (p < .05), was noted for the 14 studies that used mainly small
groups. This means the average child in the treatment group performed at the 76th percentile of the
control group. The test of heterogeneity for this effect size was statistically significant, Q(15) = 44.52,
p < .001, and the I2 indicated that 66% of the subgroup variance reflected real differences in study
effects. A moderate to large effect size, 0.74 (p < .001), was noted for the five studies that used
individuals only. This means the average child in the treatment group performed at the 78th
percentile of the control group. The test of heterogeneity for this effect size was not significant, Q
(4) = 6.98, p > .05, which was supported by the small I2. Although all of the mean effect sizes were
significantly larger than zero, none of these contrasts between means were statistically significant
because the confidence intervals for these means overlapped.

Researcher-made versus standardized outcome measures

All 29 studies contributed to this moderator analysis. A small to moderate effect size, 0.43 (p < .001),
was noted for the eight studies that used standardized outcome measures. This means that the
average child in the treatment group performed at the 67th percentile of the control group. The test
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of heterogeneity for this effect size was not statistically significant, Q(7) = 9.26, p > .05, as supported
by the small I2. A moderate to large effect size, 0.68 (p < .001), was found for the 22 studies that used
researcher-made outcome measures. This means that the average child in the treatment group
performed at the 75th percentile of the control group. The test of heterogeneity for this effect size
was statistically significant, Q(22) = 124.49, p < .001, and the I2 indicated that 82% of the subgroup
variance reflected real differences in study effects. As the confidence intervals for these mean effect
sizes overlapped, this contrast was not statistically significant. Also, an additional moderator analysis
was conducted to see whether there was a significant difference in mean effect size between studies
that used experimental designs (d = 0.64, n = 22) and those that used quasi-experimental designs
(d = 0.58, n = 7); the difference was not statistically significant, QTotalBetween(1) = 0.13, p > .05.

Publication bias

With any meta-analysis, one has to be concerned that only the largest effects were published and that
there may be studies that found no difference that were not published. We assessed the existence of
such a publication bias using multiple methods. We first conducted a review of the funnel plot
(Rothstein e al., 2005), or a scatterplot of the magnitude of effect sizes against the standard error, to
determine initial evidence of publication bias by looking for an asymmetrical distribution of studies
around the mean effect size (Kepes et al., 2014). A symmetrical distribution of studies indicates the
absence of bias, whereas an asymmetrical distribution indicates potential bias. Our funnel plot
revealed relative symmetrical distribution of the large studies around the mean effect size, although
there were two outliers that appeared on the right side of the mean effect size.

The presence of bias was then statistically tested using several tests, including Begg and
Mazumdar’s (1994) rank correlation test and Egger’s test of the intercept (Egger, Smith,
Schneider, & Minder, 1997). Nonsignificant rank-order correlation indicates the absence of bias,
whereas significant rank-order correlation indicates the existence of bias. Our rank correlation test
demonstrated an absence of bias with a nonsignificant rank-order correlation (Kendall’s τb = 0.18,
p > .05, one-and two-tailed). Egger’s test of the intercept partially supported the absence of bias with
a nonsignificant intercept at the .05 level, two-tailed test (B0 = 1.28), t(29) = 1.96, p < .05 (one-tailed;
p > .05, two-tailed).

Furthermore, we assessed the degree of symmetry in the funnel plot and adjusted the meta-
analytic results for publication bias by using the recommended Duval and Tweedie (2000a, 2000b)
trim-and-fill method. Rothstein et al. (2005) suggested that publication bias is likely to be absent or
negligible when the meta-analytic trim-and-fill imputed effect size estimates do not differ much (or
less than 20%) from the point estimate. The difference between the trim-and-fill imputed point
estimate (0.48) and the random-effects model point estimate (0.62) was 15%. The difference between
the trim-and-fill imputed point estimate (0.46) and the fixed-effects model point estimate (0.52) was
6%. The size of these differences indicated absent or negligible publication bias.

In summary, by triangulating results from the funnel plot, the Begg and Mazumdar (1994) rank
correlation test, Egger’s test of the intercept, and Duval and Tweedie (2000b, 2000b) trim-and-fill
method, we were able to determine that there was an absence of publication bias, providing validity
and credibility for our meta-analytic results and the means we report.

Discussion

The primary purpose of the present meta-analysis was to extend beyond prior evaluations of
early childhood programs (e.g., Frye et al., 2013) by quantifying program effectiveness in terms
of effect sizes and examining six aspects of programs that have both practical and theoretical
value. Our results showed that the average effect size across all programs was moderate to large
(d = 0.62) and that there was a tendency for programs to produce larger effects when they did
the following: (a) targeted a single content strand rather than multiple content strands, (b)
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presented 120 to 150 min per week compared to 23 to 60 min per week or 63 to 90 min per
week, (c) designed programs for the pre-K environment compared to the kindergarten envir-
onment, (d) presented content individually to children as opposed to small groups or to the
entire class, and (e) used researcher-made compared to standardized mathematics assessments.
In what follows, we consider the practical and theoretical implications of each of these findings
in turn.

The overall effect size

The fact that the overall average effect size for all programs was moderate (d = 0.62) implies that
interventions designed to improve the mathematics skills of young children can clearly have an effect
and are not limited to a single setting or particular program. Although it would be reasonable to
surmise that this strong effect derives from the fact that so little time is spent on math in early
childhood programs (and presenting any content is a big improvement on presenting very little or
no content), the overall average effect size reported here is comparable in size to what has been
found for early phonological awareness training programs (National Institute of Child Health and
Human Development, 2000) and larger than what has been found for alphabet training programs for
young children (Piasta & Wagner, 2010). Thus, the findings suggest that the programs are generally
well designed and implemented effectively to have such an effect. Moreover, it would clearly be
worth the effort to implement mathematics interventions on a large scale nationally, given the
importance of mathematics skills and the need to begin early. There was, however, significant
heterogeneity around the mean value, suggesting that some programs were more effective than
others. In particular, about 40% of the effects ranged from d = 0.22 to d = 0.48, about 20% ranged
from d = 0.52 to d = 0.62, and about 40% ranged from d = 0.81 to d = 1.92. We sought to explain
such variability by considering six aspects of these programs, which we discuss next.

Supplemental activities versus comprehensive curricula

The fact that the average effect size for programs that were designed to be supplemental add-ons to
existing curricula was comparable to that for more comprehensive, stand-alone curricula that would
replace existing programs seems to suggest that the most practical conclusion for early childhood
educators is to opt for the supplemental add-ons given the time, expense, and professional devel-
opment needed to learn a new curriculum. However, of the three programs that had the strongest
effects (>1.0 effect sizes), one involved using books to engender numeracy (Young-Loverage, 2004),
one was a comprehensive curriculum (i.e., Building Blocks of Clements and Sarama), and one was a
board game (Siegler & Ramani, 2009). So it clearly matters which activities or comprehensive
curricula are at issue. Moreover, it is important to stress that most outcome measures only assessed
mathematics knowledge and skills rather than other factors, such as interest in mathematics and
whether children mathematize their environments (Clements & Sarama, 2009). Longitudinal studies
of early mathematics skills have shown that motivational factors add significant variance toward
predicting mathematics achievement outcomes over and above prior achievement (e.g., Byrnes &
Wasik, 2009). In addition, few studies examined the long-term effects of these programs after they
were terminated. It is possible that the more comprehensive programs would have enduring effects.
Such proposals should be examined in future studies.

However, it is also possible that supplemental, game-like activities that target key, foundational
abilities (e.g., numerosities and the ordinal representation of magnitude lines) have effects that
generalize (Siegler & Ramani, 2008). Activities that simply present content repetitively via cards and
do not target such foundational activities seemed to have a weaker effect (e.g., Chard et al., 2008,
d = 0.32). This proposal should be tested experimentally in follow-up experiments.
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Single versus multiple content strands

Psychological research on memory (Byrnes, 2008) suggests that, all things being equal, programs that
target a single content strand of mathematics (e.g., number and operations) would produce stronger
effects than programs that target multiple content strands (e.g., number and operations, geometry
and patterns) because a singular focus allows more time and practice for that strand. The results
revealed a tendency toward this hypothesis (i.e., Number and operations only, d= 0.71, vs. Multiple
content strands, d= 0.57), but the contrast was not significant. However, as noted earlier, this
expectation would only be borne out if outcome measures matched the focus of the program. If
outcome measures focused on five content strands, it would be expected that the multiple-strand
programs would have stronger effects than the single-strand programs. In addition, each of the two
program types would have to be implemented for the same amount of time each week. Thus, a true
test of the proposal requires that researchers conduct additional studies with common outcome
measures and common dosages. In addition, however, part of the reason for the nonsignificance of
the contrast could be the low sample sizes and large standard deviations in some of the studies,
which produced large confidence intervals around each mean (that overlapped).

Minutes per week

Again, all things being equal, it seems reasonable to expect that programs that spend more time
per week presenting mathematics content would produce stronger effects than programs that
spend less time. As noted previously, however, there was a tendency for programs that infused
mathematics activities for 120 to 150 min per week to have stronger effects than those that spent
less time, but the contrasts between the three time levels (i.e., 23–60 min, 63–90 min, 120–150
min) were not significant. There are four ways to explain this finding. The first is that there may
be diminishing returns from content exposure in learning situations. That is, beyond a certain
point additional practice or exposure only has minimal effects (Anderson, 2009). However, this
explanation requires that more time = more practice. The authors of the studies reviewed in this
meta-analysis did not provide enough details on their programs for us to determine whether this
equation held. It is possible that some activities took more time but did not provide additional
practice of the content.

The second explanation is that this finding is similar to a growing number of findings in the
area of language development, in which teachers’ more frequent use of vocabulary words does
not necessarily lead to growth in children’s vocabulary (Rowe, 2012; Wasik & Hindman, in
press). In other words, it is not how often a word is used but when and how—the quality (or
manner) matters more than the quantity. Again, of the three programs that produced the
strongest effects, one was in the top category for minutes per week (Young-Loveridge, 2004),
one was in the middle category (Clements & Sarama, 2007), and one was in the lowest category
for time (Ramani & Siegler, 2011).

The third explanation derives from the opportunity-propensity model of achievement (e.g.,
Byrnes & Wasik, 2009; Wang et al., 2013). In this model, learning will only occur if children have
the propensity to take advantage of the learning opportunities presented to them (in this case by
early mathematics programs). By propensity, it is meant that students have the requisite prior
knowledge in mathematics and motivation to learn the content. A time variable would predict
learning when propensity factors are taken into account. This explanation would be tested by
predicting end-of-program mathematics scores using initial mathematics knowledge, motivation
for mathematics, and instructional condition (intervention, control) as predictors.

The fourth explanation was mentioned earlier: There was a tendency for programs that were
implemented for more time to have stronger effects (120–150 min: d=0.82, 63–90 min: d=0.58, and
23–60 min: d=0.60), but the contrasts were not significant because the confidence intervals
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overlapped. Confidence intervals are a function of the sample sizes of studies and standard devia-
tions around means. It is possible that the contrasts would become significant if additional studies
were conducted with larger sample sizes and more precise measures.

Programs for pre-K environments versus kindergarten

The effect sizes for pre-K environments and kindergarten were nearly identical (d = 0.65 and 0.60,
respectively). This finding is somewhat surprising given the differing cognitive, self-regulatory, and
motivational profiles of these two age groups as well as different kinds of structure in the two
environments. However, if researchers took these differences into account and designed develop-
mentally appropriate programs, comparable effect sizes would be expected. The present results
suggest that researchers did just that.

Individual versus small-group versus whole-class format

Although average effect sizes for the three formats were aligned with expectations (individual > small
group > whole class), the contrasts were not significant. The most likely explanation for this result
has to do with the number of studies, samples sizes, and variance in the outcome measures. We
suspect that when additional studies are conducted, the expected differences will emerge because the
confidence intervals around the three average effect sizes will become narrower.

Researcher-made versus standardized outcome measures

As might be expected from the fact that researchers designed outcome measures to match the
content of their programs, there was a tendency for effect sizes to be larger when researcher-made
assessments were used (d = 0.68) than when standardized measures such as the Test of Early
Mathematics Ability were used (d = 0.43). However, once again this contrast was not significant
because of overlapping confidence intervals. Conducting additional studies with larger sample sizes
should remedy this situation, but it would be useful for researchers to utilize common measures
(rather than their own measures) in order to truly evaluate the relative effectiveness of their
respective programs. If all were to use their own measures that closely match the skills taught, a
comparison of effect sizes would not be particularly meaningful (e.g., a d = 0.50 using Measure A
would not necessarily be comparable to a d = 0.50 for Measure B). The goal would be to use
measures that align with high-stakes tests or outcomes valued by key constituencies, so that apples
could be compared to apples, so to speak.

Limitations and future directions

Similar to other meta-analyses, there are a few common limitations to the current meta-analysis.
These include the potential problem of generalizing results from the small set of available studies,
overreliance on studies that were published, and unavailability of information on key program
features in published and unpublished studies.

Specific to this meta-analysis is the possible limitation of generalizability due to the small number
of quasi-experimental and experimental studies found in this area. We found only 29 studies in the
past 15 years that focused on the outcome of early mathematics programs for pre-K or kindergarten
students, utilized randomized controlled trials or quasi-experimental designs with treatment and
control groups, and provided enough information on different program features. We were surprised
to have found so few after our exhaustive search process, especially with the number of early
childhood mathematics programs that have been created over the past 15 years. Given how critical
the first 5 years of life are in developing children’s early mathematics skills (Byrnes & Wasik, 2009;
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Duncan et al., 1994; National Institute of Child Health and Human Development Early Child Care
Research Network, 2006; Wang et al., 2013), we urge researchers in the field to continue conducting
studies that will provide sound evidence on developmentally appropriate and highly effective early
mathematics programs.

Another potential limitation on generalizability is posed by the overreliance on published
studies. In our search process, we included studies from a range of publication channels by
searching for studies appearing in academic journals, books, or conference proceedings; those
released by an organization; and published dissertations. Although we tested for the presence
of publication bias using a wide variety of techniques and found minimal to no evidence of
publication bias, nevertheless the possibility of publication bias is still present. We urge
meta-analysis researchers who have more resources and time to devote a portion of their
resources to the development and implementation of an ambitious search process for disserta-
tions and other unpublished work to address this limitation. In addition, there is emerging
evidence that meta-analysts might want to report random-effects, fixed-effects, and unrest-
ricted weighted least squares estimates when key policy parameters are involved (Stanley &
Doucouliagos, 2015).

Moreover, in a couple instances, studies included in the meta-analysis did not report enough
information for the moderator variables of interest, and when contacted a few authors could not
provide such information. The inability to use all studies in each moderator analysis could have
decreased the statistical power of the meta-analysis. This suggests that all published and unpublished
studies should be encouraged to include detailed information related to the type of mathematics
program, number and type of content strands, amount of time devoted to mathematics activities,
type of learning environment, size of the group, and type of outcome measure, in addition to the
demographics of the sample, the procedure of the study, and the outcomes of the study.
Furthermore, as a field, more experimental studies on interventions created based on well-researched
psychological basis need to be conducted in early childhood education context so that in the future,
meta-analysts like us can test theory-based hypotheses, similar to what De Boer, Donker, and Van
Der Werf (2014) were able to do in their meta-analysis of 58 studies and 95 interventions published
between 2000 and 2011 on primary and secondary students’ academic performance.

Conclusions

Once again, it is clear that early mathematics programs can be designed that are both developmen-
tally appropriate and highly effective. The goal of this meta-analysis was to reveal these programs
and some of the factors that might explain why some produced stronger effects than others. It is
hoped that researchers and policymakers can use our suggestions for future research to firm up
recommendations and understand the kinds of studies that are still needed.
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