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Summary of effects   

Study Overall ES  

Meta-analyses 

What Works Clearing House 
Intervention Report, 2007.  

0.36 d= 0.36 

Malofeeva, 2005  0.47 d= 0.47 

Longitudinal Studies 

Clements, Sarama, Farran, Lipsey, 
Hofer, & Bilbrey, 2011  

0.72 d= 0.72 

Clements, & Sarama, 2008 0.47 d=0.47 

Single studies 

Clements, Sarama, Spitler, Lange, & 
Wolfe, 2011  

0.72 g=0.72 

Dyson, Jordan & Glutting, 2013  1.24 (Test 1: R Squared=0.30) 
0.80 (Test 2: R Squared=0.16) 

Test 1: R Squared=0.30 
Test 2: R Squared=0.16 

Ramani, Siegler & Hitti, 2012  0.35 0.35 

Toll & Van Luit, 2014 Complete intervention: Post 
early numeracy 0.20 
                                     Follow-
up 0.22 
                                     Simple 
arithmetic 0.11 
                                     
Complex math 0.27 
Short Intervention:        Early 
numeracy post B=-0.22 
SE=0.05 
                                     Follow 
up: B=-0.16 SE=0.03 

Complete intervention: 
Post early numeracy 0.20 
Follow-up 0.22 
Simple arithmetic 0.11 
Complex math 0.27 
Short Intervention: 
Early numeracy post B=-0.22 
SE=0.05 
Follow up: B=-0.16 SE=0.03 

Starkey, Klein & Wakeley, 2004  Pre-post comparisons: low 
income d=2.16, middle income 
d=1.52 
Low vs. middle income: fall 
d=1.2, spring d=0.97 

Weiland, & Yoshikawa, 2013  Early Math= 0.50 & 0.43 Early Math= 0.50 & 0.43 

Young-Loveridge, 2004 1.99 Post-test1 
1.12 Post-test 2 
0.50 Post-test 3  

Numeracy: Post-test1: 1.99, 
Post-test 2: 1.12. Post-test 3= 
0.50 

Klein, Starkey, DeFlorio, & Brown, 
2012  

0.83 Math test1:  
0.45 Math test2:  

Math test1: 0.83 
Math test2: 0.45 

Jordan, Glutting, Dyson, Hassinger-
Das, & Irwin, 2012  

Number sense vs. control: 
post=1.80, follow-up=0.63 
Math total: post=0.91, follow-
up=0.83 
Vocabulary: post=-1.44, follow-
up=-1.07 

Number sense vs. control: 
post=1.80, follow-up=0.63 
Math total: post=0.91, follow-
up=0.83 
Vocabulary: post=-1.44, follow-
up=-1.07 

Sarama, Lange, Clements, & Wolfe, 
2012 

0.72 Math=0.72 

Indicative effect size 0.42 (+ 5 months)  

 
For more information about the effect sizes in the Toolkit, click here.  
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Study Abstract Moderator variables/ 
Notes 

Meta-analyses 

Malofeeva, E. V. (2005). 
Meta-analysis of 
mathematics instruction 
with young children. 
Doctoral Thesis 
Graduate School of the 
University of Notre 
Dame 
http://etd.nd.edu/etd_da
ta/theses/available/etd-
07222005-
142959/unrestricted/mal
ofeevavelena072005.pd
f  

On average, the mean weighted effect size for 
the difference between the experimental and 
control groups was .467. A combination of direct 
and guided instruction was the most beneficial 
instructional approach followed by guided 
instruction. In addition, interventions including 
controlling task difficulty, additional explanations 
provided about taught concepts, sequencing 
activities, and small group games showed larger 
effect sizes than interventions not including 
these techniques. The magnitude of mean 
weighted effect size was lower for skill-specific 
than for standardized measures of math 
performance. Weighted regression analyses 
indicated that such variables as the year of 
publication, sample size, whether a study was 
published or not, length of treatment, age, type 
of the control group, type of design, type of 
population employed, and percentage of attrition 
did not predict effect size estimates. Implications 
of the findings and future directions in this field 
are discussed. 

.428 for  guided approach as 
opposed to .154 for a direct 
approach suggests that 
children at an early age 
benefit from child-centered 
approach a more than from a 
teacher-centered approach 
(QB= 4.36, p<.05). 
 High quality studies 
produced an effect size twice 
the magnitude of the effect 
size produced by low quality 
studies. The difference 
between mean weighted 
effect sizes was statistically 
significant (t(28)=-2.61, 
p<.05). 
 
Not significant predictors: 
year of publication, sample 
size, whether published or 
not, number of weeks of 
treatment, age, type of the 
control group, type of design, 
type of population employed, 
percentage of attrition. 

Longitudinal Studies   

Clements, D. H., 
Sarama, J., Farran, D., 
Lipsey, M., Hofer, K. G., 
& Bilbrey, C. (2011). An 
Examination of the 
Building Blocks Math 
Curriculum: Results of a 
Longitudinal Scale-Up 
Study. Society for 
Research on 
Educational 
Effectiveness. 
http://files.eric.ed.gov/ful
ltext/ED518182.pdf  
 
(see also Clements, 
Samara & Spitler, 
Lange & Wolfe, 2011).   

Studies show that the mathematics test-score 
gap is evident at every level of schooling and 
can be linked to students' earlier performance. 
For example, a mathematics performance gap 
was found in children as young as three years of 
age (Case & Griffin, 1990; Jordan, Huttenlocher, 
& Levine, 1992). Addressing the mathematics 
performance gap early on, before children start 
school, has therefore become a priority for 
preschool programs serving children from low-
income backgrounds (Clements, 2004). The 
authors created a research-based model to 
meet this challenge in the area of mathematics, 
with the intent that the model generalize to other 
subject matter areas and other age groups. The 
specific goal of their implementation of the 
TRIAD (Technology-enhanced, Research-
based, Instruction, Assessment, and 
professional Development) model was to 
increase math achievement in young children, 
especially those at risk, by means of a high-
quality field-centered implementation of the 
Building Blocks math curriculum, with all aspects 
of the curriculum--mathematical content, 
pedagogy, teacher's guide, technology, and 
assessments--based on a common core of 

REMA mathematics test ES 
range=0.35 to 0.69 
Woodcock Johnson math 
subtests ES range= 0.18 to 
0.32 
 
School SES (percent of 
free/reduced lunch) was not 
a significant predictor of 
mathematics achievement (p 
= .19), nor was there a 
significant interaction 
between the school 
SES and treatment group (p 
= .26). Similarly, school LEP 
also was not a significant 
predictor of mathematics 
achievement (p = .08), nor 
was there a significant 
interaction between school 
LEP and treatment group (p 
= .60). We also examined 
possible interactions 
between treatment group 
and child-level moderators 
on child mathematics 

http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://etd.nd.edu/etd_data/theses/available/etd-07222005-142959/unrestricted/malofeevavelena072005.pdf
http://files.eric.ed.gov/fulltext/ED518182.pdf
http://files.eric.ed.gov/fulltext/ED518182.pdf
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learning trajectories. The primary research 
question of interest is as follows: Do children 
who are exposed to the Building Blocks 
mathematics curriculum in preschool perform 
better on measures of mathematics skills 
through the end of first grade than do children 
who were not exposed to that curriculum? This 
scale-up intervention took place in preschool 
classrooms in three urban school districts: the 
Buffalo Public School system in Buffalo, New 
York, the Boston Public School system in 
Boston, Massachusetts, and a combination of 
the Metropolitan Nashville Public School system 
and the Metropolitan Action Council Head Start 
system in Nashville, Tennessee. Research has 
suggested that early curricular effects may fade 
over time, resulting in very little, if any, 
discernable difference in elementary school 
between students who had been exposed to a 
given curriculum prior to formal schooling and 
students who were not exposed to such a 
program, as those without early curriculum 
exposure "catch up" to their peers (Barnett et al., 
1995). In the Preschool Curriculum Evaluation 
Research (PCER) project, across all 14 
curricula, kindergarten effects were nonexistent, 
prompting a decision not to collect any further 
longitudinal data. Similarly, with the scale-up 
project, the authors saw evidence of curricular 
effects across outcomes at the end of 
prekindergarten, but very few differences at the 
end of kindergarten, and virtually none at the 
end of first grade. Longitudinal research, 
including follow through interventions in these 
grades, is needed to determine if these early 
gains truly "fade," or if, as the authors posit, the 
problem is that primary grade curricula and 
teachers do not build upon them. 

performance. There were no 
significant interactions 
between treatment and the 
Level-1 variables of gender 
(p = .10) or IEP status (child 
has an individualized 
education plan; p = .37). 
Similarly, there was no 
significant interaction 
between treatment and child 
race/ethnicity except one: 
African American vs. other 
groups (p = .015). In the 
control group, African 
American children averaged 
lower gains on posttest 
REMA than other children; in 
Building Blocks classrooms, 
African American children 
averaged higher gains than 
other children. 

Clements, D. H., & 
Sarama, J. (2008). 
Experimental evaluation 
of the effects of a 
research-based 
preschool mathematics 
curriculum. American 
Educational Research 
Journal. 
http://dx.doi.org/10.3102
/0002831207312908  

A randomized-trials design was used to evaluate 
the effectiveness of a preschool mathematics 
program based on a comprehensive model of 
research-based curricula development. Thirty-
six preschool classrooms were assigned to 
experimental (Building Blocks), comparison (a 
different preschool mathematics curriculum), or 
control conditions. Children were individually 
pre- and post-tested, participating in 26 weeks of 
instruction in between. Observational measures 
indicated that the curricula were implemented 
with fidelity, and the experimental condition had 
significant positive effects on classrooms’ 
mathematics environment and teaching. The 
experimental group score increased significantly 
more than the comparison group score (effect 
size = 0.47) and the control group score (effect 
size = 1.07). Early interventions can increase the 
quality of the mathematics environment and help 
pre-schoolers develop a foundation of 

Experimental vs. 
comparison=0.47 
Experimental vs.control=1.07 

http://dx.doi.org/10.3102/0002831207312908
http://dx.doi.org/10.3102/0002831207312908
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mathematics knowledge. 

Clements, D. H., 
Sarama, J., Spitler, M. 
E., Lange, A. A., & 
Wolfe, C. B. (2011). 
Mathematics learned by 
young children in an 
intervention based on 
learning trajectories: A 
large-scale cluster 
randomized trial. 
Journal for Research in 
Mathematics Education, 
42(2), 127-166.  
http://www.jstor.org/disc
over/10.5951/jresemath
educ.42.2.0127?uid=21
34&uid=2&uid=70&uid=
4&sid=2110523813293
1  
 
(See also Clements, 
Sarama, Farran, Lipsey 
Hofer & Bilbrey, 2011). 

This study employed a cluster randomized trial 
design to evaluate the effectiveness of a 
research-based intervention for improving the 
mathematics education of very young children. 
This intervention includes the Building Blocks 
mathematics curriculum, which is structured in 
research-based learning trajectories, and 
congruous professional development 
emphasizing teaching for understanding via 
learning trajectories and technology. A total of 
42 schools serving low-resource communities 
were randomly selected and randomly assigned 
to 3 treatment groups using a randomized block 
design involving 1,375 pre-schoolers in 106 
classrooms. Teachers implemented the 
intervention with adequate fidelity. Pre- to post-
test scores revealed that the children in the 
Building Blocks group learned more 
mathematics than the children in the control 
group (effect size, g = 0.72). Specific 
components of a measure of the quantity and 
quality of classroom mathematics environments 
and teaching partially mediated the treatment 
effect. 

 

Dyson, N. I., Jordan, N. 
C. & Glutting, J. (2013). 
A number sense 
intervention for low-
income kindergartners 
at risk for mathematics 
difficulties. Journal of 
learning disabilities, 
46(2), 166-181. 
http://dx.doi.org/10.1177
/0022219411410233  

Early number sense is a strong predictor of later 
success in school mathematics. A 
disproportionate number of children from low-
income families come to first grade with weak 
number competencies, leaving them at risk for a 
cycle of failure. The present study examined the 
effects of an 8-week number sense intervention 
to develop number competencies of low-income 
kindergartners (N = 121). The intervention 
purposefully targeted whole number concepts 
related to counting, comparing, and 
manipulating sets. Children were randomly 
assigned to either a number sense intervention 
or a business as usual contrast group. The 
intervention was carried out in small-group, 30-
min sessions, 3 days per week, for a total of 
24 sessions. Controlling for number sense at 
pretest, the intervention group made meaningful 
gains relative to the control group at immediate 
as well delayed posttest on a measure of early 
numeracy. Intervention children also performed 
better than controls on a standardized test of 
mathematics calculation at immediate posttest. 

 

Ramani, G. B., Siegler, 
R. S., & Hitti, A. (2012). 
Taking it to the 
classroom: Number 
board games as a small 
group learning activity. 
Journal of educational 
psychology, 104(3), 
661. 
http://dx.doi.org/10.1037

We examined whether a theoretically based 
number board game could be translated into a 
practical classroom activity that improves Head 
Start children’s numerical knowledge. Playing 
the number board 
game as a small group learning activity 
promoted low-income children’s number line 
estimation, magnitude comparison, numeral 
identification, and counting. Improvements were 
also found when a paraprofessional from the 

The results showed that a 
number board game when 
played in small groups with 
paraprofessionals from the 
classrooms can promote the 
numerical knowledge of 
young children from low-
income backgrounds. 
Number 1st board game: no 
help=0.12, guidance=0.40, 

http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://www.jstor.org/discover/10.5951/jresematheduc.42.2.0127?uid=2134&uid=2&uid=70&uid=4&sid=21105238132931
http://dx.doi.org/10.1177/0022219411410233
http://dx.doi.org/10.1177/0022219411410233
http://dx.doi.org/10.1037/a0028995
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/a0028995  children’s classroom played the game with the 

children. Observations of the 
game-playing sessions revealed that 
paraprofessionals adapted the feedback they 
provided to individual 
children’s improving numerical knowledge over 
the game-playing sessions and that children 
remained engaged in the board game play after 
multiple sessions. These findings suggest that 
the linear number board game can be used 
effectively in the classroom context. 

Instruction=-0.39 
Color 1st board game: no 
help=0.38, guidance=0.25, 
instruction=-0.42 
Number last board game: 
no help=0.38, 
guidance=0.29, Instruction=-
0.53 
Color last board game: no 
help=0.49, guidance=-0.51, 
instruction=-0.26 

Starkey, P., Klein, A., & 
Wakeley, A. (2004). 
Enhancing young 
children’s mathematical 
knowledge through a 
pre-kindergarten 
mathematics 
intervention.Early 
Childhood Research 
Quarterly, 19(1), 99-
120. 
http://dx.doi.org/10.1016
/j.ecresq.2004.01.002  

There is growing evidence that socioeconomic 
(SES)-related differences in mathematical 
knowledge begin in early childhood, because 
young children from economically 
disadvantaged families receive less support for 
mathematical development than their middle-
class peers receive. A pre-kindergarten 
mathematics intervention, including a pre-
kindergarten mathematics curriculum, was 
developed and implemented in public and 
private preschools serving low- and middle-
income families. Mathematical knowledge of 
intervention and comparison children was 
comprehensively assessed. A significant SES-
related gap in mathematical knowledge was 
found at the beginning of the pre-kindergarten 
year. The intervention significantly enhanced the 
mathematical knowledge of children at both 
levels of SES. Low-income children acquired 
more knowledge, relative to their starting point, 
than middle-income children. The extent of 
mathematical knowledge was similar in low-
income intervention children and middle-income 
comparison children. Implications of this 
research for early childhood education curricula 
and educational policy are discussed. 

 

Toll, S. W., & Van Luit, 
J. E. (2014). Effects of 
remedial numeracy 
instruction throughout 
kindergarten starting at 
different ages: Evidence 
from a large-scale 
longitudinal study. 
Learning and 
Instruction, 33, 39-49. 
http://dx.doi.org/10.1016
/j.learninstruc.2014.03.0
03  

The aims of this study are to investigate the 
effects of remedial numeracy support throughout 
kindergarten, and to compare the effects of 
interventions from different lengths. Support 
occurred two times per week for either 1.5 (90 
sessions: complete condition) or 0.5 school 
years (28 sessions: short condition). 
Below-average students were randomly 
assigned to complete intervention (N =155), 
short intervention (N = 105), or control 
(systematically offered education-as-usual; N 
=150). Accounting for achievements at pretest, 
children who received one of the interventions 
outperformed the control children in early 
numeracy at post-test and follow-up, suggesting 
that children internalized t e learned knowledge. 
Transfer effects on simple arithmetic were only 
found in the complete support group, whereas 
both interventions were effective for complex 
mathematics. 

* Focusing on the transfer 
effects, the children from the 
short intervention condition 
outperformed children in the 
control condition in complex 
mathematics (small effect), B 
=-0.13; SE=0.07; 
p =.03, but not in simple 
arithmetic, B=-0.05; 
SE=0.04; p=.23. No effects 
were found when comparing 
the short intervention 
condition with the typically-
achieving condition. 

Weiland, C., & Publicly funded prekindergarten programs have Impacts within Age Cutoff: 

http://dx.doi.org/10.1037/a0028995
http://dx.doi.org/10.1016/j.ecresq.2004.01.002
http://dx.doi.org/10.1016/j.ecresq.2004.01.002
http://dx.doi.org/10.1016/j.learninstruc.2014.03.003
http://dx.doi.org/10.1016/j.learninstruc.2014.03.003
http://dx.doi.org/10.1016/j.learninstruc.2014.03.003
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Yoshikawa, H. (2013). 
Impacts of a 
prekindergarten 
program on children's 
mathematics, language, 
literacy, executive 
function, and emotional 
skills. Child 
Development, 84(6), 
2112-2130. 
http://dx.doi.org/10.1111
/cdev.12099   

achieved small-to-large impacts on children’s 
cognitive outcomes. The current study examined 
the impact of a prekindergarten program that 
implemented a coaching system and consistent 
literacy, language, and mathematics curricula on 
these and other non-targeted, essential 
components of school readiness, such as 
executive functioning. Participants included 
2,018 four and five-year old children. Findings 
indicated that the program had moderate-to-
large impacts on children’s language, literacy, 
numeracy and mathematics skills, and small 
impacts on children’s executive functioning and 
a measure of emotion recognition. Some 
impacts were considerably larger for some 
subgroups. For urban public school districts, 
results inform important programmatic decisions. 
For policy makers, results confirm that 
prekindergarten programs can improve 
educationally vital outcomes for children in 
meaningful, important ways. 

365+ & 180: Picture 
Vocabulary=0.44 & 0.38  
Word-Letter 
Identification=0.62 & 0.47 
Applied Problems= 0.59 & 
0.55 

Young-Loveridge, J. M. 
(2004). Effects on early 
numeracy of a program 
using number books 
and games. Early 
Childhood Research 
Quarterly, 19(1), 82-98. 
http://dx.doi.org/10.1016
/j.ecresq.2004.01.001     

The purpose of the study was to explore the 
effectiveness of a program designed to improve 
the number skills of 5-year-olds. The program 
involved the withdrawal of children from the 
classroom in pairs to work with a specialist 
teacher using number books and games. 
Participants were 106 children who represented 
approximately the lower two-thirds of scores on 
a measure of numeracy. Twenty-three children 
participated in the program, and 83 served as 
contrasts. The program increased the numeracy 
levels of the children in the program and 
produced significantly greater gains in numeracy 
than were evident for the children in the contrast 
groups. Once the intervention program ceased, 
the magnitude of these effects gradually 
diminished over time, but the benefits of 
participation in the program remained 
statistically significant for more than a year after 
the program finished. 

 

Klein, A., Starkey, P., 
DeFlorio, L., & Brown, 
E. T. (2012). 
Establishing and 
Sustaining an Effective 
Pre-Kindergarten Math 
Intervention at Scale. 
Society for Research on 
Educational 
Effectiveness 
http://eric.ed.gov/?id=E
D535663   

Educators are increasingly concerned about the 
low level of mathematics performance of U.S. 
students on the TIMSS and other international 
assessments of mathematics (National 
Mathematics Advisory Panel, 2008) as well as 
their insufficient preparation for mathematics 
standards, such as the Common Core State 
Standards. Students from low-income and 
minority backgrounds demonstrate lower levels 
of mathematics achievement than their peers 
from more advantaged backgrounds, and there 
is compelling evidence that this SES-related 
achievement gap in mathematics emerges prior 
to school entry. It is also known from a recent 
meta-analysis of several large longitudinal 
studies that children's mathematics knowledge 
in kindergarten is the strongest predictor of their 
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later school achievement--stronger than early 
literacy knowledge, attention skills, or 
socioemotional development. If this gap is not 
addressed early, it persists and increases over 
time. Thus, it is clear that the acquisition of early 
mathematics knowledge by all children must be 
a major educational priority. To address this 
educational priority, the authors' research group 
has developed an early mathematics 
intervention, "Pre-K Mathematics." With 
collaborators, the authors have rigorously 
evaluated it over multiple studies and have 
found it to be highly effective at improving 
mathematical knowledge in economically 
disadvantaged pre-kindergarten children relative 
to a control group. 

Jordan, N. C., Glutting, 
J., Dyson, N., 
Hassinger-Das, B., & 
Irwin, C. (2012). 
Building kindergartners' 
number sense: A 
randomized controlled 
study. Journal of 
Educational 
Psychology, 104(3), 647 
http://dx.doi.org/10.1037
/a0029018 

Math achievement in elementary school is 
mediated by performance and growth in number 
sense during kindergarten. The aim of the 
present study was to test the effectiveness of a 
targeted small-group number sense intervention 
for high-risk kindergartners from low-income 
communities. Children were randomly assigned 
to 1 of 3 groups (n =44 in each group): a number 
sense intervention group, a language 
intervention group, or a business-as-usual 
control group. Accounting for initial skill level in 
mathematical 
knowledge, children who received the number 
sense intervention performed better than 
controls at 
immediate post-test, with meaningful effects on 
measures of number competencies and general 
math achievement. Many of the effects held 8 
weeks after the intervention was completed, 
suggesting that children internalized what they 
had learned. There were no differences between 
the language and control groups on any math-
related measures. 

 

Sarama, J., Lange, A. 
A., Clements, D. H., & 
Wolfe, C. B. (2012). The 
impacts of an early 
mathematics curriculum 
on oral language and 
literacy. Early Childhood 
Research 
Quarterly, 27(3), 489-
502. 
http://dx.doi.org/10.1016
/j.ecresq.2011.12.002  

Competence in early mathematics is crucial for 
later school success. Although research 
indicates that early mathematics curricula 
improve children's mathematics skill, such 
curricula's impacts on oral language and early 
literacy skills are not known. This project is the 
first to investigate the effects of an intensive pre-
kindergarten mathematics curriculum, Building 
Blocks, on the oral language and letter 
recognition of children participating in a large-
scale cluster randomized trial project. Results 
showed no evidence that children who were 
taught mathematics using the curriculum 
performed differently than control children who 
received the typical district mathematics 
instruction on measures of letter recognition, 
and on two of the oral language (story retell) 
subtests, sentence length and inferential 
reasoning (emotive content). However, children 

Letter recognition=-0.05 
Sentence length= 0.08 
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in the Building Blocks group outperformed 
children in the control group on four oral 
language subtests: ability to recall key words, 
use of complex utterances, willingness to 
reproduce narratives independently, and 
inferential reasoning. 


